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6090 | A STUDY ON THE DESIGN PRINCIPLE AND NUMERICAL SIMULATION OF A NEW TYPE OF BUCKLING-
RESTRAINED BRACE

Tao Xin (230129148@seu.edu.cn), Southeast University of China, China
Cao shuang-yin (101000873@seu.edu.cn), Southeast University of China, China
Zhang Zhi (baozai1986@gmail.com), The University of Arizona, U.S, United States America 

In this paper, the Mechanical properties of the FRP-steel composite slab have been studied and a new type of FRP-steel composite section buckling-
Restrained brace, named FBRB, has been proposed to improve the mechanical and energy dissipation of all steel BRB. FBRB is a kind of BRB, whose
inner core is FRP-steel composite slab. In order to investigate the Mechanical properties of the FBRB, one general and one proposed BRBs have been
designed and the numerical models have been established in ABAQUS. The numerical results have showed that the inner plate stress of FBRB is more
uniform than the general one, and FBRB can overcome the local buckling of the inner core. It also shows that FBRB has a better second stiffness, higher
load capacity and better energy dissipation capacity, which means that FBRB can serve as an effective passive energy dissipation device for structures.

8603 | LAYERWISE APPROACH TO ANALYSIS OF A FUNCTIONALLY GRADED CYLINDRICAL SHELL VIBRATION AND
DYNAMIC BEHAVIOUR

SAVIZ, MOHAMMADREZA (saviz@azaruniv.ac.ir), Azarbaijan shahid madani University, Tabriz, Iran, Iran 

Summary:
A layer-wise finite element approach is developed to the analysis of thick functionally graded material (FGM) cylindrical shell with finite length under
dynamic load. For this purpose, FGM cylinder is divided into many sub-layers and then the general layer-wise laminate theory is formulated by introducing
piecewise continuous approximations through the thickness. The radial displacement field is approximated both linearly and in quadratic form, through
each "mathematical" layer. The FGM shell properties are controlled by volume fraction as an exponential function of radius. The virtual work statement
yields the 3-D governing equations which are then reduced to 2-D differential equations and the resulting equations are solved by finite element in the
axial direction. Results are obtained in terms of the time history of the displacement and stress components with different exponents of functionally graded
material. The results for static loading and the first natural frequencies are also compared with the solutions of previous problems in the literature. In
addition, the natural frequency and mean velocity of the radial stress wave propagation for different exponents of functionally graded material (FGM) are
studied and compared to similar ones obtained for FGM cylindrical shell of infinite length.
The present study is a continuation of Shakeri and co-worker’s researches [1, 2 and 3]. In this work, the cylindrical layer-wise approach is made into the
analysis of thick functionally graded cylindrical shell with finite length, subjected to dynamic load. The governing equations are derived from virtual work
statement. Firstly, the FGM cylinder is divided into many sub-layers and then the full layer-wise shell theory as a powerful approach is used to discrete
FGM cylinder of finite length in the thickness direction. The linear and quadratic approximations of the displacement components in the thickness direction
are considered. Next, the 3-D governing variational equations are reduced to 2-D differential equations. At this stage, the resulting equations are solved by
using finite element method. The numerical results are presented for infinite and finite length FGM cylindrical shell under axisymmetric load and compared
with similar ones in the literature.
[1] M. Shakeri, M. Akhlaghi and S. M. Hosseini, Vibration and radial wave propagation velocity in functionally graded thick hollow cylinder, Composite
Structures, 76 (2006) 174-181. 
[2] M. Javanbakht, M. Shakeri, S.N. Sadeghi and A.R. Daneshmehr, The analysis of functionally graded shallow and non-shallow shell panels with
piezoelectric layers under dynamic load and electrostatic excitation based on elasticity, European Journal of Mechanics A/Solids, 30 (2011) 983-991.
[3] M.R. Saviz, M. Shakeri, M.H. Yas. Electroelastic fields in layered piezoelectric cylindrical shell under dynamic load, J. Smart Mat. & Struct., 16 (2007)
1- 13.

6356 | Thermal and wear analysis on the effect of different compositions of flyash in Mg/SiC composite (Composite
materials on thermal analysis)

Ravishankar Sathyamurthy (raviannauniv23@gmail.com), Hindustan Institute of Technology and Science, India
Vijayakumar Dharmaraj (vijiaji@gmail.com), Veltech Multitech Dr.Rangarajan Dr.Sakunthala Engineering College, India
Paul James Thadhani (pauljamesthadhani@gmail.com), Saveetha School of Engineering, India 

Metal matrix composites are used mostly in space ships, aerospace, automotive, nuclear, biotechnology, 
electronic and sporting goods industries, but due to their high cost, experiments are usually done to reduce the cost of 
the composites and inexpensive materials are utilized for metal matrix composites. Fly ash is one of the most 
inexpensive and low density reinforcement available in large quantities as solid waste byproduct during combustion of 
coal in thermal power plants. So, composites with fly ash can be used to reduce the cost of the metal matrix for 
applications in automotive and small engine applications. This could be achieved by reinforcing the Mg-composites with 
a high strength component. This work aims to experimental evaluation of thermal behavior of Mg-composites 
reinforced with SiC in addition with variation of fly ash. Magnesium reinforced with SiC particles were prepared by 
powder metallurgy technique. Furthermore the micro structural analysis and micro hardness test were carried out to 
see the behavior of material properties towards heating and cooling. It is found that there is no reaction and grain 
growth in the specimen prepared. Optical images revealed there is no grain growth in any of the material used at 
elevated temperatures. The micro hardness of composite is increased by 30 % than that of aluminum composite. Wear 
rate shows a greater improvement of 10% wear resistance than that of aluminum composite. 

7670 | Study of the performance of concrete to water and salt freeze-thawing conditions (Durability of concrete)

B. Li (sktm1@163.com), Harbin Engineering University, China
J. Z. Mao (maojize@hrbeu.edu.cn), Harbin Engineering University, China
J. F. Lv (21100563@qq.com), Harbin Engineering University, China
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L. M. Zhou (mmlmzhou@polyu.edu.hk), The Hong Kong Polytechnic University, Hong Kong 

Properties of concrete subjected to freeze-thaw cycles in water and in the 1% and 3% NaCl solution were investigated in this paper. Through the
experiment, dynamic elastic modulus, weight loss and compressive strength of the concrete were measured after different numbers of freeze-thaw cycles.
The microstructure and the characterizations of pore structure of concrete were analyzed on the basis of mercury intrusion experiment. The test results
show that the compressive strength reduced and the weight loss increased subjected to freeze-thaw cycles. Furthermore, the compressive strength and
weight loss of concrete in NaCl solution were larger than those in water. It is also shown that the contents of NaCl solution has the great influence on the
pore structure of concrete at different freeze-thaw cycles. When the pore structure of concrete became larger, the deterioration process of concrete
subjected to the frost damage became worse.

7963 | The Heat Treatment of HSS based copper infiltrated composites (The microstructures of Metal Matrix Composites)

Madej Marcin (mmadej@agh.edu.pl), AGH University of Science and Technology, Poland
Leszczynska-Madej Beata (bleszcz@agh.edu.pl), AGH University of Science and Technology, Poland 

High hardness, mechanical strength, heat resistance and wear resistance of M3/2 grade high speed steel (HSS) make it an attractive material for
manufacture of for example valve train components. In this application, the material must exhibit resistance to oxidation, high hot strength and hardness,
and superior wear resistance. Metal matrix composites were produced by the infiltration technique. Since technological and economical considerations are
equally important, infiltration of high-speed steel based skeleton with liquid cooper has proved to be a suitable technique whereby fully dense material is
produced at low cost. Infiltration is a process that has been practiced for many years. It is defined as "a process of filling the pores of a sintered or
unsintered compact with a metal or alloy of a lower melting point". Heat treatment of infiltrated composites is one of the ways to improve their functional
properties. 
Attempts have been made to describe the influence of Heat Treatment® on properties of HSS based composites. The powder compositions used to
produce skeletons for further infiltration were M3/2, M3/2+20%Fe and M3/2+50%Fe. The powders were cold pressed at 800 MPa. The green compacts
were subsequently sintered for 60 minutes at 1150�C in vacuum. These as-sintered specimens were used for copper infiltration. Heat Treatment were
realised in nitrogen for 20 minutes at 900�C and then cooling in oil to room temperature. After Hardening composites were quenched for 120 minutes at
180�C. A qualitative EDX analysis revealed the presence of both MC type vanadium-rich carbides and M6C type tungsten and iron rich carbides. The as-
infiltrated composites were subsequently tested for Brinell Hardness, tribological properties and bending strength. 
The mechanical properties of the HSS based composites are strongly dependent on the iron powder content. The additions of iron powder decrease the
hardness of HSS based composites, but doesn’t changes their bending strength.
heat treatment protected by patent PL 397462 A1
KEYWORDS
High speed steels, iron, copper, infiltration, composites, Heat Treatment

7964 | The influence of production parameters on microstructure and properties of Al – SiC composites (The
microstructure of metal matrix composites )

Leszczynska-Madej B. (bleszcz@agh.edu.pl), AGH University of Science and Technology, Poland
Madej M. (mmadej@agh.edu.pl), AGH University of Science and Technology, Poland 

Metal matrix composites (MMCs) have evolved significantly during the past 30 years. Great interest of this group of the materials is caused because of
their attractive properties, such as specific strength and stiffness. Most of the commercial works on MMCs are focused on aluminium or aluminium alloy as
the matrix material. It is possible to add hard particles such as: Al2O3, AlN, SiC, TiC and TiB2 to primary aluminium alloy powders by the conventional
premixing process to improve wear resistance of the sintered aluminium alloy. 
Attempts have been made to describe the influence of sintering atmosphere and chemical composition on the microstructure and properties of Al – SiC
composites. Mixtures of 100%Al and Al – 2.5% SiC, Al – 5% SiC, Al – 7.5% SiC and Al – 10% SiC were produced by tumbling for 30 minutes in the
Turbula T2F mixer. The powders were subsequently cold pressed at pressure 300MPa in a rigid die on a single action press. The green compacts were
sintered in nitrogen at 600°C and in vacuum at 600°C for one hour. 
The specimens were subsequently tested for Brinell hardness and the bending strength. They were also analyzed by means of both light microscopy (LM)
and scanning electron microscopy (SEM).
The main objective of this work was to determine influence of chemical composition and the manufacturing parameters on microstructure and properties
of Al – SiC composites produced by powder metallurgy technology.

Keywords: Al – SiC composites, sintering, microstructure, cold pressing

7997 | Effective properties of a composite with long fibres (Research of RVE via homogenization)

Sukiman, Shafiq (ms.sukiman@etudiant.univ-lille1.fr), Laboratoire Mécanique de Lille, France
El Moumen, Ahmed (ahmed.el-moumen@ed.univ-lille1.fr), Laboratoire Mécanique de Lille, France
Kanit, Toufik (toufik.kanit@univ-lille1.fr), Laboratoire Mécanique de Lille, France
Imad, Abdellatif (abdellatif.imad@polytech-lille.fr), Laboratoire Mécanique de Lille, France
Erchiqui, Fouad (Fouad.Erchiqui@uqat.ca), Université du Québec en Abitibi-Témiscamingue, Canada 

Composites reinforced with short fibres are well known and we can easily predict their effective properties. Composites reinforced with long fibres however
are less researched and pose a problem regarding its Representative Volume Element (RVE). An RVE is the smallest volume that represents the material
as a whole which means the RVE has the same properties as any volume taken from any position in the medium. The fibres in the composite that will be
studied are considered infinite in length, where every fibre crosses from one edge to another in a microstructural image. The problem is with this type of
fibres the RVE theoretically tends towards infinity. In reality, we can only work with finite dimensions so it is necessary to get around this problem using
numerical analyses. In this study we show that it is possible to stabilise the properties of the composite even though the RVE approaches infinity. However
one question remains to be answered : are the properties effective or not?
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Keywords—Representative volume element, heterogeneous materials, long fibres, microstructure, finite element, bulk modulus, shear modulus, thermal
conductivity

8059 | An Innovative Method of Suppressing Drilling-Induced Delamination in Composite Tube (drilling and machining)

Hocheng, Hong (hocheng@pme.nthu.edu.tw), Department of Power Mechanical Engineering, National Tsing Hua University, Taiwan, Taiwan
Tsao, Chung Chen (hocheng@pme.nthu.edu.tw), Department of Mechatronics Engineering,Ta Hua University of Technology, taiwan , Taiwan
Chen, Hsiao Chung (hocheng@pme.nthu.edu.tw), Department of Power Mechanical Engineering, National Tsing Hua University, Taiwan, Taiwan 

Numerous industrial sectors adopt fiber-reinforced composite materials for a variety of products thanks to the high specific strength and stiffness of the
materials. In addition to flat plates, the tubes provide additional dimension of structural freedom for use in transportation goods and trusses. While drilling
is widely known as an indispensable machining process for joining the structures made of composite materials, the drilling-induced delamination defects
are often much more serious in tubes than in flat plates, in particular at the exit inside the tube when drilling normally from outside, due to the curvature of
the tube workpiece. Delamination of composite material deteriorates the strength of the parts in service, which is not only the mechanical weakening but
also the safety concern. The common industrial practice of applying a backup to support the exit side in drilling the plates can however not be feasible for
the tubes. An innovative method is proposed in the current study using the water icing inside the tube. The negative thermal expansion of water during the
liquid-to-solid phase change provides expansive compression force of tens of Newtons against the inside of the tube for suppressing the delamination
growth at exit when drilling the tube. The experimental results show the delamination extent can be reduced by 50%. The water icing is easily remelted
and removed as well as recycled with little environmental concerns after use. The proposed innovative method is effective and inexpensive for industry.

Keywords: Composite material, Drilling, Delamination, Tube, Ice

8127 | Pressure reconstruction for three-dimensional water entry problems (Office of Naval Research (ONR))

Mohammad Jalalisendi (mj1283@nyu.edu), Polytechnic Institute of New York University, United States America
Adel Shams (ask487@nyu.edu), Polytechnic Institute of New York University, United States America
Riccardo Panciroli (riccardo.panciroli@unicusano.it), University Niccol`o Cusano, Italy
Maurizio Porfiri (mporfiri@nyu.edu), Polytechnic Institute of New York University, United States America 

As composite structures are increasingly integrated in marine vessels, the need for developing accurate models of fluid-structure interactions during hull
slamming becomes more and more pressing. During such events, the vessel is subjected to highly impulsive loadings, which may lead to undesired
structural vibrations and even failure. Thus, the prediction of the spatiotemporal evolution of the hydrodynamic loading experienced by marine vessels
during sea keeping and maneuvering is of fundamental importance for structural design. Enabling such a prediction requires addressing several open
questions, such as: what is the role of structural flexibility on hydrodynamic loading? How is energy transferred from the solid to the fluid and vice-versa
during water entry? What is the role of the water jets and the spray on the hydrodynamic loading? And to what extent two-dimensional models of water
entry should be considered accurate? In this work, we seek to contribute to answering the latter question through the analysis of the three-dimensional
(3D) water entry of a rigid wedge. Experiments are conducted on a rigid wedge with 25º deadrise angle and falling from an impact height of 50 cm. The
wedge has an approximately square base with length and width of 200 mm. We utilize planar particle image velocimetry (PIV) to estimate the 3D velocity
field during water entry. In particular, we perform experiments on thirteen vertical planes along the length of the wedge to measure the cross-sectional
velocity field and five vertical planes along the width of the wedge to measure the axial velocity. Afterwards, the cross-sectional velocity data are
augmented with the axial velocity information using a cubic spline interpolation scheme to ultimately estimate the complete 3D velocity filed in the fluid.
The pressure is evaluated by solving the 3D incompressible Navier-Stokes equations, whose kinematic components are predicted from PIV data. Results
show that the cross-sectional velocity magnitude decreases as the measurement location moves away from the mid-span of the wedge, while the axial
velocity component significantly increases in the proximity of the edges. These findings confirm our expectation that 3D effects are minimal at mid-span of
the wedge, while they tend to be relevant close to the edges of wedge. Moreover, we find that the distribution of the hydrodynamic loading is remarkably
influenced by the variation of the axial velocity component. Specifically, the hydrodynamic loading sharply decreases towards the edges of the wedge,
reaching nearly one third of the values attained at its mid-span.

8265 | Vibration-assisted machining of fibre-reinforced polymer composites: Surface integrity in edge trimming
(Composites machining)

Xu Weixing (weixing.xu@unsw.edu.au), The University of New South Wales, Australia
Zhang Liangchi (liangchi.zhang@unsw.edu.au), The University of New South Wales, Australia 

A fibre-reinforced polymer (FRP) composite consists of two phases of materials with very different mechanical properties. The fibres, such as those made
of carbon or glass, are brittle and much stronger than the polymer matrix. When an FRP composite is subjected to mechanical machining, it always suffers
from various surface and subsurface damages. To minimise the damage, an ultrasonic elliptic vibration-assisted (EVA) machining technique has been
developed, which applies micro-scale vibrations to a cutting tool to facilitate the material removal. 
This paper aims to characterize the EVA machining on the edge trimming of FRPs. Both finite element and experimental studies were carried out to
understand the effect of fibre orientation on the surface integrity of the machined FRPs. It was found that when the fibre orientation is less than 90�,
bending-dominated fibre fracture is prevalent above the cutting path, leading to a serious surface/subsurface integrity especially the delamination. When
the orientation is above 90�, nevertheless, crushing-dominated fracture governs the material removal, which to a certain extent improves the integrity.
However, compared with a traditional process, the EVA edge trimming can reduce the fibre orientation effect through localised fibre fracture, and greatly
improve the surface integrity.

8567 | Theoretical and numerical analysis of RC beams externally strengthened with SRG and SRP systems tested to
flexure (Rehabilitation, strengthening and repair)

Bencardino, Francesco (francesco.bencardino@unical.it), University of Calabria, Italy
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Condello, Antonio (antonio.condello@unical.it), University of Calabria, Italy
Spadea, Giuseppe (g.spadea@unical.it), University of Calabria, Italy 

This work presents the results obtained from a numerical and theoretical analysis carried out on a set of reinforced concrete (RC) beams externally
strengthened to flexure by using Steel Reinforced Grout (SRG) and Steel Reinforced Polymer (SRP) systems. These new composite materials consists of
unidirectional high-carbon steel fiber fabric reinforcing mesh, which can be embedded in an inorganic matrix (SRG) or in an organic matrix (SRP). They
are systems capable of ensuring the same advantages of Fiber Reinforced Polymer (FRP) strengthening systems, as easiness of application, low
invasiveness and reduced intervention time, but with a lower cost, higher environmental sustainability, better fire resistance and a higher compatibility with
existing structures, compared to FRP materials.
Some studies on SRP and SRG systems are available in the current literature and all have shown the potentialities of these systems in improving
structural performance of masonry and concrete elements and, at the same time, their difference with respect to FRP particularly in terms of bond
behavior.
Up to day, for these innovative strengthening systems, are not yet available in literature reliable bond-slip models, aimed to simulate the interface behavior
between the external reinforcement and the concrete substrate, and specific analytical models capable to predict the theoretical behavior of structural
elements externally bonded with SRP and SRG systems.
In order to give a contribute to this topic, this work analyzes the structural behavior of RC beams externally strengthened to flexure with innovative
composite materials, applying interface bond-slip laws and analytical models proposed for FRP systems.
The numerical simulations were carried out by using a two-dimensional (2D) finite element model. The nonlinear behavior of all materials (steel reinforcing
bars, plain concrete, and external reinforcing system) was modeled by appropriate constitutive laws, while the connection between concrete surface and
external reinforcing layer was simulated by a cohesive element and a suitable damage model. The effectiveness of some current bond-slip models used,
up to day, for FRP systems, was checked. The numerical results have highlighted the influence of the adopted FRP interface law on the structural
behavior at ultimate of strengthened RC beams. In fact, a careful analysis of the mechanical behavior of the interface between external strengthening
system and concrete substrate is of fundamental importance to understand the delamination failure phenomenon as it can be carried out only using
numerical methods, because of the difficulties of detecting the actual stress and strain distribution in physical experiments.
In order to evaluate the flexural strength some analytical models to predict the maximum axial strain developed in FRP systems at the onset of
intermediate debonding failure, have been used (for example the ACI 440.2R-08 and CNR-DT 200 R1/2013 guidelines).
The comparisons between numerical/theoretical results and experimental data, in terms of load-displacement curves, load-strain curves, deflections at
maximum loads and cracking patterns, have highlighted the reliability and adaptability of the studied bond slip laws and analytical models.
Finally, considerations concerning the strength and ductility of the strengthened beams were made.
This work may form the basis for future studies regarding numerical modelling and design guides of externally bonded SRP and SRG systems.

8658 | MESO SCALE MODELLING OF CONCRETE USING MICROPLANE BASED APPROACH (MESO SCALE MODELLING OF
CONCRETE )

Gambarelli, Serena (serena.gambarelli@uniroma1.it), Department of Structural and Geotechnical Engineering, University of Rome La Sapienza, Italy
Nisticò, Nicola (nicola.nistico@uniroma1.it), Department of Structural and Geotechnical Engineering, University of Rome La Sapienza, Italy
Ožbolt, Joško (ozbolt@iwb.uni-stuttgart.de), Institute of Construction Materials, University of Stuttgart, Germany 

Concrete is composite, highly heterogeneous material, with randomly distributed defects of different sizes and shapes. The mechanical behavior of such
material is greatly influenced by the geometry and the properties of the microstructural components. Since a reliable prediction of concrete behavior
cannot be based only on experimental studies, computational analysis is a fundamental tool for better understanding of microstructural phenomena
induced by the interaction between different components. Most of the engineering studies available in the literature consider concrete as a homogeneous
material formulated within the framework of continuum mechanics. Although nonlinear macroscopic models for concrete can realistically predict its global
behaviour, they are unable to capture some important phenomena from the meso level that are strongly influenced by material heterogeneity. 

In the present contribution a meso scale model for concrete is proposed. In the model concrete is considering as a two-phase composite material, i.e.
aggregate and mortar are discretized by three-dimensional finite elements. The presence of interfacial transition zone (ITZ) between aggregates and
mortar is not explicitly accounted for. The numerical simulations are carried out using 3D finite element code MASA [1]. As a constitutive law for mortar the
microplane model is employed [2]. Aggregate particles of different sizes are randomly generated. They are assumed to be linear elastic. Three-
dimensional finite element simulations for concrete cylinder loaded in uniaxial compression are carried out. The results of numerical simulations show very
good agreement with the experimental data reported in [3], confirming the validity of the proposed meso-scale model for concrete.

REFERENCES

[1] Ožbolt, J. (1998): MASA – Macroscopic Space Analysis. Internal Report , Institute fur Werkstoffe im Bauwesen , Universitat Stuttgart.
[2] Ožbolt J., Yijun Li, Ivica Kozar. (2001). “Microplane model for concrete with relaxed kinematic constraint”, International Journal of Solids and
Structures, 38, 2683-2711.
[3] Wang L-M., Wu Y-F. Effect of corner radius on the performance of CFRP-confined square columns: test. Eng Struct 2007; 16(4):1-13.

8659 | MESO SCALE MODELLING OF CFRP CONFINED CONCRETE USING MICROPLANE BASED APPROACH (MESO
SCALE MODELLING OF CFRP CONFINED CONCRETE )

Gambarelli, Serena (serena.gambarelli@uniroma1.it), Department of Structural and Geotechnical Engineering, University of Rome La Sapienza, Italy
Nisticò,Nicola (nicola.nistico@uniroma1.it), Department of Structural and Geotechnical Engineering, University of Rome La Sapienza, Italy
Ožbolt,Joško (ozbolt@iwb.uni-stuttgart.de), Institute of Construction Materials, University of Stuttgart, Germany 

Many experimental and numerical studies have been devoted to the confinement of circular reinforced concrete sections loaded in uniaxial compression.
However, relatively limited number of studies investigated square and rectangular cross-sections. The experimental investigations on square sections date
back to the tests performed by Mirmiran et al. [1], where the effects of the corner rounding radius on both strength and ultimate strain were clearly
demonstrated. Recently, the effects of corner rounding radius were extensively investigated in [2], where compression tests were performed on concrete
specimens loaded in uniaxial compression. The sections of all specimens were considered as inscribed in a square section (150x150 mm) with six values
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of the corner radius: 0, 15, 30, 45, 60, and 75 mm, so that with the latter the circular section was also included in the study.

It is well known that the behavior of concrete columns confined with CFRP strongly depends on the interaction between mechanical properties of CFRP
and lateral dilatation of concrete. Therefore, to correctly predict the performance of CFRP confined concrete members it is important to have a model
capable to reproducing the mechanical behavior of the unconfined concrete realistically. With these premises, a meso scale model for concrete is
proposed, where the material is treated as a two-phase composite material, containing coarse aggregates and mortar matrix. The numerical simulations
have been performed using the three-dimensional finite element code MASA [3], in which the constitutive law for concrete (matrix) is based on the
microplane model [4]. The model was first calibrated [5] and subsequently the series of numerical investigations are carried out in order to investigate the
influence of the shape of the cross-section specimens loaded in uniaxial compression on the performance of CFRP. Comparing the numerical results with
the experimental data reported in [2], it is demonstrated that the proposed modeling approach is able to realistically replicate the stress-strain relationships
for the whole set of the tested specimens.

REFERENCES

[1] Mirmiran A, Shahawy M, Samaan M, El Echary H, Mastrapa JC, Pico O. Effect of column parameters on FRP-confined concrete. J Compos Construct
– ASCE 1998;2(4):175–85.
[2] Wang L-M., Wu Y-F. Effect of corner radius on the performance of CFRP-confined square columns: test. Eng Struct 2007; 16(4):1-13.
[3] Ožbolt J. (1998): MASA – Macroscopic Space Analysis. Internal Report , Institute fur Werkstoffe im Bauwesen , Universitat Stuttgart.
[4] Ožbolt J., Yijun Li, Ivica Kozar. (2001). “Microplane model for concrete with relaxed kinematic constraint”, International Journal of Solids and
Structures, 38, 2683-2711.
[5] Gambarelli S., Nisticò N., Ožbolt J. “Meso-scale modelling of concrete using microplane based approach”, to be submitted.

8700 | Interface compatibilization of high performance thermoplastic composites by surface activation and
supramolecular assembly as a versatile way to obtain environmental friendly adhesion promotion (Interface engineering /
High performance thermoplastic composites)

Martin, Arnaud (arnaud.martin@tudor.lu), CRP Henri Tudor, Department of Advanced Materials and Structures, Luxembourg
Addiego, Frédéric (frederic.addiego@tudor.lu), CRP Henri Tudor, Luxembourg
Bardon, Julien (julien.bardon@tudor.lu), CRP Henri Tudor, Luxembourg
Michel, Marc (marc.michel@tudor.lu), CRP Henri Tudor, Luxembourg
Ruch, David (david.ruch@tudor.lu), CRP Henri Tudor, Luxembourg 

Replacement of thermoset matrix by thermoplastic is a major area of research in aeronautic and aerospace industries in order, among other things, to
increase the application range and to reduce the costs due in particular to formulations and to the complex implementation of thermoset. One of the
challenge linked to this replacement relies on the fibre - matrix interface compatibilization of thermoplastic composite materials based on polyether ether
ketone (PEEK) reinforced with continuous carbon fibres. In the framework of this study and so as to develop effective solutions to improve the fibre -
matrix compatibility, particular attention was paid to the reinforcement material that is high modulus pitch-based carbon fibre with high thermal conductivity.
PEEK is one of the most promising high performance thermoplastic polymer and arouses a strong interest as a replacement polymer for thermoset matrix
to the extent where it can be used according to the severe space and aerospace specifications. However, the shaping process of PEEK-based
composites, which must be performed at elevated temperatures comprised between 380 and 400°C, appears to be challenging due to the following
points: (i) the oxidation of polymer matrix, (ii) the commercial sizing thermal degradation and therefore the difficulty to choose a suitable sizing chemistry
because of the incompatibility of lot of polymers and macromolecules at such elevated temperatures, and (iii) the chemical and structural stability of the
pitch-based carbon fibre surface. Furthermore, there is a limited knowledge about the processing and shaping of such high performance composites in
literature.
An innovative and versatile method, inspired by supramolecular layer-by-layer (LbL) assembly, is used to modify the carbon fibre surface in order to
improve the compatibility and the quality of the fibre - matrix interface, and therefore to obtain a high performance composite material. Indeed, coatings
obtained by adsorption of polymers macromolecules onto solid surfaces have been studied for decades because they allow the fabrication of thin films
having tailored structures and properties. Despite very promising results, this technique does not allow to deposit films onto large substrates and with a
high throughput. Hence, the main objective of this work is to develop a versatile technique enable to quickly coat fibre surface for the development of
environmental friendly adhesion promoters.
To this aim, we will use an alternative to the so called “Layer-by-Layer” technique which allows to elaborate a coating based on the coalescence and
intermixing of polyelectrolyte complexes with or not thermoplastic pre-polymer. The complexation mechanisms occurring when two oppositively charged
partners are put together under different physical parameters (pH, ionic strength, T°C, stirring conditions...) will be investigated. The system will be applied
in the field of composite materials and in particular for the improvement of fibre - matrix interface. Thus, a large part of this presentation will be focused (i)
on the carbon surfaces characterization in order to study (ii) the interest of an additional step related to the surface activation performed by atmospheric
plasma treatments, and (iii) on the surface modifications with these complexes by aqueous-based formulations applied in accordance with sizing
treatments. This approach is an innovative challenge that allows the possibility to improve interface quality. Self-assembled interphase based on weak
forces such as electrostatic forces and hydrogen bonds are proposed as the driving force for designing our coatings. The main results show that inert
carbon surfaces can be selectively modified and activated by specific atmospheric plasma treatments and stable polyelectrolyte/high performance
thermoplastic complexes can be dispersed in water in such a way that a sizing treatment can be apply by immersion and spray.

8830 | Application of PMI Syntactic Foams in Honeycomb Sandwich-Structured Composite Repair (Syntactic Foams in
Honeycomb Sandwich-Structured Composite Repair)

Rasuo, Bosko (brasuo@mas.bg.ac.rs), University of Belgrade, Serbia
Dinulovic, Mirko (mdinulovic@mas.bg.ac.rs), University of Belgrade, Serbia
Krstic, Branimir (branimir.krstic@va.mod.gov.rs), University of Defence, Serbia
Andric, Predrag (andricp@gmail.com), University of Defence, Serbia 

Like their metal counterparts, composites are damage-prone. To restore the load bearing capacity of damaged composite structure suitable repair
technique has to be applied. Repair techniques, developed over the years, for metallic structures, are not directly applicable to composites; therefore,
adequate and efficient composite repair techniques have to be developed. The extent of damage induced determines whether the deteriorated composite



08/05/15 15:14Conferências 5: Book of Abstracts

Page 6 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

component needs to be repaired or replaced. The choice between replacing or repairing a structural component is governed by a number of factors such
as the availability of spares, feasibility of repair, structural integrity requirements and inspection requirements for the repair. In most cases, component
replacement is not economically feasible solution; thus, repair is the only viable solution. 
The article presents application of PMI (Polymethacrylimide) syntactic foam, as a repair material for damaged high density honeycomb core, in sandwich
structured composites. ROHACELL® WF110 foam is used for repairing mechanically damaged (partial-through) NOMEX® HRH 10-96 honeycomb core.
The effectiveness of PMI as a repair material was verified experimentally by performing 4-point bending tests on specially manufactured GRP (glass
reinforced plastic) with honeycomb core composite beams in the elastic material region. A complete 3D stress-strain field was determined using finite
element approach, and the results obtained were compared with the experimental data.
It was found that PMI syntactic foams represent good material candidates which can be used as the alternative repair material for damaged honeycomb
cores in sandwich composite structures. However, when making the selection of the repair core material (PMI foam) it is of paramount importance that the
stiffness of the repair plug matches, as close as possible, the stiffness of the parent core structure. A repair plug, stiffer than the surrounding sandwich
core structure attracts more load to the region of the repair. This may result in exceeding the allowable strength of the structure. A repair with a lower
stiffness, compared to the parent structure diverts the load from the repair, possibly causing the parent structure overstress. While ensuring that the
stiffness of the repair plug and core structure are matched, a positive strength margin of safety could be achieved.

8833 | Properties and Structure of Sintered Materials with Borides (Metal Matrix Composite)

Karwan-Baczewska, Joanna (jokaba@agh.edu.pl), AGH University of Science and Technology, Poland 

The aim of that research-work is analysis of borides effect on the properties and structure of sintered materials obtained by Powder Metallurgy (P/M)
route. Boron and borides are activators of the sintering process of iron and iron based prealloyed powders. Under this research project obtained were P/M
materials based on prealloyed and diffusion bonded powder type Distaloy SA, with the following chemical composition: Fe-1.75%Ni-1.5% Cu-0.5%Mo with
borides: NiB and Fe2B. Boron contents in sintered materials is as follows: 0wt%, 0.2wt %, 0.4wt% and 0.6wt%.
P/M materials were manufactured by mixing powders, compacting and sintering. After the sintering process, there were performed density, porosity
measurements and hardness tests as well as mechanical properties were carried out. Also structural investigations were done using optical microscope
and SEM/EDS and XRD phase analysis. A comparative analysis of the effect NiB powder, Fe2B powder on the changes appeared in the microstructure
and mechanical properties of sintered materials based on prealloyed powder were performed.

9056 | Structural Properties and Mechanical Behavior of the Reinforced Titanium Fiber on Al-Si/SiCp Metal Matrix
Composite by Powder Metallurgy (Metal Matrix Composite)

Oak, Jeong-Jung (ojj69@pusan.ac.kr), Global Core Research Center for Ship and Offshore Plants, Pusan National University, Korea, South
Bang, Jeongil (wjddlf2578@pusan.ac.kr), Department of Materials Science and Engineering, Pusan National University, Korea, South
Chun, Ho-Hwan (chunahh@pusan.ac.kr), Department of Naval Architecture and Ocean Engineering, Pusan National University, Korea, South
Park, Yong Ho (yhpark@pusan.ac.kr), Department of Materials Science and Engineering, Pusan National University, Korea, South 

Aluminum and its alloys have been developed for automotive application due to superior lightweight, high-specific strength, remarkable malleability,
excellent castability and high corrosion resistance. In case of Al-Si alloys with Si for hypoeutectic and eutectic composition, these alloys are widely used
as cast Al alloy due to excellent casting performances, i. e. low casting shrinkage, high mobility and low hot-shortness. In addition, Al-Si alloys with Si for
hypereutectic composition perform high wear resistance, superior corrosion resistance and improved high-temperature strength by crystallization of
primary Si phase. Especially, these alloys by powder metallurgy have a near-net shaping property. Recently, it has been attempt to increase mechanical
properties of Al-Si alloy by ceramic reinforcements. Unfortunately, it still needs further improvement of low wettability between matrix material and ceramic
reinforcement and surface modification of oxide layer on matrix material in manufacture of MMCs. 
The aim of this study is improvement of bonding surface between Al-Si matrix powders with SiC particles by Ti metal fiber as reinforcement. Ti fiber has an
effect to increase bonding force among Al-Si powders with SiC particles because of these binary systems have native values for mutual mixing enthalpy
between Al-Ti and Si-Ti. In addition, low thermal expansion of Ti can be controlled shrinkage of sintered body during the cooling process. The modified Al-
Ti and Si-Ti surfaces and Ti fiber reinforcement are improved mechanical properties in this study. The upgraded properties in sintered Al-Si/SiCp + Ti fiber
MMCs will be discussed in detail.

Keywords: Aluminum, Titanium fiber, Powder metallurgy, Metal matrix composites, Mechanical property

6980 | Composite Notch Behaviour - From Coupon to Airbus A350XWB (1. Plenary lectures)

Laurent Risse (laurent.risse@airbus.com), Airbus, France
Ian Lane (ian.lane@airbus.com), Airbus, United Kingdom 

Composite Notch Behaviour - From Coupon to Airbus A350XWB

With the entry into service of the Airbus A350, Airbus has completed a 40 year journey in the pioneering development and practical delivery of Composite
Aircraft Structures.

This lecture will chart that journey by considering the efefcts of notches on composite behaviour from the micro to the macro scale. How do you move from
theory and laboratory level coupons into a practical certified large Civil Airliner.

The lecture will illustrate how Academia and Industry can work together.

6982 | Computational Materials Design on Polymer-Matrix Composites (1. Plenary lectures)

Rabczuk, Timon (timon.rabczuk@uni-weimar.de), Institute of Structural Mechanics, Bauhaus--University Weimar, Germany
Msekh, Mohammed A. (mohammed.msekh@outlook.com), Institute of Structural Mechanics, Bauhaus--University Weimar, Germany
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Silani, Mohammad (mohammadsilani@gmail.com), Institute of Structural Mechanics, Bauhaus--University Weimar, Germany 

Polymeric clay nanocomposites are a new class of materials which have been the subject of extensive researches during last years. These material have
a great multifunctional thermo-mechanical properties such as low permeability and flame retardancy which are the results of using high aspect ratio clays
inside polymeric matrix. Unlike the traditional composite materials, the morphology of the polymer-clay nanocomposite is more complex. Beside numerous
experimental and theoretical studies on this topic, there is still considerable ambiguity in theoretical and experimental investigation of the fracture and
damage in these materials.

In this study, a phase-filed model for brittle fracture is used to investigate the fracture behaviour of the fully exfoliated clay epoxy nanocomposites. The
crack initiation and propagation inside the nanocomposites is simulated using phase-field model which does not require predefined crack path. The effect
of several parameters such as clay weight ratio, clay aspect ratio and material parameters of the clay and matrix is investigated. 

The results of this study can help to get a better understanding of the fracture mechanisms in the clay epoxy nanocomposites. It also provides a method to
computationally design the clay epoxy nanocomposites with a desirable mechanical properties.

7759 | Composite structures for proton exchange membrane fuel cells (PEMFC) and energy storage systems (ESS) (1.
Plenary lectures)

Dai Gil Lee (dglee@kaist.ac.kr), KAIST, Korea, South
Jun Woo Lim (jul170@jbnu.ac.kr), Chonbuk National University, Korea, South
Minkook Kim (magicicada@kaist.ac.kr), KAIST, Korea, South
Jaeheon Choe (jhchoe@kaist.ac.kr), KAIST, Korea, South
Soohyun Nam (namsu0615@kaist.ac.kr), KAIST, Korea, South
Bu Gi Kim (willy4@kaist.ac.kr), Standard Energy Co., Ltd., Korea, South
Ki Hyun Kim (kimkyun@kaist.ac.kr), Standard Energy Co., Ltd., Korea, South 

Since conventional power generation relies much on fossil fuels, which produces pollutants, fuel cells are needed in the future because they provide
electric power with less pollutants and high efficiency. One of the most promising fuel cells is the proton exchange membrane fuel cell (PEMFC) because it
has highest power density with low operating temperature, which makes it suitable for portable applications. Also energy storage becomes a major
concern with the introduction of renewable electricity from wind and solar energies because the electricity has to be used whenever it is generated, and
their quality of electricity should be improved by the energy storage system (ESS). One of the most promising ESS is the vanadium redox flow battery
(VRFB) because it has an infinite operating cycles with non-explosiveness.
Although they have been considered as future energy conveniences, they have not been widely employed because their structures such as bipolar plates
(BP), endplate (EP) or flow frames (FF) are made of either brittle graphite, weak polymers or ceramic coated stainless steel to meet the requirements of
high electrical conductivity under strong acid environment such as the target values of Department of Energy (DOE) of USA.
To circumvent the weak characteristics and difficulty of manufacturing of these structures, the carbon composite BP and the hybrid composite endplate
(EP) composed of carbon and glass composites for the PEMFC and VRFB and the glass composite flow frame (FF) for the VRFB have been developed.
The design methods for these structures with the appropriate processing techniques are explained in detail. The performances and endurance tests for
these structures have been evaluated and compared to the targets of DOE. Finally an ultralight PEMFC of 200 W for unmanned aerial vehicle (UAV) and
a VRFB of 20 kW for electricity storage have been manufactured and their performances are presented.

8281 | Layerwise Optimization and New Extensions for Lay-up Design Problems of Laminated Composite Plates and
Shells (1. Plenary lectures)

Narita, Yoshihiro (ynarita@eng.hokudai.ac.jp), Hokkaido University, Japan 

Laminated fiber composites are well known as tailoring materials, and the laminated structural components, such as laminated composite plates and
shells, have been regarded as good application target of optimization. In previous related studies, the lay-up design problems have been solved either by
mathematical programming or meta-heuristic approaches. The mathematical programming approaches, which are basically gradient-based non-linear
programming, are mathematically well-defined, but improvement of design variables tends to be trapped in local solutions. In meta-heuristic approaches,
the genetic algorithm (GA) and particle swarm optimization (PSO) are frequently used these days due to the easiness in cording and searching capability
of global solutions, but they require a large number of structural analysis due to their basic nature as random search using many individuals.
In 2003, the first paper was published (Narita, J Sound & Vibr., vol.263, pp.1005-1016) to deal effectively with the lay-up design problems in bending
vibration, static deflection and buckling. This is called the layerwise optimization (LO) approach, because one-dimensional optimization is made in each
layer instead of considering all the combinations of fiber orientation angles in all layers. In the concept of LO, use of a simple physical observation “In the
bending of thin laminates, the outer layer has a greater stiffening effect than the inner layer and therefore has a greater influence on the mechanical
behaviors of the laminates” is made, and the procedure to the optimization problem is advocated as “the optimum lay-up design can be obtained by
determining the optimum fiber angle for each layer sequentially in the order from the outermost to the innermost layer”.
The LO is an approximate approach, but significant reduction in the number of structural analysis and accuracy in optimization were already demonstrated
in many papers for static bending, bending vibration and buckling problems of laminated plates and shells. The approach is also independent of types of
structural analysis, and has been actually used with semi-analytical methods (e.g., Ritz method) and numerical methods (e.g., commercial and self-made
FEM programs). In the present plenary lecture, the idea of LO is reviewed and some recent extensions of the idea are introduced to wide variety of lay-up
design problems.

8582 | AMPEROMETRIC BIOSENSORS BASED ON OXIDOREDUCTASES IMMOBILIZED ON NANOPARTICLES OF
NOBLE METALS (1. Plenary lectures)

Gonchar, Mykhailo V. (gonchar@cellbiol.lviv.ua), Institute of Applied Biotechnology and Basic Sciences, University of Rzeszow; Institute of Cell Biology,
NAS of Ukraine, Ukraine
Stasyuk, Nataliya Ye. (stasuk_natalia@ukr.net), Institute of Cell Biology, NAS of Ukraine, Ukraine
Synenka, Maria M. (maria-swntozelska@ukr.net), Institute of Cell Biology, NAS of Ukraine, Ukraine
Gayda, Galina Z. (galina.gayda@gmail.com), Institute of Cell Biology, NAS of Ukraine, Ukraine 
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A majority of known physico-chemical analytical methods have a number of disadvantages, such as a low selectivity and sensitivity, high costs and
complexity of the equipment, insufficient operation and storage stability. Thus, the development of new highly selective and sensitive methods for
determination of the target biosubstances in clinical diagnostics and food industry is an important analytical task. Nanocomposite materials, consisting of
enzymes conjugated with gold (AuNPs) and silver (AgNPs) nanoparticles, are promising biorecognition tools with improved catalytic properties in
construction of amperometric biosensors. 
The current work provides development and characterization of novel amperometric biosensors of third generation based on using oxidoreductases,
immobilized on nobel metals NPs. Horse radish peroxidase (PO) and glucose oxidase isolated from the fungus Penicillium adametzii (GO) were employed
in our experiments for assay of hydrogen peroxide and glucose as the target analytes. 
AgNPs and AuNPs, as well as their hybrids were synthesized using chemical reduction of the appropriate salts. Scanning and transmission electron
microscopy, as well as spectral methods proved the nanosizes of resulting NPs conjugated with enzymes. The new methods of nanocarrier’s
biofunctionalisation were proposed. BioNPs were obtained by immobilizing of PO and GO on the chemically activated NPs. The study of catalytic
properties of the enzymes conjugated with NPs showed that Au/AgNPs are the most effective for PO, whereas AgNPs and Ag/AuNPs are optimal carriers
for conjugation with GO. 
Obtained bioNPs were used as bioselective elements of amperometric sensors selective to hydrogen peroxide and glucose. The bioNPs-based
biosensors have demonstrated improved physico-chemical characteristics: better storage stability and a broader (10-fold increased) linearity of the signal
in comparison with bio-electrodes, constructed without using NPs. The developed amperometric biosensors were exploited for testing real samples of
wines in comparison with other analytical approaches. The values of the analyte’s contents obtained with different methods demonstrated a strong
correlation. The proposed low-cost laboratory prototypes of biosensors, selective to glucose and hydrogen peroxide, would be promising for clinical
diagnostics and food quality control, especially in wine making. 

Acknowledgements. This work was financially supported by NAS of Ukraine in the frame of the the scientific program “Sensors for Medical,
Environmental, Industrial, and Technological Needs: Metrological Support and Trial Operation” (Project No 13/2014), NATO (Project CBP.NUKR.SFP
984173), Ukrainian-Belarusian Project F54.4/031, and OPTEC company (Individual grant Stasyuk-2014).

8891 | Design and failure prediction of composite repair systems for corroded pipelines. (1. Plenary lectures)

Reis, Joao M.L. (jreis@mec.uff.br), UFF - Universidade Federal Fluminense, Brazil 

The present work is concerned with the analysis of composite repair systems for metallic pipelines undergoing elastic or inelastic deformations with
localized corrosion damage that impair the serviceability. The main motivation is the rehabilitation of corroded pipelines conveying produced water in
offshore oil platforms. Although the operating pressure of these pipelines is not very high, the water temperature is between 60 and 90ºC, which can be a
major shortcoming for the use of polymeric material as repair systems. Tensile and burst tests were performed evaluate the performance of composite
reinforcements applied to defects machined in pipeline test specimens. Preliminary ideas for a methodology to estimate the failure pressure of a
reinforced specimen with arbitrary localized corrosion damage are presented.

8898 | NON-LINEARITY AND ANISOTROPY AT NANOSCALE (1. Plenary lectures)

SILVESTRE, NUNO (nsilvestre@ist.utl.pt), IST - UNIVERSITY OF LISBON, Portugal 

Generally speaking, non-linear behaviour of materials and structures takes place when the deformation does not vary proportionally to the loading acting
on the given material/structure. Additionally, increasingly complex behaviour of structures arises when the material neither isotropic nor homogeneous.
The behaviour (either linear or non-linear) of structures made of heterogeneous and/or anisotropic materials has always been a key challenge for
scientists and engineers. The usual way to solve any type of structural problem at the macroscale (the space at which we exist and live) is to apply
continuum mechanics. The concept of continuum is based on the fact that a body (structure) that can be continuously sub-divided into infinitesimal
elements with properties being those of the bulk material. However, on a microscopic scale, materials have cracks and discontinuities and certain physical
phenomena cannot be modelled assuming the materials exist as a continuum, meaning the matter in the body (structure) is no longer continuously
distributed and does not fill the entire region of space it occupies. If we go further deep, we can say that materials at nanoscale are composed of atoms
that act as particles separated by "empty" spaces (electron clouds). Of course, the continuum mechanics principles that we apply at macroscale should
not be applied to nanoscale. Despite this unsurpassable barrier, both non-linear and anisotropic effects also occur at nanoscale and, sometimes, they are
akin to their macroscale counterparts.

This plenary talk focuses on the explanation of non-linear behaviour and anisotropy of materials at nanoscale. Because materials for structural
applications should be in solid state and possess improved stiffness and strength, there is no better nanomaterial to investigate than carbon-based
aggregates. Graphene and carbon-nanotubes are known as the stiffest and strongest materials. In this lecture, the behaviour of graphene and carbon-
nanotubes is shown to be not only highly anisotropic, as their response depends markedly on the loading direction, but also highly non-linear, as their
response (deformations) do not vary proportionally with the loading. These non-linear effects arise not only from the loss of stiffness of the nanostructure
as a whole (e.g., buckling and instability) but also from either breaking of covalent bonds (between carbon atoms) or slippage of other atoms surrounding
the carbon-based aggregates (e.g. composite materials). To achieve these goals, Molecular Dynamics simulations (MD) are performed. In this plenary
talk, several results will be presented and discussed, which comprise (i) curves relating the energies with the applied loadings, (ii) plots of deformed
shapes and failure modes of carbon-aggregates and (iii) curves relating the acting stress with the strain. Finally, some concluding remarks are drawn
about the major differences found between the results at nanoscale and those that we usually assume at macroscale (in common sense).

8926 | FE Shell Formulations for Layered Composite Structures (1. Plenary lectures)

Cinefra Maria (maria.cinefra@polito.it), Politecnico di Torino, Italy 

The efficient load-carrying capabilities of shell structures make them very useful in a variety of engineering applications. The most common mathematical
models used to describe shell structures are based on the Kirchhoff or Reissner-Mindlin assumptions, but the continuous development of new structural
materials requires more accurate theories.
Layered structures are increasingly used in aerospace, automotive, and ship vehicles. The so-called advanced composite materials were developed as
part of aerospace vehicles during the second part of the last century. Nowadays, there are examples of fighter and commercial aircrafts, helicopters, and
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gliders whose structures are entirely made of composite materials. The analysis of multilayered structures is difficult when compared to one-layered ones.
A number of complicating effects arise when their mechanical behavior as well as failure mechanisms have to be correctly understood. This is due to the
intrinsic discontinuity of the mechanical properties at each layer-interface to which high shear and normal transverse deformabilty is associated. An
accurate description of the stress and strain fields of these structures requires theories that are able to satisfy the so-called Interlaminar Continuity (IC)
conditions for the transverse stresses. Moreover, the transverse anisotropy of multilayered structures make it difficult to find closed form solutions and the
use of approximated solutions is necessary. It can therefore be concluded that the use of both refined two-dimensional theories and computational
methods become mandatory to solve practical problems related to multilayered structures.
The finite element method has been the fundamental numerical procedure for the analysis of the shells. It is known that when a finite element method is
used to discretize a physical model, the phenomenon of numerical locking may arise from hidden constrains that are not well represented in the finite
element approximation. Recently, the author adopted the Mixed Interpolation of Tensorial Components (MITC) to contrast the locking. According to this
technique, the strain components are not directly computed from the displacements but they are interpolated within each element using a specific
interpolation strategy for each component. 
The works [1] and [2] present shell elements based on the Unified Formulation and displacement formulation (Principle of Virtual Displacement) that show
good properties of convergence. Both equivalent-single-layer and layer-wise refined theories are considered for the analysis of composite structures.
Subsequently, the Reissner's Variational Mixed Theorem (RMVT) has been adopted to derive the governing equations [3]. The RMVT permits one to
assume two independent fields for displacement and transverse stress variables. The resulting advanced finite elements therefore fulfil a priori the
interlaminar continuity of the transverse stresses. The main idea is to interpolate the transverse stresses (that are modelled a-priori by the RMVT) using
the same strategy of the MITC. In this way, the IC conditions are satisfied and the shear locking is contrasted at the same time.
References:
[1] CINEFRA M.,CHINOSI C., DELLA CROCE L., MITC9 shell elements based on refined theories for the analysis of isotropic cylindrical structures,
MECHANICS OF ADVANCED MATERIALS AND STRUCTURES, 20, 91-100, 2013.
[2] CINEFRA M., CARRERA E., Shell finite elements with different through-the-thickness kinematics for the linear analysis of cylindrical multilayered
structures, INTERNATIONAL JOURNAL FOR NUMERICAL METHODS IN ENGINEERING, 93, 160-182, 2013.
[3] CINEFRA M., CHINOSI C., DELLA CROCE L., CARRERA E., Refined shell finite elements based on RMVT and MITC for the analysis of laminated
structures, COMPOSITE STRUCTURES, 113, 492-497, 2014.

8935 | Modeling the effects of cure induced chemo-mechanical processes on the strength of fiber reinforced
composites (1. Plenary lectures)

Waas, Anthony M. (dcw@umich.edu), University of Michigan, United States America 

A novel computational model is introduced to analyze the effect of the curing process on the in-service performance of fiber reinforced composite
structures. A novel polymer curing model based on the notion of polymer networks that are continuously formed in a body of changing shape due to
changes in temperature, chemistry and external loads is used in conjunction with multiple fiber representative volume elements (RVE) to assess the
strength of the RVE when subjected to mechanical load after virtual curing. Nonlinear material behavior, including damage and failure, is incorporated
through continuum damage mechanics in conjunction with the mesh-objective crack band model. It is shown that significant stresses can develop during
cure, and depending on the cure cycle, the matrix material can be subjected to damage prior to insertion in service. The notions of composite strength are
re-examined in light of the results obtained.

8951 | Cork in composite structures: from low to high energy dynamics (1. Plenary lectures)

Teixeira-Dias, F. (F.Teixeira-Dias@ed.ac.uk), School of Engineering, The University of Edinburgh, United Kingdom 

Due to their cellular structure, open and closed-cell foams, porous materials and some natural cellular materials are generically and fundamentally good
energy absorbers. Mechanisms such as cell wall buckling and collapse, plastic deformation and fracture explain this particular behaviour. However, the
capability of such materials to absorb energy strongly depends on their microstructure (i.e. cell or pore structure, size, dispersion and arrangement), base
material properties and loading induced strain-rates. Cork is a natural foam composed of closed cells of suberin, an impermeable and visco-elastic
material. Cork composites can have a wide range of densities (0.2-1.5 g/cm3) with strengths ranging from 1 to 30 MPa. The constitutive behaviour of most
cellular materials, including cork and most of its composites, and their strain-rate dependency are the main factors defining their applicability as efficient
energy absorbers. A detailed description of the microstructure and behaviour of cork and its composites will be given, focusing on its strain-rate
dependency and energy accumulation and absorbing capabilities. Examples will be given, through numerical analysis and quasi-static and high strain-rate
experimental testing, of how to assess the potential of the use of cork in structural and energy absorption applications. The importance and relevance of
using such materials in critical situations and extreme conditions, such as in the aerospace, defence and nuclear industries, will be explored in detail, with
a large number of examples and results/observations being provided. Focus will be on defence applications (e.g. blast wave mitigation and protection
against ballistic impact), low energy impact (e.g. crashworthiness), personal protection and structural integrity (e.g. earthquake mitigation).

9017 | STRUCTURAL COMPOSITE MATERIALS FOR AEROSPACE APPLICATION. MAIN ACHIEVEMENTS AND FUTURE
TRENDS (1. Plenary lectures)

Cinquin, Jacques (Jacques.cinquin@airbus.com), AIRBUS, France 

Composite materials are used on aerospace application since many decades to replace aluminium alloys to save weight and make aircraft utilization
greener. Today, structural parts of last generation aircraft use about 53% by weight of composite material. If there is still some possibilities to increase
composite materials share, the mains stoppers are : 
- utilization of composite for parts loaded in 3D, 
- utilization of composite for structural parts with a continuous service temperature over 150°C 
- utilization of composite materials for parts where electrical conductivity is needed. 
If some technical tricks of the trade have been used to overcome these show stoppers, progresses are needed in the future to propose adapted materials
and retrieve more benefits in weight saving. The constant increase of aircraft demands linked with the increase of number of composite parts to produce,
require an automation of the manufacturing process to produce parts at lower cost with increased manufacturing quality.
For the materials, if aramid fibers have been used in the past with glass fibres, today carbon fibres are more and more used for structural applications.
Glass fibres are still present for specific properties and aramid fibres are less and less selected. For the matrices, epoxy resins have been used since the
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beginning, and are still present in large quantities on last generation of composite materials. Some progresses have been made for damage tolerance
properties and processability. For health and safety aspect during the manufacturing process, some products have been qualifies to replace some
potential dangerous ingredients of the formulation. Thermoplastic matrices are now used on some parts and could be used more intensively on next
aerospace product generation. For future composite materials, the door is open to propose multifunctional materials with additional properties such as
electrical conductivity, vibration damping, damage tolerance performance… 

9164 | A FIRST STEP TOWARD A EUROCODE FOR THE DESIGN AND VERIFICATION OF WHOLE FRP COMPOSITE
STRUCTURES (1. Plenary lectures)

Ascione, Luigi (l.ascione@unisa.it), Department of Civil Engineering, University of Salerno, Italy
Feo, Luciano (l.feo@unisa.it), Department of Civil Engineering, University of Salerno, Italy 

Over the last twenty years, several innovative solutions, both within and outside Europe have confirmed the usefulness of whole composite structures
realized with Fibre Reinforced Polymers or Plastics. These solutions are often imposed by specific needs. such as requirement for speed of assembly on
site or for enhanced resistance to aggressive environments, which in turn reduces maintenance costs. In addition, the lightweight of the FRP composite
makes the assembly and the launch of the structure easier, beside offering a geotechnical advantage for all structures that have to rest on deformable
soils. Within this context, the use of so called FRP pultruded profiles, shell structures and sandwich panels is particularly advantageous for applications in
the Civil Engineering field. FRP pultruded profiles are widely used for the construction of buildings for industrial or residential purposes, lock doors, and
also for the construction of bridges and bridge decks, both pedestrian as well as traffic bridges carrying all classes of wheel loads. 
Notwithstanding all the opportunities offered by FRP composites, it appeared necessary with a standardization work for both the production of FRP
structural elements and the practical rules for the design and verification of structures made of such elements. Several countries have contributed to the
drawing up of appropriate guidelines, among which it may be appropriate to mention the following ones: 
EUROCOMP Structural Design of Polymer Composites (Design Code and Background Document, Finland, France, Sweden, UK, 1996);
CUR 96 Fibre Reinforced Polymers in Civil Load Bearing Structures (Dutch Recommendation, 2003);
BD90/05 Design of FRP Bridges and Highway Structures (The Highways Agency, Scottish Executive, Welsh Assembly Government, The Department for
Regional Development Northern Ireland, May 2005);
DIBt DIBt – Medienliste 40 für Behälter, Auffangvorrichtungen und Rohre aus Kunststoff, Berlin (Germany May 2005);
CNR-DT 205/2007 Guide for the Design and Construction of Structures made of Pultruded FRP elements (Italian National Research Council, October
2008);
ACMA Pre–Standard for Load and Resistance Factor Design of Pultruded Fiber Polymer Structures (American Composites Manufacturer Association,
November 2010);
DIN 13121 Structural Polymer Components for Building and Construction (August 2010);
BÜV Tragende Kunststoff Bauteile im Bauwesen [TKB] – Richtlinie für Entwurf, Bemessung und Konstruktion (Germany, 2010).
The experience so far gained through the realization of whole FRP composite structures in many European and non-European countries, as well as the
theoretical and experimental knowledge gained in this field makes it possible today to develop a single set of guidelines to be shared within the EC
countries. These guidelines may compile a body of rules to be applied to the design and execution of full composite structures, based on the considerable
scientific and technological progress achieved by member countries in this field. The availability of Guidelines will facilitate the free movement of FRP
materials and contractors in the field building and construction within the European Community. This field offers all the prospects for a progressive
expansion, with substantial positive consequences of economic nature. Such a development would undoubtedly be favoured by the existence of a body of
shared rules able to ensure a uniform level of safety in the production and the use of FRP structures.
To achieve this outcome, CEN-TC 250 has appointed a Working Group (WG4) with the fulfillment of drawing up a scientific and technical report on Fibre
Reinforced Polymer Structures. Members of this WG, under the convenorship of prof. L. Ascione, have been many experts from several European
countries (L. Feo was one of them). The present lecture will summarize the main aspects of this report, which has been recently delivered by WG 4 and is
now in the phase of transformation to CEN specifications. 

9380 | Nonlocal effects in composites (1. Plenary lectures)

Feo, L. (l.feo@unisa.it), University of Salerno, Italy
Luciano, Raimondo (luciano@unicas.it), University of Cassino, Italy 

Stress analysis of composites is usually performed within the framework of the theory of ‘homogenization’: if the scale of the microstructure is small
relative to macroscopic dimensions, the material behaves ‘on average’ as though it is homogeneous, and local fluctuations about this average due to
microscopic heterogeneities can be deduced from analysis of representative volumes subjected to prescribed mean strains.
Therefore, the macroscopic problem is analysed by assuming the body homogeneous and the stress and strain fields, solution of the homogenized
problem, can be interpreted as ‘local averages’ of the actual, rapidly-varying, strain and stress fields. More precisely, at least for composites whose
microstructure is considered as random, the ‘local averages’ are ensemble averages; for composites with periodic microstructure, the averaging is
performed over ‘fast variables’. In either case, the ‘local average’ is not precisely a local volume average, except in the special case that the computed
averages are uniform and the microstructure has an appropriate property of spatial invariance. 
These procedures of “homogenization” can fail for some special practical problems in mechanics and of high importance for structural design such as in
the case of fracture (see Luciano and Willis 2003 and 2005) or the localization phenomenon.
Still in the context of periodic microstructures, Triantafyllidis and Bardenhagen 1996, Boutin 1996, and later Smyshlyaev and Cherednichenko 2000 have
studied the influence of the higher-order terms of the series expansion on the macroscopic behavior of linear elastic composites.
This approach of series expansion, which has been initiated by Sanchez-Palencia 1980 and 1987, has shown to be a rigorous and efficient method for
introducing the effect of the macroscopic gradient of strain on the local response of linear composites. The asymptotic expansion method introduces the
scale factor ϵ defined as the ratio between the characteristic length of the microstructure and the one of the applied macroscopic loading (see Bakhvalov,
N.S. and Panasenko,1989). When this scale factor ϵ is very small compared with 1, there is a strict separation of the micro and macroscopic scales. In
practice, the limit ϵ → 0 is taken in the expression of strains and stresses, and the standard homogenization framework can be used. When the parameter
ϵ is close to 1, no homogenization is valid anymore. When ϵ is lower than 1 but not negligible before 1, the solution can be approximated by keeping
higher-order terms in the series expansion. All these terms are then obtained by solving a hierarchy of higher-order elasticity problems with prescribed
body forces and eigenstrains whose expressions depend on the solution at the lower-order (Boutin 1996, Smyshlyaev and Cherednichenko 2000).
In the case of random media, Drugan and Willis (1996), obtained approximation for the gradient and higher-order terms in the series expansion.
On the contrary, Luciano and Willis (2000, 2001 and 2003) obtained bounds, in the Fourier space, on the fully nonlocal constitutive laws for composites
and laminates by using micromechanics.
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These procedures, however, leads to inaccurate predictions close to any boundary, and a more complete analysis, accounting for nonlocal interactions
between inhomogeneities, is necessary also for finite bodies. If the microstructure is specified precisely (e.g. if it is known to be periodic), an exact
calculation can be performed, at least in principle. If however, the microstructure is random, some other approach is necessary. 
The present authors, by following the procedure proposed in (Luciano and Willis, 2005 and 2006) develop an approach, based on a stochastic variational
principle and the approximation of Hashin and Shtrikman (1962a,b). It generates an integral equation, whose kernel is related to a Green’s function
defined for the body in question that is obtained via finite elements.

9474 | Active Morphing Composites and Structures: Challenge and Prospect (1. Plenary lectures)

Leng JS (lengjs@hit.edu.cn), Harbin Institute of Technology, China 

As one kind of smart materials, shape memory polymers (SMPs) and their composites (SMPCs) are capable of changing shapes, stiffness, strain or sizes
when exposed to an external stimulus, including heat, electric and magnetic field, solution and light, etc. The special features make them become the
promising materials for shape changing and memory structures, which extends broad applications in the future. Advantages of SMPs and SMPCs are fast
response, long lifetime, high resilience, light weights, stretchable, low cost and easy processing. In particular, their stiffness can be changed in a large
scale when triggered by temperature or other stimuli. Moreover, they can also deliver active properties and autonomic responding. Multiple shape memory
effect, multistage stimulus and reversible actuation are also systematically investigated, indicating that this kind of materials not only remember more than
two shapes but also respond diverse stimuli. 
Currently, the potential applications of SMPs and SMPCs in multifunctional and structure materials are developed. The high-performance, loadbearing
substructures of aircraft, satellites and robots are designed for structural efficiency. Active functions such as sensing, actuating, energy harvesting, and
propulsion are added by attaching components to the actuated bending, extending, and folding structures that would promote the development of large-
scale deployable structures and morphing wings. Nowadays, the deployable space hinges, boom and three-longeron truss structures have been
developed, designed, analyzed, fabricated, evaluated for the future aerospace application. Besides, smart mandrels based on SMPs, which are
dimensionally accurate, rapidly removable, and reusable, have been developed for fabrication of complex-curved composite structures. 4D printing has
also been generated through adding another dimension, the time-dependent shape change, to 3D printing. Other applications for novel SMPs and SMPCs
include smart sensors, tactile displays, self-healing systems, smart textiles, biomedical devices etc. Most widely recognized potential is for fabricating
flexible display, anti-counterfeiting brands, artificial blood vessels, and information carriers. Furthermore, the composites with such special functions do not
need to be restricted to solid constituents, but can incorporate fluid networks.
SMPs and SMPCs have enormous impacts on number of fields and could significantly accelerate the advancement of novel composites and structures
that have excellent performances including shape changing and memory, variable stiffness, and so on. They demonstrate significantly potentials for the
applications of composite materials and structures.

5402 | Investigation of Microstructure and Texture of Al-Al2O3-B4C Composite Produced by Accumulative Roll Bonding
(ARB) Process (2. Analysis of composite beams, plates and shells)

Morteza Shamanian (m.shamanian49@gmail.com), Department of Materials Engineering, Isfahan University of Technology, Isfahan 84156-83111, Iran,
Iran
Mahyar Mohammadnezhad (mahyar.mohammadnejad@yahoo.com), Department of Materials Engineering, Isfahan University of Technology, Isfahan
84156-83111, Iran, Iran
Jerzy Szpunar (jerzy.szpunar@usask.ca), Department of Mechanical Engineering, University of Saskatchewan, Saskatoon, SK, Canada S7N5A9, Canada

In this study, accumulative roll bonding process was used to manufacture an aluminum matrix composite with dispersed anodized alumina and boride
carbide particles. The anodizing and accumulative roll bonding processes are used in this paper for manufacturing high-strength and highly-uniform
composites. Furthermore, the microstructure evolution and deformation texture of the composite samples are reported. The microstructure of the
fabricated composites after eight cycles of the accumulative roll bonding process showed an excellent distribution of reinforcement particles in the
aluminum matrix. The results indicated that after accumulative roll bonding process, the overall texture intensity increases and a different-strong texture
develops. The main textural component is the Rotated Cube component.

5675 | COMPARITIVE STUDY OF CONCRETE FILLED STEEL TUBE STRUCTURE WITH TRADITIONAL REINFORCED
CONCRETE AND STEEL STRUCTURES (2. Analysis of composite beams, plates and shells)

Patel Deepam (deepam.patel@gmail.com), S V National Institute of Technology, India
Desai Atul (akd@amd.svnit.ac.in), S V National Institute of Technology, India 

The objective of the present study is to understand the behavior of the Concrete Filled Steel Tube (CFST) system for high-rise building and to design
structural systems including effects of the lateral loading. Also study of the confinement effect in concrete due to steel tube is done. Comparative study on
CFST, RCC and Steel structure with 20 storey with all structural systems as frame structure is carried out. CFST category is also further subdivided in
three types, with only rectangular CFST columns, with only round CFST columns and with both CFST columns and beams. Determination of the design
load-carrying capacity and subsequently comparison to Euro code and AISC method with manual results and SAP 2000 results was done.

6367 | Analysis of cylindrical sandwich structures under moving loads (2. Analysis of composite beams, plates and shells)

Toubia,Elias (etoubia1@udayton.edu), The University of Dayton, United States America
El Mir,Charles (elmirc1@udayton.edu), The University of Dayton, United States America
Brockman, Robert (rbrockman1@udayton.edu), The University of Dayton, United States America 

An analysis of cylindrical sandwich structures with weak orthotropic core subjected to patch loading is presented. A high order theory model combined
with a novel formulation technique are used to predict the static response of the structure. The face-sheets are considered as thin shells that follow the
first order shear deformation theory, whereas the core is considered as a linear elastic medium. The effects of core elastic and shear stiffness, curvature
to length ratio, and stacking sequence and orientation on the core’s stresses and displacements are presented. The case of a moving load is explored and
performance charts are generated to design and optimize the structure in response to the patch loads. In particular, considering an orthotropic core with
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quasi-isotropic lay-up in the face-sheets, limit the variation of the transverse core shear stress and provide an efficient structural design configuration.

6374 | Active shape and vibration control for piezoelectric bonded smart structures using various geometrically
nonlinear theories (2. Analysis of composite beams, plates and shells)

Zhang, Shun-Qi (shunqi@iam.rwth-aachen.de), RWTH Aachen University, Germany
Li, Ya-Xi (liyaxi@mail.nwpu.edu.cn), RWTH Aachen University, Germany
Schmidt, Ruediger (schmidt@iam.rwth-aachen.de), RWTH Aachen University, Germany 

Piezoelectric integrated thin-walled smart structures with cross-ply or angle-ply laminates are increasingly applied in many fields of technology. Due to the
high costs of experimental investigations, an accurate nonlinear finite element model (FE) is required for the shape and vibration control of smart
structures. This paper is going to develop various geometrically nonlinear FE model based on first-order shear deformation hypothesis. The geometrically
nonlinear theories considered in the models are including von Karman type nonlinear theory, moderate rotation shell theory, fully geometrically nonlinear
shell theory with moderate rotations and large rotations. Several examples of composite laminated structures are investigated, and some of the results will
be compared with those in the literature.

6832 | Analysis of Randomness Function Frequency Response of Composite Plates (2. Analysis of composite beams, plates
and shells)

Diacenco, Adriana A. (adriana_aadiacenco@yahoo.com.br), Universidade Federal de Itajubá, Brazil
Lopes, Patricia S. (patricia.silva.lopes@gmail.com), Universidade Federal de Itajubá, Brazil
Jorge, Ariosto B. (ariosto.b.jorge@unifei.edu.br), Universidade Federal de Itajubá, Brazil
da Cunha Jr. Sebastião S. (sebas@unifei.edu.br), Universidade Federal de Itajubá, Brazil 

This paper realizes a numerical treatment of uncertainty for the modulus of elasticity in structural composites. The choice of the elastic modulus is justified
to be an extremely influential in the dynamic response of structures design variable, as any variation may involve, for example, the possible existence of
damage in the structure. The treatment is performed via numerical finite element modeling considering a probability distribution for the modulus of
elasticity. The answers will be expressed through the frequency response functions (FRF's) of the material obtained in the MatLab ® programming
environment.

Key-words: randomness; function frequency response (FRF’s); structural composites.

6852 | Equilibrium of a Guastavino helical stair (2. Analysis of composite beams, plates and shells)

Angelillo, maurizio (mangelillo@unisa.it), University of salerno, Italy 

An analytical structural study of general helicoidal timbrel staircase shell is presented. The analysis is based on the assumption that the material is
unilateral, namely a no-tension material in the sense of Heyman; in particular the safe theorem of Limit Analysis is adopted. In the spirit of the safe
theorem the structure is stable if a statically admissible stress field can be constructed; for the unilateral material here employed, singular stress fields,
that is stress concentrated on surfaces (membranes) or lines (arches) are allowed. The statically admissible stress fields that I construct, combining
membrane stresses and 3d diffuse uniaxial stresses, are purely compressive and balance transverse loads either uniformly distributed or localized. A
simple order-of-magnitude calculation confirm that bending and torsion resistance is small compared to the structural demand, and that the level of
compressive stresses required to balance the load is below the limit compressive threshold.

6883 | Study on the behavior of slim-floor composite structures (2. Analysis of composite beams, plates and shells)

Marcela Novischi Kataoka (kataoka@sc.usp.br), University of São Paulo - USP, Brazil
Ana Lúcia H. C. El Debs (analucia@sc.usp.br), University of São Paulo - USP, Brazil
Margot Fabiana Pereira (margot.fabiana@hotmail.com), University of São Paulo - USP, Brazil 

Slim-floor structures offer a range of benefits which must be considered in the context of the projects. The shallowness of the floors is achieved by placing
the slabs and beams in the same plane. An added benefit is that a flat shape is achieved and there are none of the interruptions found with down stand
beams. Another important advantage provided by the slim-floor systems is the increase of fire resistance as the steel beam is contained within the depth
of the floor deck. In order to assess the influence of the concrete in the flexural behavior of the shallow floors, a numerical study based on experimental
results was carried out. The computational model of an encased beam subjected to bending was calibrated and the results compared to the flexural
behavior of the same beam in the conventional solution. The results showed the interaction between concrete and steel increases the resistance of the
element, reducing instabilities and also producing slenderer solutions when compared to the reinforced concrete structures.

6934 | Buckling of Composite Plates under Biaxial Compressive Loads (2. Analysis of composite beams, plates and shells)

Della, Christian N. (christian.della@glasgow.ac.uk), University of Glasgow, Singapore
Ngan, Jing Xun (2059242N@student.gla.ac.uk), University of Glasgow, Singapore
Loh, Jieshen (2013457L@student.gla.ac.uk), University of Glasgow, Singapore 

This research paper presents studies on the buckling performance of carbon/epoxy plate that are loaded under biaxial compressive loading. Finite
element models are developed using commercial softwares ANSYS and Abaqus. The focus of the study is on the simplified plate design utilising angle-ply
laminates, [±θ], and its effectiveness relative to designs from existing works in the literature.

The influence of boundary conditions, plate aspect ratio, loading conditions and ply orientations on the buckling performance of the composite laminate
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are also studied. The performance of composite laminate, such as [±25] and [±20] are compared with conventional and dispersed layups. Results show
that [±θ]n orientation can achieve better biaxial buckling performance, as compared to conventional layups. In addition, comparable performance can be
obtained with lesser plies. The results have been verified with analytical solutions that have been presented in the literature.

7014 | Nonlinear Dynamic Instability Analysis of Laminated Composite Stiffened Plates (2. Analysis of composite beams,
plates and shells)

Patel, Shuvendu N. (shuvendu@pilani.bits-pilani.ac.in), BITS Pilani, Pilani Campus, India 

A finite element nonlinear dynamic instability analysis of laminated composite stiffened plates subjected to uniform in-plane harmonic edge loading along
the two opposite edges is presented in this paper. The eight-noded isoparametric degenerated shell element and a compatible three-node curved beam
element are used to model the plate skin and the stiffeners, respectively. As the usual formulation of degenerated beam element is found to overestimate
the torsional rigidity, an attempt has been made to reformulate it in an efficient manner. The Green-Lagrange strain displacement relationship is adopted to
formulate the system matrices for both plate skin and the stiffener. The total Lagrangian approach is adopted in the formulation. Bolotin method is applied
to analyze the dynamic instability regions. The frequency convergence criterion is used to find the instability frequency range.

7054 | Experimental investigation of failure process of the compressed channel-section GFRP laminate columns
assisted with the Acoustic Emission method (2. Analysis of composite beams, plates and shells)

Kubiak Tomasz (tomasz.kubiak@p.lodz.pl), Lodz University of Technology, Poland
Samborski Sylwester (s.samborski@pollub.pl), Lublin University of Technology, Poland
Teter Andrzej (a.teter@pollub.pl), Lublin University of Technology, Poland 

The paper deals with experimental investigations of thin-walled channel section columns subjected to static compression. The columns under
consideration were made with the autoclaving technique from 8 layers of a glass/epoxy unidirectional prepreg tape. Five different symmetrical layers’
arrangement have been taken into account. The considered columns have been loaded with the force values from zero to the maximum load destroying
the profile what allows to observe the columns’ behavior till their failure. The strain-gauges measurement technique have been employed to determine the
equilibrium paths, the buckling loads and the post-buckling behaviour. During all tests the AE equipment AMSY-5 made by Vallen firm for detection of
acoustic emission phenomena have been applied. The use of the Acoustic Emission method allowed to investigate the behavior of composite structures in
the phase prior to their destruction. However, a detailed analysis of the full AE signal allows identification of many damage mechanisms prior to the
structure’s destruction. The results of experimental investigation have been used to validate the proposed FE model allowing to analyse the post-buckling
behavior and - together with the well-known failure criteria - determine the failure load.
Acknowledgment. The investigations has been performed under the research project financed by the National Centre for Science - decision number DEC-
2011/03/B/ST8/06447.

7545 | EFFECT OF TRANSVERSE CRACKING IN [θm/90n]s COMPOSITE LAMINATES WITH HYGROTHERMAL
CONDITIONS - DESORPTION CASE - (2. Analysis of composite beams, plates and shells)

Mohamed khodjet-kesba (mkhojet@hotmail.fr), Laboratoire des sciences aéronautiques, Algeria
Amina Benkhedda (benkhedda90@hotmail.com), Laboratoire des sciences aéronautique, Algeria
E.A. Adda Bedia (addabed@yahoo.com), Laboratoire matériaux et hydrologie, Algeria
Billel Boukert (bilanosky@hotmail.fr), Laboratoire des sciences aéronautiques, Algeria 

Two analytical approaches were used to predict the effect of transverse cracks on the stiffness degradation, Shear-lag model and variational approach for
[θm/90n]s composite laminates and under different environmental conditions by the variation of temperature and transient moisture concentration
distribution in desorption case. Good agreement is obtained by comparing the prediction models and experimental data published by Joffe. Furthermore
the cracked angle-ply laminate is submitted to hygrothermal conditions. The transient and non-uniform moisture concentration distribution gives rise to the
transient relative reduction of the longitudinal Young’s modulus. The obtained results represent well the dependence of the stiffness degradation on the
cracks density, fibre orientation angle of the outer layers and transient hygrothermal conditions.

7575 | Preliminary theoretical study on shear lag effect of the PC box girder bridge with a constant depth and
corrugated steel webs (2. Analysis of composite beams, plates and shells)

Xiao,Yu Feng (xiaoyf@szmedi.com.cn), The Research Centre, Shenzhen Municipal Engineering Design & Research Institute, China
Jiang,Rui Juan (jiangrj@hotmail.com), The Research Centre, Shenzhen Municipal Engineering Design & Research Institute, China
Wu, Qi Ming (wuqm@szmedi.com.cn), The Research Centre, Shenzhen Municipal Engineering Design & Research Institute, China 

The prestressed concrete (PC) box girder bridge with corrugated steel webs is a promising steel-concrete composite structure. It has been constructed
worldwide. Since 1970s there has been much research about the mechanical behaviors of this kind of bridges. However, the study on shear lag effect of
the PC box girder bridge with corrugated steel webs is seldom found, and there also has been no relating guideline in the design standards or codes for
the design purpose by now. In this paper, based on the energy variational principle, the theoretical solution of the PC box girder with corrugated steel
webs with a constant depth is derived, with the assumptions that the flange longitudinal displacement expressed as a three-order polynomial function and
the strain energy of the corrugated steel webs equals to zero. The shear lag coefficient at a certain cross section is then calculated based on the
theoretical solution. Finally, the comparative study on the shear lag effect between the simply supported corrugated steel web bridge and the
corresponding concrete web bridge is carried out when the uniformly distributed loads and concentrated loads are respectively applied. The results show
that the shear lag effect in the corrugated steel web girder is more obvious than that in the concrete web girder.

7597 | The transient responses analysis of ply-dropped laminated composite beams by a developed reverberation–ray
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matrix method (2. Analysis of composite beams, plates and shells)

Miao, Fuxing (aifxmiao@gmail.com), Ningbo University, China
Sun, Guojun (gjsun@sjtu.edu.cn), Shanghai Jiaotong University, China 

This study proposed a developed reverberation-ray matrix (DRRM) analysis method to analyze the transient responses of ply-dropped laminated
composite beams based on classical laminated beam theory (CLBT) and the first shear deformation theory (FSDT) subjected to impulse force load. The
developed reverberation-ray matrix is demonstrated in the global coordinate system, which represents the multi-reflected and scattered waves in the ply-
dropped laminated composite beam. To validate the developed analysis method, we analyze the velocity response and discuss the wave propagation of a
laminated cantilever beam with ply-drops under a smoothed triangular impact load. The axial-flexural and axial-flexural-shear coupled effects due to ply
stacking sequences are also analyzed. The velocity transient responses of the ply-dropped laminated composite beam are also solved by the developed
reverberation-ray matrix method (DRRMM) under a half-cycle pulse force. Compared with the spectral element method (SEM) and finite element method
(FEM), the proposed approach provides results that are in good agreement with previous findings. The DRRMM has some advantages of the simpler and
faster solving process, very few computing elements, the higher order accuracy of solutions in frequency domain.

7611 | A mixed variational, higher order zig-zag theory for highly heterogeneous layered structures (2. Analysis of
composite beams, plates and shells)

Rainer MJ Groh (rainer.groh@bristol.ac.uk), University of Bristol, United Kingdom
Paul M Weaver (paul.weaver@bristol.ac.uk), University of Bristol, United Kingdom 

The bending response of laminated composite and sandwich plates is modelled using a higher-order variant of the Refined Zigzag theory originally
introduced by Tessler and co-workers. The governing equations are derived using the Hellinger-Reissner mixed variational principle. The theory provides
accurate predictions of the bending deflection and axial stresses for thick plates to with nominal errors compared to 3D elasticity solutions found in the
literature. The advantage of the Hellinger-Reissner mixed formulation is that it captures the transverse stresses of a laminated beam accurately a priori,
without the need for additional stress recovery steps. As a result, the axial and stress profile within highly heterogeneous layered structures, such as
sandwich beams or laminates with delaminations, can be captured in a computationally efficient manner. This allows the theory to be coupled with fracture
mechanics criteria to predict the onset of delamination growth. Finally, the relative influence of the zig-zag effect on different laminates is quantified using
two non-dimensional parameters.

7656 | Geometrically nonlinear vibrations of slender meso-periodic beams (2. Analysis of composite beams, plates and shells)

Domagalski, Lukasz (lukasz.domagalski@p.lodz.pl), Lodz University of Technology, Poland
Jedrysiak, Jaroslaw (jarek@p.lodz.pl), Lodz University of Technology, Poland 

Geometrically nonlinear vibrations of slender Euler-Bernoulli beams are investigated. It is assumed that the bending and tensile stiffness and material
density are periodically varying along the beam axis. It is also assumed that the beam can interact with periodically inhomogeneous viscoelastic subsoil.
We assume that the period of inhomogeneity of a beam and subsoil properties, called the mesostructure parameter, is much smaller than the beam total
length and still larger than its cross-section dimensions. 
Problems of vibrations of such beams are described by a system of coupled, nonlinear differential equations. In the considered cases, the coefficients of
the aforementioned equations are highly-oscillating, non-continuous, periodic functions of the x- coordinate. This causes significant problems in obtaining
analytical solutions even in the small deflections regime.
In the field of structural mechanics, many methods of averaging mechanical properties of the structure are used, amongst them those based on
asymptotic homogenization of differential operators. These methods lead to approximate models of the considered problems. The actual structure is
replaced with a corresponding one, with effective properties and the original mathematical model is replaced by differential equations with constant
coefficients. These methods usually neglect the effect of the periodicity cell size.
A non-asymptotic model based on the concept and basic principles of the tolerance modelling technique is proposed. Separation of meso- and macro-
scale is done by a certain decomposition of unknown displacements into their averaged and fluctuating part and averaging the Lagrange function over a
periodicity cell. In that way a system of differential equations with constant coefficients, some of which explicitly depend on the mesostructure parameter,
is obtained. 
The proposed model can serve as a tool in parametric analysis of problems under consideration. Solutions to the tolerance model of slender periodic
beams can be obtained through an analytical-numerical method, using Galerkin orthogonalization and Runge-Kutta forward numerical integration.

7659 | Natural vibrations of thin microstructured FG plates (2. Analysis of composite beams, plates and shells)

Jedrysiak, Jaroslaw (jarek@p.lodz.pl), Lodz University of Technology, Poland 

The dynamic behaviour for thin functionally graded plates with a special tolerance-periodic microstructure in planes parallel to the plate midplane is
considered. The plates are assumed to have this microstructure along only one direction, but along the perpendicular direction the plate properties are
constant. Considered plates consist of many elements treated as plate strips of length l, called the microstructure parameter. It is assumed that two
adjacent elements are nearly identical, but two distant ones may differ significantly. Moreover, the plates of this kind have the size of the microstructure
being of the same order as the plate thickness d, d~l. 
Dynamical problems of these plates are described by partial differential equations, having highly oscillating, tolerance-periodic, non-continuous
coefficients. These equations do not serve as a good tool in analysis specific problems of these plates. Hence, there are proposed various averaged
models represented by equations with smooth, slowly-varying coefficients which replace the above mentioned equations. Plates of this kind can be
treated as made of a functionally graded material, and here will be called microstructured functionally graded plates. In order to describe various
thermomechanical problems of functionally graded structures or composites the known modelling methods, proposed for macroscopically homogeneous
composites, are applied. Amongst them there have to be mentioned models of periodic plates based on the asymptotic homogenization method. 
The first aim is to derive the so-called asymptotic-tolerance model equations of the microstructured functionally graded plates with the microstructure size
of an order of the plate thickness, which describe the effect of the microstructure size. The second aim is to apply these equations and equations of the
tolerance and the asymptotic model to analyse free vibration frequencies for microstructured plate strips with various boundary conditions and different
functions describing a distribution of material properties. Results are obtained by using the Ritz method and for certain cases they are compared to those
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calculated by the finite element method.

7671 | A simplified method to estimate the shear strength of steel-concrete-steel sandwich deep beams (2. Analysis of
composite beams, plates and shells)

Leng, Yubing (Leng_yb@163.com), Shanghai Jiao Tong University, China
Song, Xiaobing (xbsong@sjtu.edu.cn), Shanghai Jiao Tong University, China
Wang,Hailin (wanghailin509@163.com), Shanghai Jiao Tong University, China 

Steel-concrete-steel (SCS) sandwich beams consist of a concrete core sandwiched between the outer steel plates. Composite action between the two
materials is achieved through mechanical connectors like headed studs and tie bars. They also help to enhance the vertical shear capacity. The SCS
system features high bearing capacity, good ductility and integrity, as well as excellent performance in impact resistance and leakage prevention. In recent
years SCS structures are widely used in large sized structures like bridges, tube tunnels, nuclear power plants and core tube of high-rise buildings, which
are strictly required on their seismic performance.
The flexural performance of SCS members is similar to reinforced members with equal steel bars in tension and compression. The resisting pattern is
relatively clear. By contrast the shear behavior is complicated with more influencing factors. As shear becomes rather critical in thick members, such as
that used in offshore structures and road decking, it is imperative to investigate the shear resistance of SCS members.
Based on the experimental study and the analytical model proposed previously, a simplified method is further discussed in this paper to estimate the shear
strength of SCS deep beams (beams with shear span/depth ratio under 2.0). The calculation results of the simplified method show consistency with the
previous model and the experimental results.

7686 | Validation of anisotropic damage model for the simulation of textile reinforced concrete shells exhibiting strain-
hardening response (2. Analysis of composite beams, plates and shells)

Sharei, Ehsan (esharei@imb.rwth-aachen.de), Institute of Structural Concrete, RWTH Aachen University, Germany
Scholzen, Alexander (ascholzen@imb.rwth-aachen.de), Institute of Structural Concrete, RWTH Aachen University, Germany
Chudoba, Rostislav (rostislav.chudoba@rwth-aachen.de), Institute of Structural Concrete, RWTH Aachen University, Germany
Hegger, Josef (heg@imb.rwth-aachen.de), Institute of Structural Concrete, RWTH Aachen University, Germany 

Textile reinforced concrete (TRC) is a layered composite material consisting of fine aggregate concrete matrix which is reinforced with several layers of
carbon or glass textile fabrics. Thin-walled shell structures made of TRC can be used for the fabrication of shell structures with high load bearing capacity
and complex geometries. TRC exhibits an anisotropic behavior due to the orthogonal structure of the textile fabrics and due to the development of multiple
cracks. The multiple cracking of the matrix leads to strain hardening effect. Moreover thin TRC shell elements exhibit mostly a geometrically nonlinear
behavior under transverse loading as well. For this reason finite strain theory should be taken into account within the simulation. In order to establish a
method for the simulation of TRC shell structures an anisotropic damage model of microplane type is presented in this paper. This model works with a
modified damage function to ascertain the level of deterioration of material. This damage function is calibrated on the basis of a tensile test on a TRC
specimen and afterwards the model is validated by means of a series of bending and slab tests. To represent more practical aspects of the computational
model a singly curved TRC shell structure is simulated. This structure has been fabricated in institute of concrete engineering in RWTH Aachen University
and tested under a transverse distributed load inducing tensile stresses in large portion of the shell. Finite element simulation of this structure is included
in this paper to assess the capability of the model for the prediction of crack formation and estimation of load bearing capacity.

7701 | Deflection and strength of a five layer sandwich beam – a nonlinear hypothesis (2. Analysis of composite beams, plates
and shells)

Smyczynski, Mikolaj J (mikolaj.smyczynski@put.poznan.pl), Pozan University of Technology, Poland
Magnucka-Blandzi, E (ewa.magnucka-blandzi@put.poznan.pl), Pozan University of Technology, Poland 

The first models of the three layer sandwich beams were presented by Libore, Butdorf and Reisner in 1948, and this models were developed in next
year’s. Because of their excellent properties, for example the high im-pact and heat resistance, good acoustic absorption, these structures are widely used
in aerospace, automotive, rail and shipbuilding industry. Sandwich structures with a light core (e.g. polyurethane or metal foam) are sub-ject of
contemporary studies.
The paper is devoted to five layer sandwich beam consisting of two outer layers (metal sheets), one core (met-al foam) and two binding layers (e.g. glue).
The beam is simply supported and subjected to continuous con-stant intensity of the load, over the entire length of the beam. A mathematical model of the
field of displace-ment, which includes a shear effect and a bending moment, will be formulated. Basing on the principle of sta-tionary total potential energy
the system of equilibrium equations will be derived. Then will be approximately solved. The deflections, normal and shear stresses will be calculated for
the family of the beams with different dimensions and material properties. For comparison reasons a finite element model of the beam will be formu-lated.
The influence of the thickness and mechanical properties of the binding layers on the deflection of the beam under bending will be analysed. The
comparison of the results obtained analytically and numerically will be presented in Figures and Tables.

7776 | Adaption of the FIB bulletin 14 design guideline for externally bonded bending reinforcement made of a Textile
Reinforced Cement composite (2. Analysis of composite beams, plates and shells)

Verbruggen, Svetlana (svetlana.verbruggen@vub.ac.be), Department of Mechanics of Materials and Constructions, Vrije Universiteit Brussel, Belgium
Tysmans, Tine (Tine.Tysmans@vub.ac.be), Department of Mechanics of Materials and Constructions, Vrije Universiteit Brussel, Belgium
Wastiels, Jan (jan.wastiels@vub.ac.be), Department of Mechanics of Materials and Constructions, Vrije Universiteit Brussel, Belgium
De Sutter, Sven (svdesutt@vub.ac.be), Department of Mechanics of Materials and Constructions, Vrije Universiteit Brussel, Belgium
Woźniak, Maciej (mwozniak@vub.ac.be), Department of Mechanics of Materials and Constructions, Vrije Universiteit Brussel, Belgium 

Until now the most commonly used materials for externally reinforcing concrete structures are Carbon Fibre Reinforced Polymers (CFRP). Design
guidelines exist for these CFRP-reinforcing materials and are described in the FIB bulletin 14. However, other cement matrix strengthening materials, such
as Textile Reinforced Cement (TRC) composites are emerging, due to the increasing fibre volume fraction that can be achieved in production and the
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resulting relatively high mechanical capacities. Currently, no design guidelines exist for the strengthening of concrete structures with these cementitious
composite materials. This paper contributes to the adaption of the FIB bulletin 14 for TRC by proposing new design parameters for the modelling of
debonding failure. To achieve this, 24 single lap shear tests, with different bond lengths and TRC thicknesses are performed and thoroughly analysed.
Finally, the adapted design rules are evaluated by tests on 0.6 meter span TRC reinforced beams. Due to a difference between the observed (failure in
composite action) and predicted (failure by loss of composite action) failure mode, the FIB bulletin 14 underestimates the ultimate bending load. These
observations indicate the need for a new design method for TRC external reinforcement that goes beyond the adaption of the parameters in the existing
CFRP design.

7791 | Analysis of Composite Plates with Stiffener Run-Out by pb - 2 Rayleigh Ritz Method (2. Analysis of composite beams,
plates and shells)

Oliveri, V. (vincenzo.oliveri@unikore.it), University of Enna , Italy
Alaimo, A. (andrea.alaimo@unikore.it), University of Enna , Italy
Orlando, C. (calogero.orlando@unikore.it), University of Enna , Italy
Milazzo, A. (alberto.milazzo@unipa.it), University of Palermo, Italy 

Fiber-reinforced laminates are very important in the aerospace sector as structural components and they are often designed as stiffened panels. To
increase weight savings, it is becoming increasingly interesting use of composite cocured/cobonded assemblies but is well known that the weakest areas
of such structures are typically the bond lines where premature failure is likely to happen due to stringer run-outs. Those phenomena, such as buckling,
that might generate significant out-of-plane displacements, may cause skin-stringer debonds leading to complex and potentially catastrophic failure
modes. For these reasons, as a general design principle, most of thick-sectioned primary structures are designed not to buckle, so it stands to reason that
a precise calculation of the buckling and postbuckling behavior is essential in order to minimize the structural weight.
Furthermore, it is known that composite laminates have relatively low transverse shear stiffness and also in relatively thin composite laminates the shear
deformation plays an important role in the global and local behavior of such structures. For this reason, the classical laminate plate theory (CLPT), which
neglects the effects of out-of-plane strains, often provides not accurate and reliable results. Among the numerous theories used for laminated plates that
include the transverse shear strain, the first-order shear deformation theory (FSDT) appears adequate for the engineering estimation of structural
responses of composite laminates and simultaneously has some advantages due to its simplicity and low computational cost with respect to higher order
theories. For plate bending and buckling analysis, the Rayleigh-Ritz method has been shown to be accurate and computationally efficient, whereas it’s
drawback usually lies in the choice of suitable displacement functions to satisfy the geometric and kinematic boundary conditions, resulting often
restrictive in the type of plate boundary condition that is possible to model. 
Recent developments concerning the analyses of rectangular plates, introduced the use of the pb-2 Rayleigh-Ritz method, which defines the
displacements functions by the product of a boundary polynomial describing the plate’s kinematic boundary conditions, with an orthogonal polynomial.
There are significant benefits in using such displacement function, because the kinematic boundary conditions are easily satisfied by defining a suitable
boundary equation.
This paper uses the pb-2 Rayleigh-Ritz method, with an orthogonal polynomial based displacement function, to study the elastic bending, buckling and
postbuckling behavior of generally restrained rectangular stiffened plates with stiffener run-outs subjected to combinations of in plane uniaxial and biaxial
compression, in plane shear and out of plane load actions. The basic bi-dimensional function is formed by the product of all the boundary equations,
whose combination corresponds to free, simply supported or clamped edges. The orthogonal polynomials adopted are those of Chebyshev, Hermite and
Legendre, and the degree of these displacement functions can be increased until the desired accuracy of the solution is reached. At this preliminary
stage, the stiffeners are idealized as offset beams and a formulation based on the penalty method is used to enforce the congruence restraints between
plate and stiffeners. A computer program was developed to solve the above-mentioned problems with the aim to provide a tool that can be used for
analyzing a wide range of configurations and load cases. To verify the validity and the robustness of the present method, computed results were
compared with those obtained by other methods and authors.

7851 | Acoustic Induced Vibration Response Analysis of Honeycomb Panel (2. Analysis of composite beams, plates and shells)

Po-Yuan Tong (benson@nspo.narl.org.tw), NSPO, Taiwan 

The purpose of this paper is to develop a vibro-acoustic response analysis and verification method and process for structure that made from honeycomb
panel. Up to now, most approaches for structure vibro-acoustic response analysis was to realize the acoustic behavior of structure due to structural
vibration. The method was solving Helmholtz equation with boundary condition defined by the response along the boundaries of the structure due to
exciting force. This paper describes a systematized structure vibro-acoustic analysis procedure for structure that subject to a sound source on its
boundaries instead of exciting force. In this approach, at first, the numerical model of acoustic field and the honeycomb panel structure model are
established and verified separately. These two validated models are then combined into one structure and acoustic model for vibro-acoustic analysis. The
analysis result of combined model is refined and validated through correlation with physical test in a lab.
Finally, the validation procedure is developed by correlation of the combined model analysis result with physical test in the lab. In the future, this technical
procedure can be used to predict the vibro-acoustic response of satellite during launch and thus be able to promote the development of our domestic
satellite industry.

7870 | Finite elements for nonlinear free vibrations analysis of smart laminates subjected to in-plane loadings (2. Analysis
of composite beams, plates and shells)

Milazzo, A. (alberto.milazzo@unipa.it), University of Palermo, Italy
Alaimo, A. (andrea.alaimo@unikore.it), University of Enna "Kore", Italy
Oliveri,V. (vincenzo.oliveri@unikore.it), University of Enna "Kore", Italy 

Advanced composites, able to provide multi-functional capabilities besides the traditional structural functions, has been gaining attention in many
technological fields. This inherent coupling of different physical fields can be exploited in transducer applications, structural health monitoring, vibration
control, energy harvesting and other applications. Magneto-electro-elastic (MEE) composite materials are attracting increasing consideration as they
couple mechanical, electrical and magnetic fields and this makes them particularly suitable for smart applications. Generally, single-phase materials
exhibit either piezoelectric or piezomagnetic behavior and no direct magneto-electric coupling is observed. However, the full magneto-electro-elastic
coupling can be obtained by using composites with both piezoelectric and piezomagnetic phases that provide the magneto-electric effect through the
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elastic field. These MEE composites are obtained in the form of multi-phase materials, i.e. piezoelectric and piezomagnetic particles and/or fibers, or in the
form of laminated structures, with piezoelectric and piezomagnetic layers stacked to achieve the desired coupling effects. Multilayered configurations
appear to be more effective than bulk composites. 
For the analysis and design of MEE structures, reliable and efficient modeling tools are required. Analytical solutions are available for simple
configurations and, actually, numerical approaches need to be deployed for complex analyses. Fully-coupled 3D finite element solutions for multilayered
plates and shells present very high computational costs; 2D laminated plate theories and the corresponding finite element solutions have been developed
with the aim of reducing the analysis effort while preserving a suitable level of accuracy. In the framework of 2D plate theories, finite elements solutions
based on equivalent-single-layer or layer-wise modeling have been proposed implementing different order theories. Recently, an equivalent single-layer
approach for multilayered MEE plates and its finite element solution have been proposed by the author, who developed an effective purely mechanical
plate model as result of the condensation of the electro-magnetic state to the mechanical variables. This model was systematically extended to refined
equivalent-single-layer and layer-wise plates theories approaching the problem through a suitable application of the Carrera Unified Formulation (CUF).
Finite element solutions for magneto-electro-elastic multilayered plates obtained by theories with different expansion order have been presented.
In the present work, a unified framework based on CUF is presented to develop layer-wise and equivalent-single-layer plate models for the nonlinear free
vibrations analysis of MEE laminates. Variable kinematics with von Karman strains is assumed and approximated by standard isoparametric finite
elements. Under the assumption of quasi-static behavior of the electromagnetic fields, the electromagnetic state of each single layer is preliminary
determined by solving the corresponding governing equations coupled with the proper interface continuity and external boundary conditions. This allow
condensing the electromagnetic state into the plate kinematics and the layer governing equations are inferred by the principle of virtual displacements.
This approach identifies effective mechanical layers, which are kinematically equivalent to the original smart layers. These effective layers are
characterized by stiffness and inertia load properties, which consider the multifield coupling effects as their definitions involve the electromagnetic coupling
material properties. The layers equations are finally assembled enforcing the mechanical interface conditions. This allows obtaining the smart plate FE
resolving system, which involves mechanical nodal variables only. Numerical results are presented.

7921 | Morphing structures: A refined, computationally-efficient solution for von Kármán shells (2. Analysis of composite
beams, plates and shells)

Lamacchia, Ettore (ettore.lamacchia@bristol.ac.uk), Advanced Composites Centre for Innovation and Science, University of Bristol, Queen''''s Building,
University Walk, Bristol BS8 1TR, UK, United Kingdom
Pirrera, Alberto (alberto.pirrera@bristol.ac.uk), Advanced Composites Centre for Innovation and Science, University of Bristol, Queen''''s Building,
University Walk, Bristol BS8 1TR, UK, United Kingdom
Weaver, Paul M. (paul.weaver@bristol.ac.uk), Advanced Composites Centre for Innovation and Science, University of Bristol, Queen''''s Building,
University Walk, Bristol BS8 1TR, UK, United Kingdom 

Morphing shells are nonlinear structures with the ability to shape-change and adopt multiple stable states. By exploiting this concept designers may
devise adaptable structures, capable of accommodating a wide range of service conditions. This has the potential to minimise the design complexity and
cost. 
At present, models predicting shell multistability are often a compromise between computational efficiency and result accuracy. In this work, the
multistability of thin composite shells is investigated through an accurate and computationally efficient energy-based method. The membrane and bending
components of the total strain energy are decoupled using the semi-inverse formulation of the constitutive equations. Transverse displacements are
approximated using Legendre polynomials and the membrane problem is solved in isolation by combining compatibility conditions and equilibrium
equations. The result is the total potential energy as function of curvatures only. The minima of the energy with respect to the curvatures give the stable
configurations of the shell. 
The accurate evaluation of the membrane energy is a key step in order to correctly capture the bifurcation points. Here the membrane problem is solved
by adopting the Differential Quadrature Method (DQM), providing accuracy of results at a relatively small computational cost [1]. The new model is
validated against benchmark results, including: the multi-mode morphing of the unsymmetric thermally-actuated laminates [2], the tristable behaviour of a
doubly-curved shell [3] and the snap-through load for a thin unsymmetric laminate [4]. The main advantages of the proposed model are summarised as
follows: 

- Accuracy of results: Using Legendre polynomials to approximate the transverse displacements, we have been able to capture accurately the values of
the membrane and of the bending components of the total strain energy, as it is clear from the comparison with Eckstein et al. [2]. 

- Boundary conditions satisfied point-wise: Discretising the membrane problem using the DQM permits satisfaction of the boundary conditions in a point-
wise fashion, as opposed to a weak form [3]. 

- Computational efficiency: The membrane problem has been solved combining compatibility conditions and equilibrium equation. This keeps the
computational cost at minimum since the resulting differential operator is a small sparse matrix. The efficiency is particularly evident from the ability to
capture the snap-through load with greater accuracy and using fewer degrees of freedom compared to the solution found using standard polynomial basis
function [4]. 

Bibliography: 
[1] – R. Bellman, J. Casti. Differential quadrature and long-term integration. Journal of Mathematical Analysis and Applications, 34(2):235-238, 1971. 
[2] – E. Eckstein, A. Pirrera, and P. M. Weaver. Multi-mode morphing using initially curved composite plates. Composite Structures, 109:240-245, 2014. 
[3] – S. Vidoli. Discrete approximation of the Foppl-Von Karman shell model: from coarse to more refined models. International Journal of Solids and
Structures, 50:1241-1252, 2013. 
[4] – A. Pirrera, D. Avitabile, and P. M. Weaver. Bistable plates for morphing structures: a refined analytical approach with high-order polynomials.
International Journal of Solids and Structures, 47(25-26):3412-3425, 2010.

7926 | An approach based on the variable separation for finite element modeling of free edge effect for composite
plates (2. Analysis of composite beams, plates and shells)

Vidal P. (philippe.vidal@u-paris10.fr), University Paris Ouest, France
Gallimard L. (laurent.gallimard@u-paris10.fr), University Paris Ouest, France
Polit O. (olivier.polit@u-paris10.fr), University Paris Ouest, France 
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Composite and sandwich structures are widely used in the weight-sensitive industrial applications due to their excellent mechanical properties. For
composite design, accurate knowledge of stresses is required. But, they exhibit complex behavior due to anisotropy which renders the Classical
Laminates theory inacurate. So, 3D FEM could be used but it drives to prohibitive computational costs. Other approaches consist of 2D theoretical models
which can be classified as (i) the Equivalent Single Layer Models (ESLM), (ii) the LayerWise Model (LWM), (iii) the Zig-zag model. 
This work deals with the assessment of an alternative approach based on the separation of variables for the modeling of the free edge effect in laminated
composite plates. This is of major importance for damage of composite structures. The displacement field is approximated as a sum of separated
functions of the in-plane coordinates x,y and the transverse coordinate z. This choice yields to an iterative process that consists of solving a 2D and 1D
problem successively at each iteration. In the thickness direction, a fourth-order expansion in each layer is considered. For the in-plane description,
classical Finite Element method is used.
Numerical examples involving several representative laminates subjected to uniaxial tension, widely used in literature, are addressed. The capability of
the present LW method to capture the steep transverse stress gradients occurring in the vicinity of free edges is shown. Quasi-3D results can be obtained
avoiding high 3D FEM computational cost.

7948 | An Advanced Computational Technique for the Development of Refined RMVT Based Shell Theories: The
Axiomatic/Asymptotic Approach (2. Analysis of composite beams, plates and shells)

Fiorenzo A. Fazzolari (F.Fazzolari@soton.ac.uk), University of Southampton, United Kingdom 

The present work deals with the study of the effectiveness of the higher-order terms in the development of shell theories by using an axiomatic/asymptotic
approach. The methodology consists in the evaluation of the contribution given by each single degree of freedom (DOF), independently from its location in
the displacement field, in terms of accuracy of the results, once fixed an error parameter. The use of the proposed computational technique leads to the
so-called Best Shell Theory (BST). This nomenclature is justified by the fact that the derived BST permits one to obtain the highest accuracy with the
lowest number of DOFs. Generally it can be applied to different kinematic descriptions, such as Equivalent Single Layer (ESL), Zig-Zag (ZZ) and Layer-
Wise (LW). The proposed approach along with the variable-kinematics shell theories are derived by combining Reissner’s Mixed Variational Theorem
(RMVT) and Carrera’s Unified Formulation (CUF).With the application of the RMVT the transverse stresses become primary variables in the analysis
along with the displacements and are modelled with a LW kinematics description. However, on the other hand, ESL, ZZ and LW approaches can still be
efficiently used for the displacement variables. The Hierarchical Trigonometric Ritz Formulation (HTRF) is then used as solution technique to evaluate the
free vibration characteristics of anisotropic thick deep composite cylindrical shells. Several study-cases are performed in order to provide a detailed
explanation on the importance of carrying out a comprehensive axiomatic/asymptotic analysis in order to achieve the highest accuracy of the results with
the lowest computational cost. The proposed advanced shell models are assessed by comparison with 3D elasticity solutions, when available in literature,
and 3D FEM solutions obtained by exploiting the use of FEM software. Convergence of the formulation is thoroughly examined. The effect of significant
parameters such as orthotropic ratio, stacking sequence, aspect ratio, lamination angle, length-to-thickness and radius-to-length ratios on the natural
frequencies is discussed.

7957 | Influence of partially restrained (PR) moment connection on the overall behavior of composite steel plate shear
wall (CSPSW) (2. Analysis of composite beams, plates and shells)

Curkovic, Ivan (icurkovic@grad.hr), Faculty of Civil Engineering, University of Zagreb, Croatia
Dzeba, Ivica (ivci@grad.hr), Faculty of Civil Engineering, University of Zagreb, Croatia 

Nowadays, steel plate shear walls are one of the most commonly lateral force resisting systems applied in high-rise buildings. To prevent instability of the
steel plate that occurs during moderate more frequent seismic events, causing periods of disruption of functionality and occupancy due to exchange of the
steel shear panels, its stiffening seems as rational option. One way of stiffening the steel plate, which proved to be efficient as well as economically viable,
is use of reinforced concrete panels placed on one or both sides of the steel plate. Such systems are called composite steel plate shear walls (CSPSW)
and have high ductility, improved ultimate capacity and stable hysteretic behavior providing excellent energy dissipation. Steel columns and girders of
such systems serve as boundary members to resist gravity loads and overturning moment, while the composite infill panels provide major resistance to
shear forces. Composite panels dramatically increase system lateral stiffness thus avoiding excessive drift and reducing seismic demands on the steel
frame. These facts allow application of partially restrained (PR) beam-to-column connections. PR connections are more cost-effective than fully restrained
(FR) ones, and enable simpler and faster erection of the structure. Moreover, due to composite panels above and below the beam-to-column connections
which act as gusset plates and stiffen the connection and frame members there is no need to utilize FR connections. Behavior of the CSPSW with PR
connection will be obtained through experimental test of 1:5 scale specimens under monotonic and cyclic loading in order to characterize seismic behavior
parameters (stiffness, energy dissipation, ductility as well as ultimate capacity). The experimental data will serve for calibration of the numerical model
needed for detailed parametric analysis of connection influence on composite steel plate shear wall system behavior.

7968 | Analysis of a Orthotropic Cylindrical Cantilever Beam under Transverse Loading (2. Analysis of composite beams,
plates and shells)

Hamidreza Yazdani Sarvestani (h_yazd@encs.concordia.ca), Concordia University, Canada
Suong Van Hoa (suong.hoa@concordia.ca), Concordia University, Canada
Mehdi Hojjati (mehdi.hojjati@concordia.ca), Concordia University, Canada 

Curved and straight tubes are structures that are frequently used by the aerospace, offshore and infrastructure industries. Prediction of the state of stress
and strain in different layers of curved and straight tubes are of theoretical interest and practical importance. Stresses in a thick arbitrary laminated
cylindrical cantilever beam under transverse loading is investigated by layerwise theory. The most general displacement field of elasticity for arbitrary
laminated orthotropic straight tube is developed. A layerwise theory is then employed to analytically determine the local displacement functions and the
interlaminar stresses under transverse loading. Some design guidelines are developed based on the results.

8045 | Experimental and numerical study on temperature dependent anisotropic visco-elastic properties of the printed
circuit board (PCB) patterns (2. Analysis of composite beams, plates and shells)

Joo, Sung-Jun (juvnile.junn@gmail.com), Hanyang University, Korea, South
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Park, Buhm (parkbuhm@gmail.com), Hanyang University, Korea, South
Nam, Gwon-Woo (gnwngw128@gmail.com), Hanyang University, Korea, South
Kim, Do-Hyoung (dongsene3@gmail.com), Hanyang University, Korea, South
Kwak, Dong-Ok (dokwak@samsung.com), Samsung Electronics, Korea, South
Park, Junhong (parkj@hanyang.ac.kr), Hanyang University, Korea, South
Kim, Hak-Sung (kima@hanyang.ac.kr), Hanyang University, Korea, South 

A warpage of printed circuit board (PCB) induced by reflow process became the one of the major concerns in the production of multilayer PCB. It is
because the warpage can cause serious reliability problems in solder ball interconnection between the semiconductor chips and PCB layers. Moreover,
the number of layers in one PCB is increased dramatically over the years for the high integration. Therefore, it is essential to predict the warpage of multi-
layerd PCB to increase the reflow process reliability. However, it has been impossible to conduct the warpage analysis of PCB by using a convention full
modeling in finite element analysis considering each of the patterns and their thermo-visco-elasticity due to long computing time and its complexity. 
In this work, an equivalent visco-elastic modeling technique of several PCB patterns (line, square, and grid) was proposed to simplify a finite element
model of the PCB for the cost-effective simulation based on the classical laminate plate theory. Also, an experimental verification was conducted using a
beam-transfer vibration test. From the study, the visco-elastic properties of each PCB patterns with respect to time and temperature were measured
compared to the equivalent model proposed in this work. As a result, good agreement between equivalent model and experimental results could be
successfully achieved. The proposed visco-elastic properties modeling technique were successfully used in the finite element analysis for the warpage
prediction of the multi-layerd PCB sturucture.

8085 | Failure mechanisms of sandwich beams with stainless steel mesh faces and aluminum foam core under static
and dynamic loading conditions (2. Analysis of composite beams, plates and shells)

Linul, Emanoil (linul_emanoil@yahoo.com), Department of Mechanics and Strength of Materials, Politehnica University of Timisoara, Romania
Voiconi, Tudor (tudor.voiconi@gmail.com), Department of Mechanics and Strength of Materials, Politehnica University of Timisoara, Romania
Marsavina, Liviu (lmarsavina@yahoo.com), Department of Mechanics and Strength of Materials, Politehnica University of Timisoara, Romania
Kováčik, Jaroslav (Jaroslav.Kovacik@savba.sk), Slovak Academy of Science, Institute of Materials & Machine Mechanics SAS, Slovak Republic
Sadowski, Tomasz (t.sadowski@gmail.com), Department of Solid Mechanics, Lublin University of Technology, Poland
Kneć, Marcin (m.knec@pollub.pl), Department of Solid Mechanics, Lublin University of Technology, Poland 

The foamed aluminum panels and sandwiches manufactured using powder metallurgical technique represent new class of structural materials possessing
enormous application potential in lightweight constructions, mainly as an alternative to wood, plastics or various expensive sandwiches. This paper
investigates the collapse mechanisms of composite sandwich beams under static and dynamic loading conditions. Closed-cell aluminum foam AlSi10 with
400±10 kg/m^3 density was used as core material, while stainless steel mesh is the faces materials. In order to characterize these composite materials
first were carried out a complete static and dynamic tests for both faces and sandwich core as follows: tensile and three point bending tests on steel mesh
for two different directions; compression and three point bending tests on foam material respectively. 
The compression tests of the sandwich core were carried out on cubic specimens (16.5 mm x 16.5 mm x 16.5 mm) without skin, while three point bending
tests were carried out on rectangular bar samples with dimensions: thickness = 17 mm, width = 17 mm, span length = 75 mm. The tensile and bending
tests of sandwich faces were tested in both cases: without metallic foam inside of the stainless steel mesh (before to be bonded to the foam structure) and
with metallic foam inside of the stainless steel mesh (after the faces were bonded to the core structure), on rectangular specimens with dimensions:
thickness = 2 mm, width = 15 mm, span length = 120 mm. 
Static and dynamic three point bending tests were performed on sandwich beams using a Phantom v12.1 High Speed Camera and a Digital Image
Correlation system ARAMIS for strain distribution. All experimental tests were performed at room temperature (23°C) with constant crosshead speed of
0.33*10^-4 m/s for static tests and 2 m/s for dynamic tests. All tested specimens were cut from the same plate.

Key words: composite sandwich beams, static and dynamic tests, surface strain mapping, closed-cell aluminum foam, steel mesh faces.

8095 | Local web-buckling of shear-deformable laminated composite beams under shear and uniaxial compressive
loads using discrete plate analysis (2. Analysis of composite beams, plates and shells)

Kuehn, Torsten (torsten.kuehn@efw.eads.net), Elbe Flugzeugwerke GmbH, Germany 

Local web-buckling of shear-deformable laminated composite beams under shear and uniaxial compressive loads using discrete plate analysis

Torsten Kuehn, Hartmut Pasternak and Christian Mittelstedt

This paper discusses a novel closed-form analytical approach for the local flange buckling analysis of thick-walled beams with close-profile cross-sections
under shear and compression loads. The web and the flanges of the beams are assumed with symmetric stacking sequences. Based on a discrete plate
analysis approach the flange under consideration is idealized as a plate that has two rotationally restrained edges wherein the rotational restraints depend
on the properties of the web of the beam. For the restraint stiffness that is taken to represent the remainder of the beam’s cross-section, straightforward
closed-form approximate solutions can be postulated. The buckling analysis as well as the calculation of the restraint stiffness is based on first-order shear
deformation theory in order to account for transverse shear effects as they become relevant in moderately thick composite laminates. In order to derive a
closed-form solution for the critical buckling load, adequate sets of shape functions are postulated for the buckling deflections as well as for the rotations
of the laminate cross-section in the buckled state. The buckling condition is then derived from the principle of minimum elastic potential of the laminated
plate in the buckled state. It will be shown that the employed shape functions allow for a very reliable determination of the local buckling modes of the
flanges of composite beams and the corresponding critical buckling loads in a fully closed-form analytical approximate manner.

8171 | FE analysis of CFRP-strengthened timber finger-joint (2. Analysis of composite beams, plates and shells)

Khelifa M. (mourad.khelifa@univ-lorraine.fr), University of Lorraine, France
Rogaume Y. (yann.rogaume@univ-lorraine.fr), University of Lorraine, France 

The aim of this work was to study the mechanical behavior of timber beams externally reinforced using CFRP under bending test. Experimental and
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predicted results are presented. Numerical simulations based on the Cohesive Zone Model (CZM) are presented in order to allow for accurate description
of the progressive damage of the bond-lines up to final failure. The numerical and measured in terms load-displacement response results in addition to the
failure modes are compared. It was observed that the obtained results show that the proposed formulation can efficiently capture the global response with
acceptable accuracy.

8208 | Composite Concrete Elements Reinforced by Perforated Steel Sheets; Corbel Approach (2. Analysis of composite
beams, plates and shells)

Apostolidi, Eftychia (eftychia.apostolidi@boku.ac.at), University of Natural Resources and Life Sciences, Austria
Strauss, Alfred (alfred.strauss@boku.ac.at), University of Natural Resources and Life Sciences, Austria 

The current European road network and concrete bridges in particular have suffered in the past few decades serious and increasing damages, due to e.g.
insufficient maintenance, incorrect calculation assumptions, change in use, constructional mistakes, environmental influences, etc. As engineering
structures are designed in planning and execution according to current regulations and state of the art, the maintenance of such structures constitutes a
serious problem for engineers. Although the addition of new reinforced concrete layers is a common practice to increase the shear capacity of a structural
element, the objective of the paper is the development, optimization and assessment of an innovative steel reinforcement in form of a planar reinforcing
element embedded in concrete, replacing common reinforcing bars. Through an optimization procedure, the dimensions and the distance of perforations
on the steel sheet were decided, so that the load transfer through the initial crack formation is ensured with a simultaneous high exploitability of the
reinforcement. The bond between the two materials constituting the composite element is investigated. Of great interest is the behavior of the structural
concrete element formed within the main perforations of the steel sheet, which is assumed to act as a corbel. Analytical formulations are applied and the
results are compared to 2D and 3D finite element models.

8344 | EFFECTS OF ENVIRONMENTAL CONDITIONS ON THE MECHANICAL PROPERTIES OF PULTRUDED GFRP (2.
Analysis of composite beams, plates and shells)

Teixeira, Ana M. A. J (anam@ime.eb.br), Institute of Military Engineering, Brazil
Ramos, Samuel S. (samuelsales19@gmail.com), Institute of Military Engineering, Brazil
Filho, Claudio J. S. Q. (cquitetefilho@gmail.com), Institute of Military Engineering, Brazil
Sousa, Romulo B. P. (romulo.braga.92@gmail.com), Institute of Military Engineering, Brazil 

Composite materials have many advantages, such as high tensile strength for a low density and no corrosion susceptibility, which make their use
attractive in civil engineering. Bending tests have been carried out to evaluate the effects of various environmental conditions on the long-term mechanical
properties of GFRP coupons. The coupons were cut from pultruded profiles. Specimens were tested as-received and after aging in distilled water or salt
solutions at room temperature and in distilled water at 75oC, for different immersion times. The Young's modulus, failure load, failure strength and vertical
displacement were determined for bending parallel to the 0o fibers orientations. Both strengths and Young´s moduli were generally decreased with
environmental aging, while the vertical displacements were increased. 

8597 | Variable kinematics models for buckling and vibration of multilayered panels (2. Analysis of composite beams, plates
and shells)

D''Ottavio, Michele (mdottavi@u-paris10.fr), LEME - EA4416, Université Paris Ouest Nanterre La Défense, France
Polit, Olivier (opolit@u-paris10.fr), LEME - EA4416, Université Paris Ouest Nanterre La Défense, France 

Linear vibration and buckling of multilayered panels are analyzed by means of a variable kinematics approach to construct refined 2D models. We refer to
a Unified Formulation for the construction of a large variety of 2D models. Classical higher-order displacement-based models as well as advanced mixed
formulations based on Reissner's Mixed Variational Theorem are considered. In the latter case, the transverse stress field is modeled independently from
the displacement field. The full 3D constitutive law is retained in all models whose kinematics is capable of correctly resolve the Poisson effect. A Navier-
type solution is used to solve the resulting 2D problem for orthotropic, simply-supported panels. No approximation is made for the curvature terms of shell
geometries. Plates are special cases of shells with zero curvature. 
Bifurcation buckling is addressed by means of a linearized stability analysis of in-plane loaded plates and of axially loaded cylindrical shells. Geometric
non-linearities are introduced by referring to the Green-Lagrange finite strain measure and the consistent work-conjugate stress measure is employed
which uses constant tangential moduli. By combining the geometric stiffness matrix related to an initial stress state with the linear stiffness matrix, the
influence of membrane initial stress states on the vibration response is investigated. 
A systematic analysis of the model kinematics on the response of multilayered panels under membrane loading is thus proposed. Laminated as well as
sandwich structures are addressed. It is shown that refined models are required for capturing the local response induced by the strong geometric and
constitutive heterogeneities of sandwich structures.

8625 | Damage characteristics of unidirectional carbon fabric/epoxy composite laminate subjected to lightning strike (2.
Analysis of composite beams, plates and shells)

Li, Yichao (liyichao@hust.edu.cn), Huazhong University of Science and Technology, China
Li, Renfu (renfu.li@hust.edu.cn), Huazhong University of Science and Technology, China
Huang, Xianrong (xr_huang@hust.edu.cn), Huazhong University of Science and Technology, China 

This study investigates the damage response of unidirectional carbon fabric/epoxy composite laminates subjected to an artificial lightning strike. The strike
with amplitude voltage 50kV (45kA) and 30kV (25kA) are inflicted on two stacking sequenced ([452/02/-452/902]s, [302/02/-302/902]s) UD carbon
fabric/epoxy laminates. Damage characteristics are evaluated using image processing technique, ultrasonic scanning and field emission scanning
electron microscope. The results showed that the damage shape and evolution on the laminate specimen greatly influenced by voltage of the strike and
stacking sequence. Intense ablation followed by a blow-off impulse can be observed on the surface of the specimen when it is inflicted by 50kV-voltage
strike, the damage shape for specimens with 30° on the surface layer presented a cross form with notable fiber blow up and resin deterioration in the fiber
direction while a center hole damage shape was demonstrated for the 45° sample. Besides, only impulse damage can be observed in the 30kV situation
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and a rhombus damage shape can be seen for both sample cases. Ultrasonic scanning showed that the UD carbon fabric/epoxy laminates present good
impact resistance with damage penetrated only through 2~3 layers depth. The nylon binder vertical to the fiber direction of UD carbon fabric influenced
dramatically both the state and mechanism of the damage from the simulated lightning strike.

8630 | Shape Control of Flexible Beams Laminated with Liquid-Crystalline Elastomer actuators (2. Analysis of composite
beams, plates and shells)

Wang, Xinjie (xjwang@njust.edu.cn), Nanjing University of Science and Technology, China
Tang, Yujuan (youngsugar@126.com), Jinling Institute of Technology, China
Huang, Jiahan (jiahan1989@126.com), Nanjing University of Science and Technology, China
Lu, Fei (13770315927@163.com), Nanjing University of Science and Technology, China 

When Liquid-crystalline elastomers (LCEs) are illuminated by ultraviolet or visible light, the LCEs can produce large deformation, such as reversible
contraction and expansion, and even bending. LCEs can convert light energy directly into mechanical work (the photomechanical effect) with the aid of
photochemical reactions. As LCEs are the materials having both properties of liquid crystals (LCs) and elastomers, the LCEs can be made as the soft
actuators which could play an important role for novel applications in micro-drive and shape control. This paper gives the study in the shape control of
flexible beams using LCE actuators. The mechanical properties of LCE actuators, such as photo-induced force and moment, are studied first. The
deflection equations of simply supported beam and cantilever beam laminated with LCE films are derived respectively. According to the deflection
expressions, the shape control of beams laminated with LCE films is analyzed using mathematical simulations. Simulation results show that the shape of
beams laminated with LCE films can be controlled by light with different intensities.

8641 | the effective flange width calculation for box girder bridges with varying flange thickness (2. Analysis of composite
beams, plates and shells)

Wu, Qi-Ming (wuqm@szmedi.com.cn), The Research Centre, Shenzhen Municipal Engineering Design & Research Institute, China
Jiang, Rui-Juan (jiangrj@hotmail.com), The Research Centre, Shenzhen Municipal Engineering Design & Research Institute, China
Gai, Wei-Ming (gaiwm@szmedi.com.cn), The Research Centre, Shenzhen Municipal Engineering Design & Research Institute, China
Li, Guang-Ming (gmli@sdu.edu.cn), Shandong University, Weihai, China
Xiao, Yu-Feng (xiaoyf@szmedi.com.cn), The Research Centre, Shenzhen Municipal Engineering Design & Research Institute, China 

In box girder bridges, the stresses are actually not uniform through the width of the flange due to the action of in-plane shear strain in the plate, which is
the so-called "shear lag". In order to make the elementary beam bending theory still applicable to the box girder bridge, an appropriate reduced uniformly
stressed effective flange width is used to replace the actually acting flange width, which not only takes the shear lag effects into account, but also makes
the design easier and simplified. Most of the design codes have different specifications on the calculation of the effective flange width of box girder bridges
based on different philosophies of simplification and different compromise between accuracy and simplicity. In this paper, three usually used methods for
the calculation of the effective flange width are studied from the point of views of computing efficiency and accuracy. The study is carried out based on the
three dimensional finite element models of a three-span continuous prestressed concrete box girder bridge and a special steel-concrete composite box
girder bridge with corrugated steel webs. Both bridges have varying flange thickness and the effect of the variation of the flange width on the effective
flange width is also studied. The method with the best computing efficiency and accuracy is then suggested for the further study of effective flange width
based on the results of the analysis.

8644 | A new displacement based plate model accounts for transverse shear stress free conditions and transverse
normal strain (2. Analysis of composite beams, plates and shells)

Sandeep Shiyekar (shiyekar@gmail.com), Shivaji University, India 

A new displacement model is proposed for analysis of functionally graded (FG) plates which ensures top and bottom transverse shear strain free
conditions as well as non zero transverse normal strain along thickness of the plate. Proposed displacement model TOT8 is formed by blending of two
plate theories from Reddy (Reddy, 1984) and Kant (Kant and Swaminathan, 2002). 

The theoretical displacement based model presented herein incorporates plate deformations which account for the effects of transverse shear
deformation, transverse normal strain/stress and a nonlinear variation of in-plane displacements with respect to the thickness coordinate. 
The equations of equilibrium are obtained using principle of minimum potential energy (PMPE) and solutions are obtained in closed form using Navier’s
technique.

Analytical formulations and solutions are presented for the static analysis of all sides simply supported FG plates under static transverse load based on
TOT8. The comparison of the present TOT8 results with 3D elasticity solutions and results from other higher order theories available in the literature
shows that present TOT8 predicts the displacements and the stresses more accurately.

8649 | A BEAM ELEMENT FOR PC BOX-GIRDER BRIDGES WITH CORRUGATED STEEL WEBS (2. Analysis of composite
beams, plates and shells)

Jiang, Rui-Juan (jiangrj@hotmail.com), Shenzhen Municipal Engineering Design & Research Institute, China
Wu, Qi-Ming (wuqm@szmedi.com.cn), Shenzhen Municipal Engineering Design & Research Institute, China
Gai, Wei-Ming (gaiwm@szmedi.com.cn), Shenzhen Municipal Engineering Design & Research Institute, China
Li, Zhen-Hu (wnmdi@163.com), Shenzhen Municipal Engineering Design & Research Institute, China
Yi, Xiao-Wei (yixw@szmedi.com.cn), Shenzhen Municipal Engineering Design & Research Institute, China 

The PC box girder bridges with corrugated steel webs are one of the promising concrete–steel hybrid structures applied to highway bridges. However, the
mechanical analysis of these structures has always been a challenge for engineers, since the classical Euler-Bernoulli and Timoshenko beam theories are
not applicable to study the stress and deflection of them as the shear deformation in the corrugated steel web becomes large. Furthermore, the torsion
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effects are very different for them because of the different transverse and in-plane flexural strengths of the individual plates. Some studies have been
done for girders under pure torsion or pure bending, but practical bridges are subjected to bending and torsion simultaneously. Besides, the beam
elements such as Beam188 or189 in ANSYS cannot be used for analyzing the behavior of this type of bridge under both bending and torsion because
they cannot model the “accordion effect” of the corrugated steel webs. What's more, the 3-D finite element analysis can simulate the “accordion effect” of
the corrugated steel webs more accurately but has poor computing efficiency.
so in this paper, an efficient beam element with 7 degrees of freedoms is developed to analyze the PC box girders with corrugated steel webs, taking
account of both the bending and torsion. Based on the assumptions that the corrugated steel web carries no axial stress and its normal stress is
negligible, the formula to calculate the axial and tangential displacements of an arbitrary point in the cross section of the box girder are deduced first. After
the warping function of the cross section is introduced, the formula to calculate the normal stress and shear stress under constraint torsion are developed
based on the equilibrium and compatibility conditions, and finally the differential equations of equilibrium are built for the PC box girder with corrugated
steel webs under constraint torsion. Based on the assumptions that in the beam element the bending and torsion are not coupled and the warping function
are derived by quadratic Hermit interpolation and torsional angles are determined by solving the geometrical equation with the warping functions known,
the equation to calculate the stiffness matrix is gotten after the warping function of the cross section is solved from the homogeneous differential equation
of equilibrium. The precision and computation efficiency of this beam element is verified by a numerical example. 

8663 | Program ANSLACOP – Analitical solution of bending problem of layered composite plates (2. Analysis of composite
beams, plates and shells)

Rakocevic, Marina (marinara@ac.me), University of Montenegro, Faculty of Civil Engineering, Podgorica, Republic of Montenegro 

Anisotropic composition of layered composite plates requires "more accurate" mathematical and calculation models. By applying the Layerwise theory we
can cover a wide range of problems of layered composite plates with arbitrary arrangement of layers through the plate thickness.

The analytical method of solving bending equations in the Layerwise theory is based on the assumed displacement field in the form of the double
trigonometric Fourier's order. The analytical solution can be used as a test solution for solutions obtained by using numerical methods, including finite
element method.

For Partial Layerwise theory, the paper present the equations of bending for layered composite plates and the algorithm for calculation of deflections and
stresses in an arbitrary cross section of a simply supported rectangular plate loaded with distributed load (uniformly and sinusoidally). On the basis of the
algorithm presented in this paper, author has prepared program called ANSLACOP (ANalytical SOlution of LAminated COmposite Plates) in FORTRAN,
whose structure will be presented in the paper. It is presented that the solution obtained by using this program very quickly converges depending on the
adopted number of members of double trigonometric order.

8664 | Analysis of influences at layered composite rectangular plates obtained using the program ANSLACOP (2.
Analysis of composite beams, plates and shells)

rakocevic, Marina (marinara@ac.me), University of Montenegro, Faculty of Civil Engineering, Podgorica, Republic of Montenegro 

Closed solution to the problem of bending for laminated composite plates in the Layerwise theory is obtained by using double trigonometric Fourier's
order.

This paper will present results and analysis of results obtained by program ANSLACOP (ANalitical SOlution of LAminated COmposite Plates) created by
author of this paper. Program is based on assumptions given in Partial Layerwise theory. For the calculation of shear stress in the xz and yz planes semi-
analytical method was used based on the conditions that must be fulfilled. 

The paper will present changes the deflection in the middle of a simply supported rectangular plate depending on plate thickness, number and
arrangement of the layers and types of loads. Also in results will be shown in pre-defined characteristic points of a simply supported rectangular layered
composite plate for , i stresses depending of the number of layers, the thickness of the plate and load type. Based on analysis of results conclusions are
derived and presented at the end of the paper. 

8752 | LAYER WISE ANALITYCAL SOLUTION FOR FREE VIBRATION ANALYSIS OF COMPOSITE PLATES AND PLATES
ASSEMBLIES (2. Analysis of composite beams, plates and shells)

Boscolo, Marco (marco.boscolo@airbus.com), Airbus, United Kingdom 

Multilayered composite structures are increasingly being used in aircraft and other industries. In the past, the use of composite materials was mostly
confined to secondary and generally small or non-load carrying structures such as aircraft ailerons, fins and rudders which make use of thin laminates.
The situation has changed over the years and fibre-reinforced material have steadfastly made their way to primary structures, therefore much thicker
laminates are used. 

The technique generally used to model a laminated composite structure, is based on the classical lamination theory (CLT) which assumes that the entire
laminate behaves as though it is a single layer that has equivalent properties obtained by the superposition of all single layers. Probably for this reason
the theory is also called equivalent single layer (ESL) theory. Since the multilayer structure is reduced to an equivalent single layer, traditional classical
plate theories, such as Kirchhoff plate theory (CPT), or Reissner-Mindlin (first order shear deformation theory, FSDT) can thus be used to investigate the
static and dynamic behaviour of laminated plates. Although ESL theory based on FSDT is reasonably accurate to describe the macro behaviour of
multilayered structures, for thicker plates (which are often required for primary structures) more advanced theories are needed. 

This has led to the development of the so-called layer-wise (LW) theory. In LW theory, each single layer can be modelled individually using classical plate
theory, FSDT or higher order theory. Carrera’s Unified Formulation (CUF) is one of the most powerful and accurate methods to analyse laminated plates
using layer-wise theory. 

The main limitation of CUF is that the closed form analytical solution is only possible for plates that are simply supported all round, i.e. on all four sides,
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otherwise solution of the equations of motion must be sought numerically (e.g. finite element method). This can be computational demanding for thick
laminates due the high number of variables (at least 3 for each interface through the thickness for each node).

In this paper the equations of motion of a plate based on CUF layer wise formulation are solved analytically to produce solutions to free vibration analysis
of plates with different boundary conditions. Any number of layers can be solved automatically, i.e. a method to simultaneously solve a generic number of
coupled second order differential equations automatically is presented and employed. 

The method is validated against results in the literature for simply supported composite and sandwich plates. It is subsequently used to produce
benchmark solutions for other boundary conditions which will be compared with FE solutions obtained by NASTRAN. 

Subsequently to the development of the analytical solution, the dynamic stiffness matrix of a strip element is presented. This paves the way to the
possibility of analysing more complex plate assemblies (such as stiffened panels) in closed form solution, quickly, accurately and efficiently.

8757 | Effect of Boundary Conditions on Nonlinear Vibrations of Variable Stiffness Composite Plates (2. Analysis of
composite beams, plates and shells)

Jansen, Eelco (e.jansen@isd.uni-hannover.de), Leibniz Universität Hannover, Institute of Structural Analysis, Germany
Ribeiro, Pedro (pmleal@fe.up.pt), Universidade do Porto, DEMec, Faculdade de Engenharia, Portugal
Rahman, Tanvir (T.Rahman@tnodiana.com), TNO DIANA BV, Netherlands
Rolfes, Raimund (r.rolfes@isd.uni-hannover.de), Leibniz Universität Hannover, Institute of Structural Analysis, Germany 

Modern fiber placement machines allow the manufacturing of laminates with spatially varying stiffness properties (Variable Stiffness laminates), and
thereby offer the possibility to exploit the tailoring potential of composite structures. Thin-walled structures in advanced aerospace applications are often
subjected to high dynamic loading and are therefore susceptible to vibrate at large amplitudes. In the present contribution, specific characteristics of the
nonlinear, large amplitude vibration behavior of Variable Stiffness plates and in particular the effect of various types of boundary conditions on this
behavior are studied. 

A finite element based reduced order approach for nonlinear vibration analysis of plate and shell structures is employed for this purpose [1]. The approach
makes use of a perturbation method that gives an approximation of the amplitude-frequency relation of the structure. After the determination of the linear
natural frequency and corresponding vibration mode, the perturbation approach yields the initial curvature of the amplitude-frequency relation with a
modest additional computational cost. 

Recently, a new p-version finite element that uses a First-order Shear Deformation Theory was presented [2]. This element includes geometrical non-
linearity and has been used successfully in investigations on the differences between the geometrically non-linear vibrations of Variable Stiffness
Composite Laminates and traditional plates [2, 3].

The finite element integrated perturbation approach is compared with the p-version finite element approach and both approaches are further verified and
validated by a comparison with standard (h-version) general purpose Finite Element program results for specific well-characterized Variable Stiffness
composite plates. The two approaches will be used to investigate the influence of various types of boundary conditions on the nonlinear vibration behavior
of Variable Stiffness plates. 

Literature 

[1] Rahman, T., Jansen, E.L. and Tiso, P. A finite element-based perturbation method for nonlinear free analysis of composite cylindrical shells.
International Journal of Structural Stability and Dynamics, 2011; 11(4), 717-734.
[2] Ribeiro P. and Akhavan H. Non-linear vibrations of variable stiffness composite laminated plates. Composite Structures, 2012; 94: 2424–2432.
[3] Ribeiro P. Non-linear free periodic vibrations of variable stiffness composite laminated plates. Nonlinear Dynamics, 2012; 70: 1535–1548. 

8759 | Efficient Models for Initial Post-Buckling Analysis of Variable Stiffness Curved Panels (2. Analysis of composite
beams, plates and shells)

Jansen, Eelco (e.jansen@isd.uni-hannover.de), Leibniz Universität Hannover, Institute of Structural Analysis, Germany
Weaver, Paul (Paul.Weaver@bristol.ac.uk), University of Bristol, Advanced Composites Centre for Innovation and Science, United Kingdom
Rahman, Tanvir (T.Rahman@tnodiana.com), TNO DIANA BV, Netherlands
White, Simon (Simon.White@bristol.ac.uk), University of Bristol, Advanced Composites Centre for Innovation and Science, United Kingdom
Rolfes, Raimund (r.rolfes@isd.uni-hannover.de), Leibniz Universität Hannover, Institute of Structural Analysis, Germany 

Fiber placement technology has made it possible to automate the manufacture of complex composite structures. The built-in steering capabilities can be
exploited to produce laminates with spatially varying stiffness properties, known as Variable Stiffness laminates. Both experimental and numerical
researches have shown that significant improvements in structural performance can be achieved, particularly in the case of buckling, if Variable Stiffness
designs are adopted.

In [1], the post-buckling behavior of Variable Stiffness (VS) plates was studied using a Finite Element implementation of Koiter’s initial post-buckling
theory. This perturbation approach was employed to compute post-buckling coefficients, which are used to make a quick estimate of the post-buckling
stiffness of flat VS plates and to establish a reduced-order model. In addition, the post-buckling analysis of Variable Stiffness plates was carried out using
this reduced-order model, and the potential of the approach for application within optimization was demonstrated.

Recently an alternative method for computing the initial post-buckling response of Variable Stiffness cylindrical panels, based on the differential
quadrature method, was presented [2]. Integro-differential governing and boundary equations governing the problem, derived with Koiter's theory, are
solved using a mixed generalized differential quadrature (GDQ) and integral quadrature (GIQ) approach. The formulation was validated against
benchmark analytical post-buckling results for constant stiffness plates and panels, compared with non-linear Finite Element analysis for Variable Stiffness
panels, and the efficiency and potential for use within an optimization context were shown. 
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In the present work, the two approaches [1,2] are used to obtain relevant design information for Variable Stiffness curved panels by systematically
investigating the relationship between pre-buckling stiffness, buckling load, and post-buckling stiffness for various types of Variable Stiffness
configurations. The physics of the behavior is explained on the basis of the pre-buckling, buckling, and second-order deflection fields, further illustrating
the advantages of the initial post-buckling approach in nonlinear buckling analysis. 

Literature 

[1] T. Rahman, S. T. IJsselmuiden, M. M. Abdalla, E. L. Jansen, Postbuckling analysis of variable stiffness composite plates using a finite element-based
perturbation method, International Journal of Structural Stability and Dynamics, Volume 11, 735-753, 2011.
[2] S.C. White, G. Raju, P.M. Weaver, Initial post-buckling of variable-stiffness curved panels, Journal of the Mechanics and Physics of Solids, Volume 71,
132-155, 2014. 

8820 | Improving Structural Damping of Composites by Viscoelastic Inclusions (2. Analysis of composite beams, plates and
shells)

Silva, Jose M. (jose.silva@rmit.edu.au), RMIT University, Australia
Blacklock, Matthew (matthew.blacklock@rmit.edu.au), RMIT University, Australia
Wang, Chun (chun.wang@rmit.edu.au), RMIT University, Australia 

Lightweight composite structures in a wide range of applications, including aircraft, wind turbines, land vehicles, mining, and marine structures, are
required to demonstrate certain damping characteristics to mitigate vibration induced damage, noise and harshness, and acoustic signature. 
Incorporating constrained viscoelastic layers in composite laminates has proven to be an effective passive solution to enhance the damping response of
structures without the need of more complex active systems. However, this structural arrangement leads to considerably lower mechanical properties
(particularly stiffness) than the un-modified composites. The utilization of viscoelastic inclusions dispersed in the matrix is an alternative technique to
increase the damping capability of the structure without significantly compromising its overall static strength. However, the information available in the
literature on this topic is scarce, particularly in relation to the effect of the inclusions on static strength, fatigue performance, and overall structural damping
properties of the composite material.
The present study aims to characterise the mechanical behaviour of laminated carbon-epoxy composites embedded with cork granules, which are a
viscoelastic type material. The influence of the cork granules on the static mechanical properties of the carbon-epoxy laminate was assessed using tensile
and flexural tests. Fatigue tests were performed to investigate the inclusion-induced stress concentration on the fatigue endurance. The damping
behaviour of this hybrid material within the 0 to 5kHz frequency range was characterised using modal analysis approach utilising a laser vibrometer. The
loss factors for both plain and hybrid specimens were determined using the half-power bandwidth method. Results show that the cork granule inclusions
can significantly increase the loss factor at frequency range between 2kHz and 3.5kHz without compromising either the static strength or fatigue
endurance. On the basis of high damping without excessive stiffness reduction, the inclusion of viscoelastic particulates prove to be a promising
alternative to the constrained layer technique.

8850 | Three-dimensional Elastic Static Analysis of Sandwich Composite Plate Considered Imbue Layer Effects (2.
Analysis of composite beams, plates and shells)

Huo, Ruili (ruilihuo@njtech.edu.cn), College of Civil Engineering, Nanjing Tech University, China
Zhou, Ding (dingzhou57@yahoo.com), College of Civil Engineering, Nanjing Tech University, China
Liu, Weiqing (wqliu@njtech.edu.cn), College of Civil Engineering, Nanjing Tech University, China
Wang, Lu (kevinlwang@hotmail.com), College of Civil Engineering, Nanjing Tech University, China
Zhao, Kai (24871725@qq.com), College of Civil Engineering, Nanjing Tech University, China 

Based on theory of elasticity, three-dimensional elastic static properties of a simple-supported sandwich composite plate considered the imbued layer
effects were studied in this paper. The imbued layers caused by bonding adhesive of the plate were considered as functionally graded layers. It was
supposed that elastic modulus was graded through the thickness following the exponential-law, while the Poisson’s ratio was a constant. According to the
governing equations of the theory of three-dimensional elastic plate, the computational formulae of displacements and stresses, which exactly satisfied
the governing equations and the simply supposed boundary conditions at four sides of the plate, were derived. The corresponding coefficients were
determined on the basis of the continuity of different layers. Finally, the displacements and stresses of plate were given by substituting the coefficients
back to the formulae.

8885 | Vibration of thin-walled laminated composite beams having open and closed sections (2. Analysis of composite
beams, plates and shells)

Sheikh, Abdul Hamid (abdul.sheikh@adelaide.edu.au), University of Adelaide, Australia
Asadi, Arash (arash.asadi.k@gmail.com), University of Adelaide, Australia
Thomsen, Ole Thybo (O.Thomsen@soton.ac.uk), University of Southampton, United Kingdom 

The use of thin-walled beam like slender structures made of laminated compose materials is found in many engineering applications such as helicopter
rotor blades, construction industry, long wind turbine blades and few other situations. The behavior of these structures can be accurately predicted by a
detailed finite element model using 3D/shell elements but the computational demand of such model will be extremely high. In order avoid this problem, a
group of researchers tried to model these structures with one dimensional beam elements which will drastically improve the computational efficiency but
the major challenge is to formulate such beam element that will be able to capture all effects and their couplings found in these complex composite
structural system. It has drawn attention of a number of researchers which made this topic an active area of research in recent years. The studies carried
out so far can be divided in two broad groups based on the technique used to determine the constitutive matrix of the bean element or beam cross-section
stiffness. This is derived analytically in one approach whereas the other approach needs a two dimensional finite element analysis of the beam section to
evaluate this constitutive matrix. The second approach is relatively more general because it can also be applied to beams having solid sections but the
analytical approach, which is used in the present study, may be attractive due to relatively less complex as well as computationally involved specifically for
thin-walled composite beams. 
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In this paper, an efficient beam element is developed to study the vibration characteristics of thin-walled composite beam having open section (I section)
and closed box section. The formulation can accommodate any stacking sequence of the individual walls and consider all sorts of coupling between
torsion, bending (bi-axial) and axial deformation. The effect of transverse shear deformation of the walls and out of plane warping of the beam section is
taken into account where the warping can be restrained or completely free. In order to avoid some issues in the finite element implementation, Lagrangian
interpolation functions are used to represent all deformation modes except the torsional deformation where Hermetian interpolation functions are used.
Numerical examples are solved by the proposed element and the results (vibration frequencies) obtained are validated with those available from literature
and/or detailed finite element analysis using a commercial code (ANSYS). The results show a very good performance of the proposed model.

8946 | A fully discretised nonlinear finite strip formulation analyses of thick viscoelastic plates subjected to time-
dependent loading (2. Analysis of composite beams, plates and shells)

Amoushahi, Hossein (h.amoushahi@eng.ui.ac.ir), University of Isfahan, Iran
Shahzamani, Safoora (safoora.shahzamani@ma.iut.ac.ir), Isfahan university of technology, Iran 

A semi-analytical finite strip method was developed for the analysis of thick viscoelastic plates by using continuous harmonic function series that satisfies
the boundary conditions in the longitudinal direction and piecewise interpolation polynomials in the transverse direction. The higher order shear theory of
plate was used to obtain the sufficient formulation of thick plates. The mechanical properties of the material are considered to be linear viscoelastic by
expressing the relaxation modules in terms of Prony series. A recurrence formulation was used to evaluate the entire deformation history that requires
only the storage of the displacements from the previous time step only. The finite strip procedure based on the virtual work principle was used to derive
the stiffness and geometric matrices. The out-of-plane load is used for deriving the initial deformation of plates and the nonlinear finite strip procedure is
used to evaluate the critical load of viscoelastic plates in different times of loading.
A comprehensive parametric study was conducted where the maximum deflection of the thick viscoelastic plates subjected to time-dependent loads was
calculated. The effect of the plate thickness on the maximum deflection and critical load of viscoelastic plates was also evaluated. The results indicated
that the critical buckling load of the plate decreases with time when the relaxation modulus decreases. The results was verified using the other plates
theory with thin thicknesses. Moreover, by using the higher order shear deformation theory of plates, the buckling factor of viscoelastic plates depends on
the plate thickness at each time of loading which contracts with thin plates. 

8958 | EFFECTS OF TEST SET-UP ON THE INDUCED INTERNAL TORQUE IN FOUR-POINT BENDING OF THIN
LAMINATES (2. Analysis of composite beams, plates and shells)

Wowk, Diane (diane.wowk@rmc.ca), Royal Military College of Canada, Canada
Marsden, Catharine (catharine.marsden@rmc.ca), Royal Military College of Canada, Canada 

When using test coupons to predict the behavior of larger laminate components, it is important to ensure that the internal loading in the coupon is identical
to that of the physical structure. In laminates, this process of determining internal loading is not straightforward because of the coupling between different
modes of deformation, such as bending and twisting. The physical supporting structure prevents the laminate from deforming naturally, which induces
additional internal loads. In order to accurately predict the stresses in the laminate, the total internal load consisting of both the induced loading as well as
the externally applied loading must be considered. In this study, finite element simulations are used to predict the magnitude of the internal torque
generated when angle ply laminates are loaded in 4-point bending. This test can represent the typical internal load distribution of thin structures in bending
such as skin-stringer panels in aerospace applications. In the traditional 4-point bend test of angle ply laminates, the internal torque is the largest of the
induced loads due to the bending-twisting coupling. In this paper, the ratio of the induced torque to the applied moment is presented for eight, 4-ply [+/-]s
carbon-epoxy layups with respect to the d16 and d66 terms from their laminate compliance matrices. These graphs represent the first step in creating a
series of design tables for predicting the internal loads for a variety of support and load configurations. Three features of the traditional 4-point bend test
set-up that affect the magnitude of the induced torque have been studied: the load introduction method, the coupon width and the distance between the
supports and loading noses. The first load case is the transversely clamped condition consisting of pairs of rollers which “sandwich” the laminate at both
the support and loading positions. This fixture is typically used for fatigue testing when reverse loading is required and prevents the coupon from twisting
about the longitudinal axis. The second load case is the simply supported condition which uses single rollers to load the coupon from the top and support
the coupon from the bottom. In this case, the coupon is free to lift off the supports. In most physical assemblies, the surrounding structure will provide
constraint that lies somewhere between these two cases. 

The transversely clamped case produces a linear variation of torque with respect to the d16/d66 ratio because the twist in the coupon is fully resisted by
the simulated ideal boundary condition. Even when the coupon width is varied, this linear relationship still holds true for the transversely clamped case. In
general, the magnitude of the induced torque increases with increasing coupon width until a ratio of 1:1 between the width and the central gauge length
has been reached. Coupons with a ratio of 1:1 can be scaled in size, and it was shown that a [20/-20]s laminate with central regions of 50 x 50mm and
1000 x 1000 mm both have the same internal loads. There is no change to the amount of torque induced when the distance between the supports and the
loading noses are changed. This implies that for the transversely clamped case, the locations of the supports and loading noses could be adjusted to
reduce the problems associated with large midspan deflections, while still maintaining the same internal load state. 
For the simply supported case, the linear relationship between the torque and the d16/d66 ratio is not produced because less torque is generated when
the coupon is able to lift off the supports. Increasing the distance between the supports and the loading noses also generated less torque as the longer
spans allow the coupon to deform more freely. However, when the width of the coupon is increased, the simply supported case starts to behave more like
the transversely clamped case. 

8960 | BEHAVIOR OF R.C. COLUMNS CONFINED WITH CFRP AND SUBJECTED TO ECCENTRIC LOADING (2. Analysis of
composite beams, plates and shells)

Farghal O. A. (omar_farghal222@yahoo.com), Faculty of Engineering, Assiut University , Egypt 

The objective of this study is to investigate experimentally the effectiveness of FRP confined system to strengthen RC columns subjected to eccentric
loads. Therefore, an experimental program including eight rectangular RC columns is set-up and tested under eccentric compression load in one hand to
evaluate the suggested strengthening technique applied to strengthen RC columns using wrapping Carbon Fiber Reinforced Polymer CFRP sheets and in
the other hand to study the effect of the eccentricity on the strength and ductility. Two type of confinement was applied in this study: fully confinement FC
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and partially confinement PC. Compared with the control ones, the strengthened columns showed an improvement in the obtained strength and ductility.
The improvement in the compressive strength of the strengthened columns under eccentric loading is so pronounced as for that under concentric loading,
particularly for higher eccentricity. Regardless to the type of confinement, partially wrapped or fully wrapped, the gained strength increased as the
eccentricity increased. Moreover, the author suggested a modified analytical model to predict the effective FRP hoop strain. The predicted results obtained
according to the modified model showed a reasonable approach to the results obtained experimentally

8963 | ANALYSIS OF STRENGTH DEGRADATION OF LATTICE COMPOSITE FUSELAGE SECTION CONTAINING RIBS
WITH DELAMINATION (2. Analysis of composite beams, plates and shells)

Dubovikov, Evgeny (evgeny.dubovikov@tsagi.ru), Central Aerohydrodynamic Institute (TsAGI), Russian Federation
Fomin, Victor (victor.fomin@mail.ru), Central Aerohydrodynamic Institute (TsAGI), Russian Federation
Mareskin, Ivan (mivan_500@mail.ru), Central Aerohydrodynamic Institute (TsAGI), Russian Federation 

In frames of the FP7 ALaSCA project, it has been proven that the lattice structure has high potential (up to 20%) in weight saving of a future civil aircraft
fuselage section in comparison with metal and composite structures with conventional semi-monocoque layout. However, the aircraft structure should
meet the durability requirements during long-term operation. The main problem of providing the durability of composite structures is degradation of
properties of composite materials due to climatic and impact factors.
One of the main objectives of investigations of lattice composite fuselage structures in frames of the FP7 PoLaRBEAR project is providing high durability
of the structure during long-term operation. To attain the objective, the investigation of degradation of properties of the lattice composite fuselage structure
with damaged ribs is carried out in frames of the PoLaRBEAR project. The investigation contains three consecutive tasks:
1 Investigation of reduction of load-bearing capability of lattice ribs with initial delamination;
2 Investigation of strength degradation of fuselage lattice structure containing the ribs with initial delamination;
3 Formulation of constraints and recommendations for lattice structure manufacturing technologies and for parameters of the lattice structure protection
system providing minimum strength degradation.
The results of solving the first task have been presented at the 4th EASN Workshop and included:
o models and methods for the numerical estimation of strength properties degradation of the ribs with delamination,
o numerical validation of the methods,
o investigation of influence of the rib and delamination parameters on degradation of the rib strength.
The models and methods for the numerical estimation of strength properties degradation of the ribs with delamination proved to be reliable and it can be
used to solve the task of investigation of strength degradation of fuselage lattice structure containing the ribs with initial delamination. This work presents
the results of solving the task.
The algorithm for estimation of strength degradation of the lattice composite fuselage section containing the damaged ribs was developed on the basis of
the technique for the numerical estimation of the ribs strength properties degradation. The parametrical finite-element model of the lattice fuselage
structure with delaminated ribs was developed.
Analysis of influence of delamination in the lattice rib on the fuselage section strength properties was carried out based on the results of parametrical
investigations on developed parametrical models.
The results of the investigations will be used for determination of parameters of protection system for the lattice ribs of composite fuselage section with
advanced reliability.

8971 | Vibration Analysis and Genetic Algorithm Optimization for Control of a Composite Structure with Piezoelectric
Elements Subject to Impact (2. Analysis of composite beams, plates and shells)

Djojodihardjo, Harijono (harijono@djojodihardjo.com), Retired Professor, Universitas Al-zhar Indonesia, Indonesia 

As a baseline for treating flexible beam attached to central-body space structure, the generic problem of a cantilevered Euler-Bernoulli beam with
piezoelectric actuator attached as appropriate along the beam and its control is solved in great detail. For comparative study, three generic configurations
of the vibration of the combined beam and piezoelectric elements are solved, utilizing Euler-Bernoulli theory by both analytical and numerical methods.
Selected configurations of the beam and piezoelectric elements are investigated, and three different control systems are investigated, PPF, PID and LQR,
and assessed. Some preliminary results are illustrated in the extended absract. Based on the advantage of the Linear-Quadratic-Regulator, a generic
control system have been designed using piezoelectric actuator to control the vibration of an elastic cantilevered beam subject to impulsive disturbance.
The equation of motion for the system is elaborated using energy principle and full-state observer Linear-Quadratic-Regulator controller has been selected
as the vibration control tool. To avoid iterative choice of Q and R in the LQR, Genetic Algorithm optimization scheme has been incorporated. Preliminary
results was considered to be satisfactory, and further extension will be developed for more complex systems.
Next, impact resilient structures which are of great interest in many Engineering Applications varying from civil, land vehicle, aircraft and space structures
are considered. For this purpose the impacted panel structure is considered and modeled as a set of Mindlin plates bonded together to represent a
generic engineering structure. Utilizing analytical and computational approaches as well as considering progress in material science and technology, this
work looks at a generic composite beam and plate structure subject to impact loading and carry out analysis and numerical simulation. The first objective
of the work is to develop a computational algorithm to analyze flat plate as a generic structure subjected to impact loading for numerical simulation and
parametric study. The analysis will be based on dynamic response analysis. The second objective is to utilize the computational algorithm for direct
numerical simulation, and as a parallel scheme, commercial off-the shelf numerical code is utilized for parametric study, optimization and synthesis.
Through such analysis and numerical simulation, effort is devoted to arrive at an optimum configuration in terms of loading, structural dimensions, material
properties and composite lay-up, among others. Preliminary results for impact of GLARE composite plate has been assessed to be satisfactory and
robust, and will be further extended.

9012 | NONLINEAR FREE VIBRATION ANALYSIS OF CLAMPED CIRCULAR HYBRID LAMINATED COMPOSITE PLATE (2.
Analysis of composite beams, plates and shells)

Shooshtari, Alireza (shooshta@basu.ac.ir), Bu-Ali Sina university, Iran
Asadi Dalir, Mohammad (mh.dalir@yahoo.com), Bu-Ali Sina University, Iran 

Nonlinear free vibration of symmetric circular fiber metal laminated (FML) hybrid plates is investigated. Considering the Von Karman geometric
nonlinearity, the first order shear deformation theory (FSDT) is used to obtain the equations of motion. For the first time, five equations of motion of circular
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FML plates are derived in terms of plate displacements. The obtained equations are simplified for analyzing the first mode of symmetric circular plates.
Using Galerkin method, five coupled nonlinear partial differential equations (PDEs) of motion are transformed to a single nonlinear ordinary differential
equation (ODE) which is solved analytically by multiple time scales method, and an analytical relation is found for the nonlinear frequency of these plates.
The obtained results are compared with the published results and good agreements are found. Moreover, the effects of several parameters on linear and
nonlinear frequencies and the free vibration response are investigated

9013 | Nonlinear vibration analysis of rectangular magneto-electro-elastic thin plates (2. Analysis of composite beams, plates
and shells)

Shooshtari, Alireza (shooshta@basu.ac.ir), Bu-Ali Sina university, Iran
Razavi, Soheil (soheilrazavi@outlook.com), Bu-Ali Sina university, Iran 

Nonlinear free and forced vibration of a transversely isotropic rectangular magneto-electro-elastic thin plate with simply supported boundary conditions
and 

closed circuit electro-magnetic boundary conditions at top and bottom surfaces of the plate is studied for the first time based on the thin plate theory along 

with the von Karman’s nonlinear strains. The partial differential equation of motion is transformed to an ordinary differential equation by using Galerkin 

method. A perturbation method is used to solve the obtained equation analytically and a closed-form solution is obtained for the frequency response and 

nonlinear frequency of a rectangular magneto-electro-elastic plate. The results are compared with the available results. Numerical examples are carried
out 

to show the effects of several parameters on the nonlinear behavior of these plates.

Keywords: Magneto

9024 | Predicting Mechanical Behaviour of Tidal Turbine Blade Made of Composite Materials Using Finite Element Code
(ANSYS) (2. Analysis of composite beams, plates and shells)

Hassan Izadi Gonabadi (h.izadi-gonabadi@ncl.ac.uk), Newcastle University, United Kingdom
Noushin Moharrami (noushin.moharrami@ncl.ac.uk), Newcastle University, United Kingdom
Adrian Oila (adrian.oila@ncl.ac.uk), Newcastle University, United Kingdom
Steve Bull (steve.bull@ncl.ac.uk), Newcastle University, United Kingdom 

The emerging field of ocean energy devices is naturally turning to composite materials due to their noncorrosive properties in the seawater environment
as well as their high specific strength and stiffness. Composite materials are ideal candidates for manufacturing of turbine blades since they have longer
fatigue life than many conventional engineering materials; tidal turbine blades are subjected to pressure, bending and cyclic loads from sea water currents
and waves which ultimately cause failure. However, limited information is available regarding durability of composite materials in a sea water environment.
Also prediction of failure modes and how these are affected by design remains a challenge in the development of tidal turbines. In this study we have
combined experimental analysis and finite element analysis incorporating failure modes to determine the loci and extent of failure in a composite tidal
turbine blade.

Initially static mechanical characteristics of two types of composite materials were examined according to ES BN ISO 14125; standard laminate and
sandwich structures were compared. It was observed that although the ultimate strength of glass fiber reinforced epoxy is lower than the other composites
tested, the stiffness of this composite is higher. Static mechanical tests on sandwich composite structures showed that decreasing the thickness of the
core and number of layers will result in better mechanical properties as expected. Three-dimensional finite element analyses were then carried out to
determine the stress, strain distributions and deflection contours of a test sample in the static mechanical tests to predict failure of the composite, to
interpret the experimental results and to examine the failure modes of the specimens. Comparison between experimental and analytical results showed
that there is a good compatibility between FEA and experimental results at lower loads in the load displacement curve of the static test. Deviations at high
loads highlight the effects of defects created during the test. Various failure criteria were employed for failure prediction and failure mode identification and
it was found that the major failure modes in the static mechanical test of composite materials are related to fiber tension and compression.

Considering results from quasi-static mechanical tests, fatigue tests following the ES BN ISO 13003 standard were performed on glass fibre reinforced
epoxy resin and lower density sandwich structures via a fatigue rig with the capability of conducting tests in a sea water environment. Comparison
between S-N curves resulting from fatigue tests indicates that Glass fibre epoxy resin has a flatter S-N curve than sandwich composite structures which is
a result of the higher fatigue life of the glass fibre reinforced epoxy resin. Static flexure tests were also performed on composite specimens after different
periods of fatigue testing to determine the degradation of their mechanical properties. SEM and light microscopy in conjunction with nanoindentation were
used in order to analyze the failure mechanisms and it was found that interfacial debonding between fibers and matrix, resin cracking, and fiber breakage
are the main failure mechanisms as expected.
In order to evaluate the mechanical behavior of a composite tidal turbine blade, a full blade was modeled in the ANSYS finite element software using
materials properties determined from experiment. By doing static structural analysis on the blade, it was found that tidal turbine blades made of fiber
reinforced epoxy resin shows a better mechanical performance than sandwich composites. Finally ANSYS Composite Pre-post and ANSYS n Code
design life was deployed for investigation of the mechanical behavior of tidal turbine blades made of composites in which the static behavior and fatigue
life of different blade designs can be predicted. Optimization of design by this method will be discussed.

9068 | EXPERIMENTAL TESTS OF SANDWICH COMPOSITE STRUCTURES IN FOOTBRIDGE DESIGN PROCESS (2.
Analysis of composite beams, plates and shells)
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Pyrzowski, Łukasz (lukasz.pyrzowski@wilis.pg.gda.pl), Gdańsk University of Technology, Poland
Rucka, Magdalena (magdalena.rucka@wilis.pg.gda.pl), Gdańsk University of Technology, Poland
Ferenc, Tomasz (tomasz.ferenc@wilis.pg.gda.pl), Gdańsk University of Technology, Poland
Chróścielewski, Jacek (jacek.chroscielewski@wilis.pg.gda.pl), Gdańsk University of Technology, Poland 

The advantages of glass fibers reinforced polymer (GFRP) composite make this material very attractive among specialists of various industries, including
bridge designers. It is estimated that today in the world there are nearly a thousand of bridges, the construction of which is made wholly or partly of GFRP.
Most of them are small span structures formed of thin-walled beam-type elements. In Poland, the current interest in using GFRP materials for the
construction of bridges is not large, but noticeable. There are known a few cases of catalog structural composite parts application in bridge constructions.
As representative examples two pedestrian bridges can be given: the truss footbridge in the Group Sewage Treatment Plant in Łódź made of composite
profiles connected by metal elements and the arch bridge over the road S11 in Gądki with built-in a light deck made of composite panels.

The basis of the work – a pedestrian and bicycle bridge made entirely of composite sandwich structure – is being currently in the design phase. The
project is supported by the National Centre for Research and Development, Poland (Fobridge research project No. PBS1/B2/6/2013) and realized by the
consortium: Gdansk University of Technology (leader), Military University of Technology in Warsaw and the company ROMA Co. Ltd. The subject of the
study is to elaborate architectural, material and construction design of pedestrian footbridge spans, made of composite materials. The structure of the
considered spans will be of sandwich type with PET foam core and with outer lining surfaces made of glass fibre reinforced polymer laminates. The simple
supported 12-16 m length spans are intended to be applied over two lanes roadways, four lanes double roadways and six lanes double roadways.

The standard design process requires the development of concepts, material selections, identification of material properties, numerical simulations,
strength calculations and serviceability analyses. This procedure may be supported by experimental and numerical validation tests, which are particularly
important in the case of advanced material and technology applications. The considered footbridge will be a U-shape shell sandwich type structure. The
cooperation of PET foam core with outer lining surfaces will be crucial for its load bearing capacity. This issue has been subjected to a more detailed
analysis. To recognize the problem a research program containing the experimental and numerical bending tests of sandwich plates has been developed.

The aim of the paper is experimental investigation of sandwich composite material. The test samples of cross-section dimensions 90x74 mm were
prepared with three different foam density cores. The main components of the GFRP laminate were vinylester resin and four layers of glass fibre quasi-
balanced knitted fabrics in the following orientation [(0/90),(+45/-45)2,(0/90)]. The experimental programme included quasi-static compression, three-point
bending, four-point bending tests and dynamic tests with an impulse excitation. The research was concentrated on the effect of the influence of the foam
core density on obtained results of stiffness, stability, failure modes and dynamic characteristics.

9071 | Validation tests of full scale footbridge sandwich segment (2. Analysis of composite beams, plates and shells)

Ferenc, Tomasz (tomasz.ferenc@wilis.pg.gda.pl), Gdansk University of Technology , Poland
Mikulski, Tomasz (tomi@pg.gda.pl), Gdansk University of Technology , Poland
Miśkiewicz, Mikołaj (mikolaj.miskiewicz@wilis.pg.gda.pl), Gdansk University of Technology , Poland
Pyrzowski, Łukasz (lukasz.pyrzowski@wilis.pg.gda.pl), Gdansk University of Technology , Poland 

The purpose of the general study is to design a single span footbridge made of composite materials, with the assumption of manufacturing whole structure
in infusion process. 
The designed structure with U-shaped cross-section is sandwich type, shell construction with high-strength skins made of glass fiber reinforced polymer
(GFRP) laminates and core made of PET foam. A footbridge of 12-16 m span length is intended to be applied over two lanes roadways or railway,
additionally two spans of summary length 32 m is also possible. 
The standard design process requires the development of concepts, material selection and numerical simulations to calculate strength, strain and
deformation. While designing advanced structures made of unconventional materials such as the analyzed footbridge it is particularly important to expand
analysis.
In this paper validations tests of pedestrian bridge segment are presented. Experimental tests were conducted on full cross-section scale element made
with length reduced to 3 m. The width of the structure and the height of the barrier were assumed according to polish law regulations. The width were
assumed as 2,5 m for pedestrians and cyclists traffic and the height of barrier as 1,3 m, because of the possibility to install the construction over a railway. 
The aim of experimental tests conducted on validation segment is to check the correctness of numerical simulations with experimental studies. Several
test were performed. Firstly the loading on bridge plate simulating crowd loading were applied. Then bending of vertical walls of cross section were
caused. Afterwards compressing the top of walls were performed to check whether the handrail were going to buckle. 
While test conducting several measurement points were assumed. Strains in those points were measured by strain gauge, displacements by inductive
sensors, additionally the applied force were measured by extensometer. 
Numerical model was performed using four nodes single and multilayered shell elements and eights nodes solid elements. Material constants were
assumed based on previous experimental tests conducted for laminate and for foam separately. Firstly, numerical model were used to calculate and
estimate forces and structural response. Finally, after conducting validation tests the numerical model was updated.
The study is supported by the National Centre for Research and Development, Poland, grant no. PBS1/B2/6/2013. 

9082 | Hygro-thermo-elastic behavior of composite plates by the higher shear deformation theory (2. Analysis of composite
beams, plates and shells)

A.Benkhedda (benkhedda90@hotmail.com), Institut d''Aéronautique et des Etudes Spatiales, University of Blida1, Algeria, Algeria
E.Adda (addabed@yahoo.com), University of Sidi Belabbes, Algeria, Algeria
A.Mahi (amel.mahi@gmail.com), Institut d''Aéronautique et des Etudes Spatiales, University of Blida1, Algeria, Algeria
M.Khodjet (mkhojet@hotmail.fr), Institut d''Aéronautique et des Etudes Spatiales, University of Blida1, Algeria, Algeria
B.Boukert (bilanosky@hotmail.fr), Institut d''Aéronautique et des Etudes Spatiales, University of Blida1, Algeria, Algeria 

Key words: Hygro-thermo-mechanical beahavior, Higher Shear deformation theory, Laminated composite plates, anisotropy

The aim of this work is the study and the modeling of the hygro-thermo-mechanical behavior of thick plates subjected to mechanical and hygro-thermal
bidirectional loading. 
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A new hygro-thermo_mechanical model is developed and validated in this study. This paper develops an analytical solution for investigating the thermo-
mechanical behavior of laminated composite plates under static loadings. The higher-order shear deformation theory are considered in the current work. 
We use in our modeling theory of shear deformation higher-order (HSDT) that uses a parabolic variation of transverse shear deformation through the
thickness. The constitutive equations are written based on the displacement , temperature and humidity fields in transient mode, in case of desorption..
The stress distribution depends on the deformation pattern chosen, both for the case of mechanical loading, the thermal loading and hygroscopic loading
when the plates are subjected to temperature variations in the three directions of space, and to transient moisture variation.

9161 | Numerical study of the static deflection of a sandwich beam in the complex material (2. Analysis of composite beams,
plates and shells)

Aguib S. (salah.aguib@yahoo.fr), Laboratory of Dynamic of engines and vibroacoustic Laboratory, M''Hamed Bougara University of Boumerdes, Algeria
Nour A. (abdelkader_nour@hotmail.fr), Laboratory of Dynamic of engines and vibroacoustic Laboratory, M''Hamed Bougara University of Boumerdes,
Algeria
Bossis G. (georges.bossis@unice.fr), University of Nice-Sophia Antipolis, CNRS, Laboratory of Condensed Matter Physics, France
Djedid T. (djedidtoufik@yahoo.fr), Laboratory of Dynamic of engines and vibroacoustic Laboratory, M''Hamed Bougara University of Boumerdes, Algeria
Chikh N. (chik_nour@yahoo.fr), Laboratory of Dynamic of engines and vibroacoustic Laboratory, M''Hamed Bougara University of Boumerdes, Algeria
Chevalier Y. (yvon.chevalier@supmeca.fr), Laboratory engineering of mechanical systems and materials, Higher Institute of Mechanics of Paris (ISMEP),
France, France 

This paper presents a numerical study of the static bending of a honeycomb sandwich beam composed of four aluminum skins, two magnetorheological
elastomer cores and one honeycomb core. In order to adapt the rheological properties depending on the conditions of the work environment, the beam is
subjected to a permanent magnetic field. First, we experimentally determined the rheological properties of the elastomer charged to 30% of iron particles
with and without the influence of the magnetic field. Secondly, it was numerically evaluated the static response of the simulated sandwich beam with
Abaqus computer code. The results clearly show the significant benefit of using these adaptive structures in different industrial areas to control and
improve the mechanical properties.

9185 | An analytical method for free vibration analysis of functionally graded sandwich beams under initial thermal
loading (2. Analysis of composite beams, plates and shells)

Amale, Mahi (amel.mahi@gmail.com), Laboratory of Aeronautical & Space Sciences, University of Blida, Algeria, Algeria
El Abbas, Adda Bedia (addabed@yahoo.com), Laboratoire des Matériaux et Hydrologie, Université de Sidi Bel Abbes, Algeria, Algeria
Amina, Benkhedda (benkhedda90@hotmail.com), Laboratory of Aeronautical & Space Sciences, University of Blida, Algeria, Algeria 

This article presents an analytical method to predict exactly the natural frequencies of functionally graded sandwich beams subjected to initial thermal
loadings. Material properties are taken to be temperature–dependent. The formulation is based on a new simple parametric shear deformation beam
theory (SPSDBT) which allows a systematic assessment of a large number of derived beam models by changing its parameter value. In addition, the
present refined theory accounts for transverse extensibility, provides a parabolic distribution of the transverse shear strains through the thickness and
satisfies the stress-free boundary conditions on the top and bottom surfaces of the beam. With help of variational methods, equations of motion are easily
derived. A simple analytical approach is adopted to solve the system of ordinary differential equations and closed-form characteristic equations are
derived for predicting the natural frequencies of the vibrating system for different classical boundary conditions. Numerical examples are obtained for both
thin and thick sandwich beams for a given temperature range.

9191 | Bending deflection of sandwich beams considering local effects (2. Analysis of composite beams, plates and shells)

Anghel Cernescu (anghelcernescu@gmail.com), Aalto University, Finland
Jani Romanoff (jani.romanosff@aalto.fi), Aalto University, Finland 

In general the sandwich structures are designed as panels that carry bending loads. The bending stiffness is characterized by the slope of the variation
curve between the applied force and the vertical displacement of the point of application of force. This vertical displacement is often associated with the
vertical deflection of the sandwich structure. In this regard, based on the Timoshenko beam theory, Allen proposed an equation for the total deflection at
the mid-section of a sandwich beam loaded in 3-point bending, which was generally accepted. This equation assumes that in the loading plane the vertical
deflection of the neutral axis is the same as the vertical displacement of the point of application of force. In reality there are very few cases in which this
condition is valid. In the case of bending of sandwich beams with flexible cores (e.g. foam, cork) and thin faces, the variation curve of the applied force
and vertical deflection can be easily affected by the occurrence of some local effects such as indentation or core damage.
Considering this, within this paper is presented a method to determine the bending deflection of sandwich beams considering the local effect given by the
load applied as concentrated force or distributed on a certain length of the beam. The method is based on Timoshenko’s theory for highlighting the local
effect given by the applied load, adapted for sandwich structures. In contrast to High Order Sandwich Panel Theory (HSAPT), this method approach the
bending deflection maintaining compact the sandwich beam, is easy to apply and accurately estimate the variation of bending deflection along the cross-
section. 

9210 | A multilayered plate theory with transverse shear and normal warping functions (2. Analysis of composite beams,
plates and shells)

Loredo A. (alexandre.loredo@u-bourgogne.fr), Université de Bourgogne, France 

A multilayered plate theory which takes into account transverse shear and normal stretching is presented. The theory is based on a seven-unknowns
kinematic field with five warping functions. Four warping functions are related to the transverse shear behaviour, the fifth is related to the normal
stretching. The warping functions are issued from exact three-dimensional solutions. They are related to the variations of transverse shear and normal
stresses computed at specific points for a simply supported bending problem. Reddy, Cho-Parmerter and (a modified version of) Beakou-Touratier
theories have been retained for comparisons. Extended versions of these theories, able to manage the normal stretching, are also considered. All these
theories can be emulated by the kinematic field of the
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present model thanks to the adaptation of the five warping functions. Results of all these theories are confronted and compared to analytical solutions, for
the bending of simply supported plates. Various plates are considered, with special focus on very low length-to-thickness ratios: an isotropic plate, two
homogeneous orthotropic plates with ply orientation of 0 and 5 degrees, a [0/c/0] sandwich panel and a [−45/0/45/90]s composite plate. Results show that
models are more accurate if their kinematic fields (i) depend on all material properties (not only the transverse shear stiffnesses) (ii) depend on the length-
to-thickness ratio(iii) present a coupling between the x and y directions.

9221 | Experimental Testing of Bridge Deck Slabs Reinforced with Basalt FRP (2. Analysis of composite beams, plates and
shells)

Fadi Alsharif (fadi.alsharif@hbmengineering.com), HBM Engineering Group, LLC, United States America
Mohsen Issa (missa@uic.edu), University of Illinois at Chicago, United States America 

The implementation of Basalt Fiber Reinforced Polymers (BFRP) in bridge decks supported on girders, where deflection is not an issue, has the potential
to offer an efficient solution that is corrosion resistant, durable and cost effective. However, due to the lack of research studies conducted on this material,
the current FRP design guidelines do not encompass sufficient specifications to describe and regulate it design and utilization. Therefore, in this paper, the
flexural behavior of Lightweight Concrete (LWC) bridge decks, reinforced with BFRP reinforcing bars, was studied. The research program included
experimental testing of four LWC bridge deck specimens reinforced with BFRP reinforcing bars. The cross section of the specimens was 18 x 8 in. (450 x
200 mm) with a length to height ratio (L/H) equal to 10. The purpose of testing program was to study the structural behavior of bridge decks supported on
girders, in addition to the pre-cracking and post-cracking behavior till the failure of the specimens. Two of the specimens were simply supported with a
span length of 6.67 ft (2.03 m); and were reinforced with 5 BFRP bars of diameter 0.625 in. (16 mm) and 5 BFRP bars of diameter 0.5 in (13mm) at the
bottom, respectively. The ratio of the bottom to the balanced reinforcement areas were 4.7 and 3.0, respectively. Top reinforcement consisted of 5 BFRP
bars of 0.375 in. (10 mm) for both specimens. Two additional specimens were continuously supported with two spans of 8.67 ft (2.64 m) each and were
tested for positive and negative moment capacities. The two continuous specimens were reinforced with 5 BFRP bars of diameter 0.625 in. (16 mm) and 5
BFRP bars of diameter 0.5 in. (13 mm) at the bottom with equal to 4.7 and 3.0, respectively. The specimens were reinforced at the top with 6 BFRP bars
of 0.625 in. (16 mm) diameter and 6 BFRP bars of 0.5 in (13 mm) diameter, respectively. The test results showed good correlation with ACI 440.1R
specifications. The nominal moment capacities (Mn) were accurately predicted by the specifications of the ACI 440.1R (2006), however the ultimate
moment capacities (ϕ Mn) were conservative due to a lower strength reduction factor (ϕ).

9285 | Influence of elastic coupling and anisotropy on uncertainty quantification in the aeroelastic response of
idealized composite wings (2. Analysis of composite beams, plates and shells)

Nitschke, Christian T. (christian.nitschke@dalembert.upmc.fr), Université Pierre & Marie Curie, Paris, France
Maruani, Jonas (jonas.maruani@etu.upmc.fr), Université Pierre & Marie Curie, Paris, France
Vincenti, Angela (angela.vincenti@upmc.fr), Université Pierre & Marie Curie, Paris, France
Chassaing, Jean-Camille (jean-camille.chassaing@upmc.fr), Université Pierre & Marie Curie, Paris, France
Lucor, Didier (didier.lucor@upmc.fr), Université Pierre & Marie Curie, Paris, France 

Composite materials are increasingly employed to achieve efficient aeroelastic design of aircraft structures. However composite laminates are prone to
severe uncertainties due to the properties of their base materials and complicated manufacturing process (Sriramula and Chryssanthopoulos, Compos
Part A, 2009). Such uncertainties may strongly affect the dynamic behaviour (Arora et al., JSV, 2009) and the aeroelastic response (Manan and Cooper, J
of Aircraft, 2009) of composite laminates. Nowadays, it becomes possible to obtain accurate representations of uncertainty due to tolerances in fabrication
(Uhart et al., ESTIA report, 2014) or due to global uncertainty in measurement for entire layups (Sepahvand and Marburg, Mech Syst and Sign Proc,
2015). Based on these statistical models, efficient stochastic approaches can then be employed to compute the probability density function of the
aeroelastic variable of interest (e.g of the flutter speed or the amplitude of limit cycle oscillations). For instance, Scarth et. al. (Compos Struct, 2014) used
a polynomial chaos approach to propagate material, fiber angle and ply thickness uncertanties in the flutter speed of an idealized composite wing,
employing Tsai's lamination parameters to reduce the number of uncertain parameters for a number of symmetric example laminates.
In the present work, probabilitic aeroelastic flutter will be examined in response to stochastic elastic properties of a 2-D laminated lifting surface in an
incompressible flow. A simple Rayleigh– Ritz structural model is coupled with a low-order unsteady aerodynamic model to compute the linear flutter
speed. Both statistical and non-intrusive spectral projection approaches are examined as a possibility to avoid direct use of Monte Carlo-type methods. In
particular, we take into account the influence of uncertainties on the complete elastic behaviour of the composite laminate, that is to say not only the effect
of anisotropy in bending but also the effect of elastic coupling.
In addition, we aim to deal with a realistic stochastic representation of the laminates by assessing all important sources of parametric uncertainties. In
order to avoid the computational burden associated to the large number of random variables, the polar method (Vannucci, Meccanica, 2005) is used to
model composite layup with material behaviour invariants, thus resulting in a dramatic reduction of the stochastic dimensions. Moreover, an efficient non-
intrusive stochastic spectral projection method (Chassaing et al., JSV, 2012), based on a piecewise generalized Polynomial Chaos basis, is employed to
deal with the highly nonlinear response of the flutter speed to the input uncertain parameters.

9388 | Full bandgap for in-plane waves in thin plates: numerical modelling and experiment (2. Analysis of composite beams,
plates and shells)

Méndez-Sánchez, Rafael (mendez@fis.unam.mx), Instituto de Ciencias Físicas, Universidad Nacional Autónoma de México, Apartado Postal 48-3, 62210
Cuernavaca Mor., Mexico, Mexico
Ramírez-Ramírez, Filiberto (mayor_filiberto@hotmail.com), Área de Física Teórica y Materia Condensada, Universidad Autónoma Metropolitana-
Azcapotzalco, Apartado Postal 21-267, 04000 México D. F., Mexico, Mexico
Franco-Villafañe, John (jofravil@gmail.com), Instituto de Ciencias Físicas, Universidad Nacional Autónoma de México, Apartado Postal 48-3, 62210
Cuernavaca Mor., Mexico, Mexico
Báez, Gabriela (gbaez69@gmail.com), Área de Física Teórica y Materia Condensada, Universidad Autónoma Metropolitana-Azcapotzalco, Apartado
Postal 21-267, 04000 México D. F., Mexico, Mexico 

We show the existence of a full bandgap for in-plane waves in an locally periodic thin plate. The structured plate is constructed by machining a grid of
grooves in a rectangular plate; the final result is a plate with two thicknesses with high contrast. The theoretical band structure, on the one hand, was
calculated using the plane wave expansion method applied to the classical theory of in-plane vibrations in thin plates (in two dimensions). For the locally
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periodic plate finite elements were used. The experiments, on the other hand, were realized using acoustic resonance spectroscopy and electromagnetic-
acoustic transducers. The agreement between experiment and theory is excellent for the first bandgap if an effective parameter, that takes into account
the effect of the non-uniform elastic depression in the boundary between the two thicknesses, is used.

9477 | Stresses Around Various Holes in Composite Laminates using Stroh formalism (2. Analysis of composite beams, plates
and shells)

M. Ramesh Babu (rameshbabu060570@gmail.com), Aurora’s Research and Technological Institute Shyampet Jagir,Hunter Road, Hunter Road-506 001,
A.P, INDIA, India
D.K. Nageswara Rao (rihitta_manda@yahoo.com), Aurora’s Research and Technological Institute Shyampet Jagir,Hunter Road, Hunter Road-506 001,
A.P, INDIA, India
T. Srihari (srihari.t@gmail.com), TKR College of Engineering & Technology, Hyderabad-500 079, A.P, INDIA, India 

Using Stroh formalism, a general solution for stresses around various shapes of holes in symmetric laminates under In-plane loading has been presented
in this paper. This is achieved by using Savin’s mapping function in a generalized form and introducing the arbitrary biaxial loading condition into the basic
equations of Stroh formalism. This is a one stop solution for all kinds of in-plane loading on symmetric laminates as well as isotropic plates with any shape
of cutouts. The results are obtained by introducing the various parameters such as mapping function constants for holes, biaxial load factor and load angle
for loading conditions, laminate geometry, angle for fiber orientation, materials constants for isotropic and anisotropic into the MATLAB programe. The
type of loading, material properties, laminate geometry and fiber orientation have significant effect on the location of maximum stress around the hole. The
results obtained by this solution for holes such as triangle, rectangle, ellipse and circle in graphite/ epoxy [0/90]s laminate under x-axis loading have been
validated with ANSYS software. It is noticed that the results from ANSYS software have good agreement with the present solution.

9503 | Meshless natural neighbor Galerkin method for nonlinear analysis of composite laminates (2. Analysis of composite
beams, plates and shells)

Preethi Kasirajan (CE13P1008@iith.ac.in), IIT Hyderabad, India
Amirtham Rajagopal (rajagopal@iith.ac.in), IIT Hyderabad, India 

A meshless natural neighbour galerkin approach for geometricaly nonlinear analysis of laminates is presented.
The $C^0$ natural neighbor interpolation function is implemented for
geometric nonlinear analysis. The third order shear deformation theory [1] is adopted for laminate
analysis. The geometric nonlinearity is based on the von K$\grave{a}$rm$\grave{a}$n’s assumptions. The nonlinear
static and dynamic analysis is carried out with step loading and Newton-Raphson iterative method. The natural neighbour Galerkin method [2] has distinct
advantages of geometric flexibility, like in 
meshless method. The compact support and the connectivity between the nodes forming the compact
support are performed dynamically at the run time using the natural neighbor concept. By this method
the nodal connectivity is imposed through nodal sets with reduced size, reducing significantly the computational
effort in construction of the shape functions. Smooth non-polynomial type interpolation functions [3] 
are used for the approximation of inplane and out of plane primary variables. The use of nonpolynomial
type interpolants has distinct advantage that the order of interpolation can be easily elevated
through a degree elevation algorithm, thereby making them suitable also for higher order shear deformation
theories. The evaluation of the integrals is made by use of Gaussian quadrature defined on background
integration cells. Numerical examples are presented to demonstrate the efficacy
of the present numerical method in calculating deflections, stresses and natural frequencies in comparison
to the Finite element method, and other meshless methods available in the
literature.
[1] Reddy, J. N., " A Simple Higher-Order Theory for Laminated Composite Plates," \emph{J. Appl. Mech.}, Vol. 51(4), pp. 745-752, 1984.
[2] Madhukar, S., Amirtham R., "Meshless natural neighbour Galerkin method for the bending and vibration analysis of composite plates,"
\emph{Composite Structures}, Vol. 111, pp.138-146, 2014. 
[3] Amirtham, R., Scherer, M., Sukumar, N., Steinmann, P., "Smooth conformal $\alpha$ NEM for gradient elasticity," \emph{International Journal for
Structural Changes in Solids- Mechanics and Applications}, Vol. 1, pp.83-109, 2009.

9554 | Free vibration analysis of simply supported composite sandwich beams with a graded lattice core (2. Analysis of
composite beams, plates and shells)

Zhighai Wang (wasngzhihai@126.com), Harbin University of Science and Technology, China
Guo-dong Xu (275804663@qq.com), Harbin University of Science and Technology, China
Tao Zeng (taozeng@hrbust.edu.cn), Harbin University of Science and Technology, China
Su Cheng (34804361@qq.com), Harbin University of Science and Technology, China 

Consider a composite sandwich beam with laminated facesheets and a graded lattice core, whose mechanical properties are gradually changed in the
length direction. A new theoretical model was proposed to investigate the free vibration behavior of the graded lattice core sandwich beam. The core of
the studied beam is divided into some sub-layers and the mechanical properties in each sub-layer are assumed to be constant. Combined with the
boundary and continuous conditions, the problem can be turned into a group of linear algebraic equations. Then, the natural frequencies and mode
shapes of composite sandwich beams can be obtained by solving these equations. The influences of material properties and geometric parameters on the
free vibration behaviors of composite sandwich beam are analyzed. The predictions of vibration parameters of the beams, such as the natural frequencies
and mode shapes, are compared with experimental values.

7027 | Programmable cellular solids (3. Auxetic materials and structures)

Babak Haghpanah (bhaghpan@coe.neu.edu), Northeastern University, United States America
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Hamid Ebrahimi (ebrahimi.mech@gmail.com), Northeastern University, United States America
Davood Mousanezhad (davood.mousanezhad@gmail.com), Northeastern University, United States America
Ashkan Vaziri (avaziri2@gmail.com), Northeastern University, United States America 

Advanced programmable materials with the ability of reversible, real-time control of moduli and topology can be used to manufacture the energetically
efficient and multifunctional morphing structures of the future. Furthermore, these capabilities in solids can find significant application in advanced
mechanical components, protective structures and biomedical devices. Here, we propose a novel concept for controlling the linear and non-linear elastic
properties of cellular structures via electromagnetically triggered mechanisms in the cellular solid. Three structural systems with orthotropic material
properties were proposed and studied numerically, experimentally and analytically. Using the proposed concept, the elastic modulus can be controlled
over 2 to 4 orders of magnitude. The Poisson ratio of the isotropic structure can be varied from 0 to 0.5 continuously. The adjustments over nonlinear
elastic (i.e. buckling) behavior of the structure are achieved by activation of supplementary cell walls in the lattice through electromagnetic actuation.
Magnetic actuation will hamper the first symmetrical buckling pattern of the structure and force the structure to buckle according to a higher buckling
pattern with smaller sinusoidal wavelength in the cell walls. The uniaxial buckling strength of the structure was tuned over 2 orders of magnitude.

6884 | One-step synthesis and characterization of nanocomposite based on carbon nanotubes/aluminum and their
reinforcement properties (4. Poster Session)

Reis, Marcos A. L. (marcosallan@ufpa.br), Federal University of Para, Brazil
Simões, Sónia (ssimoes@fe.up.pt), University of Porto, Portugal
Rodrigues, Elizabeth M. S. (beth@ufpa.br), Federal University of Para, Brazil
Viana, Filomena (mvieira@fe.up.pt), University of Porto, Portugal
Vieira, Maria T. F. (teresa.vieira@dem.uc.pt), University of Coimbra, Portugal
Jordan Del Nero (jordan@ufpa.br), Federal University of Para, Brazil
Vieira, Manuel F. (mvieira@fe.up.pt), University of Porto, Portugal 

A nanocomposite based on carbon nanotubes/aluminum (CNT/Al) was one-step prepared by DC arc discharge under a mixed atmosphere of
argon/acetone. Synthesis was performed by arc plasma on high pure graphite rod, filled by aluminum powder as anode and aluminum plate as cathode.
Discharge conditions of 85 A and 20 V were used at a pressure range of 375 to 750 Torr. The CNT/Al nanocomposite was characterized by Scanning
Electron Microscopy with Energy Dispersive Spectroscopy; Transmission Electron Microscopy; Thermogravimetric Analysis; X-Ray Diffraction; Raman
Spectroscopy and Laser Diffraction Particle Size Analysis. The results showed CNT and carbon nano-onions filled with Al4C3, agglomerate sizes
distributions range of 4.85 to 10.71 μm, inner diameters of 10 nm to 25 nm for multi walled carbon nanotubes with wall numbers of 5 to 10 and single
walled carbon nanotubes were also obtained at ~6.0% wt representing a high yield at ~95% wt of CNT and metal particles in the nanocomposite.

6931 | A numerical simulation of the strength and stiffness of hollow cylindrical composite structures (4. Poster Session)

Zeleniakiene, Daiva (daiva.zeleniakiene@ktu.lt), Kaunas University of Technology, Lithuania
Griskevicius, Paulius (paulius.griskevicius@ktu.lt), Kaunas University of Technology, Lithuania
Leisis, Vitalis (vitalis.leisis@ktu.lt), Kaunas University of Technology, Lithuania 

The object of the investigation was a cylindrical structure made of sandwich composite with facesheets from filament wound glass fibre and polyvinylester
resin and a core from recycled paper hexagonal honeycomb impregnated with polyvinylester resin. 
The aims of the study were: to verify experimentally the numerical models of materials and sandwich structure for the investigation of the strength and
stiffness of hollow cylindrical structures; using verified numerical model to determine the optimal geometrical parameters which ensures the stiffness and
strength properties with the largest efficiency of fibre reinforced plastic volume usage of cylindrical structures.
Using experimentally obtained data of materials properties and the finite element (FE) code LS-DYNA the numerical FE model of sandwich structure was
designed. To verify the FE model three different tests were performed. In the first step the verification of the numerical material model by simulating the
uniaxial tensile test of facesheets has been performed. The numerical results of elastic behaviour showed good agreement with experimental stress –
strain curve. 
The verification of sandwich structure model was performed by simulating three points bending and the compression of hollow cylinder tests. In both the
numerical and experimental investigations the force and deflection were measured and compared. During the ring compression tests the core failure was
followed after debonding as in three point bending test. Debonded zones of tested specimens coincided with the FE simulation results. 
The verified model allowed investigation of the stiffness and strength of cylindrical structures and determination of the optimal geometrical parameters. 

7088 | Numerical-experimental failure analysis of composite columns with open cross-sections under uniform
compression (4. Poster Session)

Debski, Hubert (h.debski@pollub.pl), Lublin University of Technology, Poland
Teter, Andrzej (a.teter@pollub.pl), Lublin University of Technology, Poland
Jonak, Jozef (j.jonak@pollub.pl), Lublin University of Technology, Poland 

The short thin-walled columns with top-hat cross-sections, simple supported on both ends under uniform compression were considered. The columns
were made of carbon-epoxy laminate. Experimental studies of limit states and FEM numerical simulations were conducted. The non-linear buckling
problem was calculated for structures with initiated geometrical imperfections, the amplitude of which was 0.1 of the column’s wall thickness. The finite
element analysis was performed using the commercial software suite Abaqus. The geometrically non-linear problem was solved using the incremental-
iterative Newton-Raphson method, which allowed to calculate post-buckling states of the compressed composite columns until their failure. The composite
material’s failure was evaluated with the Tsai-Wu tensor criterion, based on the experimentally measured limit values of the composite material. The
composite’s failure was defined as the load corresponding to meeting the failure parameter in the first ply, while the limit load was defined as the load
corresponding to the meeting of the Tsai-Wu failure criterion in all plies of the laminate. The numerical and experimental results show good agreement,
which confirms the suitability of the designed simulation models for analyzing the problems of stability and load capacity of thin-walled composite
structures.
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7090 | Failure analysis of thin-walled composite channel section column (4. Poster Session)

Debski, Hubert (h.debski@pollub.pl), Lublin University of Technology, Poland
Jonak, Jozef (j.jonak@pollub.pl), Lublin University of Technology, Poland 

The paper presents results of a numerical and experimental analysis of post-critical and limit states of a thin-walled channel-section simply supported
columns under axial compression. The columns was made of carbon-epoxy symmetrical composite prepared with a pre-preg technology using 8 layers of
unidirectional band. The research was lead as the FEM numerical analyses and experimental tests in post-buckling and limit states, as well. The problem
of non-linear stability of thin-walled columns was solved using high deflections. The numerical computations were performed with the incremental-iterative
Newton-Raphson method, which allowed us to examine the structure’s post-buckling equilibrium path in the function of load. The composite material’s
failure load was determined with the Tsai-Wu tensor criterion. In the simulations we used limit parameters of the composite material as determined in the
experiments. The applied failure criterion allowed us to determine the critical load of the composite’s first ply, denoted as failure initiation load Pf(ini)-FEM.
In addition, the critical load of all plies was assumed to correspond to the limit load Pf-FEM, which is when the column loses its total load capacity. The
high agreement of the experimental and numerical results proves the suitability of both the designed numerical models and of the applied Tsai-Wu
criterion for estimating the composite’s failure.

7095 | Continuous Basalt Fiber as Reinforcement Material in Polyester Resin (4. Poster Session)

Erlendsson, Jon O. (jone04@ru.is), Reykjavik University, Iceland
Thorhallsson, Eythor R. (eythor@ru.is), Reykjavik University, Iceland 

Industry is always striving to find new and better materials to manufacture new or improved products. With this context, energy conservation, corrosion,
sustainability and other environmental issues are important factors in product development. Basalt fibers are a new natural material produced from
igneous rock which can provide high strength relative to weight. The objective of this project was to examine whether a composite material made of
polyester resin reinforced with basalt fibers, could be used for engineering structures. The project was based on a basic research of material properties
where specimens made of basalt fibers in polyester resin were constructed and tested according to the ASTM standards. Three types of test were
performed: Uniaxial tensile test, compression test and in plane shear test. The results of the material testing indicated that basalt fibers can be used as
reinforcement material in polyester resin, to create a composite structural material with acceptable engineering properties. 
The results were compered E-glass fabrics in epoxy resin. The sum of ultimate tensile strength of both directions (longitudinal 0° and transverse 90°
direction) became 19.3% stronger in basalt fabric than the E-glass fabric. The ultimate tensile strain in the basalt fabric became more then 50% higher
than in the E-glass fabric. 

7622 | EVALUATION OF THREE-POINT BENDING FRACTURE TESTS OF SELECTED CONCRETE – PART I:
MECHANICAL FRACTURE PARAMETERS (4. Poster Session)

Šimonová Hana (simonova.h@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Institute of Structural Mechanics, Czech Republic
Havlíková Ivana (havlikova.i@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Institute of Structural Mechanics, Czech Republic
Daněk Petr (danek.p@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Institute of Building Testing, Czech Republic
Keršner Zbyněk (kersner.z@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Institute of Structural Mechanics, Czech Republic 

The relationships between durability parameters of selected cement-based composites and parameters which quantify content of microcracks,
respectively resistance to their stable and unstable propagation is examined within the project of the Grant Agency of the Czech Republic "Evaluation and
prediction of the durability of the surface layer of concrete". Present research is aimed especially at the determination of the transport characteristics of the
concrete cover layers determined by the water and gas permeability methods. These so-called "durability parameters" are completed especially with the
fracture parameters (e.g. fracture toughness and energy) and basic physical and mechanical properties of fresh and hardened concrete.
In this paper authors focus attention on mechanical fracture parameters obtained from records of three point bending fracture test on concrete specimens
with central edge notch. Total ten sets of specimens were tested. Three specimens at the age of 28 days were tested in each set. Concrete of each set of
specimens was different in dosage of Portland cement CEM I 42.5 R and amount of used superplasticizer. The effective crack extension method was used
to evaluate the load–deflection diagrams. Resistance to stable and unstable crack propagation, which is evidently connected with durability of material,
was quantified using double-K fracture model. 

7683 | EVALUATION OF THREE-POINT BENDING FRACTURE TESTS OF SELECTED CONCRETE – PART II: RESULTS
OF ACOUSTIC EMISSION METHOD (4. Poster Session)

Topolář Libor (topolar.l@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Czech Republic
Matysík Michal (matysik.m@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Czech Republic
Daněk Petr (danek.p@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Czech Republic
Pazdera Luboš (pazdera.l@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Czech Republic 

Mechanical properties and their characteristics in accordance of quantity and loading type enable to dimension significant construction parts and to
determine their reliability, which determine so-called limiting state. A limiting state is a condition of a structure beyond which it no longer fulfils the relevant
design criteria.
The relationships between durability parameters of selected cement-based composites and parameters which quantify content of microcracks,
respectively resistance to their stable and unstable propagation is examined within the project of the Grant Agency of the Czech Republic "Evaluation and
prediction of the durability of the surface layer of concrete". Present research is aimed especially at the determination of the transport characteristics of the
concrete cover layers determined by the water and gas permeability methods. These so-called "durability parameters" are completed especially with the
fracture parameters (e.g. fracture toughness and energy) and basic physical and mechanical properties of fresh and hardened concrete.
In this paper authors focus attention on acoustic emission parameters obtained from records of three point bending fracture test on concrete specimens
with central edge notch. Total ten sets of specimens were tested. Three specimens at the age of 28 days were tested in each set. Concrete of each set of
specimens was different in dosage of Portland cement CEM I 42.5 R and amount of used superplasticizer.
Acoustic Emission Method is considered quite unique among the non-destructive testing methods. In contrast to other Non-destructive methods, however,
Acoustic Emission Method is usually applied during loading, while most others are applied before or after loading of a structure. Following these
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arguments, and according to the way in which the signals are recorded, Acoustic Emission is correctly described as non-destructive. On the other hand,
Acoustic Emission is often used to detect a failure at a very early stage, long before a structure completely fails.

7813 | Finite Element Analysis of the Effects of Polymer Shrinkage on Composite Fracture Toughness (4. Poster Session)

Wang, Wenhai (whwang@temple.edu), Temple University, United States America
Sadeghipour, Keya (keya@temple.edu), Temple University, United States America
Baran, George (grbaran@temple.edu), Temple University, United States America 

Experimental results have shown that polymer composites with high fracture toughness tend to have high fatigue wear resistance. In this study, we are
trying to understand if the residual stress stored in the matrix due to polymerization shrinkage during curing has any effect on composite fracture. A multi-
scale finite element model (FEM) has been developed to study the interaction between the crack and the reinforcing particles. In this model, crack
nucleation and propagation and the effect of particle/matrix/interphase material properties can all be characterized by cohesive elements and their
traction-separation behavior. The advantage of this methodology for modeling fracture behavior is that macroscopic fracture criteria are not needed. A 3-
point bending macro-scale FEM serves to calibrate the deformation gradient of the study zone in front of the crack tip. A microscopic unit cell model was
used to simulate the crack propagation. Three types of interphase were compared: (1) matrix and particle bonded without interphase, (2) matrix and
particle bonded with a silane interphase, and (3) matrix and particle bonded with a beta-peptide (high deformation) interphase. Three residual strains, -2,
-4, and +2% and their effect on fracture toughness were examined, even though in reality a positive strain would require the polymer to expand during
curing. Results show that different strain originating from the curing process have different effects on fracture propagation and energy dissipation rates for
the composites with the three different types of interphases. For the non-bonded interphase, the crack propagates along the particle surface. For bonded
interphases, the crack propagates at some distance from the particle surface.
The support of the NIH through grant DE 019885 is gratefully appreciated.

7875 | THE ULTIMATE RESISTANCE MOMENT OF REINFORCED CONCRETE BEAMS STRENGTHENED WITH CFRP (4.
Poster Session)

Skuturna, Tomas (tomas.skuturna@vgtu.lt), Vilnius Gediminas Technical University, Lithuania
Valivonis, Juozas (juozas.valivonis@vgtu.lt), Vilnius Gediminas Technical University, Lithuania 

This paper presents an experimental study to investigate the ultimate moment resistance of reinforced concrete beams strengthened with external CFRP
reinforcement. The experimental test consisted of thirty one beams. The main purpose of experimental program was to investigate the influence of
anchoring of external reinforcement. Four different ways for anchoring of external reinforcement were used. The experimental results of the ultimate
resistance moment and failure modes were analysed. The analysis of experimental research shows how anchoring of external reinforcement affects the
performance and ultimate moment of strengthened reinforced concrete beams.

7885 | Some problems of modeling of hyperbolic heat conduction in laminates by using TAT (4. Poster Session)

Radzikowska Alina (alina.radzikowska@p.lodz.pl), Technical University of lodz, Poland 

Some problems of modeling of hyperbolic heat conduction in laminates by using TAT

In the paper, two-component laminates made of homogeneous conductors, distributed as laminas along one direction, are considered. In order to analyse
heat conduction, the Cattaneo law and the approach, called the tolerance averaging technique (TAT) [1,2], is used. The aim of the dissertation is deriving
equations of the tolerance model of hyperbolic heat conduction.

References

1. Woźniak Cz., Wierzbicki E.: Averaging techniques in thermomechanics of composite solids. Tolerance averaging versus homogenization, Częstochowa,
2000.

2. Woźniak Cz., Michalak B., Jędrysiak J.: Thermomechanics of microheterogeneous solids and structures. Tolerance averaging approach, Łódź, 2008.

7892 | Simulation of process-induced failure behavior in cutting operations of hybrid FRP-metal composites by means
of FEM (4. Poster Session)

Dröder, Klaus (k.droeder@tu-bs.de), Institute of Machine Tools and Production Technology, University of Braunschweig, Germany
Gebken, Tobias (t.gebken@tu-bs.de), Institute of Machine Tools and Production Technology, University of Braunschweig, Germany
Gerdes, Arne (arne.gerdes.sitech@volkswagen.de), Sitech GmbH, Germany
Große, Thomas (t.grosse@tu-bs.de), Institute of Machine Tools and Production Technology, University of Braunschweig, Germany
Plath, Armin (armin.plath@volkswagen.de), Volkswagen AG, Germany 

Lightweight design for high-volume production is a key factor in the process of CO2 reduction in the sector of mobility. Novel approaches towards
innovative lightweight design aim to tap the potential of lightweight structures by combining both metal and fiber-reinforced plastics (FRP) in one part, thus
producing hybrid structures which constitute an adequate substitution of mechanical properties at considerably lower weight. 

Hybrid lightweight design offers vast opportunities of application, e.g. in aerospace engineering. However, machining operations, e.g. for rivet holes, are
somewhat difficult to conduct as the individual components require contrary machining parameters. Thus, machining of hybrid FRP-metal parts often
results in delamination of material layers as well as low quality processing results. 

To simulate the impact of delamination and fiber breakage effects, a new three-dimensional FEM model was set up in ABAQUS. For this investigation,
drilling, punching and trimming operations were taken into account. Therefore, Johnson-Cook and Hashin-Puck failure models were employed. To validate
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the numerical FEM model, different tools, tool geometries and machining strategies were used. Moreover, the cutting process of the FRP-metal composite
was explored in experiments to analyze fracture behavior, whereas the results were used to investigate machining accuracy. In addition the scientific
findings were then used for model validation and visual process optimization as well as optimization of the FEM model for a better conformity with real
material behavior.

8090 | Temperature dependence of Young’s modulus of porous kaolin-based composite ceramics prepared by starch
consolidation casting with different amounts of alumina (4. Poster Session)

Gregorova, Eva (eva.gregorova@vscht.cz), ICT Prague, Czech Republic
Pabst, Willi (pabstw@vscht.cz), ICT Prague, Czech Republic
Uhliřová, Tereza (tereza.uhlirova@vscht.cz), ICT Prague, Czech Republic 

This work concerns the preparation of porous multiphase (composite) ceramics by starch consolidation casting of aqueous suspensions using kaolin and
alumina as raw materials in volumetric ratios of 2:3 (A40K60) and 3:2 (A60K40), respectively. Potato starch has been used as a pore former and stiffening
agent. After firing at 1100, 1300 and 1400 °C the samples have been characterized with respect to shrinkage, bulk density (Archimedes technique), phase
composition (XRD with Rietveld refinement), apparent density and pore size distribution (mercury porosimetry). Young’s moduli have been measured in
the temperature range from room temperature up to 1000 °C via impulse excitation (according to ASTM E 1876-99) using high-temperature equipment
(IMCE resonant frequency and RFDA 23 with furnace HT 1600). Based on the phase composition determined by XRD, literature data for mullite and
alumina and estimates concerning the glass phase (content and properties) Young’s moduli of the solid phase mixture are calculated. Also true densities
are calculated and cross-checked with the apparent densities from mercury porosimetry. Finally, taking into account porosity and assuming a widely
confirmed exponential dependence, effective Young’s moduli are calculated and compared with the measured values. The results demonstrate the close
correlation between phase composition and microstructure on the one hand and the high-temperature elastic properties on the other. In particular, higher
alumina contents increase the Young’s modulus and contribute to an improved stability at high temperatures.

8093 | Novel carbon nanostructures as modifiers of elastic and electrical properties of polyvinylalcohol composites (4.
Poster Session)

Zicans, J. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Latvia
Merijs Meri, R. (remo.merijs-meri@rtu.lv), Riga Technical University, Institute of Polymer Materials, Latvia
Ivanova, T. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Latvia
Berzina, R. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Latvia
Kokars, V. (zicans@ktf.rtu.lv), Riga Technical University, Faculty of Materials Sciences and Applied Chemistry, Department of Chemistry, Latvia 

Design of novel composite materials nowadays is largely based on the synthesis of tailored nanolevel structures and their subsequent integration in the
purposefully selected polymer matrices. Additives, such as graphite, graphene and carbon nanotubes, gain especial attention by considering their unique
thermal, electrical and mechanical properties. It is, however, important to avoid nanofiller agglomeration during processing as well as to ensure sufficient
interfacial adhesion with polymer matrix. These aims can be achieved by regulation of the interactions in the polymer matrix-nanofiller interface by
purposeful covalent or non-covalent modification of the constituents of the multi-component system in situ or ex situ. Considering previously mentioned
statements, the current research is devoted to investigation of the effects of organically modified carbon nanofillers on the structure and performance of
polyvinylalcohol (PVOH), broadly used in industrial adhesive, textile, paper and other industries.
Graphite (G), graphite oxide (GO), reduced graphite oxide (RGO) and their organically modified (OM) counterparts have been introduced in the PVOH
matrix within broad concentration range (0.1 to 5 wt.%). The nanocomposites have been obtained by means of solution casting method. Nanocomposites
design and manufacturing parameters has been optimized. Especial attention has been paid to optimization of film forming behaviour of the
nanocomposites. X-ray diffraction measurements, morphological characterization, thermogravimetric analysis, thermo-physical properties
characterization, dielectric measurements and dynamic mechanical thermal analysis have been performed to characterize structure and some exploitation
characteristics of the manufactured PVOH matrix nanocomposites.
Results of thermogravimetric analysis of the used carbon nanofillers testify that thermal stability of RGO and RGOs treated with OMs prevail that of GO.
Considerable weight loss of GO between the range of 100–160°C is evidently attributed to dehydration, as well as hydroxyl and carboxyl decomposition.
Considerably smaller weight losses of RGO and OM treated RGOs could testify about the fact that most of the oxygen-containing groups have been
removed on GO after reduction. Besides it has been observed that diazonium salt OM appeared to be more effective in respects of thermal stability of the
investigated carbon nanostructures in comparison to polyvinylpirrolidone. 
Results of the structural investigations testify that diffraction peaks of the investigated carbon nanostructures after reduction are shifted to the direction of
higher 2Θ values in respect to GO, testifying about the processes of removing intercalated water molecules and the oxide groups. The effect of the used
OMs (either polyvinylpirrolidone or diazonium salt) in increasing interlayer space between graphene monolayers, however, is comparatively low. 
Nevertheless it has been observed that modification of PVOH with OM treated carbon nanostructures allow considerably increase storage modulus as
well as electrical conductivity of the nanocomposites. However, it should be mentioned that the effect of OM modified GO or RGO addition to the electrical
and mechanical properties of the investigated PVOH matrix nanocomposites considerably depends on the intrinsic properties of the nanofiller chosen.

8223 | Hybrid steel-polypropylene fiber for shear strengthening of reinforced high performance concrete beams with
and without openings (4. Poster Session)

Smarzewski, Piotr (p.smarzewski@pollub.pl), Lublin University of Technology, Faculty of Civil Engineering and Architecture, Poland
Barnat-Hunek, Danuta (d.barnat-hunek@pollub.pl), Lublin University of Technology, Faculty of Civil Engineering and Architecture, Poland 

The article presents the results of a research work aimed at testing the use of hybrid steel-polypropylene fiber as a strengthening solution to upgrade
reinforced high performance concrete (HPC) beams with (BO1÷BO3) and without openings (B1÷B3). A total of six beams were constructed and tested
under a four-point bending. Test member had a cross section of 200 x 400 mm and a total length of 2500 mm. Two square openings in each shear span
were located symmetrically about the mid-point in three beams. Research was carried out with regard to the quantity and the type of reinforcement.
Beams B1 and BO1 were constructed conventionally with reinforcement made of steel rods. As regards the remaining beams, instead of stirrups and
compressive rods, fibre reinforcement of variable fibre volume percentage was applied. In the analysis, a non-contact system for three-dimensional
measurements of strain – ARAMIS was used. The analysis of the behaviour of the beams under static load was based on the measurements of crack,
deflection and strain. The test results show that the first crack shear strength and the ultimate shear strength increase significantly as the fibre content



08/05/15 15:14Conferências 5: Book of Abstracts

Page 36 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

increases. The present study indicates that hybrid fibre reinforcement can reduce the number of shear stirrups required and that the combination of fibers
and stirrups may meet the requirements related to strength and ductility. The comparative analysis of the numerical results with experimental data was
presented for the examples of the reinforced HPC - BO3 and B3 beams under static load. The comparison of the obtained results indicates the
correctness of the assumptions and constitutive models of HPC, reinforcement steel, steel and polypropylene fiber. Numerical results of the smeared
crack patterns are qualitatively agreeable regarding localization, direction and concentration with experimental results. The full nonlinear load-deformation
at midspan response of the model produced compares well with the experimental response. The numerical solutions obtained for the reinforced HPC
beams are coherent with the experimentally obtained results.

8225 | Experimental and theoretical investigation on shear of steel-polypropylene fiber reinforced high performance
concrete deep beams with and without openings (4. Poster Session)

Smarzewski, Piotr (p.smarzewski@pollub.pl), Lublin University of Technology, Faculty of Civil Engineering and Architecture, Poland
Barnat-Hunek, Danuta (d.barnat-hunek@pollub.pl), Lublin University of Technology, Faculty of Civil Engineering and Architecture, Poland 

The article presents an experimental-analytical investigation which deals with the behaviour and the ultimate strength of hybrid steel-polypropylene fibre
reinforced high performance concrete (HFRHPC) deep beams with openings (DBO) and without openings (DB) in web tested under a three-point bending.
A total of six HFRHPC deep beams of dimensions 1000 mm x 500 mm x 100 mm were tested to failure by applying gradually increased load. Simply
supported conditions were maintained for all specimens. Research was carried out with regard to the quantity and the type of reinforcement. The deep
beams were reinforced by vertical, horizontal, orthogonal steel bars and steel and polypropylene fibres in various arrangements. The deep beams DB1,
DBO1 were constructed conventionally with reinforcement made of steel rods. As regards to the remaining deep beams, instead of the steel wire mesh,
fibre reinforcement of variable fibre volume percentage was applied. The analysis of the general behaviour of the deep beams under static load was
investigated. The influence of fiber content in the specimens has been studied by observing the crack patterns, failure modes and by measuring
deflections on mid-span and loading point and shear strengths. In the analysis, deep beams without openings (DB) non-contact ARAMIS system for three-
dimensional measurements of strain and displacement was used. A method of analysis for shear strength prediction of HFRHPC deep beams without and
containing openings strengthened with hybrid fibre were studied and compared with the experimental values. The above study indicates that the quantity
of web reinforcement, in the form of hybrid fibers or as steel reinforcement is the principal parameter that has an effect on the strength of deep beams.

8233 | Synthesis and characterization of nanocellulose -based bioplasticizers for preparation of medical grade PVC (4.
Poster Session)

Hossein Ali Khonakdar (hakhonakdar@gmail.com), Islamic Azad University-Omidiyeh , Iran
Jafar Khademzadeh Yeganeh (jkh.yeganeh@yahoo.com), Qom University of Technology, Iran
Fatemeh Goharpey (halikh@yahoo.com), Amirkabir University of Technology, Iran 

We investigated the correlation between the time evolution of the different phase-separating morphologies and corresponding linear and transient
rheological behaviors for the dynamically asymmetric PS/PVME (polystyrene/polyvinyl methyl ether) blend in which there is a large difference between
glass transitions of the pure components (about 125 oC). The phase diagram was obtained from dynamic temperature sweep experiments. Phase
contrast optical microscopy was employed to investigate morphological evolution of PS/PVME blends at various regions of obtained phase diagram. The
sensitivity of different rheological analyses was examined to distinguish different phase separation mechanisms from each other, including nucleation and
growth (NG), spinodal decomposition (SD), and viscoelastic phase separation (VPS). We found that a combination of experimental and theoretical studies
of the linear and nonlinear rheology could provide satisfactory criteria to distinguish effectively samples phase separating by different mechanisms.

8298 | Novel PVA-fullerenol composite membranes: structure, transport, and thermal properties (4. Poster Session)

Sokolova, M.P. (pmarip@mail.ru), St.Petersburg State University, Russian Federation
Penkova, A.V. (anast.chem@gmail.com), St.Petersburg State University, Russian Federation
Dmitrenko, M.E. (dmitrenko.me@mail.ru), St.Petersburg State University, Russian Federation
Toikka, A.M. (toika@yandex.ru), St.Petersburg State University, Russian Federation 

Development of chemical technology using membrane processes requires the search of new membrane materials with improved physico-chemical and
transport properties. One of the most promising ways for this purpose is the modification of polymers by functionalized carbon nanoparticles [1-2] because
of their good dispersion. In the present research the modification of PVA by fullerenol C60(OH)22-24 are studied. 

Fullerene with attached hydroxyl groups (fullerenol) is the perspective candidate due to its good solubility in water and ability to react with polymer side
groups with the formation of covalent bounds that leads to the change of membrane morphology and membrane transport parameters. Structure and
morphology of such hybrid membranes were investigated by X-ray analysis, atomic force microscopy and scanning electron microscopy. Thermal
characteristics of PVA-fullerenol membranes were measured by thermal gravimetric analysis and differential scanning calorimetry. The transport
properties of membranes were studied under separation of various binary and multicomponent mixtures by pervaporation. Sorption experiments with
membranes were also conducted.

It was shown that the addition of fullerenol to polyvinyl alcohol matrix improves its transport characteristics and physico-chemical properties. These
observations were explained by changes in the structure and the morphology of the membranes which are caused by fullerenol inclusion.

The authors acknowledge Saint-Petersburg State University for a research grant (12.38.257.2014)

[1] Penkova A.V., Polotskaya G.A., Gavrilova V.A., Toikka A.M., J.-C. Liu, Trchova M., Slouf M., Pientka Z. Polyamide Membranes Modified by Carbon
Nanotubes: Application for Pervaporation. // Separation Science and Technology, 45 (2010) 35–41.
[2] Penkova A.V., Polotskaya G.A., Toikka A.M., Trchova M., Slouf M., Urbanova M., Brus J., Brozova L., Pientka Z., Structure and Pervaporation
Properties of Poly(phenylene-iso-phtalamide) Membranes Modified by Fullerene C60. // Macromolecular Materials and Engineering, (2009), V. 294, p.
432-440.
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8370 | Electrospun MTMS/PVDF Nanofibrous Membranes for CO2 Absorption in Membrane Contactor applications (4.
Poster Session)

Yi-Feng Lin (yflin@cycu.edu.tw), Chung Yuan Christian University, Taiwan 

One-dimensional (1-D) electrospun nanofibrous membranes are well-established materials because of their low cost, simplicity, ease of scale-up and wide
range of applications. In this study, highly porous MTMS/PVDF nanofibrous membranes featuring hydrophobic fluorocarbon functional group
(fluoroalkylsilane, FAS) modifications were successfully prepared using an electrospinning process, and their performance in a membrane contactor for
CO2 absorption was investigated. The surface contact angle of MTMS/PVDF nanofibrous membranes submitted to three FAS modifications was
approximately 144°. The as-prepared FAS-modified MTMS/PVDF nanofibrous membranes were able to prevent wetting by an amine absorbent, therefore
allowing for long periods of continuous CO2 absorption over at least one day, with a CO2 absorption flux of approximately 1.0 mmol/m2s. Thus, the as-
prepared FAS-modified MTMS/PVDF nanofibrous membranes are not only durable but also reusable, which indicates that the material is also promising
for large-scale CO2 absorption during post-combustion process in power plants.

8374 | Composite Structure of Nb-Si-B Alloys Prepared by Spark Plasma Sintering Process (4. Poster Session)

Suk, Myung-Jin (panpani@kangwon.ac.kr), Kangwon National University, Korea, South
Kim, Sang-Hwan (tkdghks911@naver.com), Kangwon National University, Korea, South
Kim, Young Do (ydkim1@hanyang.ac.kr), Hanyang University, Korea, South
Oh, Sung-Tag (stoh@seoultech.ac.kr), Seoul National University of Science and Technology, Korea, South 

Ni-based superalloys, which have been extensively used for high temperature application, have made important contribution to enhance the performance
of the aircraft engines and gas turbines. However, the alloys have difficulty in that the service temperature is limited to around 1150C; most advanced
alloys melt at around 1350C. In this sense refractory metal-based composite materials are interesting for high temperature structural application because
of their high melting temperature, good mechanical properties and enhanced oxidation resistance. Of the refractory metal-based composite materials, Nb-
and Mo-based alloys have been considered as having the greatest potential for high temperature applications such as aircraft engines and gas turbines.
Especially Nb-Si-B and Mo-Si-B alloy systems are attractive because they are very tough composite materials with the microstructure where very hard
intermetallic compound can be uniformly distributed in the ductile matrix (Nb or Mo).
In the present work microstructural examination of the Nb-Si-B alloys at Nb-rich compositions was performed. The Nb-rich corner of the Nb-Si-B system is
favorable in that the constituent phases are Nb (ductile and tough phase with high melting temperature) and T2 phase (very hard intermetallic compound
with favorable oxidation resistance) which are good combination for high temperature structural materials. 
The samples containing compositions near Nb-rich corner of the Nb-Si-B ternary system were prepared by spark plasma sintering (SPS) process using T2
and Nb powders. T2 bulk phase was made in arc furnace by melting the Nb slug and the Si-B powder compact. The T2 bulk phase was subsequently ball-
milled to powders. SPS was performed at 1300-1500C under 34MPa for 10min, producing disc-shaped specimen with 14mm in diameter and 7mm high.
Hardness tests (Rockwell A-scale and micro Vickers) were carried out to estimate the optimal composition for good mechanical property.

8528 | Alumina/LZSA Glass Ceramic Based Multilayered Ceramic Composites (4. Poster Session)

Minatto, Flávia D. (flavia.dagostimminatto@gmail.com), Universidade do Extremo Sul Catarinense - UNESC, Brazil
Milak, Pâmela C. (pamela.milak@gmail.com), Universidade do Extremo Sul Catarinense - UNESC, Brazil
De Noni Jr., Agenor (agenordenoni@gmail.com), Universidade do Extremo Sul Catarinense - UNESC, Brazil
Montedo, Oscar Rubem K. (oscar.rkm@gmail.com), Universidade do Extremo Sul Catarinense - UNESC, Brazil 

With the aim of improving the toughness of ceramic materials, laminated composites have been successfully developed since Clegg et al. (1990) inserted
weak interfaces using very thin graphite layers between silicon carbide sheets and obtained a composite that exhibited non-catastrophic fracture
characteristics. The weak interface must allow the crack to deviate either by deflection or delamination; in other words, the interface must exhibit a fracture
resistance that is lower than that of the matrix layer. In parallel, ceramic laminated composites with strong interfaces were developed in which the residual
tensile and compressive stresses appeared in alternate layers during cooling after sintering. These composites are prepared by piling ceramic sheets
produced by lamination or tape casting or by the sequential formation of layers by slip casting, centrifugation or electrophoretic deposition. The techniques
may be combined to obtain a composite with the most adequate configuration. This work presents results related to the use of alumina/LZSA glass
ceramic based composites to obtain multilayered ceramic laminates as a toughening mechanism of ceramic plates.

Keywords: ceramic composites, multilayered structures, toughness, interfaces, fracture mode.

8529 | The Influence of the LZSA Glass-ceramic in the Wear of Alumina (4. Poster Session)

Milak, Pâmela C. (pamela.milak@gmail.com), Universidade do Extremo Sul Catarinense - UNESC, Brazil
Minatto, Flávia D. (flavia.dagostimminatto@gmail.com), Universidade do Extremo Sul Catarinense - UNESC, Brazil
Faller, Cristian A. (cristian.faller@hotmail.com), Universidade do Extremo Sul Catarinense - UNESC, Brazil
De Noni Jr., Agenor (agenordenoni@gmail.com), Universidade do Extremo Sul Catarinense - UNESC, Brazil
Montedo, Oscar Rubem K. (oscar.rkm@gmail.com), Universidade do Extremo Sul Catarinense - UNESC, Brazil 

Alumina belongs to that class of ceramic materials which is widely applied in the production of high-tech pieces, especially where the abrasive and erosive
wear are strongly demanded. The properties relative to wear of a ceramic material can be improved taking into account the characteristics of the used
oxide and the manufacturing process that defines its final microstructure. The effects of several parameters on the wear behavior of alumina have been
widely studied. It can be seen that the influence of grain size of alumina is a determining factor in this issue. On the other hand, the use of a specially
chose glass-ceramic composition could be used to improve the sintering (liquid phase sintering) and establish residual compressive stress in the interface
of alumina particles in order to improve the wear resistance. So, the aim of this work is to show results about the influence of the LZSA glass-ceramic in
the wear of alumina.

Keywords: Alumina, LZSA glass-ceramic, Wear.
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8575 | Polyamide/Silica Composite Membrane Applied to Separation of Aqueous Isopropanol Solution by Pervaporation
Process (4. Poster Session)

Huang, Shu-Hsien (huangsh@niu.edu.tw), National Ilan University, Taiwan
Hsu, Kai-Ting (candy7799@hotmail.com), National Ilan University, Taiwan
Lee, Kueir-Rarn (krlee@cycu.edu.tw), Chung Yuan University, Taiwan
Lai, Juin-Yih (jylai@cycu.edu.tw), Chung Yuan University, Taiwan 

The polyamide/silica composite membrane was prepared by the interfacial polymerization technique coupled with the sol-gel process. The modified
polyacrylonitrile (mPAN) membrane was immersed in the aqueous solution containing 1,3-cyclohexanediamine (CHDA) and 3-
aminopropyltrimethoxysilane (APTMOS) for 5 min. After removing the redundant aqueous solution, the surface of the mPAN membrane soaking the
aqueous solution contacted with the organic solution containing trimesoyl chloride (TMC) for 3 min to carry out the interfacial polymerization. The resulting
polyamide/silica composite membrane was applied to the dehydration of isopropanol (IPA) by the pervaporation separation process. The effect of the
APTMOS content on the pervaporation performance was investigated. Incorporating the inorganic silica particles into the interfacially-polymerized
polyamide layer can effectively restrain the swelling effect of the feed solution on the polyamide and promote the separation performance of aqueous IPA
solution.

8631 | Influence of the crack length on mode III results (4. Poster Session)

Bonhomme, Jorge (bonhomme@uniovi.es), University of Oviedo, Spain
Mollon, Victoria (mollonvictoria@uniovi.es), University of Oviedo, Spain
Viña, Jaime (jaure@uniovi.es), University of Oviedo, Spain
Argüelles, Antonio (antonio@uniovi.es), University of Oviedo, Spain 

Delamination failure is frequently found in composite structures. This fracture mode is produced by high interlaminar stresses due to material and
geometric discontinuities when the laminate is subjected to static forces, fatigue loads or impacts.
Delamination can be produced in three different modes: I, II and III. While modes I, II and mixed I/II have been widely covered by the scientific literature
and some tests to characterize these modes have been elevated to test protocols or international standards, mode III is still being studied in order to
obtain a uniform and pure mode III at the crack front. 
In this work, the influence of the effective crack length on a sample configuration prepared to delaminate under mode III has been studied by means of
Finite Element Analysis (FE) and Scanning Electron Microscopy (SEM). 
In order to perform the calculations an Ansys package was used. Samples with different crack lengths were modelled to study the influence of this
parameter on the force distribution and energy released at the crack front.
The sample implemented in the model had the bottom face with all degrees of freedom restricted while a force was applied to the other sublaminate in
perpendicular direction to the thickness of the laminate in order to create a scissoring delamination.
The material used to perform this study was a 32 ply unidirectional AS4/Hexcel 8552 epoxy laminate.
In order to calculate GI, GII and GIII energy release rates the Two Step procedure was followed. In the Two Step method, the crack path is modelled using
pairs of coincident nodes. The forces at the crack tip are calculated in a first step when the load reaches a critical value. The imposed displacement in the
sample is then held and the coupled degrees of freedom of the nodes at the crack tip are released in a second step. Displacements are then calculated in
this second step. This method is similar to the VCCT (Virtual Crack Closure Technique) except for the nodes where the forces are calculated. 
Different models were implemented with increasing crack length. In each model the force and released energy distribution along the crack front were
calculated.
For very short crack lengths it was found that mode III was predominant. Nevertheless mode III distribution was not uniform as the applied force produced
local effects due to the proximity of the load application point to the crack tip.
As the effective crack length increased, i.e. the load was applied further from the crack front, the local effects reduced, the distribution of mode III load in
the crack front was more uniform, but in contrast mode II increased its influence. In this case, mode II loads were high at the sample edges. In the middle
of the crack front mode III was predominant. 
Fractographic observations confirm FE analyses. Depending on the crack length and observation area along the sample width, the presence of mode II
and mode III topographic features were observed.

8647 | Poly(4-methyl-1-pentene) / metal-organic framework MIL-100 mixed matrix membranes for gas separation (4.
Poster Session)

Ywu-Jang Fu (fuj@mail.vnu.edu.tw), Vanung University, Taiwan
Li-Hua Cheng (chenglihua@zju.edu.cn), ZJU, China
Chia-Her Lin (chiaher@cycu.edu.tw), CYCU, Taiwan
Yu-Ching Huang (kay088985@gmail.com), CYCU, Taiwan
Chien-Chieh Hu (cchu@cycu.edu.tw), CYCU, Taiwan
Kueir-Rarn Lee (krlee@cycu.edu.tw), CYCU, Taiwan
Juin-Yih Lai (jylai@cycu.edu.tw), CYCU, Taiwan 

The study of mixed matrix membranes (MMMs) for gas separation received considerable attention in recent years. However, there are still many
uncertainties about the effect of inorganic additive on the gas separation performance, physical structure and the free volume of MMMs. In this study, we
use commercial poly(4-methyl-1-pentene) as matrix and metal-organic framework MIL-100 as additive. The mixed matrix membranes with different
amount of metal-organic framework MIL-100 were prepared by dry phase inversion method. The relationship between gas separation performance and
characteristics of MMMs was discussed in this work. SEM image showed that MIL-100 with good affinity to polymer and well disperse in the MMMs. The
permeability of MMMs increases with increasing MIL-100 loading, but selectivity decreases. Positron annihilation lifetime spectroscopy results indicated
that more and bigger free volume formed due to the addition of MIL-100.

8723 | INVESTIGATION OF SOUND ABSORPTION PROPERTIES OF ENVIRONMENTALLY MODIFIED AGAVE
AMERICANA FIBERS / POLYURETHANE COMPOSITES (4. Poster Session)
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Dilara Kocak (dkocak@marmara.edu.tr), Marmara Universty, Turkey
Nigar Merdan (nmerdan@ticaret.edu.tr), Istanbul Commerce Universty, Turkey 

In order to reduce the noise some alternative materials are produced. Generally synthetic fibre based materials are used for this applications but these
materials are not friendly for the environment and human health, and they are expensive as well.
Textile fibres are fibril structured materials so they have sound absorption properties. Acoustic panels used in buildings, automotive insulation materials,
covering fabrics used in concert halls are some of the application fields of these materials.
Except textile structures, porous materials used for noise control are generally categorized as fibrous medium or porous foam. Fibrous media usually
consists of glass, rock wool or polyester fibers and have high acoustic absorption. Sometimes fire resistant fibers are also used in making acoustical
products.
Textile fibres are fibril structured materials so they have sound absorption properties. Acoustic panels used in buildings, automotive insulation materials,
covering fabrics used in concert halls are some of the application fields of these materials.
Historic ruins showed that the origin of Agave Americana L. is Africa which has hot and dry climate. Afterwards Agave Americana started to spread in
North Africa, Arabian Peninsula, China and Mediterranean Region .
The Turkish name of this plant is "sari sabir" and the meaning is "yellow sword". The pedicle may grow up to 150 cm. Pipe like yellow flowers grow on the
pedicle. As the flowers of the plant sarı sabır are infertile its reproduction is realized through the separation of the young buds from the plant. The plants
usually have 12 to 16 leaves. Its life is around 12 years. When the plant is at the age of 4 it is considered to be grown. The leaf size of a 4 year old plant is
approximately 60 to 90 cm.
Alternatively, as a natural and environmentally friendly material, Agave Americana fibres have been tested for its sound absorption properties. Besides
being a hygienic material, Agave Americana fibres are a product of renewable bio-resources that makes it biodegradable. 
The Turkish name of this plant is "sarisabir" and the meaning is "yellow sword". The pedicle may grow up to 150 cm. Pipe like yellow flowers grow on the
pedicle. As the flowers of the plant sarısabır are infertile its reproduction is realized through the separation of the young buds from the plant. The plants
usually have 12 to 16 leaves. Its life is around 12 years. When the plant is at the age of 4 it is considered to be grown. The leaf size of a 4 year old plant is
approximately 60 to 90 cm .The fibers produced from Agave Americana L. are used in the paper industry, technical textiles and especially automotive
industry as a results of having high mechanical properties.
In this study, Agave Americana fibres were treated with 40% sodium hydroxide by using conventional (40 minutes, 600C) and microwave energy( 3and 5
minutes) methods. Composite structures were produced by using treated Agave Americana fibres as reinforcing material and polyurethane foam as
matrix. Hand lay-up method were used to produce composites. Sound absorption properties of Agave Americana fibres /PU composites were
investigated.

Keywords: Agava Americana fibres , polyurethane resin, composite, sound absorption

8725 | Progressive Failure Analysis of Adhesive Joints of Composite Pressure Vessels Using CZM and VBA (4. Poster
Session)

Kang, SeungGu (kseunggu@naver.com), Graduate School of Mechanical Design Engineering, Hanbat Nat’''''l Univ., Korea, South
Shin, KwangBok (shin955@hanbat.ac.kr), Dept. of Mechanical Engineering, Hanbat Nat’''''l Univ., Korea, South
Hwang, TaeKyung (cais99@hanmail.net), Agency for Defense Development, Korea, South 

This study has conducted an analysis of the progressive failure of adhesive joints of composite pressure vessels based on changes in mechanical
properties and interlaminar fracture toughness. Adhesive joint of pressure vessel was simulated using Cohesive Zone Model(CZM) provided by ABAQUS,
and the values for interlaminar fracture toughness were obtained from mode I, II and mixed mode tests. Composite pressure vessel was manufactured by
filament winding process, and the ply angles in finite element modeling were automatically created using the Visual Basic for Application(VBA). From the
results it was found that the progressive failure analysis using the CZM and VBA could predict the failure strength for adhesive joints of composite
pressure vessels produced by filament winding process, compared with the test results.

8743 | Thermodynamics calculation and analysis of nonmetallic inclusions by Ti-Mg complex deoxidation in steel (4.
Poster Session)

Hsin-Ying Tseng (happiness1121@gmail.com), National Cheng Kung University, Taiwan
Jian Zhang (xiaojian529@gmail.com), National Cheng Kung University, China
Wen-Sing Hwang (wshwang@mail.ncku.edu.tw), National Cheng Kung University, Taiwan 

Oxide metallurgy is an important technique that improves steel properties through the control of inclusion size and composition. In this study, the
equilibrium relationships between the oxide compounds MgO–Ti2O3 and molten iron are investigated at steelmaking temperature, 1 873 K. Using
classical thermodynamics calculation to obtain the deoxidation equilibrium between deoxidizers and molten steel, and the composition of oxide inclusions,
such as MgO, MgTi2O4 spinels and Ti2O3 are predicted by plotting of phase stability diagrams. It is also essential to know the inclusions that newly form
after solidification. Accordingly, investigation on temperature dependance of stable solid oxides by the use of Ti -mg complex deoxidation method.
Through the analysis of the size, morphology, and shape of the inclusion, the effects of fine oxide inclusion to steel was investigated.

8748 | Toughness Reinforcement of Low-Carbon Steel Using Finely Disperse MgAl2O4 Spinel Particles (4. Poster Session)

PAN Yan-Chi (piano511@hotmail.com.tw), Department of Materials Science and Engineering National Cheng Kung University., Taiwan
FENG Pei Hsien (pftaconet@gmail.com), Department of Materials Science and Engineering National Cheng Kung University., Taiwan
ZHANG Jian (xiaojian529@gmail.com), Department of Materials Science and Engineering National Cheng Kung University., China
HWANG Weng-Sing (piano511@hotmail.com.tw), Department of Materials Science and Engineering National Cheng Kung University., Taiwan 

In recent years, steel industry is quite competitive. Price and properties are the key factors in this marketing contest. The existence of finely dispersed
MgAl2O4 Spinel Particles can induce chaotic microstructures and consequently enhance the toughness in low-carbon steels. In this study, magnesium
was added into Al-killed low-carbon steel to form MgAl2O4 Spinel Particles. After certain heat treatment process, the toughness was examined by Charpy
V-notch impact test. The phase constitution and microstructure of low-carbon steel were analyzed using scanning electron microscopy and electron
backscatter diffraction. Results shows that the existence of MgAl2O4 Spinel Particles would conduce to the impact absorbed energy of the steels raising
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between 10 and 15 times at 0°C, which implies the toughness of this materials have been greatly improved.

Keywords
Spinel Particle, Toughness, microstructures, Low-carbon steel

8761 | Aluminum/SiC/Nickel-Coated Graphite Hybrid Composite Structures (4. Poster Session)

M. L. Ted Guo (tsao_cya@mail.ncku.edu.tw), National Cheng-Kung University, Taiwan
Chi Y. A. Tsao (tsao_cya@alum.mit.edu), National Cheng-Kung University, Taiwan 

New composite structure for high performance tribological applications have been one of the major incentives for the development of aluminum-based
metal matrix composites (MMCs). MMCs have received attention because of their improved specific strength, good wear resistance, higher thermal
conductivity than ceramics, lower coefficient of thermal expansion, etc. Traditionally, lubricant externally added plays an important role in reducing wear in
the application of wear resistance materials. However, self-lubricating materials are more desired than materials to which lubricant needs to be applied
periodically, especially for wear parts difficult to be accessed, since solid lubricant contained in the former can be released automatically during the wear
process and reduces wear.

8787 | EVALUATION OF NANO COATED TEXTILE SURFACE WITH IMAGE PROCESSING METHOD (4. Poster Session)

Filiz Akin (akin_f@ibu.edu.tr), Abant Izzet Baysal University, Turkey
Nigar Merdan (nmerdan@ticaret.edu.tr), Istanbul Commerce University, Turkey
Ilker Yildiz (ilkeryildiz@ibu.edu.tr), Abant Izzet Baysal University, Turkey 

In this study, the canvas cotton fabric coated with fluorocarbon based nano coating material. The effects of coating thickness, the condensation time and
temperature on the water repellency characteristics have been investigated. A classical method which named Spray water repellency test method has
been applied to test samples for the evaluation of water repellency.
Also the water repellency of examples has evaluated with the image processing method on a computer and compared with Spray test method. The
differences between the two methods have found out.

Key Words : Nano coating, Image Porcessing, Spray Test.

8809 | Influence of nano TiO2 on selected fire properties of beech plywood (4. Poster Session)

Jaskolowski, Waldemar (wjaskolowski@aol.pl), The Main School of Fire Service , Poland
Maminski, Mariusz (mariusz_maminski@sggw.pl), Warsaw Agricultural University - SGGW, Poland
Borysiuk, Piotr (piotr_borysiuk@sggw.pl), Warsaw Agricultural University - SGGW, Poland 

Nanotechnology is currently the fastest growing discipline of science, which, according to forecasts, will be a priority direction of development of science
and technology in the world in the coming years, having huge economic potential in the economy. Nanotechnology is considered a key technology of the
future. Currently it is used widely in different sectors of the economy. The use of nanoparticles, due to their small size, can improve the properties of
traditional sponges and the creation of new multi-sealers for wood and wood-based materials. In addition, durability, ease of application and low cost
efficiently tend to focus on the new possibilities of nanotechnology in the impregnation of fire protection. The result of the increased interest in
nanotechnology, perceived as a new direction of development of the flame retardants, are numerous studies conducted around the world. The present
article is a literature review, describing the latest achievements of scientific - research works in the area of reducing the flammability of structures made of
wood and wood-based materials that are being conducted around the world, as well as in Poland, including The Main School of Fire Service. Results
presented in present paper show an overview of the possible use of nanoscience and nanotechnology in the reduction of flammability of wood and wood-
based materials. The work will include the results of testing the flammability of beech plywood with the addition (in the adhesive) TiO2. Research will be
carried out on the cone calorimeter at 30 and 50 kW/m2 external heat of fluxes.

8901 | Functional properties of photoactive composite materials received by polymer impregnation of indoline
spirooxazines in supercritical carbon dioxide. (4. Poster Session)

Cherkasova, Anastasiya V. (anastasiya-cherk@mail.ru), Institute of Chemical Physics Russian Academy of Science, Russian Federation
Glagolev, Nikolay N. (anastasiya-cherk@mail.ru), Institute of Chemical Physics Russian Academy of Science, Russian Federation
Solov''eva, Anna B. (anastasiya-cherk@mail.ru), Institute of Chemical Physics Russian Academy of Science, Russian Federation 

Photochromic properties of indoline spirooxazines (ISO) containing of nafto- anthro- and phenanthro groups (SNО, SАО и SPО),which were introduced
into thermoplastic polymers: polycarbonate (PC), polyvinyl chloride (PVC), and copolymer of vinylidene fluoride with tetrafluorethylene (fluoroplast-42, F-
42) in the supercritical carbon dioxide (SCCD) medium were investigated. Spirocompounds are the most important class of photochromic compounds due
to its significant photochemical stability and high efficiency of phototransformations.
It is shown that functional properties of ISO molecules introducing in polymer matrices in SCCD medium, depend on the nature of the ISO molecules,
chemical structure of the polymer matrices and SCF impregnation conditions. The maximal concentration of ISO introduced in thermoplastic polymers by
supercritical fluid (SCF) impregnation were of 3-5% mass.
It is known, that ISO were passed from initial colorless and nonplanar form (A) into the colored (merocianin, planar) form (B) under photoirradiation. The
form B wasn’t stable at usual conditions. But the SCF-impregnation of PC, F-42, PVC spirocompounds was resulted in conformational rearrangement of
spirocompounds with the stabilization of ISO merocianin (coloured) forms.
The form in which ISO has stabilized in matrix depended on polymer structure. In particular, in PE matrix all ISO were only in the initial form A, in PC
matrix ISO were in the forms А (SNO, SАО, SPО) and В (SАО, SPО). All ISO which have entered in F-42 matrix in SCCD medium were only in the new
form. We have denoted it as form Вх. The initial form А and two coloured forms В and Вх for all ISO were found in PVC after SCCD impregnation. The
maximal amount of ISO which could enter into polymer in SCCD medium depended on linear size of ISO molecules and physical state of polymer. For
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example degree of impregnation (α) of polymers, for which SCCD temperature (90C) higher than glass-transition temperature Tg (F-42 and PVC), was
higher as compared with α for PC (Tg~ 150С).
It was shown that the forms В and Вx entered in SCCD in PC, F-42 and PVC matrix were stable under normal conditions and in photo and thermal
treatment. Probably such stabilization was connected with donor-acceptor complexes formation between polar fragments of В form and polymer. In the
case of PC such fragments could be bis-phenol groups and in F-42 or PVC halogen groups played this role. We supposed that the formation of such
stable complexes was possible due to strong swelling of the polymers in SCCD medium which provided the introduction of ISO in polymer. Ability of
SCCD to be completely removed from the matrix after the end of impregnation was prevented the return of the ISO molecules in the initial nonplanar
state.
We carried out the investigation of the stability of the SAO colored forms in polymer matrices and researched the methods for transition of ISO colored
forms to other colored or colorless states. It is found that the SCCD impregnation of polymer matrices (PVC and F-42) with SAO in the presence of the
aromatic electron-donating compounds (EDC), such as toluene and dibutyl phthalate, can lead to change of forms of SAO that are stabilized in polymer
matrices.

References
[1] N.N. Glagolev, A.B. Solovieva, A.V. Cherkasova, V.P. Mel’nikov, A.Ya. Lyapunov, P.S. Timashev, A.V. Kotova, B.I. Zapadinsky, V.N. Bagratashvili.
Sverkhkriticheskie Flyuidy: Teoriya i Praktika (Russian), 2010, vol. 5, N 1, pp. 73-79.
[2] A.V. Cherkasova, N.N. Glagolev, A.S. Kopilov, P.S. Timashev, A.B. Solovieva, V.N. Bagratashvili. Sverkhkriticheskie Flyuidy: Teoriya i Praktika
(Russian), 2014, vol. 9, N 1, p.p. 48-54.

8980 | Filament winding of complex axisymmetric geometries: numerical simulation and fabrication using geodesic and
non-geodesic paths (4. Poster Session)

Vargas R Erik (erikvargasrojas@hotmail.com), Université de Franche-Comté, France 

Filament-winding faces up limiting fabrication inconveniences when designing geodesic trajectories, so models for non-geodesic paths have been
developed. This research aims to establish, to solve and to validate a non-geodesic winding, generic, mathematical model that contributes either to wind
complex shapes, or to solve common filament-winding disadvantages, on the basis of an integrated strategy looking to take advantage of the benefits of
composites despite the limitations of the filament-winding process. By parameterizing the surface of the mandrel, and expressing it in terms of its
curvatures, the stability criteria that describes the slippage tendency of the fiber tow over the surface of the mandrel is established, and a general path
equation can be formulated. A numerical tool is developed so as to predict the evolution of the filament-winding angle of the fiber tows placed over the
surface of two non-cylindrical, generic, axisymmetric geometries: a convex and a concave one. Experimental validation is carried out by filament-winding
these geometries using a five DOF machine. Results show that it is feasible to wind complex geometries with good accuracy.

9048 | Finite Element Investigation on Load-Stress Experiment of Homogeneous GaN Nano-Bridge (4. Poster Session)

Shang-Chao Hung (schung99@gmail.com), Shih Chien University Kaohsiung Campus, Taiwan
Yi-Cheng Hsu (ychsux@mail.npust.edu.tw), National Pingtung University of Science and Technology, Taiwan
Nai-Jen Cheng (njcheng@kuas.edu.tw), National Kaohsiung University of Applied Sciences, Taiwan 

The development of stress-strain response during the load-deflection to GaN Nano-Bridge is analyzed by the finite-element analysis under the assumption
that the Young’s modulus and Poisson’s ratio of GaN nano-bridge are 355 GPa and 0.183 at room temperature, respectively. The FEM consists of 5377
elements and 5579 nodes. The quadratic quadrilateral elements defined by 8 nodes were employed for the GaN nano-bridge, and the three rigid line
elements were used for the indenter. 
The assuming elastic modulus was measured by strain energy methods for point-loads on simple support beam models, under the guidance of linear
elastic beam bending theories during the loading process.
A two-dimensional finite element model showed that a positive agreement between principal stresses varies in a beam by experimental observation and
stress contour versus indentation depth by numerical simulation. This method could also be applied on the wide range of nano-materials to identify the
mechanical response.

9053 | Fabrication and Analysis of Mechanical Property of Al-Si/SiCp + Al-Mg MMC bi-reinforced with Ti whisker by
Powder Metallurgy (4. Poster Session)

Jeongil Bang (wjddlf2578@pusan.ac.kr), Pusan National University, Korea, South
Jeong-Jung Oak (ojj69@pusan.ac.kr), Pusan National University, Korea, South
Yong ho Park (yhpark@pusan.ac.kr), Pusan National University, Korea, South 

Al-Si alloy fabricated by powder metallurgy is widely used for vehicle components because of their high wear resistance and near-net shape
manufacturing ability. Additionally, Al-Si alloy has high potential for increasing mechanical property by adding ceramic reinforcements. Unfortunately, there
are several problems in this manufacturing and reinforcing process. At first, clusters and pores between ceramic reinforcement and Al-Si matrix can be
formed because of low wettability of Al-Si matrix. These clusters and pores decrease mechanical property of final products. Secondly, dense oxide layers
on the surface of Al matrix powder decrease sinterability and mechanical property of final products. Because of above problem, there are limitations for
adapting reinforced Al-Si alloy manufactured by powder metallurgy to wide field.
The aim of this study is reinforcing Al-Si matrix powder by adding SiC particles, Al-Mg alloy powder and Ti whisker. To place the SiC reinforcement inside
of Al-Si matrix particle, gas atomizing technique was used for manufacturing Al-Si/SiCp composite powder. Ti whiskers were added to Al-Si/SiCp powder
for structural reinforcing and enhancing mechanical property of the Al-Si matrix. Ti metal whisker reinforcement can react with Al-Si matrix and avoid the
forming of clusters and pores like ceramic reinforcements. Al-Mg alloy powder was blended for fracturing dense oxides layer on the surface of Al-Si/SiCp
powder and Ti whisker. Mg elements can react with aluminum oxides and titanium oxides and reduces these oxides. During reduction reaction, dense and
homogeneous oxide layer reacts with Mg elements and forms reactant locally at the surface of each powder. Al-Mg alloy powder forms liquid phases
during sintering, which spreads between each particle. Because of formation of the liquid phases of Al-Mg alloy, reaction of reduction can occur on the all
surface of each powder. Blended powder was densified with hot-press technique for efficient sintering. The reaction between each powder and the effects
of each powder on the reinforcing the matrix were mainly analyzed.
The upgraded properties in Al-Si/SiCp + Al-Mg MMC bi-reinforced by Ti whisker will be discussed in detail.
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Keywords: Aluminum, Titanium, Powder metallurgy, Metal matrix composites, Mechanical property

9055 | Analysis of Wear Properties of Hot-Pressed Al-Zn-Mg-Cu Metal Matrix Composite by Adding Al-Si/SiCp
Composite Powder (4. Poster Session)

Eun Sun Lee (ilorangeli@pusan.ac.kr), Department of Materials Science and Engineering, Pusan National University, Korea, South
Jeongil Bang (wjddlf2578@pusan.ac.kr), Department of Materials Science and Engineering, Pusan National University, Korea, South
Jeong-Jung Oak (ojj69@pusan.ac.kr), GCRC-SOP, Pusan National University, Korea, South
Yong Ho Park (yhpark@pusan.ac.kr), Department of Materials Science and Engineering, Pusan National University, Korea, South 

Al-Zn-Mg alloy is widely used in the field of aerospace or automotive due to higher strength than those of other Al alloys. In case, the Al-Zn-Mg alloys are
manufactured by powder metallurgy, there are difficulties in densifications because of their high strength. Additionally, Al-Zn-Mg alloys show poor wear
resistance because of low fatigue resistance. Because of these problem, Al-Zn-Mg alloy products manufactured by powder metallurgy is generally used
after anodizing or coating treatment and these process cause increase of production cost.
In this study, Al-Si alloy powder which has low melting temperature relative to Al-Zn-Mg alloy was added in Al-Zn-Mg powder as binder to enhance the
sinterability. In addition, SiC particle was added in Al-Si alloy powder to increase mechanical and wear property. However, in case of mechanical blending,
cluster and pore can be formed because of low wettability between Al-Si alloy powder and SiC reinforcement. These cluster and pore causes decrease of
sinterability and mechanical property. To solve these problems, Al-Si/SiCp powder was fabricated by gas atomization for placing the SiC particle inside of
Al-Si metal particle and added to Alumix 431 powder. Blended powder was sintered by hot press and wear property of sintered body was analyzed with
two variables; vertical load and linear speed. Furthermore, wear behavior compared with sintered body with Alumix 431 powder manufactured by same
sintering condition for analysis of effect of Al-Si/SiCp.

Keywords: Aluminum, Metal matrix composite, Powder metallurgy, Wear property

9094 | Relationship between microstructural features and laser slope efficiency of reactive-sintered Nd3+:Y3A5O12
optical ceramics (4. Poster Session)

Vorona I.O. (vorona@isc.kharkov.ua), Institute for Single Crystals, NAS of Ukraine, Ukraine
Yavetskiy R.P. (yavetskiy@isc.kharkov.ua), Institute for Single Crystals, NAS of Ukraine, Ukraine
Shpilinskaya O.L. (spilolga@isc.kharkov.ua), Institute for Single Crystals, NAS of Ukraine, Ukraine
Tolmachev A.V. (vorona@isc.kharkov.ua), Institute for Single Crystals, NAS of Ukraine, Ukraine
Voznyy V.L. (vorona@isc.kharkov.ua), EDAPS-Laser Ltd, Ukraine
Kravchenko V.B. (vorona@isc.kharkov.ua), V.A. Kotelnikov Institute of Radioеngineering and Electronic, Fryazino branch, Russian Academy of Sciences,
Russian Federation
Kopylov Yu.L. (vorona@isc.kharkov.ua), V.A. Kotelnikov Institute of Radioеngineering and Electronic, Fryazino branch, Russian Academy of Sciences,
Russian Federation 

Nd3+:Y3A5O12 (Nd3+:YAG) transparent ceramics is a perspective material for diode-pumped solid-state lasers due to good thermo-mechanical
properties and wide possibilities to design active media and dopant distribution for optimal pumping architectures. Achieving a high structure quality and
optical homogeneity of transparent ceramics enables effective lasing in ceramic gain. Advanced manufacturing technologies, such as solid-state reactive
sintering of well dispersed nanopowders, provides single-phase ceramics with narrow grain boundaries which are transparent for light [1]. Thus, residual
pores act as light scattering centers in optical in phase-pure optical ceramics, so controlling the porosity is a challenge for obtaining high laser slope
efficiency. According to previous studies [2], a volume fraction of pores lower than 0.0001 % is required to approach Nd3+:YAG ceramics the single crystal
laser slope efficiency. The aim of this work was to study relationships between manufacturing conditions, porosity and laser parameters of 4 at. %
Nd3+:YAG transparent ceramic.
The influence of sintering conditions on the porosity and optical losses of Nd3+:YAG ceramics obtained by solid-state reactive sintering has been studied.
Relationship between residual porosity and laser slope efficiency has been found. Residual porosity of optical ceramics was studied by non-destructive
method of optical microscopy [3]. The average pore diameter and volume fraction of pores was obtained for series of Nd3+:YAG samples obtained at
different sintering time (0.5-12 hours) at fixed temperature. Optimal sintering conditions of Nd3+:YAG ceramics possessing porosity of 0.0035 vol. % and
laser slope efficiency of about 30 % have been determined. Further reducing the porosity of Nd3+:YAG ceramics by one order of magnitude is necessary
to obtain laser characteristics comparable to that of single crystals.

[1] Ikesue A., Yoshida K., Yamamoto T. et al. // J. Am. Ceram. Soc. 1997. V. 80. N 6. P. 1517–1522.
[2] Boulesteix R., Maitre A., Baumard J.-F. et al. // Opt. Express. V. 18. N 14. 2010. P. 14992–15002. 
[3] Jin G., Jiang B., Zeng Y. et al. // Proc. SPIE. 2011. V. 8206. P. 82061W1–7.

9101 | Effects of magnesium on the nitridation behavior of aluminum particles (4. Poster Session)

Lee, Kon-Bae (kblee@kookmin.ac.kr), School of Advanced Materials Engineering, Kookmin University, Korea, South
Ahn, Jae-Pyoung (jpahn@kist.re.kr), Advanced Analysis Center, Korea Institute of Science and Technology (KIST), Korea, South
Choi, Hyunjoo (hyunjoo@kookmin.ac.kr), School of Advanced Materials Engineering, Kookmin University, Korea, South
Kim, Yong Hwan (yhkim@kitech.re.kr), Advanced Process and Materials R&BD Group/Incheon Regional Division,Korean Institute of Industrial
Technology, Korea, South
Park, Jooyoung (jooyoung662@kookmin.ac.kr), School of Advanced Materials Engineering, Kookmin University, Korea, South 

We investigated the effects of Mg on the nitridation of Al particles in an Al–Mg powder bed. From the transmission electron microscopy and electron
energy loss spectroscopy analyses, we found that two types of reaction layers were formed on the surfaces of the Al particles during the early stages of
nitridation of the Al–Mg powder bed. Compared to pure Al particles, those with added Mg exhibited faster initiation but no enhancement of nitridation.

9116 | The fabrication of polyamide/polyacrylonitrile composite hollow fiber membranes via interfacial polymerization
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for pervaporation (4. Poster Session)

Tsai, Hui-An (huian@tiit.edu.tw), Dept. of Creative Fashion Design, Taoyuan Innovation Institute of Technology, Taoyuan, Taiwan, Taiwan
Lee, Kueir-Rarn (krlee@cycu.edu.tw), R&D Center for Membrane Technology, Chung-Yuan University, Taoyuan, Taiwan, Taiwan
Lai, Juin-Yih (jylai@cycu.edu.tw), R&D Center for Membrane Technology, Chung-Yuan University, Taoyuan, Taiwan, Taiwan 

The advantages of membrane separation system include high selectivity, small footprint, energy saving, and the ease of operating and scaling up.
Therefore, in this study, we investigated the pervaporation performances of aqueous alcohol solution through polyamide (PA)/polyacrylonitrile (PAN)
composite hollow fiber membranes. Trimesoyl chloride (TMC) and various amine monomers such as 1,6-hexanediamine (HDA), ethyldiamine (EDA),
diethyltriamine (DETA) and tetraethylpentamine (TEPA) were used to fabricate PA/PAN thin-film composite hollow fiber membranes via interfacial
polymerization on the outer surface of PAN hollow fiber membranes to investigate the effect of chemical structure of amine monomer on the pervaporation
performances. The pervaporation performances of aqueous alcohol solution were enhanced as increasing the amine number of amine monomer during
interfacial polymerization. The positron annihilation spectroscopy (PAS) experiment showed the S parameter of PA/PAN thin-film composite hollow fiber
membranes decreased with increasing amine number of amine monomer during interfacial polymerization. The PAS results were well consistent with the
experimental results of pervaporation.

9171 | The simulating study of piezoelectricity on an GaN nanorod under applied lateral forces (4. Poster Session)

Shang-Chao Hung (schung99@gmail.com), Shih Chien University Kaohsiung Campus, Taiwan
Chih Ming Lin (cmlin@nttu.edu.tw), National Taitung University, Taiwan
Nai-Jen Cheng (njcheng@kuas.edu.tw), National Kaohsiung University of Applied Sciences, Taiwan 

Nano-materials with excellent piezoelectricity have been positively studied for the nano-generator applications. In this work, we used commercial FDTD
software package (COMSOL Multiphysics) to simulate the electrical properties of an GaN nanorod under applied lateral forces. Voltage distribution in a
deflected GaN nanorod and current values by connecting an external resister and a nanorod are calculated from the simulation. We demonstrate that the
external resistance can significantly affect the current value extracted from the deflected nanorod, but also the voltage distribution in the nano-rod is
changed. The influence to the electrical properties of the deflected nanorod due to external resistance is well discussed in this work.

9196 | Alkali resistance of GFRP reinforcing bars slightly damaged by high temperatures (4. Poster Session)

Moon, Doyoung (dymoon@ks.ac.kr), Kyungsung University, Korea, South
Oh, Hongseoup (opera69@chol.com), Gyeongnam National University of Science and Technology, Korea, South 

Alkali resistance of GFRP reinforcing bars slightly damaged by high temperatures was evaluated through a long-term accelerated test. Tensile and short
beam shear tests were conducted on bare GFRP bar specimens. The bar specimens were exposed to 120℃ and 200℃ for several minutes and then
immersed in alkaline solution of pH 12.6, which is similar to the alkalinity of concrete, for several months. Since the temperature and time applied is not
significant compared to those applied in experimental program conducted by other researchers, only minor damage occurred on surface region of GFRP
reinforcing bars. Specimens unexposed to high temperatures also were tested for comparisons. Residual tensile and inter-laminar shear strength and
stiffness were measured and compared. In results, the bars slightly damaged by high temperatures underwent more degradation in tensile and inter-
laminar shear strength than the thermally undamaged rebars. Scanning electron microscope images showed that the fine cracks and resin matrix damage
on the surface due to exposure to high temperatures facilitated alkali penetration, thereby resulting in rapid performance degradation.

9381 | A RMVT analysis of laminated composites (4. Poster Session)

Ferreira, A. J. M. (ferreira@fe.up.pt), INEGI, Portugal 

This paper considers the analysis of laminated composite plates and shells by the RMVT (Reissner-Mixed Variational Theorem). The equations of motion
are obtained by a symbolic program. Then the fundamental nucleo is used to automatically generate a MATLAB code to analyse the plates and shells,
with a layerwise type of configuration.

The results obtained show clearly an accurate approach for this kind of materials and structures.

Acknowledgments
The work has been kindly supported by FCT-Fundação para a Ciencia e a Tecnologia, under project PTDC/EMS-PRO/2044/2012

9552 | Dynamic analysis and control of laminated soft core sandwich panels with active piezoelectric elements (4. Poster
Session)

Araujo, Aurelio L. (aurelio.araujo@ist.utl.pt), IDMEC, Instituto Superior Tecnico, Universidade de Lisboa, Portugal
Carvalho, Vitor S. (vitor.s.carvalho@ist.utl.pt), IDMEC, Instituto Superior Tecnico, Universidade de Lisboa, Portugal
Mota Soares, Cristovao M. (cristovao.mota.soares@ist.utl.pt), IDMEC, Instituto Superior Tecnico, Universidade de Lisboa, Portugal
Mota Soares, Carlos A. (carlosmotasoares@dem.ist.utl.pt), IDMEC, Instituto Superior Tecnico, Universidade de Lisboa, Portugal
Ferreira, Antonio J.M. (ferreira@fe.up.pt), Departamento de Engenharia Mecanica, Faculdade de Engenharia, Universidade do Porto, Portugal, Portugal 

In this paper we present a finite element model for the analysis of sandwich laminated plates with a soft core and composite laminated face layers, as well
as piezoelectric sensor and actuator layers. The model is a generalisation of the element developed by Araujo et al. [1] for active and passive damping of
soft core sandwich plates, where the transverse compressibility of the core is included. The model is formulated using a mixed layerwise approach, by
considering a higher order shear deformation theory (HSDT) to represent the displacement field of the compressible core and a first order shear
deformation theory (FSDT) for the displacement field of the adjacent laminated face layers and exterior piezoelectric layers. Control laws are implemented
and the model is validated for free and forced vibrations with results from the literature [2,3,4] and the effect of the core transverse compressibility is
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assessed on modal damping and frequency response.

Araujo, A.L ., Mota Soares, C. M. and Mota Soares, C. A. Finite element model for hybrid active-passive damping analysis of anisotropic laminated
sandwich structures. Journal of Sandwich Structures and Materials 12 (2010) 397-419.

Moreira, R.A.S. and Dias Rodrigues, J. Static and dynamic analysis of soft core sandwich panels with through-thickness deformation. Composite
Structures 92 (2010) 201-215.

Rao, M.K. and Desai, Y.M. Analytical solutions for vibrations of laminated and sandwich plates using mixed theory. Composite Structures 63 (2004) 361-
73.

Sokolinsky, V.S., Von Bremen, H.F., Lavoie, J.A. and Nutt, S.R. Analytical and experimental study of free vibration response of soft-core sandwich beams.
Journal of Sandwich Structures and Materials. 6 (2004) 239-261.

9582 | The Influence of Residual Stresses on the Micro-Crack Propagation Direction (4. Poster Session)

Majer, Zdenek (majer@fme.vutbr.cz), Brno University of Technology, Czech Republic
Nahlik, Lubos (nahlik@ipm.cz), Institute of Physics of Materials of the Academy of Sciences of the Czech Republic, Czech Republic 

Residual stresses are introduced during the fabrication process - produced by the sintering due to mismatch of coefficients of thermal expansion, and the
understanding of the effects of residual stresses on the material response is important. The aim of the present work was to develop a two-dimensional
finite element model to analyze the influence of residual stresses on micro-crack behavior of ceramic-based particulate composites. The maximum
tangential stress criterion (MTS) was used to predict the direction of the crack propagation, in the framework of linear elastic fracture mechanics. The
modeled material was a Low Temperature Co-fired Ceramic (LTCC), containing alumina particles embedded in a glass matrix. The effect of the volume
filler fraction (VFF), micro-crack length and loading on the micro-crack propagation was investigated. The conclusions of this paper can contribute to a
better understanding of the propagation of micro-cracks in particulate composites.

8021 | Investigation of mechanical behavior of a bone plate made of bioresorbable phosphate glass fiber reinforced
PLA composite (5. Bio-inspired design of composites)

Hassan (hassan_fsd83@hotmail.com), Chung-Ang University, Korea, South
Kyung-Chae (kongche1@naver.com), Chung-Ang University, Korea, South
Min-Gu (loded@hanmail.net), Chung-Ang University, Korea, South
Seung-Hwan (phigs4@cau.ac.kr), Chung-Ang University, Korea, South 

Metals and their alloys are commonly used to fabricate internal fixation devices to fix the bone fractures. Metallic prostheses have much higher elastic
moduli than that of bones which cause stress shielding and results in bone atrophy. Also metallic prostheses generate high stresses at cortex which
disturb the blood supply to the bone and may cause bone re-fracture after removal of metallic prosthesis. Moreover, these metallic prostheses may cause
other problems when exposed to the human body fluid such as corrosion, poor fatigue life, release of metallic ions, loosening of implant, incompatibility
with magnetic resonance imaging and computed tomography and so on. Also a second surgery is required to remove the metallic prosthesis after healing
of bone fractures which lead to pain, blood loss and additional operation cost. Completely bioresorbable composite prostheses have four main advantages
over metallic implants: (i) the material properties can be tailored to match the properties of bone according to the site of application, (ii) second surgery for
removal of implant is not required, (iii) gradual stress is transferred at the fracture site to stimulate the healing tissue and (iv) bioactive material enhances
the healing rate and drug can be loaded to prevent any infectious disease. Moreover, completely bioresorbable composites give the solutions of other
problems associated with metallic prostheses. 
Poor mechanical properties of completely bioresorbable composites were a challenge for weight bearing long bone fractures. This was recently overcome
by using phosphate glass fibers (PGF) which are bioresorbable and bioactive and, give excellent initial material properties. PGF are brittle, has high
Young’s modulus (60-70 GPa) and high degradation rate which cannot be used alone as fracture fixation devices. Therefore, polymers are used to make
PGF reinforced polymer composites. Polylactic acid (PLA) is well known polymer which is extensively used for medical devices. PGF and PLA are known
as biocompatible and completely resorbable materials. 
In this study, PGF/PLA completely bioresorbable composite bone plates were fabricated with appropriate fiber volume fractions to meet the Young’s
modulus of bone. An appropriate initial Young’s modulus of composite bone plate was determined for successful healing. Homogenous bone plate and
functionally graded material (FGM) bone plate made of PGF/PLA composite were fabricated to achieve the different bending stiffness. These bone plates
were assembled with the bone fragments and a fracture gap was created to simulate the real fracture conditions. The fracture gap was filled with the
material of equivalent average Young’s moduli of healing tissue at different healing time points (estimated using FEA) and the bone plates of different
bending stiffness were assembled with artificial bones. Real loading conditions after surgery (10%, 200% and 300% body weight for 0-8 weeks, 9-12
weeks and 13-16 weeks during abnormal and normal walk of a patient) of tibial bone were applied to the simulated bone. 

8915 | Bio-mimetic Nanostructure Self-assembled from Phage Fusion Proteins and Au@Ag Heterogeneous Nanorods
(5. Bio-inspired design of composites)

LIu, Aihua (liuah@qibebt.ac.cn), Qingdao Institute of Bioenergy and Bioprocess Technology, CAS, China 

Bio-mimetic Nanostructure Self-assembled from Phage Fusion Proteins 
and Au@Ag Heterogeneous Nanorods 
Fei Wang, Huan Qi, Pei Liu, and Aihua Liu*
Laboratory for Biosensing, Qingdao Institute of Bioenergy & Bioprocess Technology, 
Chinese Academy of Sciences, 189 Songling Road, Qingdao 266101, China
*Corresponding author. E-mail: liuah@qibebt.ac.cn. Webpage: http://biosensor.qibebt.cas.cn/

Molecular self-assembly is the spontaneous organization of individual molecules into well-defined structures through the non-covalent bond, which forms
biological complex and exists ubiquitously in living organisms. Viruses of different sizes and shapes are the typical self-assembling biological systems
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which are composed of proteins and polynucleotides. To date, many viruses were disassembled and the purified coat proteins were available to be
reassembled with nonviral materials to form functional virus-like particles. However, their practical applications were restricted due to lacking of specificity.
Phage display technology offers a promising way for discovering target ligands towards specific tissue, cancer cells or other biological components.
Landscape phage library, as the excellent extension of phage display technology, was generated by fusing random octapeptides to all 4000 copies of the
phage major coat proteins. As a result, the landscape library is available for identifying target peptides in a high-throughput fashion. 
In this talk, we report a novel multifunctional phage-mimetic nanostructure, which was prepared by layer-by-layer self-assembly of Au@Ag heterogenous
nanorods (NRs) with rhodamine 6G, and specific pVIII fusion proteins. Au@Ag NRs, first being applied for photothermal therapy (PTT), exhibited excellent
stability, cost-effectivity, biocompatibility and tunable NIR absorption. The fusion protein was isolated from phage DDAGNRQP specifically selected from
f8/8 landscape phage library against colorectal cancer cells in a high-throughput way. Considering the definite charge distribution and low molecular
weight, phage fusion proteins were assembled on the negatively charged NR core by electrostatic interactions, exposing the N-terminus fused with
DDAGNRQP peptide on the surface. The fluorescent images showed that assembled phage fusion proteins can direct the nanostructure into cancer cells.
The nanostructure was more efficient than gold nanorods and silver nanotriangle-based photothermal agents and was capable of specifically ablating
SW620 cells. The prepared nanostructure would become an ideal reagent for simutaneously targeted optical imaging and PTT of tumor.

Keywords: biomimetic nanostructure, Au@Ag heterogeneous nanorods, specific phage fusion protein, phage display, photothermal therapy
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9022 | Bioinspired 3D Nanotube Composite Surfaces for Implant Applictions (5. Bio-inspired design of composites)

Shokuhfar (tshokuhf@mtu.edu), Michigan Technological University, United States America 

Majority of biological materials have hierarchical structure that induce unique properties during the function of such biosystems. Here, we report that three
dimensional (TiO2) nanotubes can be fabricated that mimic the overall structure of the bone materials. These 3D TiO2 nanotubes are fabricated using a
cost effective technique and obtained using eco friendly chemicals and materials. We have demonstrated good control over the processing parameters to
obtain nanotubes with controlled geometrical features and chemistry. Our electrochemical results show a superior resistance for such 3D morphologies
over other
structures. We also have demonstrated that such 3D nanotubes can be used as an effective media for drug loading and targeted drug release at the site if
inflammation and infection when used as biomedical implants.

9054 | DESIGN OF COMPOSITE PARTICLE BOARD FROM WASTE GROWING MEDIA MUSHROOMS TO MAKE SPEAKER
BOX (5. Bio-inspired design of composites)

Tjahjanti P.H (prantasi@gmail.com), Department of Mechanical Engineering, University of Muhammadiyah Sidoarjo (UMSIDA), Sidoarjo, Jawa Timur,
Indonesia, Indonesia
Sutarman (sutarman.jaya@gmail.com), 4Department of Agriculture, University of Muhammadiyah Sidoarjo (UMSIDA), Sidoarjo, Jawa Timur, Indonesia,
Indonesia
Rahman E. (EkoR@gmail.com), PT Panasonik, Pandaan, Pasuruan, Jawa Timur, Indonesia, Indonesia
Kusuma A.T (allantendjo@yahoo.com), 3Department of Mechanical Engineering, University of Muhammadiyah Sidoarjo (UMSIDA), Sidoarjo, Jawa Timur,
Indonesia, Indonesia
Yulistiyanto (yulis_tiyanto@ymail.com), 3Department of Mechanical Engineering, University of Muhammadiyah Sidoarjo (UMSIDA), Sidoarjo, Jawa Timur,
Indonesia, Indonesia
Widodo E (ediwidodo@gmail.com), 3Department of Mechanical Engineering, University of Muhammadiyah Sidoarjo (UMSIDA), Sidoarjo, Jawa Timur,
Indonesia, Indonesia
Yani A (yaniA@gmail.com), 3Department of Mechanical Engineering, University of Muhammadiyah Sidoarjo (UMSIDA), Sidoarjo, Jawa Timur, Indonesia,
Indonesia 

This study is make of the speaker box that be designed by composite particle board made from waste mushroom growing media. Mushroom growing
media waste is one of the types of agricultural waste and have huge numbers and accumulate, because every few months, after crop harvest mushrooms,
it will use the new planting medium, so long planting medium thrown away and is generally only used for solids in the cliff area to widen the area
plengsengan. Therefore utilized waste mushroom growing medium mixed with polyester resin and natural adhesives (glue copal) for to be made of
particle board and then performed design and manufacture to be made box speakers that have undergone the tests.

Manufacture of particle board composite of mushroom growing media waste using hot press machine and tests were conducted laboratory tests (density,
moisture content, thickness swelling after water soaked, supple firmness (dry), firmness bending (wet), firmness pull perpendicular to the surface , and
firmness pull screws), mechanical testing (bending and tensile) and acoustic testing.

The final results showed that the higher density particle board shows a better acoustic properties, but the modulus of rupture produces a low value,
because rigidity increasing particle board.

Keywords: Speakers box, composite particle board, mushroom growing media waste, polyester resins, natural 
adhesive (glue copal)

5455 | A Double-Composite Rectangular Truss Bridge and its Joint Analysis (6. Composite structures in civil engineering)
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Yongjian LIU (steellyj@126.com), Chang’an University, School of Highway, China
Zhihua XIONG (xiongzhihua_2013@126.com), Chang’an University, School of Highway, China
Ge LIU (747410853@qq.com), Chang’an University, School of Highway, China
Gao CHENG (1255726999@qq.com), Chang’an University, School of Highway, China
Yalin LUO (luoyalin123@126.com), Chang’an University, School of Highway, China 

A novel composite tubular truss bridge has been proposed and designed. A double-composite section including concrete slab and concrete-filled
rectangular chords was specified to enhance the global and local performance. Perfobond rib (PBR) was installed in the truss girder’s joints. Investigation
of the effect of PBR in concrete-filled tubular joint was elaborated. Comparison has revealed that concrete-filled tubular joint with PBR have much higher
constraint capability than joints without PBR. Fatigue performance of the joint with PBR installed was improved which was found through analysis of the
stress concentration factor of joint. Since the ease of construction of rectangular truss, innovative concept of structural design, the new composite tubular
truss bridge is of technical significance in highway bridge construction.

6384 | The Possibility of Enhancing Some Mechanical Properties of Ferro-Cement Mortar by Waste Plastic Fibers (6.
Composite structures in civil engineering)

Al-Hadithi, Abdulkader Ismail (al_hadithi2000@yahoo.com), University of Anbar , Iraq
Al-Obaidi, Zayd Abdul-Jabbar (engzayd@yahoo.com), University of Anbar , Iraq 

Development countries like Iraq suffered from high quantities of solid waste such as empty beverage plastic bottles. This type of waste formed one of the
serious environmental pollution resources. The main aim of this research is to study the effect of adding Waste Plastic Fibers (WPF) on the mechanical
properties of ferrocement mortar. Waste plastic resulting from cutting plastic beverage Polyethylene Terephthalate (PET) bottles by electrical shredder
machine, which is used to cutting paper, was added with different volume ratios of fibers to cement mortar, and these percentages were (0.5%, 1.0%,
1.5%). Reference mix was made for comparative reason. The following tests were made to investigate ferro-cement mortars mechanical properties as
followed: compressive strength, flexural strength and density.
Results showed that, the compressive strength slightly decreased with an increasing in WPF content. The lowest value of compressive strength in (14, 28
and 56) days was (37.1 MPa) for (Vf=1.5%) at (14) days test age. The range of decreasing was between (1.1-12.2) percent with respect to reference mix.
Flexural strength increased with increased of the waste plastic fibers volume. The highest value of flexural strength in (14, 28 and 56) days was (8.22
MPa) for (Vf=1.5%) for (56) days age. The range of decreasing of flexural strength in (14, 28 and 56) days were between (2.27-16.67) % with respect to
reference mix.

6388 | CFRP Rehabilitation of Degraded Steel CHS under Combined Bending and Bearing (6. Composite structures in civil
engineering)

Elchalakani (melchalakani@hct.ac.ae), Higher Colleges of Technology, United Arab Emirates 

To rehabilitate damaged or sub-standard steel pipelines, techniques uthe lightweight, high strength and corrosion resistance of carbon fibres reinforced
polymers (CFRP) composites have been proposed. This paper presents experimental results for two series of CFRP strengthened and rehabilitated model
box girders under quasi-static large deformation 3-point bending. The first series was for rehabilitation of 31 artificially degraded Circular hollow Section
(CHS) beams with limited corrosion repaired using externally wrapped sheets. The extent of corrosion along the pipeline was in the range of Lc/Dn=1.0 to
3.0, where Lc=length of corrosion and Dn is the nominal diameter of the pipe. The second series represents rehabilitation of 12 degraded CHS beams
with full corrosion along the length of the pipe. The extent of corrosion along the pipeline in this series was Lc/Dn =8.0. The main parameters examined in
this paper were the section and member slenderness and the type and number of the CFRP sheets. The section slenderness examined in this paper was
in the range of D0/t =20.32 to 93.6. The CFRP sheets were wrapped around the section in the longitudinal and transverse direction with a sufficient
overlap. The results show that the combined flexural and bearing strength of the CHS can be significantly increased by adhesively bonding CFRP.
Expressions for the bearing strength and plastic moment of the composite section were obtained by means of an equivalent thickness approach.

6686 | Bridge safety and maintenance management tools using Fiber Reinforced Polymers (FRP) (6. Composite structures
in civil engineering)

Elfayoumy, Adel (afayoumy@uab.edu), University of Alabama at Birmingham (UAB), United States America
Uddin, Nasim (nuddin@uab.edu), University of Alabama at Birmingham, United States America
Gowayed, Yasser (gowayya@auburn.edu), Auburn University, United States America 

Meeting the expected increase in freight demand by increasing the number or the weight of trucks will be detrimental to bridge longevity. Also, additional
repetitive loading may cause fatigue cracking in these bridge superstructures and limit the bridge service life. This increases the bridge cost due to the
accelerated required maintenance to keep structures at an acceptable level of service too.

Maintaining the safety and serviceability of deteriorating highway bridge networks necessitates suitable bridge maintenance management system (BMS)
tools to maximize cost effectiveness. Predicting the lifespan of a strengthened bridge using FRP laminate is one of the bridge management main tools.
The FRP and the resin long-term performance have a direct influence on the long–term performance of the strengthened structural members and the
lifespan as well. However there is a lack of information about these materials’ mechanical properties. Thus, numerous experiments have been conducted
to detect those of the epoxy resin materials used in the FRP strengthening and maintenance. Moreover, Finite Element Analysis (FEA) models using the
ANSYS software to simulate the unstrengthened and FRP strengthened prestressed concrete bridges of different spans with the original and aged
properties of construction and retrofitting materials were developed. These models aim to develop a bridge performance chart for the capacity of the
bridge with and without strengthening interventions as a BMS tool.

6726 | Reinforcement of cement mortars through recycled nylon fibers (6. Composite structures in civil engineering)

Spadea, Saverio (sspadea@unisa.it), University of Salerno, Italy
Farina, Ilenia (ylenia.farina@gmail.com), University of Salerno, Italy
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Fraternali, Fernando (f.fraternali@unisa.it), University of Salerno, Italy 

The present paper investigates on structural uses of recycled nylon fibres obtained from waste fishing nets. The presented study is focused on the
employment of recycled nylon fibres as tensile reinforcement for cementitious materials such as mortars, plasters and concretes. We characterize the
tensile behavior of both unconditioned fibers, and alkali-cured fibers, in order to assess their resistance to chemical degradation. We also conduct
compression and bending tests on fiber-reinforced mortar specimens, on establishing comparisons with the response of the unreinforced material. We
analyzed different volume fractions of nylon fibers and different fiber aspect ratios. We observe marked increases in tensile strength (up to 54%) and the
switching from brittle to ductile failure of the material response, due to the addition of recycled nylon fibers to the mix design. The study is completed by a
rich review of available literature results, which highlights the high potential of recycled nylon fibers for the reinforcement of sustainable construction
materials.

6873 | Effects of CFRP Retrofitting on Impact Response of Shear-Deficient Scaled Concrete Beams (6. Composite
structures in civil engineering)

Erfan Shafei (erfan.shafei@aut.ac.ir), Amirkabir University of Technology, Iran
Mohammad Zaman Kabir (mzkabir@aut.ac.ir), Amirkabir University of Technology, Iran 

Current experimental work studies low-velocity impact response of reinforced concrete beams with initial static shear failure. Specimens have scaled
geometry and material properties preserving physical similarity with full-scale members and have external carbon fiber reinforced polymer (CFRP) sheets.
Study inspects layup effect on deflection, material strain, accumulative damage, and impulse capacity during lifetime impacts. Skins are unidirectional and
cross-ply full wet layups. Drop weight collides six simply supported beams, three pairs, repeatedly at mid-span location with kinetic energy equal to static
collapse. Tests gather reliable and robust data revealing notable stiffness and strength recovery within skin attachment. Fibers restrain shear cracks,
reduces deflection and improves acceleration, especially for cross-ply wrap. Acceleration frequency contents of unidirectional and cross-ply retrofits is
stable around first and third fundamental modes respectively, beside excessive frequency content aberration occurred in intact samples. Rebar yields for
all retrofits, but concrete crushes only in cross-ply retrofit. Peak absorbed impulse attains for unidirectional retrofit, which the horizontal strain of web is
high and the shear strain is low for load repeats. Stiffness recovers for initial impacts and then starts degrading due to rupture of horizontal fibers in cross-
ply retrofit, but provided stiffness is stable for unidirectional retrofit during all impacts.

6964 | Testing and Deployment of FRP Material in Bridges (6. Composite structures in civil engineering)

Harik, Issam E (Harik@uky.edu), University of Kentucky, United States America
Peiris, Abheetha (Abheetha.Peiris@uky.edu), University of Kentucky, United States America 

A summary is presented on 20 years of testing and deployment of FRP materials in bridges in Kentucky. The field applications range from: (1) the “Clear
Creek” bridge that was constructed in 1996 using two 610 mm (24 inch) deep hybrid glass/carbon I-girders; (2) a bridge deck in 1997 that is partially
reinforced with glass FRP (GFRP) rebars; (3) a suspension bridge constructed in 1999 and having a 420 ft. long GFRP superstructure; (4) a spread box
prestressed concrete beam bridge constructed in 2001 and having a concrete deck reinforced entirely with 10 mm (3/8 inch) diameter carbon FRP rebars;
(5) a three span prestressed concrete bridge retrofitted for shear using carbon FRP (CFRP) fabric in 2001; (6) a four span reinforced concrete bridge slab
on girder retrofitted for flexure using CFRP laminates in 2004 ; (7) repair of reinforced concrete bridge pedestals using CFRP fabric in 2006; (8) a retrofit of
the ends of prestressed concrete I-beams using CFRP fabric; (9) retrofit of two multi-span bridges using high strength steel wire fabric in 2007; (10) retrofit
of bridge pier using 3-D CFRP fabric in 2010; (11) strengthening of a steel girder bridge using ultra high modulus CFRP laminates bonded to the steel
girders in 2010, and strengthening of five deteriorated and/or impacted bridges from 2011 to 2014. A discussion of the lessons learned along with
recommendations will also be presented.

7149 | Mechanical properties of FRP anchors for masonry and concrete strengthening (6. Composite structures in civil
engineering)

Francesca Giulia Carozzi (francescagiulia.carozzi@polimi.it), Politecnico di Milano, Italy
Pierluigi Colombi (pierluigi.colombi@polimi.it), Politecnico di Milano, Italy
Carlo Poggi (carlo.poggi@polimi.it), Politecnico di Milano, Italy 

This work presents an investigation of the mechanical properties and the influence of FRP anchors in debonding phenomena. The characterization of
these reinforcement techniques, the analysis of the the adhesion between the composite and the substrate, and the efficiency of the system are
presented.
FRP materials are widely used for retrofitting masonry and concrete buildings. Failure is mainly due to debonding from the substrate, for load values lower
than the tensile strenght of the composite.
In order to reduce debonding phenomenon anchors in FRP materials was proposed in the literature. A large experimental campaign was performed and
analytical and numerical analyses were developed to study the stresses and strains distribution and the load transfer mechanism.
The anchor system is constituted by carbon or glass fiber fixed into the block or fanned out on the substrate surface with an epoxy resin. Tensile tests
were carried out on the and several pull-out tests were performed on specimens where the reinforcement system was applied with various configurations
on substrates with different mechanical and geometrical properties.
The main failure modes were the collapse of the connector, of the substrate block or the anchor slippage. The experimental results showed the influence
of the substrate characteristics, but also of the methodology of application and the volumetric reinforcement ratio.

7150 | Out-of-plane strengthening of masonry panel with fabric reinforced cementitious matrix (FRCM) systems (6.
Composite structures in civil engineering)

Francesca Giulia Carozzi (francescagiulia.carozzi@polimi.it), Politecnico di Milano, Italy
Pierluigi Colombi (pierluigi.colombi@polimi.it), Politecnico di Milano, Italy
Carlo Poggi (carlo.poggi@polimi.it), Politecnico di Milano, Italy 
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Fabric Reinforced Cementitious Matrix (FRCM) composites are used for strengthening concrete or masonry structures. The system is composed of a dry
fiber grid embedded in a cementitious matrix. FRCM are particularly indicated in the reinforcement of historical masonry buildings due to the higher
compatibility with the substrates, reversibility, vapor permeability and durability to external agents.
The mechanical properties of these materials are investigated and the out-of-plane behaviour of a masonry panel reinforced with FRCM is investigated.
This topic is particularly interesting because the earthquake events recently occurred showed that a lot of damages occurred to structures and people are
correlated to the collapse of internal masonry walls. The aim of this research is the study of the efficiency of this strengthening system and of its out-of-
plane behavior.
Two types of FRCM materials were investigated: the first made with a PBO fabric, the second with a mesh composed by PBO and glass rovings. These
systems are applied on medium-scale panel made with clay bricks and light hollow bricks. 
The failure mode showed a collapse due to the development of cracks in the cementitious matrix and slippage or tensile failure of the fiber grid. FRCM
system presents a more ductile failure mode when compared to the brittle failure of organic matrix FRP systems.
The experimental results were compared with the analytical formula proposed by the US standards.

7577 | Verification of bonding performance of FRP hybrid rebar (6. Composite structures in civil engineering)

Ki-Tae Park (ktpark@kict.re.kr), KICT, Korea, South
Dongwoo Seo (dwseo@kict.re.kr), KICT, Korea, South
Ji-Hyun Hwang (jhhwang@kict.re.kr), KICT, Korea, South
Young-Jun Yu (yjyou@kict.re.kr), KICT, Korea, South
Sangyoon Lee (sylee@kict.re.kr), KICT, Korea, South 

During the last two decades, fiber reinforced polymer (FRP) reinforcing bars for concrete structure has been extensively investigated and a number of
FRP bars are commercially available. However, major shortcomings of the existing FRP bars are its high initial cost and low elastic modulus compared to
conventional steel bars. The main objective of this study using the concept of material hybridization is to develop a viable hybrid FRP bar for concrete
structures, especially for marine and waterfront concrete structures. 
The purpose of the present study is to coat esin using a glass fiber to steel rebar. By this hybridization, the tensile strength of steel rebar is improved and
also to make high corrosion resistance. For the effective use of this hybrid FRP rebar, the bonding performance between concrete and outer surface of
hybrid FRP rebar, and between glass fiber and steel rebar is very important. So, for the optimum bonding performance between glass fiber and steel
rebar, we considered various types of surface condition of steel rebar. In this paper the results of experimental tests related to bonding performance of
hybrid FRP rebar is discussed.

7694 | Static behaviour of GFRP pultruded profile-concrete composite beams (6. Composite structures in civil engineering)

Jurkiewiez, Bruno (bruno.jurkiewiez@univ-lyon1.fr), Université Lyon 1, France
Koaik, Alaa (alaa.koaik@hotmail.com), Université Lyon 1, France
Bel, Sylvain (sylvain.bel@univ-lyon1.fr), Université Lyon 1, France 

Abstract

Glass fibre reinforced polymer (GFRP) are being increasingly used in buildings construction as they offer several well-known advantages such as high
strength to weight ratio, chemical resistance or ease to installation. However, their low stiffness and the induced instability phenomena limit their use. One
of the solutions consists in associating GFRP pultruded beams with concrete slab in order to increase their stiffness and to decrease the risk of instability.
Numerous studies showed the effectiveness of this innovative hybrid beams through bending tests under different loadings.
In this study, we investigate the behavior of composite – concrete structures connected by means of studs or bonding. The material characteristics were
first determined by means of tension or compression tests. The interface properties were also using push-out tests and provided for instance the average
ultimate shear strength. Those results were used to design two composite-concrete composite beams, one connected by means of shear studs, the other
one by epoxy bonding. Both those beams and the same GFRP profile without the slab were statically loaded up to failure. Their behaviors and
measurements were analyzed and compared. They show the interest of the slab on the failure load and on the failure mechanism. Furthermore, bonding
connection allowed a greater stiffness than shear studs connection and a stress distribution at the GFRP profile – concrete interface limiting the risk of
cracking.
Existing models from literature are finally used to simulate the behavior of the three beams. Numerical results are compared to measurements showing
their enough accuracy to predict the displacements and the state of stress in that new type of hybrid beams.

Keywords: GFRP pultruded profiles - Hybrid beams – Push-out tests – Bending tests – Bonding connection

7699 | FIRST EXPERIMENTAL RESULTS ON THE MECHANICAL BEHAVIOUR OF “PULTRUDED” BEAMS REALIZED BY
BONDING MODULAR PLATES (6. Composite structures in civil engineering)

Ascione Francesco (fascione@unisa.it), Department of Civil Engineering, University of Salerno (Italy), Italy
Lamberti Marco (malamberti@unisa.it), Department of Civil Engineering, University of Salerno (Italy), Italy
Lebon Frederic (lebon.dir@lma.cnrs-mrs.fr), LMA, Mechanics and Acoustics Laboratory, CNRS, UPR 7051, Aix-Marseille Univ, France
Maurel-Pantel Aurelien (maurel@lma.cnrs-mrs.fr), LMA, Mechanics and Acoustics Laboratory, CNRS, UPR 7051, Aix-Marseille Univ, France
Spadea Saverio (sspadea@unisa.it), Department of Civil Engineering, University of Salerno (Italy), Italy 

The pultruded elements, especially beams, are now used for the construction of various civil engineering opera (bridges and footbridges) but what slows
their spread on large scale is a poor economic attractiveness as well as a number of uncertainties that still remain on the their mechanical properties (fire
resistance, deformability, delayed response to the viscosity of the resin, instability). Given the great interest of the international scientific community
towards adhesive joints, the authors of this work have started an experimental campaign, followed by a numerical one, aimed at characterize mechanics
of pultruded double-T beams obtained by bonding modular pultruded plates each other. In particular, in this work the first experimental results related to
four-point bending tests on a priori pultruded beams and a posteriori pultruded beams (obtained by bonding pultruded plates) are presented and
compared. The experimental results demonstrate the feasibility of the project.
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7760 | Influence of chosen parameters on ductility of two chord battened steel-concrete columns (6. Composite structures
in civil engineering)

Szmigiera Elżbieta (eds@il.pw.edu.pl), Warsaw University of Technology, Poland
Grzeszykowski Bartosz (bgrz@il.pw.edu.pl), Warsaw University of Technology, Poland 

Column ductility is one of the most important parameters of structures subjected to unexpected overloads, load reversals, impacts, earthquakes and
structural movements due to foundation settlement. Structural ductile members are capable of dissipating large amounts of energy by undergoing large
deformations before failure, hence providing early warning to the occupants of the building and sufficient time for taking preventive measures. Previous
analyses conducted by the authors suggest that except for the type of a column (steel, reinforced concrete, composite steel-concrete) applied measure of
ductility, as well as other factors such as used materials, loading and boundary conditions, have also significant influence on column’s ductility.

In this paper, division for a column pre-buckling and post-buckling ductility is introduced and various parameters concerning this division are presented.
Based on own experimental research on two-chord composite steel-concrete columns, influence of different loading conditions (application of the force
through the steel shapes only or through the concrete part of the cross-section), concrete strength and steel fiber reinforced concrete usage on the pre-
buckling ductility is evaluated. In order to complement the research, a numerical model in ABAQUS was created, which takes into account all material
(steel plasticity and concrete damage and plasticity) and geometric (contact and changes in a geometric configuration during analysis) nonlinearities. 

The results reveal beneficial effects of using fiber reinforced concrete and through the steel shapes loading on the pre-buckling ductility of the investigated
composite columns. 

7790 | Design, Modelling and Numerical Testing of 5-Box GFRP Shell Footbridge (6. Composite structures in civil engineering)

Klasztorny, Marian (m.klasztorny@gmail.com), Military University of Technology, Faculty of Mechanical Engineering, Department of Mechanics and
Applied Computer Science, Poland
Nycz, Daniel (daniel.nycz@interia.pl), DES ART Co., Sanok, Poland 

The study concerns design, modelling and numerical testing of a composite bridge for pedestrians and cyclists, of 16.60m span length and 2.56m usable
width, intended for use over main roads with two-lane carriageways. Architecture, a structural solution and a manufacturing technology of the footbridge
are original. The footbridge satisfies a condition of easy and quick assembly / disassembly.
The footbridge superstructure is a 5–box shell girder, made of E-glass / vinylester laminates. Quasi-balanced bidirectional stitched fabrics of 800g/m2
weight are used. The superstructure consists of three main shells formed in the infusion technology and adhered together. Composite cross members
adhered to the shells are applied. A longitudinal profile of the footbridge has a triangular shape.
The railing consists of steel columns with handles, polycarbonate plates and wood handrails. There are used plate–screw connectors for connecting steel
columns with the bottom shell of the superstructure. Bearings are designed using the vertical / horizontal anchors and support composite plates adhered
to the bottom shell. The polyurethane pavement is used.
Load schemes and design criteria for the footbridge are adopted in accordance with Eurocodes and with the recent authors’ paper. Seven load capacity
limit states and four serviceability limit states are considered. Based on design of GFRP composite pressurized containers, the strength condition is
developed, taking into account material tests, chemical resistance, effect of temperature, and durability. The strength condition is checked at the Gauss
points of laminate layers according to the Hashin–Fabric failure criterion.
Numerical modelling and simulation of static processes and modal analysis in reference to the footbridge is performed using the FE code MSC.Marc
2010. A geometrical model of the system is made using the Catia v5r19 programme and the Generative Shape Design environment. The FE mesh was
made in the Altair HyperMesh 11.0 environment. A homogenized layer of laminates is modelled as a linear orthotropic elastic – brittle material. Elastic and
strength constants related to a single layer are determined experimentally at temperature of 20°C, in accordance with the relevant standards.
Global static and dynamic analyses of the footbridge are carried out for the shell model of the object. Influence of ply sequence variants on the
displacement and the effort states as well as on the modal characteristics of the footbridge is analysed.

7930 | Tribological properties and a wear model of aluminium alloy matrix composites. (6. Composite structures in civil
engineering)

Wieczorek Jakub JW (jakub.wieczorek@polsl.pl), Silesian University of Technology, Poland 

Aluminium based metal matrix composites are well known for their good wear resistance, high specific strength, stiffness and hardness. They have found
applications within the aerospace, military but especially in the automotive industries. This paper presents the results of tests as regards the application of
a mixture of particles in aluminium matrix (AlSi12Cu2Ni2Mg4) composites, in which the mixture of types of ceramics SiC were applied. The target of the
research was to determine the tribological properties as well as the phenomena, and mechanisms which accompany the tribological wear of composites
with under dry friction conditions. Tribological investigations were carried on a pin-on-block tester. Based on the performed tribological tests, microscopic
observations and profilographometric measurements, an attempt of presenting a model mechanism of wear for the SiC-particle reinforced composite
under dry sliding conditions was made. The model refers to consecutive wear stages: from the running-in to established interaction. It presents
characteristic friction-related effects, such as: pullout of the reinforcing particles, plastic deformation of the matrix, abrasive wear of the cast iron sample
and crushing of the particles during interaction. Moreover, differences in the wear nature, resulting from the sizes of investigated particles, were presented.
A model of the composite with particles sized up to 50 �m, involves four stages:
Stage I: initial interaction – the cast iron surface rests on the protruding (after polishing) reinforcing particles. Initial ploughing of the cast iron surface
(running-in).
Stage II: due to “adjustment” during the running-in process, the contact area of interacting surfaces increases. At this stage, decrease and stabilisationof
the friction coefficient are observed. Irregularities on the surface of cast iron counter sample interact with the reinforcement and the matrix, which results in
their gradual abrasive wear.
Stage III: this stage should be divided into two types: A and B. For the A type, the reinforcing particle pullout and intensification of the wear process due to
its additional interaction with the friction surfaces are observed. As a result, the particle may be embedded in the cast iron surface, which leads to
increased abrasive wear of the composite, or it may freely move between the interacting surfaces. The moving particle may scratch any of the interacting
surfaces or cause plastic deformation of the unreinforced parts of the matrix. Over time, the particle crushes and is eliminated. In the case of B type, the
reinforcing particle is pressed into the matrix. This may result in adhesion of the composite matrix part to the cast iron, which leads to pullout or plastic
deformation of the matrix identified as “smudging” on the friction surface.
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Stage IV: it can be described as a return to the normal interaction following the previous stage disturbances. The characteristic effects for this stage are:
gradual smoothing of the composite surface due to plastic deformation of the pullout-affected area and exposure of further reinforcing particles due to
abrasive wear of the matrix.
The effects observed during the III and IV stages should be considered as typical of the set friction characteristics; they occur cyclically due to material
wear during operation.

8027 | The study on the properties of polymer concrete with various curing temperature for application to rail slab track
with reduced rolling noise generation (6. Composite structures in civil engineering)

Jeon, Eun-Beom (jeoneb85@gmail.com), Hanyang University, Korea, South
Ahn, SangKeun (ask9156@hanyang.ac.kr), Hanyang University, Korea, South
Koh, Hyo-In (hikoh@krri.re.kr), Korea Railroad Research Institute, Korea, South
Park, Junhong (parkj@hanyang.ac.kr), Hanyang University, Korea, South
Kim, Hak-Sung (kima@hanyang.ac.kr), Hanyang University, Korea, South 

The cement concrete has been widely used as the material of construction and civil engineering, as it has proper mechanical properties. However, there
were several problems such as high noise, vibration through floor and railway due to its low damping ratio, which would make train passengers less
comfortable and generate noise pollution during train running. Nowadays, the polymer concrete has been widely used to replace with cement concrete
because it has the possibility to reduce the vibration/noise problems. In this paper, the mechanical/dynamic property of polymer concrete was investigated
to reduce the vibration/noise problems on rail slab. The polymer concrete was fabricated with the different curing temperature and different mixing ratio of
the epoxy resin/aggregate. To observe the curing reaction between the epoxy resin and curing agent with respect to the curing temperature during the
curing process, the in-situ curing monitoring of the polymer concrete was performed by measuring the dissipation factor of the epoxy resin using the
dielectric sensor. Also, the viscosity of epoxy resin with different curing temperature was measured using the viscometer. The compressive and flexural
strength of the polymer concrete were measured using tensile test and 3-point bending test with respect to the curing temperature and the mixing ratio of
epoxy resin/aggregates, respectively. Also, the frequency dependent variation of the polymer concrete stiffness and damping were obtained by impact
vibration tests to characteristic the vibration control capability. The bonding state of cured epoxy resin was observed using scanning electron microscope
(SEM). From the study, the polymer concrete with the weight fraction 20 wt% of the epoxy resin and 80 ℃ curing temperature exhibited the appropriate
property for the noise/vibration reduction and mechanical properties compared to the cement concrete.

8539 | Effect of the inherent eccentricity in single-lap direct-shear tests of FRCM composites (6. Composite structures in civil
engineering)

Carloni, Christian (christian.carloni@unibo.it), University of Bologna, Italy
D''Antino, Tommaso (tommaso.dantino@dicea.unipd.it), University of Padova, Italy
Sneed, Lesley H. (sneedlh@mst.edu), Missouri S&T, United States America
Pellegrino, Carlo (carlo.pellegrino@unipd.it), University of Padova, Italy 

Investigation of the bond between fiber reinforced composites and the substrates onto which they are applied is of critical importance to understand their
failure mechanisms. The bond behavior can be studied using different experimental test set-ups; the most commonly used are the single- and double-lap
direct-shear tests, and the small-beam test. In single-lap direct-shear tests the presence of an eccentricity between the pulling and restraining forces leads
to a mixed Mode-I – Mode-II fracture process at the interface. The effect of a small loading angle was investigated by some authors and was found to be
negligible for long composite bonded lengths (Yao et al. 2005). In this paper single-lap direct-shear tests conducted on fiber reinforced cementitious matrix
(FRCM) composite-concrete joints were used to investigate the eccentricity effect on the composite bond behavior. FRCM composite strips with the same
bonded length were applied to concrete blocks of different lengths. The use of an optical technique known as Digital Image Correlations (DIC) allowed for
studying the strain field on the surface of the bonded composite. The results obtained from FRCM composites with the same bonded length applied to
concrete blocks of different lengths provided similar results confirming that the eccentricity effect is negligible for long bonded lengths. 

Yao, J., Teng, J.G. and Chen, J.F. (2005). Experimental study on FRP-to-concrete bonded joints. Composites: Part B, 36, 99–113.

8672 | NEW AND EMERGING COMPOSITE TECHNOLOGIES FOR CIVIL INFRASTRUCTURE (6. Composite structures in civil
engineering)

Aravinthan, Thiru (thiru.aravinthan@usq.edu.au), University of Southern Queensland, Australia
Manalo, Allan C. (manalo@usq.edu.au), University of Southern Queensland, Australia 

There is an increasing interest in the application of fibre reinforced polymer (FRP) composite materials in civil, marine and mining infrastructure. The many
advantages of FRP include low energy consumption, low cost, light weight, and good specific mechanical properties. Being lightweight, these materials
are easy, fast and economic to install as it requires minimal handling and reduces energy in transportation. They also have superior durability resulting in
reduced maintenance requirements. Consequently, an increasing range of structural components and systems made from FRP are now available. 

Despite its many advantages, the acceptance of FRP has been limited due to lack of standards and design. New techniques involving fibre composite
materials into construction have noticeably failed to meet expectations by the owners because of the lack of appropriate design guidelines. Thus, it is
important to investigate the behaviour of new and emerging FRP systems in order to gain a detailed understanding of their structural performance and to
give end-users confidence on the quality and reliability of these new materials. When this is achieved, it could help expedite the implementation of FRP in
civil infrastructure through a more functional and economical design.

This paper presents the on-going research, developments and applications of new and emerging composite technologies for civil infrastructure. These
include sustainable bridge girders, pile rehabilitation and composite pile systems, boardwalks and walkways, railway sleepers, strengthening and
retrofitting of existing structures, and other innovative technologies utilising the unique advantages of FRP materials.
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8693 | Flexural strength and ductility of reinforced and partially prestressed concrete sections with corrugated steel
web(s) (6. Composite structures in civil engineering)

Au, Francis T.K. (francis.au@hku.hk), Department of Civil Engineering, The University of Hong Kong, Hong Kong
Chen, Xiachun (u3001945@connect.hku.hk), Department of Civil Engineering, The University of Hong Kong, Hong Kong
Bai, Zhizhou (billbay.cn@gmail.com), Department of Bridge Engineering, Tongji University, China
Li, Zhenhu (leezhenhu@gmail.com), Department of Civil Engineering, The University of Hong Kong, Hong Kong 

Prestressed concrete bridges with corrugated steel web(s) have emerged as one of the promising bridge forms. This structural form provides excellent
structural efficiency with the concrete flanges primarily taking bending and the corrugated steel webs taking shear. In the design of this type of bridges,
especially those with flanges made of high-strength concrete and those with the requirement of earthquake resistance, both the flexural strength and
ductility need to be carefully examined. Evaluation of these safety-related attributes requires the estimation of full-range behaviour. In this study, the full-
range behaviour is evaluated by means of a nonlinear analytical method which uses the actual stress-strain curves of the materials and considers the
path-dependence of materials. In view of the different behaviour of components and the large shear deformation of webs with negligible longitudinal
stiffness, the assumption that plane sections remain plane may no longer be valid. The interaction between shear deformation and local bending of
flanges may cause additional stress in flanges, which is considered in this study. The numerical results obtained are compared with experimental results
for verification. An extensive parametric study is undertaken to clarify the effects on strength and ductility of various parameters such as the grade of
concrete, the grade of non-prestressing steel, the reinforcing index, the partial prestressing ratio, and the degree of prestressing. From the numerical
results, the flexural strength and ductility are investigated and some design recommendations are obtained.

8724 | Free formaldehyde and internal bond in composites from eucalyptus and bagasse (6. Composite structures in civil
engineering)

Belini, Ugo Leandro (ugo.belini@ufsc.br), UFSC, Brazil
Valle, Ângela do (angela.valle@ufsc.br), UFSC, Brazil
Moraes, Poliana Dias (poliana.moraes@ufsc.br), UFSC, Brazil
Leite, Marta Karina (mkl_designer@yahoo.com.br), UTFPR, Brazil
Lousada, José Luis Penetra Cerveira (jlousada@utad.pt), UTAD/CITAB, Portugal
Dóbner Jr, Mário (mario.dobner@ufsc.br), UFSC, Brazil
Tomazello Filho, Mario (mtomazel@usp.br), USP, Brazil 

The use of natural fibers in composites manufacturing is ancient, although its industrial application is low due to the costs of adapting the industrial
process, the lack of information and its availability in the market, despite its importance and applications, in particular, in developing countries. In this
context, the generation of plant fibers, such as agricultural waste, is related to (i) the characteristics of the production process and its shredding, (ii) the
selective and restricted market conditions, (iii) the perishability stage of the natural products and (iv) the limited information available for their destination
and use. 
Considering these aspects, it is desirable that institutions that develop research related to science and technology in agricultural resources submit work
proposals that contribute to the resolution of questions regarding the use of these resources in a sustainable way, with improved yield potential and quality
improvement of products generated by the agricultural bases industry, thus allowing increased competitiveness in this market segment. 
Under laboratory conditions, the bagasse particles were mixed with eucalyptus fibers for composites with up to 25% sugarcane bagasse (increasing
increments of 5%) and two levels of urea formaldehyde resin (13% and 16%). The internal bond properties of the panels showed satisfactory average
values for the design of a new product and mostly attended the current specifications. The application of 16% UF resin, compared with 13% UF resin,
reflected in better physical and mechanical properties and the mean of the assays totally met NBR 15316 (2009) norm. Furthermore, the lowest content of
free formaldehyde was detected in composites with higher percentage of sugarcane particles. The results indicate that the composite of eucalyptus
particles and sugarcane bagasse fibers (in percentages of 5-25%) present technological properties that meet the standards and feasible production
possibilities in the existing industrial conditions.

8726 | DEVELOPMENT OF AFT BULKHEAD OF THRUST-REVERSING DEVICE OF AIRCRAFT ENGINE FROM POLYMER
COMPOSITES (6. Composite structures in civil engineering)

Anoshkin, A.N. (anoshkin@pstu.ru), Perm National Research Polytechnic University, Russian Federation
Zuiko, V.Yu. (zuyko81@mail.ru), Perm National Research Polytechnic University, Russian Federation 

Today fibrous polymer composite materials (PCM) are widely used in aviation industry all over the world. Composites are used not only in the airframe, but
also in manufacture of aircraft engines parts and components. Generation of new materials, improvement of manufacturing technologies and development
of numerical simulation methods allows to expand the range of application of PCM in aircraft engines – not only for light loaded shells but for load-bearing
parts. One of such parts is the aft bulkhead of thrust-reversing device of aircraft engine PD-14.
Thrust reverser systems are featured on many jet aircraft to help slow down just after touch-down, reducing wear on the brakes and enabling shorter
landing distances. Reverse thrust is located behind the fan cowl doors and combined with an exhaust nozzle. It consists of fixed and movable parts. The
fixed part is the cascades located between forward and aft frames and bolted with them.
The form of frame is non-closed "U"-shaped ring. The loads on frame are transferred from the cascades through bolted joints. The weight of metallic frame
is about 17 kg without taking fastening details into account. The application of composites (carbon-fiber reinforced plastic in particular), for the engine
frame will provide considerable weight savings. 
We developed the numerical model of the frame. Stress and strain fields in the frame under various conditions of loading were obtained with ANSYS
software using this model. The mechanical properties of materials were found experimentally. The aims of numerical simulations are the selection of
reinforcement scheme based on technological feasibility and the development of manufacturing conception. 
Numerical simulation of manufacturing processes also was carried out. Thus, RTM process and laying-out of material plies procedure were realized with
PAM-RTM and Fiber-SIM software.
Finally optimal reinforcement scheme providing technological effectiveness and satisfying to service conditions of engine was selected.
The next step of this work will be the manufacture of full-size specimen for mechanical test to verify the results of numerical simulation. The possibility of
usage of strain gages and piezo sensors in test will be considered.

Work is performed with support of the Russian Foundation for Basic Research. 
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Project No. 14-01-96020: “Experimental and theoretical studies of the mechanical behavior of composite materials with optical fibers and piezo materials”

8728 | Strength and confinement of SFRC – an experimental study (6. Composite structures in civil engineering)

Abbas, Ali A. (abbas@uel.ac.uk), University of East London, United Kingdom 

Strength and confinement of SFRC – an experimental study 

Dr Ali Abbas
Senior Lecturer in Structural Engineering
School of Architecture, Computing and Engineering
University of East London, Docklands Campus
4-6 University Way, London E16 2RD, United Kingdom
Email: abbas@uel.ac.uk
Tel: +44 (0)20 8223 6279, Fax: +44 (0)20 8223 2963

An experimental study was carried out with the aim of examining the structural behaviour of steel fibre reinforced concrete (SFRC) and the influence of
volume fraction (Vf) on the bi-axial state of strains due to axial compressive loads as well flexural strength. In particular, the study has focused on
investigating the confinement provided by the steel fibres. This was achieved by measuring strains both axially (i.e. compressive) and laterally (i.e. tensile)
on prism SFRC specimens as well as the applied axial compressive stresses. The experimental programme comprises tests which were carried out on
cube, prism and beam specimens in order to establish the compressive strength, axial and lateral strains, and flexural load-deflection curves; respectively.
For each set of specimens, tests were carried out using varied steel fibre contents, namely: one plain and three steel fibre volume fractions (0.5%,1%
and1.5%). So for the cube specimens, three cubes of size 100mm * 100mm * 100mm were studied for each volume fraction totalling twelve specimens.
Similarly, two prisms of size 100mm * 100mm * 300mm were tested for each volume fraction totalling eight specimens and two beams of size 100mm *
100mm * 500mm were adopted totalling eight specimens. The steel fibres used in the experimental study were hooked-end DRAMIX RC-65/35-BN steel
fibres with length 35mm and diameter 0.55 and a corresponding aspect ratio 64. The fibres were added to a standard concrete mix of proportion 1:2:3 with
a water-cement ratio of 0.55. The specimens studied did not have any other form of reinforcement added such as steel bars. 
For the cube specimens, it was found that there was a gradual increase in the compressive strength values in line with the increase in volume fraction of
steel fibres added to the concrete mix. The average percentage change in cube compression strength was found to be 1.5%, 4.4% and 16.5% for Vf =
0.5%, 1.0% and 1.5%; respectively. Thus, it can be concluded that although there was a consistent increase in strength, it was only the higher dosage of
Vf = 1.5% that has resulted in a practical increase. Crucially however, the prisms bi-axial strain results show that the ultimate axial compressive strains
increase as the fibre amount is raised demonstrating that the fibres improve the post-peak softening response (with ultimate strains as high as 0.006
compared to 00.0035~0.004 found in plain concrete prism specimens). The increase was consistent even with the lowest amount of fibres of Vf = 0.5%. It
was also interesting to find that the lateral tensile strains were gradually reduced as the fibre dosage was increased showing that the fibres enhance the
confinement (in the orthogonal direction to the applied compressive load). This can only be captured by measuring both axial and lateral strain rather the
common uni-axial testing approach. Considering the crack patterns of the specimens, it was also observed that the addition of fibres has led to a reduction
in crack propagation. The experimental study on beams revealed that the addition of steel fibres enhanced the flexural strength to the beam. The
percentage increase in the load-carrying capacity for the beams was 90% with Vf = 0.5%, 133% with Vf = 1.0% and 250% with Vf = 1.5%, which is quite
considerable. Additionally, there was also a consistent enhancement in ductility (and corresponding energy absorption capacity) as fibre dosages were
increased. The addition of fibres also helped arrest the crack propagation and made the SFRC beams stiffer in comparison with their plain concrete
counterparts.

Keywords: concrete, steel fibres, shear

8730 | Experimental investigations on steel fibres as shear reinforcement (6. Composite structures in civil engineering)

Abbas, Ali A. (abbas@uel.ac.uk), University of East London, United Kingdom 

Experimental investigations on steel fibres as shear reinforcement 

Dr Ali Abbas
Senior Lecturer in Structural Engineering
School of Architecture, Computing and Engineering
University of East London, Docklands Campus
4-6 University Way, London E16 2RD, United Kingdom
Email: abbas@uel.ac.uk
Tel: +44 (0)20 8223 6279, Fax: +44 (0)20 8223 2963

An experimental study was carried out examine key structural reposes of steel fibre reinforced concrete (SFRC) beams with shear links. This comprises
compressive, tensile and shear strengths as well as ductility and energy absorption capacities. A key issue assessed is whether the use of steel fibres can
result in a significant reduction in conventional reinforcement without compromising ductility and strength requirements set out by the design codes. In this
respect, the spacing between shear links was relaxed while steel fibres were added to see whether or not the loss of shear strength can be compensated
for in this way. This is particularly useful in situations where the shear reinforcement required can lead to congestion of shear links, for instance in seismic
design. The experimental programme comprises tests which were carried out on cubes under compressive force, notched cubes under splitting tensile
force and beam specimens with two different spacing values between shear links, namely: 45mm and 90mm. Additionally, four variations of fibre volume
fraction were also considered in the study, which were Vf = 0%, 1%, 2% and 3%. One beam was tested for each link spacing and volume fraction and a
further beam was tested at a spacing of 30mm and Vf = 3%, thus totalling nine beam specimens. Cube compressive test and split tensile test was
performed to determine the compressive and tensile strength of the concrete mix with different steel fibre content. Two cube specimens were tested in
compression for each volume fraction totalling eight and similarly eight cubes were examined under tensile splitting loads. The dimensions of the beams
were 100mm * 100mm * 500 mm and the dimensions of the cubes were 100mm * 100mm * 100mm. The steel fibres used in the experimental study were
hooked-end DRAMIX RC-65/35-BN steel fibres with length 35mm and diameter 0.55 and a corresponding aspect ratio 64. 
For the cube specimens, it was found that there was a linear increase in the compressive strength values in proportion to the increase in volume fraction
of steel fibres added to the concrete mix. The average percentage change in cube compression strength was found to be 7%, 20% and 25% for Vf = 1%,
2% and 3%; respectively compared to the specimen with no fibres. It was also found that the tensile splitting strength (representing the residual tensile
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strength) also increases with the addition of steel fibres indicating that the fibres at these high dosages are active in bridging the orthogonal cracks. The
experimental study on beams revealed that the addition of steel fibres enhanced the shear strength of the beam. Crucially the experiments has shown that
the relaxation of shear link spacing from 45m to 90mm (i.e. by 100%) can be compensated for by adding steel fibres at Vf = 1% or above. Initially, when
the spacing was relaxed and no fibres were added, there was a drop of ~10% in load-carrying capacity. When fibres were added at Vf = 1% (with relaxed
spacing of 90mm), this has resulted in an enhancement of 5% of the strength compared to the specimen with link spacing of 45mm and no fibres (i.e.
control specimen). The enhancement increased to 15% and 33% when fibres with Vf = 2% and 3% were added, respectively, compared to the control
specimen. The addition of fibres also helped arrest the crack propagation. The studies provided insight into how the steel fibres can help reduce
congestion of shear links. 

Keywords: concrete, steel fibres, volume fraction, shear strength

8771 | Structural behaviour of concrete wide beams strengthened with overlay UHPC material (6. Composite structures in
civil engineering)

Teo, Wee (teo_wee@petronas.com.my), Universiti Teknologi Petronas, Malaysia
Hor, Yin (horyin.itc@gmail.com), Universiti Teknologi Petronas, Cambodia 

Reactive powder concrete (RPC), also commonly known as Ultra-High Performance Concrete (UHPC), is a relatively new type of high strength concrete
(HSC) in the construction industry. UHPC offers excellent structural properties, such as ultra-high strength of more than 150 MPa, high fracture toughness,
high ductility and better durability. Because of its superior properties, UHPC is suitable as an advanced material for reinforced concrete (RC) structures
subjected to severe mechanical loading such as blast and impact. 
Recently the use of UHPC has been extended into the rehabilitation of concrete structures. The basic concept is to use UHPC to strengthen parts of the
structure where the outstanding properties of UHPC can be fully exploited. The resulting configuration consisted of composite structural elements
combining UHPC and conventional RC. So far the rehabilitated structures has demonstrated significant improvement on the overall structural resistance
and durability. The findings are very promising, it indicated the great potential of UHPC applications and the technology is possible for either cast in-situ or
precast applications using conventional standard concreting equipments.

8797 | IMPROVEMENT OF AXIAL FLEXIBILITY AND STRENGTH OF WEB-FLANGE JUNCTIONS OF GFRP PULTRUDED I-
BEAMS (6. Composite structures in civil engineering)

Feo, Luciano (l.feo@unisa.it), Department of Civil Engineering, University of Salerno, Italy, Italy
Mosallam, Ayman, S. (mosallam@uci.edu), 1Department of Civil & Env. Engineering, University of California, Irvine, CA, USA, United States America
Penna, Rosa (rpenna@unisa.it), Department of Civil Engineering, University of Salerno, Italy, Italy 

In past few decades, the interest in using pultruded fiber reinforced polymeric (PFRP) composites in construction applications has grown rapidly. Several
research studies were conducted and focused on the performance of PFRP beams, columns and frame structures. The results of the majority of previous
studies highlighted a major problem associated with the deficiency of the off-the-shelf, unidirectional open-web pultruded profiles. In this regards, a
common conclusion was drawn by many researchers; that is: the inherent structural deficiency of commercially produced unidirectional PFRP profiles,
especially at the flange/web(s) junction(s) that lacks fiber continuity. The lack of fiber continuity creates a ″resin-rich″ zones at the junctions that were
shown to be responsible for rapid degradation of both axial and rotational stiffness as well as the strength of the majority of PFRP profiles.
Another related problem is the use of incorrect framing connection details, currently being used by industry. Such connection details mimic those
associated with steel structures. This approach ignores both the anisotropic and the viscoelastic nature of composites as well as the aforementioned
inherent junction deficiency that, in most cases, lead to a greater risk with regard to the safety, reliability and economic aspects of such structures. 
In recent years, several programs on optimizing pultruded composites have been initiated. For example Davalos et al. presented an approach for flexural
analysis and design of pultruded beams. This approach involved computational procedures for utilizing fibre volume fraction of the constituents, ply
stiffness and panel laminate engineering constants. Over the past two decades or so, a number of studies focusing on the performance of PFRP
connections and frame structures have also been reported. Some of the pioneering studies on PFRP frame structures were reported by Mosallam et al.
presenting the results of a comprehensive theoretical and experimental program to evaluate both the short- and long-term behavior of PFRP structures
subjected to both quasi-static and sustained loading.
Other relevant studies related to this topic have been also proposed by Turvey and Zhang and Borowicz and Bank. Due to the critical impact of the web-
flange junction local failure on the structural behavior of pultruded composites that are being currently used by the construction industry, it is necessary to
develop techniques to detect such type of potential localized failure. Leung et al. developed a fiber optic based technique to detect delamination at the
web/flange junction of a GFRP I-beam.
Finally, the authors of this paper have recently presented the results of a multi-phase comprehensive joint research program between University of
Salerno, Italy, and the University of California, Irvine, USA. In particular, load-displacement (P-δ) and moment-rotation (M-θ) relations have been
developed in order to accurately model and in order to establish design limit-state of PFRP structures, necessary to predict the local and global responses
of PFRP structures. 
The aim of this study is to suggest simple detail to improve the structural behavior of web/flange junction of GFRP I-beam. In particular, the performance
of various stiffening elements will be evaluated by means of an experimental investigation that the authors are going to conduct at the Materials and
Structural Testing Laboratory (LMS) of the Department of Civil Engineering of the University of Salerno. The experimental results will be also compared
with the numerical ones obtained via a 3D finite element analysis.

8847 | Beam-to-column bolted connections between GFRP pultruded tubular members: Experimental tests and
numerical modeling (6. Composite structures in civil engineering)

Martins, David (davidjmmartins@tecnico.ulisboa.pt), ICIST, IST, Universidade de Lisboa, Portugal
Proença, Miguel (miguel.m.proenca@ist.utl.pt), IST, Universidade de Lisboa, Portugal
Arruda, Mário (marruda@civil.ist.utl.pt), ICIST, IST, Universidade de Lisboa, Portugal
Correia, João R. (joao.ramoa.correia@tecnico.ulisboa.pt), ICIST, IST, Universidade de Lisboa, Portugal
Ferreira, João F. (joaof@civil.ist.utl.pt), ICIST, IST, Universidade de Lisboa, Portugal
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Silvestre, Nuno (nsilvestre@ist.utl.pt), LAETA, IST, Universidade de Lisboa, Portugal 

This paper presents experimental and numerical investigations about the structural response of beam-to-column bolted joints between glass fibre
reinforced polymer (GFRP) pultruded members. This study was developed in the scope of the CLICKHOUSE project, which aims at developing a
prototype of an emergency house made of composite materials. In this prototype, the connections between GFRP members (as well as between these
and the other construction elements) are intended to have an expedite assembly and disassembly process.

The GFRP profiles used in the experimental tests have square tubular cross-section with 120 mm of height/width and 10 mm of wall thickness. The beam-
to-column joints comprised a 1.16 m long column connected to a 1.00 m long beam. The connections tested were materialized by means of tailor-made
connection parts made of steel plates positioned inside both the beam and the column. Three experimental series were testeds: (i) a connection in which
the beam is fixed with two bolts per flange; (ii) a connection with the beam fixed with four bolts per flange; and (iii) a connection in which the beam is fixed
with one bolt per web. The frame connections were subjected to static monotonic tests by applying a transverse load to the beam. The results were
analysed in terms of moment vs. rotation curves, stiffness, strength and failure modes.

The numerical investigations consisted of simulating the experimental tests with three-dimensional finite element (FE) models. The numerical models were
developed in ABAQUS commercial package. A classical isotropic material model was adopted for the steel plates and the bolts, whereas for the GFRP an
orthotropic elastic behavior was considered. For all surfaces the contact behavior was simulated using small sliding with normal and tangential behavior.
Geometric non-linear analyses were performed. The results of the experimental tests were used to calibrate and validate the numerical models, which
were then used to evaluate the strain and stress fields in the joints.

8944 | Application of Lattice Composite Technologies to Aircraft Primary Structures (6. Composite structures in civil
engineering)

Shanygin, Alexander N. (alexander.shanygin@tsagi.ru), Central Aerohydrodynamic Institute (TsAGI), Russian Federation
Kondakov, Ivan O. (ivan.kondakov@tsagi.ru), Central Aerohydrodynamic Institute (TsAGI), Russian Federation 

Current composite materials in frames of “Black metal” aircraft primary structures do not allow to obtain significant weight decrease for these structures as
compared with state-of-the-art metallic analogues. Besides, a number of principal problems concerning long-time operation of aircraft still can not be
solved for these structures without significant weight expenses.

At the same time, there has been an encouraging experience associated with the so-called “pro-composite” structures made of unidirectional composite
elements that led to a significantly improved weight efficiency of aerospace structures. One of the successful examples of real-life pro-composite
structures are the space structures having lattice topology and manufactured by wet filament winding. Such lattice interstage adapters for the Russian
heavy launcher Proton-M have demontrated real weight reduction up to 50% as compared to metallic ones. This successful experience became the basis
for the investigations dedicated to adaptation of lattice composite technologies to development of primary structures of perspective civil aircrafts. 

Aircraft structures have a number of specific problems, which are not typical for space structures. The main of these problems are:
- combined loading, including significant shear forces, bending and torsion;
- requirements of long-term operation, including durability and damage tolerance; 
- requirements of maintenance and repairability.

In the presented work authors suggest the following solutions of the problems of adaptation of lattice technologies to aircraft primary structures:
1. Application of novel pro-composite structure concept for composite airframes based on the principle of division of the primary structure into two main
elements: 
- High-strength grid of composite ribs – for taking external forces and moments.
- Elastic internal skin – for pressurizing and transferring loads from pressurizing to the grid. 
Application of this structure concept allows bearing the combined external loading by the means of unidirectional composite ribs only, i.e. by tension and
compression of composite elements along the fibers, while the skin acts as a pressurized membrane and can be lightweight.
2. Development of protection system for load-bearing composite ribs.
In order to assure long-term and safe operation for composite primary aircraft structures, the load-bearing elements must be protected from impacts and
environmental factors. Such protective systems can be effectively realized for lattice structures due to the topology of the load-bearing grid, which allows
to protect the ribs with slight weight penalty. 
3. Multilevel repair concept.
Repair concept for lattice composite structures includes several different scenarios of repair depending on type and extent of damage.

In this work some results of development of lattice composite airframes are presented. The investigations have shown that the lattice composite primary
structures demonstrate about 10-15% weight saving in comparison with metallic and “Black metal” analogues for a number of airframes, including
cylindrical and oval fuselage structures, panels for “flying wing” aircraft concept and some other aircraft structures.

8966 | Eccentric compression performance of laminated bamboo column (6. Composite structures in civil engineering)

Haitao Li (lhaitao1982@126.com), Nanjing Forestry University, China
Jingwen Su (sujingwen2013@126.com), Nanjing Forestry University, China 

This study investigated the influence of eccentricity ratio upon behaviour of laminated bamboo column specimens under eccentric compression. The load-
strain and load-deflection relationships are obtained from column tests, and the detailed failure modes for all specimens are reported. The test
deformation curves for the columns can be expressed as the sine half-wave line no matter how much the eccentricity is and the strain across the cross-
section of the laminated bamboo column is linear throughout the test process. The ultimate load values decrease with the increase of the eccentricity
ratio. How the eccentricity ratio influencing the strains for the four side surfaces have been described. An equation for calculating the eccentricity
influencing coefficient of laminated bamboo columns is proposed. The calculation results obtained from the equations give a good agreement with the test
results.
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8983 | Seismic Behavior of ECC/RC Composite Frame (6. Composite structures in civil engineering)

Pan Z. F. (zfpan@tongji.edu.cn), Tongji University, China
Liu J. W. (jiweiliu@163.com), Southeast University, China
Wang W. (preking@126.com), CITIC General Institute of Architectural Design and Research Co., Ltd, China 

Engineered cementitious composites (ECC) is a special type of high performance fiber reinforced cementitious composites featuring significant tensile
ductility and multiple cracking. An ECC/RC composite frame in which normal concrete both in beam-column joint zones and column roots in the ground
floor was substituted with ECC, was proposed to relax the requirement of transverse reinforcement in the joint core and to improve the seismic
performance of the frame. In theory, as the shear capacity and ductility of ECC are higher than those of normal concrete, the lateral capacity, ductility, and
energy dissipation capacity of frame can be improved by the substitution of concrete with ECC in the beam-column joint zones. The seismic behavior of
an ECC/RC composite frame was evaluated through the pushover analysis, and its seismic behavior was compared with those of reinforced concrete
frame and ECC frame. Results indicated that the use of ECC in the frame could reduce the distribution range of plastic hinges, decrease the inter-story
drift with relatively large plastic deformation, and mitigate the earthquake damage.

9000 | NONLINEAR MICROMECHANICAL MODELING OF TUFF STONE MASONRY FOR DYNAMIC RESPONSE
ANALYSIS (6. Composite structures in civil engineering)

Balestrieri, Claudio (claudiobalestrieri@gmail.com), Department of Structures for Engineering and Architecture, University of Naples Federico II, Italy
Parisi, Fulvio (fulvio.parisi@unina.it), Department of Structures for Engineering and Architecture, University of Naples Federico II, Italy
Asprone, Domenico (d.asprone@unina.it), Department of Structures for Engineering and Architecture, University of Naples Federico II, Italy 

Masonry is a composite material made of prismatic elements (i.e. stones, bricks or blocks) and mortar or dry joints. Masonry assemblages are typically
used to form load-bearing or partition walls, as well as vaults, domes and retaining walls. Different computational strategies are currently available to
simulate mechanical behavior of masonry structures, but experimental data are needed to assess the accuracy of numerical and analytical models.
In this study, a micromechanical finite element (FE) model is proposed for tuff stone masonry, which has been used from ancient times to the present for
construction of buildings and infrastructures (e.g. arch bridges and water distribution networks). The arrangement of stones was set up according to the
running masonry bond scheme. The micromechanical modeling approach allowed the authors to distinctly simulate the behavior of stone units and mortar
joints, as well as their interaction. The FE model was developed within LS-DYNA computer program to predict masonry response to quasistatic, dynamic
and even impulsive loads such as blast and impact. Material properties and volumetric stress‒strain behavior of constituents (i.e. stones and mortar) were
properly defined by means of laboratory test results. The nonlinear micromechanical FE model was then calibrated to get an effective reproduction of the
experimental behavior of masonry specimens under different load patterns, hence assessing its numerical robustness. A satisfactory experimental-
numerical comparison in terms of force‒displacement diagrams and crack patterns was found. Local limit states associated with different failure modes of
masonry constituents were statistically characterized for each load pattern. Finally, the influence of material properties was assessed. This investigation
was first based on a sensitivity analysis where material properties were changed according to statistical variability from experimental evidence. Then, a
stochastic FE analysis was carried out by simulating material properties in compliance with discrete and continuous probability models. That procedure
accounted for the actual inhomogeneity of masonry constituents. Key masonry properties such as peak resistance and ultimate displacement were
statistically characterized, evaluating the propagation of material uncertainties to the macroscopic level. The micromechanical model presented in this
paper will be used for dynamic response analysis of masonry walls subjected to blast loading.

9009 | Research on the FRP deck panel for road bridge application (6. Composite structures in civil engineering)

Siwowski, Tomasz W. (siwowski@prz.edu.pl), Rzeszow University of Technology, Poland
Kulpa, Maciej (kulpa@prz.edu.pl), Rzeszow University of Technology, Poland 

The growing need of durability enhancement for road bridge decks has recently caused the big impulse for research on new, durable, lightweight and easy
to handle bridge decks, made of advanced materials, f.e. FRP (fibre reinforced polymers). Therefore, in the frame of UE 7FP, three structural solutions of
sandwich FRP bridge deck have been elaborated, produced and tested under static load. On the base of initial test results the stiffness, load carrying
capacity and dynamic behaviour of panels have been estimated and the best solution for further research has been chosen. 

The best solution, i.e. panel fabricated by VARTM manufacturing technique, has been tested in full scale to estimate its behaviour under service, ultimate
as well as dynamic load. The panel fulfilled the required criteria for ultimate capacity, serviceability and safety, therefore its application in prototype bridge
construction is planned. The detailed FEM model of the panel was also elaborated and after validation against the test results, it is planned to use the
FEM model in designing of the real bridge application. The structure, production technology and main test results of the full scale panel as well as FEM
validation procedure will be presented in the paper. 

9145 | Research on the Constraint Effect of GFRP Grid Beam Filled with Concrete (6. Composite structures in civil engineering)

Mao,Jize (maojize@hrbeu.edu.cn), Harbin Engineering University, Harbin, China
Zhang,Shuai (1032922389@qq.com), Harbin Engineering University, Harbin, China
Jin,Huiying (124386664@qq.com), Harbin Engineering University, Harbin, China
Guo,Qingyong (qingyong622@126.com), Harbin Engineering University, Harbin, China 

Abstract: Many studies have shown that comparing with the conventional reinforced concrete beam GFRP-concrete composite beam can reduce dead
weight and improve durability by placing concrete and GFRP in the compressive and the tensile zone respectively. In this paper, the concept of GFRP-
concrete beam is taken a step further, by combining the rectangular pultruded GFRP box with concrete slab which is restrained by GFRP grids to improve
the bearing capacity, simplify the engineering and speed up construction. The finite element analysis software ABAQUS is the main tool in this research.
To a better simulation, cubic concrete restrained by GFRP was designed in several sizes to ensure the constitutive relation of confined concrete. During
the research, models of plain concrete slabs and concrete slabs with grids on the top are taken into comparison, to verify the existence of constraint effect.
Additionally, different grid sizes of the beams are simulated, with a steady purpose of determining the proper size of the grids, which would maximize the
effect of constraint. Besides these, several frequently-used strength grades of concrete are also taken into account. This study shows that the grid
constraints can effectively improve the ultimate flexural capacity of the beam.
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Key words: Composite beam; Constraint effect; GFRP; Grid; Concrete; Sizes; Bearing capacity.

9169 | RESIDUAL STRENGTH TESTING IN PULTRUDED FRP MATERIAL UNDER A VARIETY OF TEMPERATURE
CYCLES (6. Composite structures in civil engineering)

Russo Salvatore (russo@iuav.it), Iuav University of Venice, Italy
Rosano Michele (m.rosano@curtin.edu.au), Curtin University of Australia, Australia
Krishna Lawania (krishna.lawania@curtin.edu.au), Curtin University of Australia, Australia 

This research evaluates the effects of various temperature cycles on the compression behaviour of pultruded fibre reinforce polymer (FRP) samples. The
performance of the temperature affected samples are then compared with samples not subjected to the temperature cycles in order to evaluate the effects
of temperature on both the load compression achieved and any surface or material degradation as a result of the temperature cycles. The analysed FRP
samples were physically characterized by a very low slenderness value in order to avoid potential material instability as a result of successive high
temperature cycles on the compressive strength. Strain-gauges were used to evaluate any local deformation of the samples both in the direction of the
pultruded fibres and orthogonally to them.

9208 | Reinforcement of old masonry structures by advanced composites materials : experimental analysis and
modelling. (6. Composite structures in civil engineering)

Gharib, Turath (turath.gharib@etu.univ-lyon1.fr), University Claude Bernard Lyon1, France
Gabor, Aron (aron.gabor@univ-lyon1.fr), University Claude Bernard Lyon1, France
Ferrier, Emmanuel (emmanuel.ferrier@univ-lyon1.fr), University Claude Bernard Lyon1, France 

Reinforcement and strengthening of historical masonry is of highest importance for preserving the world build heritage. The present paper focuses on the
strengthening of limestone masonry by advanced composite materials adapted to the aesthetics and economical challenges. Thus, two strengthening
techniques are studied, the first one using textile reinforced concrete (TRC), and the second one near surface mounted (NSM) FRP glass bars.
Orthotropic and non-linear characteristics of the masonry require a multi-scale experimental analysis, in order to get the parameters adapted to the
forecast of the mechanical behaviour. 

In order to study the interactions at the level of the joint when shear loading prevails push-out and pull-out tests were realized. Push-out tests, under
varying lateral confinement loads, allowed to establish a generalized law for the behaviour of the mortar joint and the joint/stone interface in shear. Pull-out
tests on small masonry prisms reinforced by NSM- FRP bars allowed to quantify the effect of the reinforcement on the local mechanisms. Totally twelve
specimens were tested, six for eaxh configuration.
Diagonal compression tests performed on real scale masonry walls allowed to analysis the interaction between masonry and TRC or NSM reinforcement.
For each reinforcement configuration six walls were tested. Global and local mechanical parameters were analysed such as, global stiffness, strength,
local strain field, etc. Correlation was made between the results of small and real scale specimens.

Experimental campaign was accompanied by a research of adapted analytical models found in the literature to describe the mechanical parameters as a
function of the observed phenomena and material characteristics.

9220 | Design of Retrofit CFRP System for Pier Caps of I-88 Bridge over Fox River (6. Composite structures in civil engineering)

Mohsen Issa (missa@uic.edu), University of Illinois at Chicago, United States America
Elias Ajami (eajami@getipass.com), Illinois Toll way Authority, United States America 

A detailed structural capacity analysis of the cantilevered segments of the pier caps and spandrel caps on the I-88 Bridge over the Fox River in Ogden,
Illinois was performed. The intent of this analysis was to investigate whether the bridge retains sufficient structural capacity after intermittent severing of
rebar during construction. Cracks were observed over the critical sections over the cantilevered portion of the pier and spandrel caps. The structural
analyses included the flexural and shear capacity of the cantilevered portion of the pier and spandrel caps. 
As a result of this analysis, it has been determined that the cantilevered portions of the pier and spandrel caps on the westbound I-88 bridge over the Fox
river retain sufficient ultimate flexural capacity and experience live load deflections within the range permitted by AASHTO. However, the intent of the
retrofit system is to provide additional strength capacity to bring the flexural strength to its original design. In light of that, it was decided to design a full
structural retrofit CFRP system of the pier caps given the intent of the crack control provision and issues. 
In addition, a full retrofit to alleviate architectural cracking in a substructural element, blocked from public view, and protected from moisture by both deck
and girders, can be considered acceptable. An epoxy injection and sealant application treatment on those pier caps was sufficient to prevent future
problems caused by service level flexural cracking in the pier and spandrel caps.

9222 | BEHAVIOUR OF CONCRETE FILLED DOUBLE SKIN CIRCULAR STEEL TUBES IN AXIAL COMPRESSION (6.
Composite structures in civil engineering)

Essopjee, Yoosuf (Yoosuf.Essopjee@transnet.net), University of Johannesburg, Department of Civil Engineering Science, South Africa
Dundu, Morgan (mdundu@uj.ac.za), University of Johannesburg, Department of Civil Engineering Science, South Africa 

Experimental tests were conducted on 32 concrete filled double skin circular tube (CFDSCT) columns. The CFDSCT columns were loaded in axial
compression until failure. The parameters that were varied were the lengths, diameters of outer steel tubes and strength of the outer steel tubes. The
lengths that were tested ranged from 1.0 - 2.5m, in increments of 0.5 m. The CFDSCTs of 1m lengths failed by a combination of overall buckling and
yielding of the steel tubes. All the other columns failed by overall buckling due to their larger slenderness ratio. The provision of concrete filled tubes
(CFTs) in SANS 10162-1 and Eurocode 4 (EC4) were adjusted in order to determine the compressive resistance of these structural elements. A
comparison of the test results and the proposed formula shows that the proposed formula predicts the test results well.
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9299 | Experimental study on shear resistance evaluation of perfobond strip without penetrating rebar (6. Composite
structures in civil engineering)

Nguyen Minh Hai (dt147104@cc.utsunomiya-u.ac.jp), Utsunomiya University, Japan 

A perfobond strip is widely used as the shear connector in various steel-concrete hybrid structures and in designing the perfobond strip, it is important to
understand its shear resistance. In this study the shear resistance of perfobond strip without the penetrating rebar is investigated experimentally by
employing the simple push-out specimen. As a result, the design formula is proposed for evaluating the shear resistance of the perfobond strip taking into
account the dimensions of concrete block and the thickness of the perfobond plate as well as the perforation size, and the concrete compressive strength.
In addition, the limit of the concrete block size effect and the influence of the location of the perfobond plate in concrete block on the shear resistance are
also investigated in this paper.

9307 | On the structural design of the Portable Temporary Mataf Pedestrian Bridge (6. Composite structures in civil
engineering)

Mohsen zadeh tabari,Golnaz (golnaz.mohsenzadeh@sl-rasch.de), SL-Rasch GmbH, Germany
Scheone,Stefan (stefan.scheone@sl-rasch.de), SL-Rasch GmbH, Germany 

This paper presents the structural design of the Temporary Mataf, two-story composite walkway-bridge in Mecca, Saudi Arabia. This bridge is connected
through several access ramps to Grand Mosque and Al-Umrah gates.
The application of this Structure is to provide the comfort of the current capacity of the worshipers even while the Grand Mosque is under the construction.
Therefore, this project has alleviated crowd density of worshipers, increased the capacity of the pilgrims and provides a shorter period of Tawaf.
In order to design an ultra-lightweight, highly stiff and large span structure for the simple, fast and safe erection, ring structure is constructed from carbon
fiber reinforced composite components with steel connections. Moreover, the access ramps are built from Carbon fiber pillars and steel beams. Whole
structure can be removed and reconstructed as needed without the use of heavy machines which is the important feature according to the flow of the
pilgrims in the Mataf area.
Furthermore, investigation of Vulnerability of this lightweight structure to the dynamic loads and the study of the structural interacting behavior of the steel
connection and carbon fiber reinforced composite members are depicted in this paper.

9337 | Design of structural columns using composite systems (6. Composite structures in civil engineering)

Varajão, Joana F. D. (em10142@fe.up.pt), FEUP, Portugal
Costa, Mariana I. M. (em10154@fe.up.pt), FEUP, Portugal
Sá, José M. C. (cesarsa@fe.up.pt), FEUP, Portugal
Marques, António T. (marques@fe.up.pt), FEUP, Portugal
Parente, Marco (mparente@fe.up.pt), FEUP, Portugal 

Composites systems are used more and more in structural civil engineering applications. Due to high specific stiffness and strength, corrosion resistance
and durability, they may be used in new structures, in internal reinforcement of new concrete structures (replacing steel rods), new hybrid systems, in
rehabilitation and reconstruction, in repairing and strengthening of old structures and in seismic performance optimization.
Besides a state of the art review of composite systems in civil engineering applications, the paper will present a new conceptual construction, including the
design for columns to support plates for a petrol station.
The following aspects are considered:
• Customer’s users requirements, including codes and standards
• Development of concept
• Materials selection using CES EDUPACK®
• Analysis of manufacturing procedures comparing advantages and disadvantages, particularly in pultrusion process
• Structural design, including bonded and bolted joints
• Numerical simulation using finite elements (ABAQUS®)
The columns structural design followed the design rules of a manufacturer of pultruded profiles FIBERLINE®, considering the anisotropic properties of the
composite system. It will be discussed the design of the cover, the main structure and the support columns. The profiles used are W cross section, U, I
and round cross sections. Structural loading considers also effects of snow and wind.
Finally, after the materials selection procedure, a glass fibre reinforced epoxy system has been chosen.
The paper will also present a design methodology for structural applications of columns.

9371 | Structural Behavior of RC Beams Strengthened with NSM Steel Bar: Experimental and Numerical Investigation (6.
Composite structures in civil engineering)

Hosen, Md. Akter (enggakter@gmail.com), University of Malaya, Malaysia
Jumaat, Mohd Zamin (zamin@um.edu.my), University of Malaya, Malaysia
Islam, A. B. M. Saiful (abm.saiful@um.edu.my), University of Malaya, Malaysia 

Due to hostile environmental conditions, faults in design, change in requirements and extend the design life may require strengthening or rehabilitation of
existing reinforced concrete (RC) structures. Near surface mounted (NSM) technique incorporating steel bars is an effective for strengthening of RC
beams under flexural loads. An experimental program and nonlinear finite element modeling (FEM) were carried out to explore the performance of RC
members strengthened with NSM-steel. The experimental investigation comprised of three types of total nine RC beams with rectangular cross-section: (i)
one unstrengthened beams, (ii) four beams strengthened with single groove NSM-steel bar and (iii) four beams strengthened with double groove NSM-
steel bars. Four-point bending tests were performed up to failure of RC beams strengthened with different ratios of NSM reinforcement. Nonlinear material
behavior of plain concrete, main and strengthening reinforcement are simulating applying pertinent constitutive models. Flexural failure modes, concrete
compression, tension steel and NSM reinforcement strain, cracking behavior on strengthening are reported and discussed based on measured load,
deflection and strain data. The experimental and numerical results show good agreement. A parametric studies were carried out the effect of NSM groove
and reinforcement, effectiveness of NSM-steel technique and ductility on the structural response. The test results shown that NSM-steel significantly
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increase the stiffness as well as the flexural strength (up to 84%) of RC beams.

9377 | Synthesis of composite lightweight concrete using palm oil clinker and oil palm shell as coarse aggregate (6.
Composite structures in civil engineering)

Md. Nazmul Huda (nazmulhuda.128@gmail.com), University of Malaya, Malaysia
Mohd Zamin Bin Jumaat (zamin1@um.edu.my), University of Malaya, Malaysia
A.B.M. Saiful Islam (abm.saiful@gmail.com), University of Malaya, Malaysia 

During the last decade, to ensure less destruction of natural resources, it is being popular to recycle the waste materials from the industries. Hence, the
construction industries can get alternative building materials for producing green lightweight concrete. In Malaysia, palm oil producing industries are
responsible to produce huge amount of solid wastes. It is possible to synthesis the lightweight aggregate concrete using solid waste namely oil palm shell
(OPS) and palm oil clinker (POC) from the palm oil producing industries. Some attempts of previous studies were to use OPS, some were to use POC
separately. Each concept has some advantages and disadvantages. In this research, OPS and POC were used together as a coarse aggregate to
improve the mechanical properties of concrete. To achieve this purpose, normal coarse aggregate was fully replaced by POC and OPS in the lightweight
aggregate concrete. This concrete was named as oil palm shell and palm oil clinker concrete (PSCC). Attempts have been made to fix the optimum mix
ratio of OPS and POC in concrete for better performance. The proportions of OPS and POC mix are varied from 40% to 70%. Mechanical properties of
PSCC including workability, density, compressive strength at different ages, splitting tensile, flexural strengths and modulus of elasticity have been
evaluated. The results revealed that PSCC has the extensive potential to perform better as green lightweight aggregate concrete. It will solve the problem
of solid waste management as well.

9549 | Parametric study of net section failure of pultruded connections with three-dimensional finite element approach
(6. Composite structures in civil engineering)

Girao Coelho, Ana M (a.m.girao-coelho@warwick.ac.uk), University of Warwick, United Kingdom
Mottram, JT (j.t.mottram@warwick.ac.uk), University of Warwick, United Kingdom
Harries, KA (kharries@pitt.edu), University of Pittsburgh, United States America
Girao Coelho, Ana M (a.m.girao-coelho@warwick.ac.uk), University of Warwick, United Kingdom
Mottram, JT (j.t.mottram@warwick.ac.uk), University of Warwick, United Kingdom
Harries, KA (kharries@pitt.edu), University of Pittsburgh, United States America 

The results of a three-dimensional finite element study of the net section dominated failure behaviour of pultruded open-hole specimens are presented.
Computer models are developed using the general-purpose software Abaqus. Several issues are addressed in the study with respect to the notched plate
geometry: (i) thickness of plate, (ii) transverse centre-to-centre spacing of holes (gauge), and (iii) distance from the centre of the hole to the nearest edge.
The analytical results provide information on basic performance and the effects of these parameters on strength and damage tolerance performance,
thereby furthering the current understanding of pultruded plate-to-plate connection behaviour under static loading. Based on the results, design
recommendations for minimum edge distance and gauge spacing for bolts are given.

6288 | Chiral separation using membranes coating with different chiral polymer materials (7. Innovative Applications)

Ingole, Pravin G. (ingolepravin@gmail.com), Korea Institute of Energy Research (KIER), Korea, South 

Separation of chiral compounds enantioselective composite polymer membrane was prepared by using co-polymerizing interfacially a mixture of different
chiral compounds (amino acids, chiral metal complexes and drugs) and piperazine with trimesoyl chloride in-situ on polysulfone ultrafiltration membrane.
The chemical composition of composite membrane was determined by ATR-FTIR, scanning electron microscopy (SEM), transmission electron microscopy
(TEM), atomic force microscopy (AFM) and X-ray Fluorescence Spectroscopy. High-performance liquid chromatography analysis was carried out using a
chiral HPLC apparatus equipped with Chiral Chrompak-CR (+) column. The optical resolution of α-amino acids was performed in pressure driven process.
The effect of operating pressure, permeation time and feed concentration on the performance of membrane was studied. The proposed schemes assume
a new concept of excipient, which are not only inert ingredients but they have eligibility to separate different enantiomers. Keeping in view the
pharmacological and chemical aspects of a specific enantiomer there is great need for efficient separation process. Our studies will be fruitful in the area
of separation of enantiomer by using polymer composite material as support.1-3
References:
1. P.G. Ingole, K. Singh, H.C. Bajaj. Sep. Sci. Technol. 46 (2011) 1898.
2. P.G. Ingole, K. Singh, H.C. Bajaj, Desalination 281 (2011) 413.
3. P.G. Ingole, H.C. Bajaj, K. Singh. Desalination 305 (2012) 54.

6301 | Design of a Lightweight Composite Sandwich Panel Semi-Trailer Deck (7. Innovative Applications)

Galos, Joel L. (jlg62@cam.ac.uk), Cambridge University, United Kingdom 

In road haulage the empty weight of a vehicle is a significant contributor to fuel consumption and resulting CO2 emissions. The application of lightweight
materials in design is one avenue that needs to be explored in reducing the carbon footprint of road freight vehicles. There are very few regulations which
determine the structural design of typical road freight semi-trailers, providing large scope for innovation in design. A lightweight composite sandwich panel
has been designed to replace existing hardwood deck materials used in semi-trailers transporting grocery goods. The lightweight sandwich deck,
comprised of woven e-glass fibre / polyester face sheets and a balsa core, is calculated to be approximately 200kg (40%) lighter than lightest existing
birch plywood based deck. The lightweight composite sandwich panel has been shown to have comparable stiffness and strength to existing deck
materials. A cost-driven design approach is employed to ensure cost competitiveness against existing materials. Future work will involve fitting a
demonstrator of the composite sandwich deck to an existing trailer.

6380 | Organic/inorganic composite fibers for x-ray protection applications (7. Innovative Applications)
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Mahltig, Boris (boris.mahltig@hs-niederrhein.de), Hochschule Niederrhein, Germany
Kyosev, Yordan (yordan.kyosev@hs-niederrhein.de), Hochschule Niederrhein, Germany
Günther, Karoline (karoline.guenther@hs-niederrhein.de), Hochschule Niederrhein, Germany
Giebing, Christina (christina.giebing@hs-niederrhein.de), Hochschule Niederrhein, Germany
Gersching, Detlef (gersching@titk.de), TITK, Germany
Krieg, Marcus (krieg@titk.de), TITK, Germany 

Composite fibers containing an organic and an inorganic component are used for the production of plain textiles for x-ray protection applications. The
production of the composite fibers is performed by the lyocell-process, while combining the organic cellulose fiber with an inorganic component as x-ray
absorber. Adequate x-ray absorbers are non-soluble compounds of heavy chemical elements, which have to be non-toxic. The actually prepared
composite fibers contain the x-ray absorbing compounds bariumsulphate, bariumtitanate, bariumzirconate and bismutoxide. Composite fibers with an
inorganic content of 40 weight-percentage were realized and in first investigations the preparation of yarns and fabrics is started. Investigations are
performed with monochromatic x-radiation of photoenergy 8 keV and x-radiation of full spectra up to photoenergy of 80 keV. The significant reduction of x-
ray transmission is possible by such produced woven and non-woven materials. Especially effective for x-ray protection are the combination of different x-
ray absorber and the use of double layer woven textiles.

7761 | Consolidated Fiber Placement - The lay-up of consolidated unidirectional fiber tapes (7. Innovative Applications)

Henneberg, Andreas (a.henneberg@tu-bs.de), University of Brunswick, Germany 

Automation will be the key factor for the increasing use of composite technology in all industrial areas. Some automated technologies (like ATL and AFP)
are already used in the manufacturing process of large composite components. However, there are still problems during manufacturing which could not be
resolved completely yet. Furthermore, the drawbacks of the cooling chain and the expensive autoclave process deter the use of composite technology in
some industrial areas. The aim of this study is to demonstrate the suitability of a new manufacturing approach regarding the automated fiber placement.
The bonding of consolidated fiber tapes allows for an optimal utilization of the fiber properties and eliminates typical manufacturing defects. In order to
show the automated processing of the consolidated tape, a rudimentarily placement unit was developed. The unit takes the changed material properties
into account and verifies the use of consolidated fiber tape for an automated process.

7762 | Consolidated Fiber Placement - A new approach in composite manufacturing (7. Innovative Applications)

Transier, Gordon (g.transier@tu-bs.de), University of Brunswick, Germany 

High tolerance requirements during fiber placement bear specific challenges – especially the problem of fiber deviation has to be mentioned. Furthermore
there are long process times for the global process, caused by fiber preparation and matrix-curing. To ensure highest quality composites with a high grade
of fiber parallel structures, a new production process for an economic production of large structures is proposed. Therefore, the bonding of unidirectional,
pre-consolidated fiber tows to a load-specific global structure is investigated. With this approach, the fiber embedding is temporally decoupled from the
fiber layup process. By producing a structure from optimally aligned fibers and with a hedged bonding process, an increase of the manufacturing-rate and
quality is possible.
To prove a general suitability of this approach, initial basic investigations were carried out. Those will demonstrate if an adhesively fixed prepreg structure
can compete with a pure prepreg structure. Reference samples of pure prepreg and adhesively fixed prepreg samples with different adhesives were
made. For a second sample series, the prepreg-surfaces of the adhesively fixed samples have been pretreated with different methods before bonding.
Finally, pressure-tests, 4-point-flexure tests and interlaminar-shear-strength test have been carried out with all samples. All test results have been
compared with the reference sample.
The investigation led to very promising results and motivates to further pursue this approach.

7795 | Experimental study on mechanical behavior of FRP reinforced 3D printed elements (7. Innovative Applications)

Meng, Xin M. (mengxinmiao123@163.com), Tsinghua University, China
Feng, Peng (fengpeng@tsinghua.edu.cn), Tsinghua University, China 

To enhance the mechanical properties of structural elements produced using three dimensional printing (3DP) techniques, and study the reinforcement
provided by glass fiber reinforced polymer (GFRP) sheets wrapped around and adhered to the elements, axial compression experiments were conducted
on circular columns, including four reinforced and one control element. Additionally, four-point bending tests were conducted on four reinforced beams and
one control beam. These experiments mainly studied the influence of the number of GFRP sheets and reinforcement methods on elements’ failure
characteristics, bearing capacity, and ductility. The research results indicated that changing wrapping the columns in GFPR changed the failure mode from
brittle to ductile, and markedly improved the peak loads (by 1427.2%~1792.0%) and largest compression deflections (by 833.9%~1171.3%) depending on
the number of layers and reinforcement details. Additionally, the mechanical behavior of 3D printed beams with GFRP sheets adhered to the bottom was
improved greatly, as bearing capacities were increased by 179.6%~538.8% and flexure deflections at the midspan were increased by 40.8%~225.8%
depending on the number of layers and reinforcement details. However, the failure characteristics of 3D printed beams were affected by different
reinforcement details.

7821 | Carbon fiber/thermoplastic bipolar plate-carbon felt electrode assembly for vanadium redox flow batteries
(VRFB) (7. Innovative Applications)

Lim, Jun Woo (jul170@jbnu.ac.kr), Chonbuk National University, Korea, South
Lee, Dongyoung (missingnum@kaist.ac.kr), KAIST, Korea, South
Kim, Minkook (magicicada@kaist.ac.kr), KAIST, Korea, South
Choe, Jaeheon (jhchoe@kaist.ac.kr), KAIST, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South 

The vanadium redox flow battery (VRFB) is a promising energy storage system (ESS) which can decrease the risk of power outage by storing electricity
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energy at non-peak time, and using at peak time. Among various ESSs, the VRFB is one of the safest and most flexible systems due to its unlimited
capacity, non-explosiveness, and infinite lifetime. 
Since the compaction pressure on the carbon felt electrode (CFE) inside the stack is relatively small, the electrical contact resistance between the CFE
and bipolar plate (BP) largely affects the cell efficiency. In this work, a carbon fiber/thermoplastic composite BP-CFE assembly has been developed to
decrease the contact resistance between the BP and CFE by embedding the CFE into the thermoplastic matrix of the carbon fiber composite BP through
diffusion process to decrease the electrical contact resistance. To evaluate the performances of the BP-CFE assembly, the area specific resistance (ASR)
and gas permeability were measured. Also the acid aging tests were performed to verify the stack reliability. Finally, the performances of the BP-CFE
assembly were measured and compared with those of the conventional bipolar plate during the charge/discharge cycles of a VRFB stack.

7838 | Carbon elastomeric composite bipolar plate for high temperature PEM fuel cell (7. Innovative Applications)

Lee, Dongyoung (missingnum@kaist.ac.kr), KAIST, Korea, South
Lim, Jun Woo (jul170@kaist.ac.kr), KAIST, Korea, South
Choi, Ilbeom (chib1020@kaist.ac.kr), KAIST, Korea, South
Nam, Soohyun (namsu0615@kaist.ac.kr), KAIST, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South 

The carbon/epoxy composite bipolar plate (BP) is being substituted for the brittle graphite bipolar plate commonly used for the proton exchange
membrane fuel cell (PEMFC) due to its high strength and high stiffness, and easy manufacturing. However, the harder surface of carbon/epoxy composite
compared to graphite, requires coating of expanded graphite to decrease the area specific resistance (ASR), which is contributed much by the electrical
contact resistance between the BP and compliant carbon electrode felts.
In this work, elastomeric materials are applied for the matrix of carbon composite BP to decrease the surface hardness of BP without coating of graphite.
Silicon rubber, which is a high viscous and high temperature elastomer, was employed for the BP of a high-temperature PEMFC (HT-PEMFC) as a matrix
of the carbon composite bipolar plate. The impregnation method of silicon rubber into the carbon fibers of up to 70 % volume fraction was developed. To
increase further the electrical conductivity and strength of BP, conductive nano-particles were mixed with the silicon rubber. The thermo-mechanical and
electrical characteristics of carbon elastomeric BP were investigated with respect to carbon fiber volume fraction, nano particle concentration and
environmental temperature. 

8128 | Effect of solid waste addition on the properties of soil-cement based composite (7. Innovative Applications)

Amaral, Mateus C. (mateus.amaral2008@hotmail.com), UENF/PPGECM, Brazil
Bou-Issa, Ranny A. (holanda@uenf.br), UENF/GMCer, Brazil
Siqueira, Fabricio B. (fabriciobagli@bol.com.br), UENF/PPGECM, Brazil
Holanda, José N.F. (jnfholanda@gmail.com), UENF/LAMAV, Brazil 

The possibility of reuse of solid wastes obtained of different industrial activities (eggshell waste and welding flux slag waste) as an alternative raw material
for producing soil-cement based composite for civil construction was investigated. To prepared soil-cement based composite containing solid waste, the
mixtures of soil, ordinary Portland cement, and solid waste (up to 30 wt.%) were uniaxially pressed and cured during 28 days. The effect of solid waste
addition on the technical properties (water absorption, apparent density, and compressive strength) of soil-cement based composite was evaluated. The
surfaces of fractured specimens were observed via confocal microscopy. The results showed that the amount of solid waste addition had an effect on both
technical properties and microstructure of soil-cement based composite. It found that up to 15 wt.% of welding flux slag waste and up to 30 wt.% of
eggshell waste could be added into the soil-cement based composite material.

8552 | Lightweighting road freight semi-trailers through the application of composites in trailer decking. (7. Innovative
Applications)

Galos, Joel L. (jlg62@cam.ac.uk), University of Cambridge, United Kingdom 

In road haulage the empty weight of a vehicle is a significant contributor to fuel consumption and resulting CO2 emissions. The application of lightweight
materials in semi-trailer design is one avenue that needs to be explored in reducing the carbon footprint of road freight vehicles. There are very few
regulations which determine the structural design of typical road freight trailers, providing a large scope for the use of composites in creating an innovative
lightweight design. To achieve a targeted 30% weight reduction in trailer mass, structural design tasks have been split into two broad areas; applying
composite solutions for specific sub-components and adopting a 'clean-slate' approach in the design of a whole trailer chassis. Preliminary work identified
conventional hardwood-based trailer decking as a sub-component that is particularly suited lightweighting. 

A novel test method has been developed to characterise the indentation wear failure of trailer decking caused by repeated loading of nylon cage wheels
typically used in grocery haulage. Experience of industrial partners indicated this to be the critical factor in the failure of existing trailer decks. The method
has taken into consideration a wide range of both static and fatigue load cases.

The test method has been applied to pultruded glass fibre reinforced polyester (GFRP) decking, commonly used on footbridges bridges, to show that it
can also be suitable for use in trailers used for grocery haulage. The pultruded GFRP decking is in the order of 30% lighter than the lightest existing birch
plywood based deck, highlighting the very encouraging potential for the use of composites in lightweighting trailer decking.
The lessons learned from the indentation wear study were also used to develop a lightweight composite sandwich panel deck, comprised of woven GFRP
face sheets and a balsa core. This sandwich panel decking is calculated to be approximately 40% lighter than the lightest existing decking. However, the
highly cost-driven nature of the trailer industry dictates that use of pultruded GFRP decking is the most prudent first step to introducing composites into
trailer decks.

9063 | DOW Automotive Systems 2K Polyurethane Technology: From catalyst and prepolymer technology to vehicle
manufacturing (7. Innovative Applications)

Schmatloch, Stefan (sschmatloch@dow.com), DOW Automotive System, Switzerland 
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There is increasing integration of composite parts into modern vehicles design due to light weight vehicle requirements. The application of adhesives
technologies for their assembly is considered the most promising joining technology and aims at optimized production processes, improved crash
performance and long term durability of the manufactured vehicle. Two component polyurethane structural adhesives are designed for these demanding
automotive applications to enable light weight construction for significantly reduced CO2 emissions, fuel consumptions and reduced air pollution.
Polyurethane chemistry offers flexibility for tailor made adhesive technologies.
Special pre-polymers were developed in order to offer superior thermal modulus stability, excellent adhesion to challenging substrates like coated metals,
Carbon Fiber Reinforced Plastics (CFRP) for structural applications and thermoplastics for outer panel bonding. Highest bulk elongation combined with
high young´s modulus provides stability as well as superior energy absorption under crash conditions. Tailor made catalysts technologies enable long
working times combined with fast curing and strength built-up to enable maximum flexibility for the vehicle manufacturing process. 

The article gives an insight into the chemistry of 2K polyurethane adhesives, provides an overview of the DOW Automotive Systems 2K polyurethane
adhesives portfolio, lists applications in the area of composite bonding and provides an outlook for the future of structural adhesive assembly of
composites in the automotive industry.

9192 | FEM Analysis of a Tailored B-Pillar using composite materials (7. Innovative Applications)

Nicolas Saba (nicolas.saba@balamand.edu.lb), University of Balamand, Lebanon
Jihad Rishmany (jihad.rishmany@balamand.edu.lb), University of Balamand, Lebanon
Issam Tawk (issam.tawk@balamand.edu.lb), University of Balamand, Lebanon 

Energy efficiency of car body structures includes, in addition to the obvious aspect of fuel consumption, an ultra-high level of passenger safety. However,
with traditional manufacturing processes, an acceptable level of passenger safety results in an increased car body weight. In this context, the ongoing
demand towards innovative solutions is getting very high. The realization of high strength properties and, at the same time, improved structural weight
could be achieved through different tailoring routes. Nevertheless, the state of the art application of these tailoring routes is mostly limited to metals. In this
study, an FE model is developed through which an optimization of the thickness profile and the stacking sequence can be realized by using composite
materials in the proposed FE model of an existing B-Pillar geometry.

9213 | Rapid Isothermal Stamp Forming Processing Approach of Newly Developed High Performance Thermoplastic
Matrix Composites (7. Innovative Applications)

Awang Ngah, Shamsiah (s.awang-ngah@warwick.ac.uk), WMG, University of Warwick, United Kingdom 

While aligned fibre thermoset matrix composites have been extensively used in structural applications over the past 30 years, thermoplastic matrix
composites (TPCs) are only beginning to penetrate into structural applications, chiefly in aerospace. One driver for this is ready potential for rapid, cost-
effective processing and high manufacturing volumes [1-3], in addition to inherent reprocessibility [4]. Additionally, TPCs exhibit relatively high fracture
toughness and superior damage tolerance performance when compared to similar structures made of untoughened epoxies [3, 4]. These attractive
features of TPCs are being offset with some drawbacks due to their high melt viscosity property which requires them to be processed at high temperature
and pressure [5]. It is known that the high viscosity of thermoplastics often leads to poor wetting and impregnation of fibre during processing. This means
that the common manufacturing techniques applied for thermoset composites are not feasible for thermoplastic composites. . Therefore there is a need to
develop an alternative processing routes which not only able to achieve uniform resin distribution, complete fibre impregnation and good consolidation
throughout the structures but also capable of rapid manufacturing cycle suitable for high volume manufacturing

One of the research area at WMG is examining the use of rapid isothermal and traditional non-isothermal stamp forming processes for this purpose using
newly devoloped high performance/high temperature thermoplastic composite materials. In this study, unconsolidated and unwetted pre-form materials
are being moulded using the novel rapid isothermal processing approach and the quality of the moulded components are compared with the ones
moulded with traditional forming process. The effect of forming pressure, temperature and time are investigated in order to establish optimised processing
parameters.

Reference

[1]. Hou M. Stamp forming of continuous glass fibre reinforced polypropylene. Composites Part A: Applied Science and Manufacturing. 1997 28(8):695-
702.
[2]. Trudel-Boucher D, Fisa B, Denault J, Gagnon P. Experimental investigation of stamp forming of unconsolidated commingled E-glass/polypropylene
fabrics. Composites Science and Technology. 2006 66(3–4):555-70.
[3]. Dıáz J, Rubio L. Developments to manufacture structural aeronautical parts in carbon fibre reinforced thermoplastic materials. Journal of Materials
Processing Technology. 2003 143–144(0):342-6.
[4]. Chang I Y, Lees J K. Recent Development in Thermoplastic Composites: A Review of Matrix Systems and Processing Methods. Journal of
Thermoplastic Composite Materials. 1988 1(3):277-96.
[5]. Svensson N, Shishoo R, Gilchrist M. Manufacturing of thermoplastic composites from commingled yarns-A review. Journal of Thermoplastic
Composite Materials. 1998 11(1):22-56.

9401 | Gasket-integrated carbon/silicone elastomer composite bipolar plate for high-temperature PEMFC (7. Innovative
Applications)

Lee, Dongyoung (missingnum@kaist.ac.kr), KAIST, Korea, South
Lim, Jun Woo (jul170@kaist.ac.kr), Chonbuk National University, Korea, South
Nam, Soohyun (namsu0615@kaist.ac.kr), KAIST, Korea, South
Choi, Ilbeom (chib1020@kaist.ac.kr), Agency for Defense Development, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South 
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The primary components of proton exchange membrane fuel cell (PEMFC) systems are bipolar plates, end plates, membrane electrode assemblies
(MEAs), gas diffusion layers (GDLs), and gaskets. The PEMFC composed of many components induces sealing problem of the stack, which affects the
fuel efficiency, reliability, and maintenance costs of the system. Conventional PEMFCs are sealed with numerous elastomeric gaskets to seal the stack,
which increases the manufacturing and assembly costs. 
To reduce the assembly time and to increase the sealing reliability without the use of gaskets, a gasket-integrated carbon/silicone elastomer composite
bipolar plate is developed. Silicone elastomer is employed rather than conventional glassy thermoset or thermoplastic polymers for the matrix of the
composite bipolar plate, where the silicone elastomer works as gaskets due to its resilience. The mechanical and electrical properties of the developed
carbon/silicone elastomer composite are investigated at both room temperature and operating temperature of high-temperature PEMFCs (HT-PEMFCs).
The sealability of the gasket integrated composite bipolar plate is tested.

9486 | Development of the gasket-integrated elastomer composite bipolar plate for high-temperature PEMFC (7.
Innovative Applications)

Lee, Dongyoung (missingnum@kaist.ac.kr), KAIST, Korea, South
Lim, Jun Woo (jul170@kaist.ac.kr), Chonbuk National University, Korea, South
Nam, Soohyun (namsu0615@kaist.ac.kr), KAIST, Korea, South
Choi, Ilbeom (chib1020@kaist.ac.kr), Agency for Defense Development, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South 

The primary components of proton exchange membrane fuel cell (PEMFC) systems are bipolar plates, end plates, membrane electrode assemblies
(MEAs), gas diffusion layers (GDLs), and gaskets. The PEMFC composed of many components induces sealing problem of the stack, which affects the
fuel efficiency, reliability, and maintenance costs of the system. Conventional PEMFCs are sealed with numerous elastomeric gaskets to seal the stack,
which increases the manufacturing and assembly costs. 
To reduce the assembly time and to increase the sealing reliability without the use of gaskets, a gasket-integrated carbon/silicone elastomer composite
bipolar plate is developed. Silicone elastomer is employed rather than conventional glassy thermoset or thermoplastic polymers for the matrix of the
composite bipolar plate, where the silicone elastomer works as gaskets due to its resilience. The mechanical and electrical properties of the developed
carbon/silicone elastomer composite are investigated at both room temperature and operating temperature of high-temperature PEMFCs (HT-PEMFCs).
The sealability of the gasket integrated composite bipolar plate is tested.

9575 | Manufacturing of the carbon/phenol composite bipolar plate for PEMFC with hot rolling process (7. Innovative
Applications)

Kim, Minkook (magicicada@kaist.ac.kr), KAIST, Korea, South
Choe, Jaeheon (jhchoe@kaist.ac.kr), KAIST, Korea, South
Lim, Jun Woo (jul170@jbnu.ac.kr), Chonbuk National University, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South 

The bipolar plate is a major component to determine the cost, volume and performance of the PEMFC (Polymer Electrolyte Membrane Fuel Cell) stack.
Carbon composite/epoxy has been considered as a potential material for bipolar plate due to its high mechanical properties, electrical conductivity and
corrosion resistance. However, the long curing time of epoxy matrix under high pressure still remains an obstacle for mass production. 
In this study, a continuous process using hot rolling for the carbon/phenol composite bipolar plate has been developed for mass production. To accelerate
the curing reaction of the phenolic resin, p-toluene sulfonic acid catalyst was used. The temperature and pressure for high speed hot rolling process were
optimized with cure monitoring using the differential scanning calorimetry (DSC) and dielectrometry. The area specific resistance (ASR) and mechanical
properties of the carbon/phenol composite bipolar plate were measured with respect to the cure temperature, pressure and rolling speed. It was found that
the composite bipolar plate produced by the optimized hot rolling process satisfied the department of energy (DOE) targets.

7840 | Optimized lifetime estimation model for composite textile used for façade cladding (8. Durability and Ageing of
composite materials (Marco Gigliotti, ENSMA, France))

Imane, KRIMI I (imane.krimi@ec-lille.fr), Ecole Centrale de Lille, France
Zoubeir, LAFHAJ Z (zoubeir.lafhaj@ec-lille.fr), Ecole Centrale de Lille, France 

Lifetime estimation is a delicate subject especially for materials used in extreme environments. In this study, we present an optimized lifetime estimation
model for textiles. These textiles are composite materials made of a core of PET woven fibers coated with PVC; this core is then protected with a film or
with another coating. An accelerated ageing protocol was developed in the laboratory for these materials. The ageing was made in harsh conditions with
high level of temperature in a basic medium. Then, mechanical and physical properties were monitored to understand the degradation mechanism and to
evaluate the degree of ageing.Finally, an optimized lifetime estimation model was developed. This model allows the control of pH and temperature
parameters and reduces the number of tests and conducted operations. 

This paper presents the studied material and its properties. Details of the experience design and the ageing protocol are exposed and explanations on
how the optimized method could give accurate life time estimation, through the temperature and pH control, are discussed.

Key words: composite material; accelerated ageing; hydrolysis; building; durability; textile.

7903 | Numerical studies of the coupling between water absorption and mechanical state based on the free volume
theory (8. Durability and Ageing of composite materials (Marco Gigliotti, ENSMA, France))

Péret, Thomas (thomas.peret@irt-jules-verne.fr), IRT Jules Verne, France
Clement, Alexandre (alexandre.clement@univ-nantes.fr), Université de Nantes, France
Fréour, Sylvain (sylvain.freour@univ-nantes.fr), Université de Nantes, France
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Jacquemin, Frédéric (frederic.jacquemin@univ-nantes.fr), Université de Nantes, France 

Nowadays, in a difficult energy context, oceans represent a huge potential through the exploitation of tidal turbines, offshore wind turbines and waves’
energy conversion systems. In order to improve global performances of such structures, a mass reduction is needed. Consequently GFRP and CFRP are
premium choices due to their good specific properties. However, polymers interact with the environment. Indeed, they absorb moisture which leads to an
ageing of the material. This interaction may lead to a premature damage of the structure. The knowledge of the water absorption effects and the changes
of the mechanical properties through time are crucial to predict long term behavior of marine structures. To model water absorption, the well-known Fick
law is often used assuming constant parameters of diffusion. However, some experimental results on specimens under mechanical loadings have
highlighted dependency of the diffusivity to the mechanical strain field. Indeed, an increase of the diffusivity is observed when samples are under tension
while a compression induces a decrease of the diffusivity. To explain/model this phenomenon, the free volume theory can be used. Diffusion parameters
depend on the internal strain field and thus evolve according to both space and time. Finite element simulations are performed to solve coupled water
absorption problems. Numerical analyses of hydrophobic fiber-reinforced composites depicted at the microscopic scale are presented.

7907 | Validation of a generic tool of kinetic simulation of polymer ageing (8. Durability and Ageing of composite materials
(Marco Gigliotti, ENSMA, France))

Ben Hassine, Mouna (mouna.ben-hassine@edf.fr), EDF R&D_Matériaux et mécanique des composants (MMC), France
Maurin, Romain (romain.maurin@edf.fr), EDF R&D_Matériaux et mécanique des composants (MMC), France
Marque, Grégory (gregory.marque@edf.fr), EDF R&D_Matériaux et mécanique des composants (MMC), France 

Since the early 2000s, the EDF R&D team of polymers is interested in the study of the multiscale analysis aging of polymers (at the molecular,
macromolecular and macroscopic levels) used in nuclear power plants, such as cables, pipes or paintings [1-4]. This understanding of the mechanisms of
aging allows, among others, to develop a universal approach for life time prediction or monitoring the aging of these materials on-site. The establishment
of structure/property relationships remains the major problematic in any non-empirical approach for lifetime prediction.
The objective of the present work is to present the first step of this approach which is the development of a generic tool of simulation of aging kinetics and
its validation on different ethylenic polymers (EPDM and PE). 
The approach taken to establish the physical model validation of polymer aging consists in: First, the integration of a system of non-linear differential
equations derived from an established mechanistic scheme for describing the polymer ageing process in the simulation code. Then, the comparison of
chemical experimental results [1,5] (obtained by FTIR spectrophotometry in a transmission mode to deduce changes in concentration of thermal
degradation products) and numerical resolution (obtained both with Matlab software and the new simulation tool). The results show a satisfactory
agreement between theory and experiment in a wide temperature range. Thus, this new developed simulation tool is validated on well-controlled tests and
allows us to take with confidence the next step of our approach for lifetime prediction, i.e. the prediction of macromolecular and macroscopic changes of
polymer and the proposed methodology is conceptually applicable to other types of polymer. 
References
[1] N. Khelidj, «Vieillissement d'isolants de câbles en polyéthylène en ambiance nucléaire», PhD thesis, 2006- ParisTech.
[2] Y. Zahra, « Influence de la structure du réseau époxyde en ambiance nucléaire», PhD thesis, 2012-Paristech. 
[3] A. Shabani, «Vieillissement thermique et radiochimique de matrices EPDM pures et chargées d’ATH: Mise au point de relations structure/propriétés»,
PhD thesis, 2013 ParisTech.
[4] A. De Almeida, «Propriétés mécaniques et dégradation des élastomères EPDM chargés ATH», PhD Thesis, 2014-INSA Lyon.
[5] M. Ben Hassine, «Modélisation du vieillissement thermique et mécanique d’une protection externe en EPDM de jonctions rétractables à froid», PhD
thesis, 2013-ParisTech.

7973 | On The Long-term Behavior of Glass Fiber Reinforced Polyester Pipes (8. Durability and Ageing of composite materials
(Marco Gigliotti, ENSMA, France))

Rafiee, Roham (Roham.Rafiee@ut.ac.ir), Composites Research Laboratory, Faculty of New Sciences & Technologies, University of Tehran, Tehran, Iran,
Iran
Mazhari, Behzad (roham.rafiee@ut.ac.ir), Composites Research Laboratory, Faculty of New Sciences & Technologies, University of Tehran, Tehran, Iran,
Iran 

Thanks to light weight, high strength and stiffness and good corrosion resistant, glass reinforced polyester (GRP) pressure pipes are widely used for water
transmission. Since they are subjected to internal pressure and other service loads during their service lifetime, they need to satisfy requirements for long-
term hydrostatic pressure. An experimental procedure for obtaining pressure class of GRP pipes on the basis of long-term behaviour is very time
consuming and costly that sometimes take about 2 years for collecting required data. Then, obtained results are extended to 50 years.
A modeling procedure is developed to obtain residual strength of pipes after 50 years taking into account creep phenomenon. The modelling procedure is
constructed on the basis of simulating creep in a single ply and then it is extended to laminates of pipe wall configuration. A progressive modelling
consisting of stress analysis, failure evaluation and material properties degradation is developed. Stress analysis is performed using FEM. Material
degradation rules for both gradual degradation over the time and sudden degradation upon failure occurrence are developed. This phase includes both
stress analysis executed using finite element modeling and also material degradation properties with respect to the time. As a case study, the developed
modeling procedure is conducted for predicting long-term behavior of a specific GRP pipe. A comparison between real experimental data and theoretical
modeling is presented.

8031 | Species diffusion in textile composite materials (8. Durability and Ageing of composite materials (Marco Gigliotti, ENSMA,
France))

Gigliotti, Marco (marco.gigliotti@ensma.fr), Department of Physic and Mechanics of Materials, Institut P’ CNRS, Université de Poitiers, ENSMA, UPR
3346, Chasseneuil du Poitou, France, France
Simar, Aline (aline.simar@ensma.fr), Materials and Process Department, Aircelle, groupe Safran, Gonfreville l’Orcher, France, France
Beringhier, Marianne (marianne.beringhier@ensma.fr), Department of Physic and Mechanics of Materials, Institut P’ CNRS, Université de Poitiers,
ENSMA, UPR 3346, Chasseneuil du Poitou, France, France
Grandidier, Jean-Claude (jean-claude.grandidier@ensma.fr), Department of Physic and Mechanics of Materials, Institut P’ CNRS, Université de Poitiers,
ENSMA, UPR 3346, Chasseneuil du Poitou, France, France
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Ammar-Khodja, Isabelle (isabelle.ammar-khodja@aircelle.com), Materials and Process Department, Aircelle, groupe Safran, Gonfreville l’Orcher, France,
France 

The employment of textile composites is foreseen for the next future for the realisation of aircraft structures since these materials may exhibit high
resistance to impact and shock loads, high specific stiffness/strength and good fatigue performances. When high temperature applications are concerned,
for structures exposed to aggressive environments, degradation and ageing issues must be taken into account and species diffusion mechanism and
kinetics within the materials should be known.
Species diffusion in textile materials may present specific issues related to the complexity of the diffusion path, which is directly related to the complexity
of the composite microstructure, and exhibit anisotropic behaviour at the meso/macroscopic scale.
All these issues are at the origin of complex behaviour, coupled with mechanics, which is in turn responsible for material degradation, onset and
propagation of damage.

To tackle these issues coupled experimental/numerical approaches must be employed. Models are useful to interpret experiments, to predict behaviour, to
design accelerated tests, for design and optimisation of structures.
The present paper discusses specific items related to probing and modelling species diffusion in textile composite materials, namely:

- providing experimental evidence of material ageing under exposition to the environment,
- discussing models containing the explicit representation of the microstructure, which are useful to identify the complex of diffusion path taking place in
these materials,
- discussing efficient methods for rapid identification of the diffusion properties at the meso/macroscopic scale.

8044 | Towards a strain rate and water ageing sensitive constitutive modelling: Effects of strain rate and water ageing
upon the properties of epoxy resin matrix for composites (8. Durability and Ageing of composite materials (Marco Gigliotti, ENSMA,
France))

Quino, Gustavo (gustavo.quinoquispe@eng.ox.ac.uk), Department of Engineering Science, University of Oxford, United Kingdom
Tagarielli, Vito (v.tagarielli@imperial.ac.uk), Faculty of Engineering, Department of Aeronautics, Imperial College, United Kingdom
Petrinic, Nik (nik.petrinic@eng.ox.ac.uk), Department of Engineering Science, University of Oxford, United Kingdom 

Composites structures, due to their many advantages, are being increasingly utilised in industrial applications where high performance and high reliability
are required. In the case of composites for marine structures, subjected to underwater explosion, the effects of ageing upon the strain rate dependent
response of these materials must be considered in the design. As virtually no information of this type has been reported in the open literature to-date, in
this study, the following challenges have been addressed: (i) the degradation of mechanical properties caused by water absorption and salinity; and (ii) the
corresponding strain rate behaviour. 
In this paper, the result of investigation upon an epoxy system, commonly used as a matrix in composites for marine applications, has been presented.
Compression and tensile tests have been performed at a variety of strain rates (1E-3 - 1E+3 s-1) after subjecting the samples to a range of wet
environments (pure water and saline solutions). Thus obtained results demonstrate detrimental effects of ageing upon mechanical properties such as their
apparent elastic moduli, yield stress at all strain rates considered in this study.
This observation and quantification provides the basis for the development of constitutive models for predictive numerical simulations of the response of
aged composite structures to underwater explosion.

8103 | Structural deformation assessment of glass fibre reinforced polymers subjected to hygrothermal ageing (8.
Durability and Ageing of composite materials (Marco Gigliotti, ENSMA, France))

Grammatikos, Sotirios A. (s.grammatikos@bath.ac.uk), Department of Architecture and Civil Engineering, University of Bath, Bath, United Kingdom,
United Kingdom
Ball, Richard J. (r.j.ball@bath.ac.uk), Department of Architecture and Civil Engineering, University of Bath, Bath, United Kingdom, United Kingdom
Evernden, Mark (m.evernden@bath.ac.uk), Department of Architecture and Civil Engineering, University of Bath, Bath, United Kingdom, United Kingdom 

This paper deals with the effects of hygrothermal ageing on the structural properties of glass fibre reinforced polymers. Short-term temperature and
moisture superposition promote the degradation process providing with information regarding the long-term behaviour of such materials. In this study,
specimens were immersed in distilled water at 25oC, 40oC, 60oC and 80oC for a period of 8 months. In all stages, gravimetric measurements were
conducted following their water uptake gain. Bulk moisture diffusion coefficients in the 3 different directions were acquired via the examination of
selectively shielded samples. In addition, the deterioration of the tensile and shear mechanical properties was evaluated after pre-described exposure
time intervals. At the same time intervals, Dynamic Mechanical Thermal Analysis (DMTA) tests were carried out in order to follow the ageing process. Last
but not least, Impedance spectroscopy was employed in order to enhance our understanding of the behaviour of such materials when exposed to
hygrothermal ageing.

8113 | A numerical method to deal with stochastic transient uncoupled hygro-elastic problems: application to glass
fiber reinforced polyamide composites (8. Durability and Ageing of composite materials (Marco Gigliotti, ENSMA, France))

Clement Alexandre (alexandre.clement@univ-nantes.fr), GeM Université de Nantes, France
Obeid Hassan (hassan.obeid@univ-nantes.fr), GeM Université de Nantes, France
Fréour Sylvain (sylvain.freour@univ-nantes.fr), GeM Université de Nantes, France
Jacquemin Frédéric (frederic.jacquemin@univ-nantes.fr), GeM Université de Nantes, France 

Nowadays, composite materials are often used in structural design for various engineering applications thanks to their good mechanical properties
coupled to their lightness. Those materials are presently more and more used by the car industry for the manufacturing of structural components such as
center pillars or car floors. During their life-service, these components are submitted to harsh environments which, coupled to classic mechanical loadings,
may lead to a premature aging of the structure. Among these various aggressive phenomena, water absorption is of first importance since the involving
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hygroscopic swelling may activate or worsen a damage mechanism. 
In this work, we thus focus on the impact of water absorption on structural components made of glass fiber reinforced polyamide composites for which
resins can be very hydrophilic. The diffusion model is the classical Fick's law and the mechanical problem is solved under a linear elasticity assumption.
The first step of the study was to conduct experiments in order to quantify the diffusion parameters (diffusion tensor and maximum moisture absorption
capacity). Several composite specimens were thus submitted to the same well-controlled humid environment and gravimetric measurements enabled to
quantify the water mass gain with respect to time. However a quite large dispersion was observed on the identified diffusion parameters. A stochastic
study seemed necessary in order to well apprehend the uncertainties on the various output fields such as local water content or stress fields. Here is the
purpose of the present work.
We adopt a parametric vision of the uncertainties which leads to a probabilistic model based on independent random variables. These random variables
help in the modeling of parameters such as the water diffusion coefficient tensor, the maximum moisture absorption capacity or the hygroscopic expansion
tensor. We focus on the propagation of uncertainties through the proposed physical model governed by stochastic partial differential equations. Several
methods are available to achieve this task depending on the probabilistic quantities one seeks to obtain (Monte-Carlo methods, reliability analysis etc.).
Among them, the spectral stochastic methods is a good candidate in order to get an explicit solution with respect to the basic random variables modeling
the diffusion coefficients for instance. They consist in representing the random solution on a suitable approximation basis. Several choices are possible for
the definition of stochastic approximation spaces and we propose to use the most commonly employed known as generalized polynomial chaos for which
approximation bases are composed of multi-dimensional orthonormal polynomials depending on the input random variables. For the computation of the
coefficients of the polynomial chaos expansion, which are the unknowns of the stochastic problem, the spectral methods can be divided into two families:
the intrusive techniques, such as Galerkin projection, and the non-intrusive techniques such as L2-projection or regression methods. In this study, we only
propose to use the latter family which only requires the numerical solution of a finite set of deterministic boundary value problems and thus allows to use
classical finite element softwares.
The efficiency of the proposed method is shown using numerical examples. We conduct different analyses at the macroscale (the scale of the composite)
for which we focus on various local and global stochastic quantities of interest. The impact of uncertainties associated with the input parameters on the
outputs response is finally discussed.

8291 | Experimental and numerical study on ice-induced damage of cement based composites. (8. Durability and Ageing of
composite materials (Marco Gigliotti, ENSMA, France))

Koniorczyk Marcin (marcin.koniorczyk@p.lodz.pl), Lodz University of Technology, Poland
Marciniak Alicja (alicja.marciniak@p.lodz.pl), Lodz University of Technology, Poland
Grymin WItold (witold.grymin@p.lodz.pl), Lodz University of Technology, Poland
Dawin Dariusz (dariusz.gawin@p.lodz.pl), Lodz University of Technology, Poland 

The paper presents the experimental and theoretical study on the concrete degradation induced by low temperature. The experimental part considers the
change of microstructure and the properties of concrete due to cyclic freezing of water. The degradation of internal structure was recognized by means of
multicycles mercury intrusion porosimetry test. The total open porosity, pore size distribution and contribution of ink-bottle type pores was investigated for
virgin cement mortar and after 25, 50 and 100 cycles of freezing test. Moreover the change of capillary suction coefficient due to cyclic freezing of water
was investigated. The results of those tests indicate that the narrower thoughts between larger pores are broken by crystallization pressure. It is
manifested by the enlargement of the arbitrary pores volume, usually of diameter 100 nm – 10 �m. Consequently, the capillary suction coefficient
increases with the progress of ice-induced damage. We also analyzed the relation between the microstructure and the intrinsic permeability for concrete
exposed to the cyclic freezing of water. The change of intrinsic gas permeability for virgin concrete and concrete after 50, 100 and 150 freezing cycles was
investigated using the Cambureau method. The theoretical part considers the development of mathematical model of coupled heat and water transport in
deformable porous materials accounting for the kinetics of water phase change. The mathematical model consists of three governing equations: mass
balance of water molecules, energy balance of multiphase medium, momentum balance equation, which describes mechanical equilibrium of porous
materials. Additional equation defines the kinetics of water solidification which is describes by ODE. The material parameters obtained during experiments
are used to complete the mathematical model. The crystallization pressure was determined as the volume average of Everett’s equation, calculated using
the parameters describing evolving microstructure, obtained using mercury porosimetry test. The nonlocal approach was utilized to calculate the damage
of concrete due to cyclic freezing of water. The four PDEs, which make the mathematical model, were solved using the standard numerical techniques:
finite differential method – time derivative, finite element method – space derivative, Newton-Raphson method to linearize the set of nonlinear equation.
Such a complex model, which takes into account, the interaction between the stress induced by the water solidification and changed of microstructure due
to crystallization pressure allows for the reliable modelling of ice-induced damage of concrete.

8735 | Durability of Adhesively Bonded CFRP/Steel Joints in Civil Engineering Applications (8. Durability and Ageing of
composite materials (Marco Gigliotti, ENSMA, France))

Mohsen Heshmati (mohsen.heshmati@chalmers.se), Chalmers University of Technology, Sweden
Reza Haghani (reza.haghani@chalmers.se), Chalmers University of Technology, Sweden
Mohammad Al-Emrani (mohammad.al-emrani@chalmers.se), Chalmers University of Technology, Sweden 

Many civil engineering structures are subjected to deterioration due to aging and exposure to harsh environments. Strengthening and repair of existing
structures using adhesively bonded CFRP laminates has attracted a great deal of attention in the past two decades. However, concerns about the
durability of adhesively bonded joints, exposed to different environmental conditions, still hinder their widespread application in steel structures. Numerous
studies have been conducted to evaluate the short-term behaviour of steel members bonded with CFRP laminates. However, comparably very little is
done on the environmental durability of the bond between CFRP materials and steel surfaces when it comes to civil infrastructure. Aspects such as
loading conditions, material characteristics, exposure environment, and manufacturing process for civil infrastructure are different from those in other
industries and prevent direct application of existing knowledge in other fields in structural engineering applications. This paper, presents the state of the art
on durability of CFRP/steel joints. Important influencing factors on the durability of adhesively bonded joints are addressed and different damaging
mechanisms are discussed. Moreover, a short description of different testing methods and standards regarding the experimental assessment of such
joints is given. Finally, various durability-related predictive analytical and FE modelling methods are reviewed and suggestions are given for future work.

8802 | Durability of cemeny and geopolimer composites (8. Durability and Ageing of composite materials (Marco Gigliotti, ENSMA,
France))
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Tomasz Blaszczynski (tomasz.blaszczynski@put.poznan.pl), Poznan University of Technology, Poland
Maciej Krol (krol.101@wp.pl), Koszalin University of Technology, Poland 

A low emission of CO2, a fast increment of resistance and high values of resistance constitute evident advantages of the geopolymeric binders over the
Portland cement binders. Most probably, these features will not be used very soon. It is only legal regulations that put limits to carbon dioxide emission
that will contribute to the “green” geopolymeric concrete technology being implemented on a wide scale in the production of concrete. This paper
describes current physical and mechanical properties, which new concretes and cements materials should obtain. Very important problem of CO2
emission was also mentioned. According to European restrictions, which are one and only regulations implemented on such a large area, presented data
shows deficit of similar regulation in other places in the world. Mainly paper focuses on selected features of new geopolymer material. It compares with
new technological mortars made of classical clinker cement and nano-cement modified by polymers. The mechanical properties like shrinkage,
compressive and tensile strength were tested. Additionally materials were tested to obtain information about their durability. In that case the impact of high
temperatures were tested. The properties were tried to be received by specially prepared tests, which could be compared to natural situation, in which this
construction materials could work. In case of high temperature test samples were cubic bricks. They were exposed to temperatures and condition that
could appear in real fire.

9083 | Behaviour of a composite laminate [θm/90n]s cracked and aged in absorption (8. Durability and Ageing of composite
materials (Marco Gigliotti, ENSMA, France))

A.Benkhedda (benkhedda90@hotmail.com), Institut d''Aéronautique et des Etudes Spatiales, University of Blida1, Algeria, Algeria
M. Khodjet-kesba (mkhojet@hotmail.fr), Institut d''Aéronautique et des Etudes Spatiales, University of Blida1, Algeria, Algeria
E.B Adda (addabed@yahoo.com), university of Sidi Belabbes, Algeria
B.Boukert (bilanosky@hotmail.fr), Institut d''Aéronautique et des Etudes Spatiales, University of Blida1, Algeria, Algeria 

The variational model is used to evaluate the behavior of the longitudinal stiffness for a cracked and aged laminate in different environmental conditions,
case of absorption. The results were compared with the experimental results and show that this model is quite interesting to study the interaction between
transverse cracking and delamination.
This comparison shows that the variational model gives a good approximation for the behavior of the longitudinal stiffness . On the other hand the model
of transient absorption Tsai, was chosen for the hygrothermal model .The model takes into account the effect of aging at the fiber level and matrix for a
variable concentration. versus time called study the behavior of composite material cracked under the temperature and moisture effect. The results show
that the hydrothermal environment has a significant effect on the behavior of the mechanical properties of the material and the number of cracked and
uncracked folds.

9289 | Accelerated Ageing of Pultruded Fibre Reinforced Polymers: Physical and Mechanical Characterization (8.
Durability and Ageing of composite materials (Marco Gigliotti, ENSMA, France))

Zafari, Behrouz (B.Zafari@warwick.ac.uk), The University of Warwick, United Kingdom
Mottram, Toby (J.T.Mottram@warwick.ac.uk), The University of Warwick, United Kingdom 

The lack of reliable data to assess the effect of environmental aging on Pultruded Fibre Reinforced Polymer (PFRP) components is a crucial barrier to
exploitation of such an advanced material in Civil Engineering structures [1]. This weakness manifests itself in design by the need for sever knock-down
factors to make allowances for material degradation [2].
This paper presents experimental findings of a characterization study on the understanding of material property changes with exposure to hot /wet
environment. In this work, an ‘off-the-self’ pultruded glass FRP plate was investigated at a coupon level. To that respect, samples cut from the same flat
sheet were examined in terms of moisture diffusion and the subsequent deterioration of mechanical properties that moisture ingress induces after
prolonged aging.

Out of 476 coupon specimens cut from the plate 448 were fully immersed in distilled water at the four constant temperatures of 25, 40, 60 and 80°C, in
order to accelerate the moisture kinetic and hydrothermal effects. Batches of five specimens per temperature and at ages of 28, 56, 112 and 224 days
were tested under compression and shear for material properties. Equivalent batches with a notch were used to determine bearing strengths. For each
temperature moisture uptake measurements and mechanical properties are therefore measured. 

Experimental testing revealed that moisture diffusion is promoted with temperature increase. It was also found that both increased temperature levels and
prolonged exposure time of hygrothermal aging induced a reduction in the mechanical properties of the composite plates. The understanding of the
relationship between the mechanical property retention and hygrothermal aging is completed with the development and of a computational analysis
platform that is to be employed for the design of composite structures in the framework of DURACOMP project (EPSRC - Providing Confidence in Durable
Composites).
References
[1] Karbhari, V.M. (Ed.). ‘Durability of composites for civil structural applications,’ Woodhead Pub., Cambridge, UK (&, CRC Press, Boca Raton), 2007
[2] Zafari, B. ‘Startlink building system and connections for fibre reinforced polymer structures, PhD thesis, The University of Warwick, 2012, UK.
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6972 | Effects of Fiber Reinforced Plaster on The Earthquake Behavior of Masonry Buildings (9. Dynamics of Composite
Materials)

Basaran, Hakan (hakan.basaran@cbu.edu.tr), Celal Bayar University, Turkey
Demir, Ali (ali.demir@cbu.edu.tr), Celal Bayar University, Turkey
Bagcı, Muhiddin (muhiddin.bagci@cbu.edu.tr), Celal Bayar University, Turkey
Ercan, Emre (emre.ercan@ege.edu.tr), Ege University, Turkey 
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The objectives of our study were to experimentally investigate earthquake behavior of masonry buildings whose walls were strengthened by using fiber
reinforced plaster. To this end, Polypropylene and steel fiber was added to the traditional plaster at certain proportions determined by pre-trials. Then, one
story, single span masonry building specimen was plastered with traditional, steel-fiber or polypropylene added plaster. Each specimen was subjected to a
powerful earthquake for 8 times on a shaking table. The specimen plastered with a traditional plaster was regarded as control and its earthquake behavior
was compared to that reinforced by fiber plaster. Steel fiber or polypropylene addition significantly increased rigidity, displacement ability and energy
consumption ability of specimens as compared to control. The suggested reinforcement method was proven to strengthen masonry buildings in a fast,
reliable and economical way. Moreover, it can easily be adapted to any masonry building without causing any negative impact.

7048 | Semi Impregnated Micro-Sandwich structures - SIMS - investigation on impact behaviour and damaging process
(9. Dynamics of Composite Materials)

G. Belingardi (giovanni.belingardi@polito.it), Politecnico Di Torino , Italy
B. Alem (alem.beyene@polito.it), Politecnico Di Torino , Italy
J.Ji (jindong.ji@polito.it), Politecnico Di Torino , Italy
Brunetto M. (brunetto.martorana@crf.it), Centro Ricerche FIAT, Italy 

Lightweight is one of the main leading target for the new design of automotive vehicles in order to decrease both the fuel consumption and, strictly related,
the GHG emissions. In this perspective the use of composite material in substitution of the traditional steel is one of the main path.
Within thin sandwich structures, that contains long fiber composite skins and low-cost fleece core, porosity often remains within the fleece while the non-
woven fleece needs to be completely wetted and bonded by the matrix in order to obtain the desired stiffness. In the current study, a novel material
developed and proposed by DELTAtech company is considered. Material characteristics with particular attention to its impact behaviour and damaging
process is investigated.
The material has been developed in such a way that the amount of resin impregnation has been controlled during polymerization to obtain also some dry
fibers in the final product. Such Semi impregnated micro-sandwich structures (SIMS) can exhibit very high toughness due to the deformation mechanism
in the dry regions of the nonwoven fleece. In particular the fiber in the dry regions can slide respect to each other without showing a neat fracture so such
mechanism causes high level of failure strain of the material and high level of energy adsorbtion during the deformation.Obtained results confirm that the
proposed material indeed have a potential for automotive application.

8030 | Nonlinear Dynamic Characteristics and Optimal Control of GMM-SMA Composite Laminated Beam Subjected to
Axial Stochastic Excitation (9. Dynamics of Composite Materials)

Zhu, Zhi-Wen (zhuzhiwen@tju.edu.cn), Tianjin University, China
Li, Xin-Miao (lixinmiaotju@163.com), Tianjin University, China
Xu, Jia (xujia@tju.edu.cn), Tianjin University, China 

Nonlinear dynamic characteristics and optimal control of giant magnetostrictive material (GMM)-shape memory alloy (SMA) composite laminated beam
subjected to axial stochastic excitation are studied in this paper. Nonlinear differential items are introduced to explain the hysteretic phenomena of both
the SMA’s strain-stress curves and the GMM’s strain-magnetic field intensity (MFI) curves, and the GMM’s constructive relationships among strain, MFI,
and frequency are obtained by the partial least-square regression method. The nonlinear dynamic model of GMM-SMA composite laminated beam
subjected to axial stochastic excitation is developed, and the probability density function of the system’s dynamic response is obtained. The system’s
stochastic stability is analyzed, and the conditions of stochastic Hopf bifurcation are given. The conditions of noise-induced chaotic response are
determined by the stochastic Melnikov integral method, and the fractal boundary of the system’s safe basin is provided. The reliability of the system is
discussed, and the probability density of the first-passage time is obtained. Finally, the optimal control strategy is proposed by stochastic dynamic
programming method. The numerical and experimental results show that the stability of the system varies with parameters, and stochastic Hopf bifurcation
and chaos appear in the process; the area of the system’s safe basin decreases when the intensity of the noise increases, and the boundary of the safe
basin becomes fractal; the reliability of the system is improved through stochastic optimal control, the area of safe basin of the system increases, and the
first-passage time is delayed. The result is helpful for the application of GMM-SMA composite laminated structures in MEMS.

8991 | Shake-table tests and numerical simulation of plastered masonry-infilled steel frames with openings (9. Dynamics
of Composite Materials)

Baloevic, Goran (goran.baloevic@gradst.hr), University of Split, Faculty of Civil Engineering, Architecture and Geodesy, Croatia
Radnic, Jure (jure.radnic@gradst.hr), University of Split, Faculty of Civil Engineering, Architecture and Geodesy, Croatia
Grgic, Nikola (nikola.grgic@gradst.hr), University of Split, Faculty of Civil Engineering, Architecture and Geodesy, Croatia
Matesan, Domagoj (domagoj.matesan@gradst.hr), University of Split, Faculty of Civil Engineering, Architecture and Geodesy, Croatia 

This paper presents the experimental tests of 1/3 scaled, one storey, one bay masonry-infilled steel frames on a shake-table. Two types of infilled frames
were considered: one with central door opening and another without opening. Each type was tested in variants of unreinforced plaster and plaster
reinforced with a PVC mesh. Masonry elements made of autoclaved lightweight concrete were used. The tested specimens were exposed to the series of
artificial accelerograms with gradually increasing amplitude. The artificial accelerograms were chosen to match the elastic response spectra.
Characteristic displacements, accelerations and strains, as well as structural deformations and crack patterns in the masonry were observed during the
test. Test results show the efficiency of the PVC mesh in a plaster by reducing the crack zones in it. Also, the specimens without opening exhibited a
better performance than those with the central door opening. Afterwards, a developed numerical model for nonlinear dynamic analysis of planar structures
composed of concrete, steel, masonry and plaster was used to simulate the performed tests. Fairly good agreement is observed between experimentally
determined and numerically obtained results.

9143 | Structural analysis of flexible composite structures moving in space using finite element method (9. Dynamics of
Composite Materials)

Moutaz M. Hegaze (moutaz27@yahoo.co.uk), MTC, Egypt 
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Lightweight structures are used in several applications, such as aircrafts and aerospace structures. Dynamic analyses of flexible composite structures are
presented in this paper using high order shear deformation finite element theory. The motion of the structures in space has been divided into large and
small motion. The effects of rigid body motion, relative motion, coriolis motion (Gyroscopic effects) and centripetal motion have been taken into
consideration in the element derivation. The coupling effect of large and small motion on the kinetic and strain energies has been introduced to define the
mass matrix, stiffness matrices and finite force vector. A finite element programming package was designed employing the developed element and to
easily accommodate any future developments. Several case studies have been investigated and package results were compared with published
theoretical and/or experimental results. Parametric investigations have been carried out with some cases, and the results proved that the package can be
a useful tool for the design optimization of the motion of flexible structures in space.

6989 | Fabrication of silicon carbonitride-covered boron nitride/Nylon 6,6 composite for enhanced thermal conductivity
by melting process (10. Electro-thermal properties of composite materials)

Kim, Jooheon (jooheonkim@cau.ac.kr), Chung-Ang University, Korea, South
Kim, Myeongjin (jooheonkim@cau.ac.kr), Chung-Ang University, Korea, South
Kim, Kiho (jooheonkim@cau.ac.kr), Chung-Ang University, Korea, South 

The surface-treated boron nitride (BN) particles were prepared with polysilazane (PSZ) by using a dip-coating method to fabricate a thermally conductive
interface material. PSZ-BN particles were generated by crosslinking of PSZ on BN and heat treatment of the formed PSZ-BN at 800°C to convert PSZ-BN
to SiCNO-BN. The SiCNO-BN particles were fabricated with Nylon 6,6 by using an extruder and injection molding method. The interfacial adhesion
between the BN particles and the Nylon 6,6-based matrix was enhanced by surface treatment of the BN particles. The surface-treated boron nitride/Nylon
6,6 composites exhibited thermal conductivity ranging from () to (), which is higher than that in the case of loading with pristine BN/Nylon 6,6 composites
at the same weight fraction. The tensile strength and tensile modulus increased from 59.13 MPa and 1.67 GPa with the use of pristine BN to 69.15 MPa
and 2.10 GPa with incorporation of 20 wt% SiCNO-BN into the Nylon 6,6 composite.

7655 | Nanocomposite Based Solid Polymer Electrolytes (10. Electro-thermal properties of composite materials)

T Subramaniam, Ramesh (rameshtsubra@gmail.com), University of Malaya, Malaysia
Rajantharan, Shanti (shanthy87@yahoo.com), University of Malaya, Malaysia
Kasi, Ramesh (rameshkasi@um.edu.my), University of Malaya, Malaysia 

Nanocomposite solid polymer electrolytes (SPE’s) are developed using synthesized acrylate copolymer with the blending of ionic salt and nanofillers. The
acrylate copolymer is synthesized using emulsion polymerization technique utilizing the monomer mixtures of methyl methacrylate (MMA), butyl acrylate
(BA) and acrylic acid (AA). In the nanocomposite SPE’s formulation two different types of amphoteric oxides namely silver (I) oxide (Ag2O) and silicon (IV)
oxide (SiO2), selected from the periodic table grouping of transition metal and non-metallic, respectively were studied for its effect on the properties.
These were done using the analytical techniques of electrical, structural, surface hydrophilicity etc. The two developed systems exhibit ionic conductivity
of 10-4 and 10-5 S/cm respectively for SiO2 and Ag2O based SPE’s. The improvements in ionic conductivity were observed as results of the intimate
polymer-nanofiller interaction induced by the nanosized particles having high surface active sites. This interaction will impose to the increase in the
amorphous fraction of SPE’s upon doping with the nanofillers, which was evaluated using the X-ray diffraction technique. Apart from the above discussed
properties, the developed systems were also found to exhibit appreciable surface adhesiveness which is beneficial to achieve good interfacial contact with
the rough surface electrode. Other excellent properties such as high heat resistance, less subjection to hydrolytic attack, improved aging factor etc. are
also observed for the systems. All the properties possessed by the SPE’s enable it to be a potential electrolyte material to support energy applications
such as batteries, supercapacitor etc.

7702 | The effect of a photo-initiators and an acrylate monomers on the electrical resistivity of UV-curable silver
adhesives (10. Electro-thermal properties of composite materials)

Chiang, Tzu Hsuan (thchiang@nuu.edu.tw), National United University, Taiwan
Tsai, Min-Han (flyoffeather@gmail.com), National United University, Taiwan 

In this study, low electrical-resistivity, UV-curable silver adhesives were prepared, and we investigated the effect of mixing urethane acrylate with different
types and contents of photo-initiators and acrylate monomer on the electrical resistivity of the UV-curable silver adhesives. The UV-curable silver
adhesives had faster curing times and lower curing temperatures than thermally-cured silver adhesives, which saved processing time and energy.
However, their electrical resistivities usually were greater than those of thermally-cured silver adhesives. This was due to the fact that their content of
silver particles was greater, resulting in their resisting UV light and decreasing the degree of crosslinking in the UV-curable adhesives. These results
indicated that the potential applications for these UV-curable silver adhesives were limited. Therefore, in order to prepare UV-curable silver adhesives that
had low electrical resistivity, we investigated the use of photo-initiators, such as 2-methyl-4′-(methylthio)-2-morpholinopropiophenone (MMTPP),
phenylbis(2,4,6-trimethylbenzoyl)phosphine oxide (PTMBP), 1, 2-diphenylethanedione (DPED), benzil dimethyl ketal (BDK), benzoyl peroxide (BPO), and
terephthaldicarboxal-dehyde (TTDD); we also studied acrylate monomers, such as acrylic acid (AA), 2-hydroxyethyl acrylate (HEA), pentaerythritol
triacrylate (PTTA), and dipentaerythriol pentaacrylate (DPTTA), which affect the electrical resistivity of UV-curable silver adhesives. Prior to our work, no
research had been conducted to investigate the effect of photo-initiators and acrylate monomers on the electrical resistivity of UV-curable silver adhesives.
The different degrees of crosslinking and the conversion of UV-curable silver adhesives by different types and contents of the photo-initiator and acrylate
monomer were demonstrated using Fourier transform infrared (FTIR) spectroscopy, which was in effect be electrical resistivity of composites. 
The results indicated that 46 wt% of urethane acrylate mixed with 46 wt% of HEA and 8 wt% of MMTPP was ideal when the adhesive contained 70 wt% of
3-um, flake-shaped silver particles, which have a low electrical resistivity at 2.3×10–4 ohm•cm.

7775 | Structure of Reinforcing Filler Network Determined by On – line Measurement of Electrical Conductivity of the
Polymer / Carbon Black Composite (10. Electro-thermal properties of composite materials)

Chodak I (upolchiv@savba.sk), Polymer Institute SAS, Slovak Republic
Krajci J (krajci.juraj@centrum.sk), Polymer Institute SAS, Slovak Republic 



08/05/15 15:14Conferências 5: Book of Abstracts

Page 69 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

Electrical conductivity of composites of polymeric insulating matrix filled with electroconductive filler depends on a formation of conductive filler network,
leading to a pronounced increase in conductivity at certain filler concentration called percolation threshold. Obviously, any change of the conductive
network due to the external influence should result in a change of electrical conductivity. Thus, the changes in electrical conductivity resulting from either
mechanical deformation or a change of volume due to e.g. temperature change can be used for monitoring the current state of the physical reinforcing
network formed by the filler.
The principle described above was used to investigate the behavior of either vulcanized rubber or thermoplastic polycaprolactone filled with
electroconductive reinforcing carbon blacks. The effect of a decrease of elongation at break in the electrical percolation threshold region is demonstrated
on composites with either thermoplastics (polycaprolactone, polyethylene, polypropylene) or rubber matices, both filled with conductive filler. The effects
during deformation are investigated by online measurement of conductivity during mechanical deformation. Conclusions from changes in electrical
conductivity regarding the decay or reforming of the conductive network have been done and compared to the mechanical responses of the material
during uniaxial tensile deformation, as indicated by stress – strain curve, or during cyclic deformation characterized by hysteresis curves. In the latter
stage, regeneration of the conductive network during stress relaxation measured at constant nonzero deformation followed by recovering after release the
mechanical stress was also considered. 
The changes of electrical conductivity were found to be far away from simple monotonous increase / decrease during deformation. On the contrary, rather
complicated dependences with several extremes on the conductivity vs deformation curves were observed. In most cases, the extremes appearing in
dependencies of electrical conductivity on strain occur at the same deformation region as typical parameters derived from stress – strain curve. Some of
them are related to Hookean part and inflex point on the stress strain curve of filled rubbers. Yield point for composites with thermoplastic matrices also
corresponds with typical course of the electrical conductivity dependence on strain. By such a way, the measurement of electrical conductivity of
composites during uniaxial deformation can indicate changes in filler physical network contributing to reinforcing effects in composites. Cyclic deformation
with constant or rising amplitude contributes to better understanding of more complicated mechanical responses e.g. related to Payne’s effect.

Acknowledgement: This work was supported by the project of Ministery of Education of Slovak Republic, project No 26220220173 of the
Research&Development Operational Program funded by ERDF, the project VEGA 2/0108/14 and APVV-0694-12

7785 | ANALYTICAL, EXPERIMENTAL AND NUMERICAL APPROACH OF STORAGE AND LOSS MODULI OF FIBRE
REINFORCED EPOXY COMPOSITES AND THE INFLUENCE OF THE INTERPHASE (10. Electro-thermal properties of composite
materials)

Theotokoglou, Efstathios E. (stathis@central.ntua.gr), NATIONAL TECHNICAL UNIVERSITY OF ATHENS, Greece
Giannopoulos, Ioannis (giannopioa@gmail.com), NATIONAL TECHNICAL UNIVERSITY OF ATHENS, Greece
Sideridis, Emilios (siderem@central.ntua.gr), NATIONAL TECHNICAL UNIVERSITY OF ATHENS, Greece 

In this work an attempt was made to correlate analytical, experimental and numerical results for the dynamic moduli of Fibre Reinforced Composites
(FRC). A theoretical approach for the prediction of the storage and loss modulus based on the theory of elasticity gave their values which were compared
with the experimental values obtained from dynamic experiments carried out on glass fibre and epoxy composites [1-4].
Then a numerical approach was performed via the Finite Element Method [5] in order to calculate the dynamic moduli and also the glass transition
temperature by taken into consideration the frequency and the temperature factors that influence the moduli of the composite. The study can be
performed either by keeping constant the frequency and varying the temperature or by variation of the frequency under constant temperature. Finally the
storage and loss modulus have been calculated at the interphase region between the matrix and the fiber using analytical, experimental and numerical
methods.

References
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7836 | Influence of the filler particles on Polymer Electrolyte Membranes (10. Electro-thermal properties of composite materials)

S.Ramesh (rameshtsubra@gmail.com), University of Malaya, Malaysia
Y. K. Mahipal (ykmahipal@gmail.com), University of Malaya, Malaysia
R.Shanti (shanthy87@yahoo.com), University of Malaya, Malaysia
K.Ramesh (rameshkasi@um.edu.my), University of Malaya, Malaysia 

Present work mainly focused on synthesis of TiO2 nano-particles and their influence on Solid Polymer Electrolyte membranes. Nano-Composite Polymer
Electrolytes (NCPE) films: [80PEI: 20Li (CF3SO3)2] + nano- sized particles of TiO2 filler materials have been reported. NCPE films have been casted by
solution cast technique. Solid Polymer Electrolyte (SPE) composition: [80PEI: 20Li (CF3SO3)2], were identified as one of the high conducting films in an
earlier study with room temperature conductivity (�rt) ~ 2.77x10-5 S/ cm, has been used as Ist-phase host matrix and the filler particles as IInd-phase
dispersoid. NCPE films exhibiting highest room temperature conductivity, referred to as Optimum Conducting Composition (OCC), has been identified
from the filler particle dependent conductivity studies. An enhancement of conductivity approximately an order of magnitude in the room temperature
conductivity resulted. NCPE membranes with TiO2 content: 4 wt. (%) exhibited optimum room temperature conductivity (σ) values ~2.5×10−4 S/cm . The
phase identification and materials characterizations on NCPE OCC film have been performed using XRD, FESEM, FTIR and DSC/TGA techniques. The
ion transport property has been characterized in terms Electrochemical Impedance Spectroscopy (EIS) and ionic transference number i.e. total (tion) and
cationic transport number (t+). These ionic parameters have been determined experimentally using combine ac/dc techniques. The temperature
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dependent conductivity measurements have also been carried out to compute activation energy (Ea) by least square linear fitting of Arrhenius plot: ‘log
�-1/T’. The electrochemical properties of the NCPE films based Li/LiFePO4 batteries have been studied by Linear Sweep Voltammetry (LSV), Cyclic
Voltammetry and Charge/Discharge performances.

8071 | Thermal conductivity enhancement of vertically aligned long nanotube carpet reinforced thermoset composites
(10. Electro-thermal properties of composite materials)

Bouillonnec, Jonathan (jonathan.bouillonnec@mines-albi.fr), Institut Clément Ader, Mines Albi, France
Bernhart, Gerard (gerard.bernhart@mines-albi.fr), Institut Clément Ader, Mines Albi, France
Pinault, Mathieu (mathieu.pinault@cea.fr), Laboratoire Francis Perrin, CEA Saclay, France
Olivier, Philippe (Philippe.Olivier@iut-tlse3.fr), Institut Clément Ader, Université Toulouse, France
Mayne-L''Hermite, Martine (martine.mayne@cea.fr), Laboratoire Francis Perrin, CEA Saclay, France 

Fiber reinforced thermoset materials are more and more used for satellite structure manufacturing. Beside their in plane structural properties, advanced
designs are requiring increased thermal and electrical conductivity, as well as damage tolerance against meteoritic impact. The main material weak point
is related to the low properties of the interply polymer matrix.

In order to enhance these properties, carpet like vertically aligned carbon nanotubes (VACNT) are investigated as reinforcing solution of the thermoset
resin system. The synthesis of the carpets is done by Aerosol-Assisted Chemical Vapor Deposition on quartz substrates. The process allows to produce
multiwalled nanotubes with a length up to 3.5mm and a volume fraction up to 20% . These carpets are in a second step densified with an aerospace
qualified epoxy resin using liquid infusion process.

After machining and polishing, thermal and electrical properties are measured at the reinforced film level on nano-composites with increasing carbon
nanotube volume fractions. Through the thickness conductivity was investigated parallel to the nanotube orientation using the laser microflash method. 

As expected, results show an improvement of these properties, much higher than that is usually reported for dispersed nanotube reinforced composites.
Thermal conductivity increases by a factor 100 when comparing the non-reinforced epoxy (0,19 W/m/K) to for the 12% volume fraction reinforced 50 nm
diameter long nanotubes (22 W/m/K). Results show also that the thermal conductivity increases when, for the same level of CNT density, the nanotube
diameter increases from 25nm to 50nm. More over a high temperature annealing (at 2000°C) of the nanotubes before resin infusion, has a strong effect
on thermal conductivity. As a matter of fact, high temperature graphitization results in higher organization of the nanotube graphene walls. 
Finally same general trend was observed for the electrical conductivity values of the reinforced nano-composites.

8072 | Novel method of metal – oxide glass composite fabrication for use in thermoelectric devices (10. Electro-thermal
properties of composite materials)

Bochentyn, Beata (bbochentyn@mif.pg.gda.pl), Department of Solid State Physics, Gdansk University of Technology, Poland
Karczewski, Jakub (jkarczew@mif.pg.gda.pl), Department of Solid State Physics, Gdansk University of Technology, Poland
Gazda, Maria (maria@mif.pg.gda.pl), Department of Solid State Physics, Gdansk University of Technology, Poland
Kusz, Bogusław (bodzio@mif.pg.gda.pl), Department of Solid State Physics, Gdansk University of Technology, Poland 

The usability of potential thermoelectric material for both heat generation and cooling is determined by various parameters: Seebeck coefficient (α),
electrical conductivity (σ) and thermal conductivity (κ). All of them are combined in a dimensionless figure of merit: ZT=α2Tσ/κ [1]. The higher is the
Seebeck coefficient and electrical conductivity of material and the lower is thermal conductivity, the better is the material from the thermoelectric
applications point of view. Although oxide glasses exhibit some of the lowest lattice thermal conductivities, they also have very low electrical conductivity.
In order to make oxide glasses useful for thermoelectric devices they should be modified to obtain a kind of ‘phonon-glass electron-crystal [2]. Such
composite materials can be obtained by heating oxide glasses in a hydrogen atmosphere. This is called a reduction process. This procedure causes the
reduction of metal ions and the formation of metal grains both in an amorphous glass matrix and on the glass surface. If a certain critical grain
concentration is achieved, the electron tunneling between the grains becomes possible. Further reduction leads to the connecting of metal grains and to
the formation of continuous, metallic layer on the surface of the glass. Thus an increase in the surface electrical conductivity, even of several orders of
magnitude, is observed [3]. 
If a glass sample is ground to obtain a powder and then this glass powder is reduced, it is possible to fabricate a metal-oxide glass composite. This kind of
material can even have better thermoelectric properties, because of higher phonon scattering on grain boundaries and, as a result, lower thermal
conductivity. 
In this work some results indicating a possibility of applying reduced oxide glasses (containing Bi, Te and Sb) in thermoelectric devices will be shown.

[1] F.J. DiSalvo, Science 285 (1999) 703-706
[2] J. Snyder, E.S. Toberer, Nature Materials, 7 (2008) 105-114
[3] J. Gackowska, M. Gazda, K. Trzebiatowski, B. Kusz, Journal of Non-Crystalline Solids 354 (2008) 4319–4322

8640 | Highly conductive polymer/metal/CNT composite fiber prepared by melt-spinning process (10. Electro-thermal
properties of composite materials)

Tae Hwan Lim (thlim@kitech.re.kr), Korea Institute of Industrial Technology, Korea, South
Sang Young Yeo (miracle@kitech.re.kr), Korea Institute of Industrial Technology, Korea, South 

Composite fibers from polymer/metal/CNT are prepared by melt spinning process for high electro-conductivity. Fiber is the re-spotlighted form of complex
materials because of its flexible and easy transform benefits. In addition, the fibers granted electrical properties have a high potential to achieve ideal
smart textile. They show high conductivity having help from conducting materials such as metals and carbons. These hybrid composite fibers are
generally fabricated by wet spinning, electro-spinning, and solution-spinning, and they are applicable to electrical device. In the polymer/metal composite,
metal acts as conductor to transport electrons in polymer matrix. The fibers that contain large amounts of metals show higher electrical conductivity. Metal
arrangement in orientated polymer is also major factor to have high electrical property because only connected metals can flow the electrons.
Disconnected metals are unable to act as the electron path, therefore, it is important to control the metal positioning in matrix for preventing aggregations
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or separations. However, controlling the metal position is very difficult in large scale process practically. Melt spinning is the most difficult process to
control the accurate mixing ratio, regulation, and well dispersion, therefore, it is hardly used to fabricate high performance conductive fibers. However, it is
the essential process to produce bulk scale because it facilitates fast and low cost process. In our research, the method for fabricating the highly electro-
conductive fiber is attempted through the melt spinning process. In first, compact screw of 11mm diameter is used to mix polymer with metal. It helps well
mixing between melted polymer and metal powder because the smaller space between screw threads has a good influence on the mixing property. The
other trial is using carbon nanotubes(CNTs) as an electron bridge between metal powders. It is judged that CNT network is easy way to connect un-
contacted metal powders. CNT functionalization is also processed to enhance electrical performance of conductive fibers. As a result, highly conductive
fiber from polymer/metal/CNT is obtained successfully. It is confirm that degree of dispersion of our composite is largely increased comparing to that of
others manufactured by melting process. In addition, the electrical conductivity is enhanced according to whether CNT is added or not. It is expected that
our attempts are fundamental researches to produce the highly electrical conductive fiber in bulk scale.

8655 | Laser Flash Analysis of Thermal Conductivity in Non-Homogeneous Polymer-VANT Composites (10. Electro-thermal
properties of composite materials)

Vorobyeva, Ekaterina A. (vorkate89@mail.ru), Lomonosov Moscow State University, Russian Federation
Makarenko, Irina V. (makarenkoirina@gmail.com), Lomonosov Moscow State University, Russian Federation
Chechenin, Nikolay G. (nchechenin@yandex.ru), Lomonosov Moscow State University, Russian Federation 

High thermal conductivity (TC) is one of most important feature among many other superior properties of carbon nanotubes (CNTs). However, there is a
large scatter in the TC absolute values reported for single wall (SWNTs) and multiple wall (MWNTs) nanotubes as well as a divergence between
theoretical estimations and experimentally observed values [1]. The scatter is further larger in TC of polymer (PM)-CNT composites. In the report we
analyze the origin of the scatter. 
In this work, TC was measured by Laser Flash Analyzer (LFA) (NETZSCH LFA 457 MicroFlash apparatus in accordance with standards ASTM E-1461) in
pure epoxy resin (ER), pure array of vertically aligned CNTs (VANTs) and in composites ER/VANTs and, for the first time, ER/HANTs (horizontally aligned
CNTs). An arrays up to the area of 25 cm2 and with the height up to 3mm of the VANTs forest can be deposited routinly, using permanently injected
catalyst (PIC) version of pyrolytic chemical vapor deposition (PCVD) [2]. A large enhancement of the TC by a factor 10 to 16 was achieved in ER/VANTs
composite, reaching TC κ = 3.2 to 4.2 W/(m K), which is comparable with the TC of pure VANTs forest. The enhancement is much weaker in ER/HANTs
composite, in correspondence with a large anisotropy of heat transport parallel and perpendicular to the CNT channel. The analysis of the experimental
data includes the anisotropy of heat transport within CNTs, the waviness and defectness of the MWNTs, and a huge disproportion in heat transport via
VANTs and via polymer matrix. 

The work was supported by RFBR grants # 14-02-01230 and # 14-02-31147 mol_a

[1] Z. Han, A. Fina, Prog. Polymer Sci, (2011) v. 36, pp7 917-944
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8674 | Effect of SiC particles on dielectrically properties of epoxy reinforcement by (bi-directional) glass fiber (10. Electro-
thermal properties of composite materials)

Aseel.A.Kareem (aseelalobaedy@yahoo.com), Department of Physics, College of Science, University of Baghdad, Iraq 

In this research the dielectric properties of the epoxy composites were characterized as a function of a frequency, "weight fraction, particle size" of fillers.
Composite plates were prepared by incorporating fiber glass and SiC Particles of 0.1µm, 3µm, 40µm diameter sizes at 10, 20, 30 and 40 percent weight in
epoxy matrix. The experiments were performed to measure the dielectric constant and electrical conductivity in range (10-2000) KHz.
The result showed that the dielectric constant decrease smoothly with an increase of frequency. An increase of them was also observed with an increase
of weight fraction, particle size. Also, the a.c electrical conductivity showed an increase both with an increase of frequency, weight fraction and with an
increase of particle size.

8676 | Thermal properties of ZnO/ ZnO-MgO-Al2O3-SiO2 glass-ceramics composites using LTCC process (10. Electro-
thermal properties of composite materials)

Kang Jimin (oceanic13@nate.com), Kyonggi University, Korea, South
Kang Seunggu (sgkang@kgu.ac.kr), Kyonggi University, Korea, South 

LTCC(Low Temperature Co-fired Ceramic) process is suitable for firing the ceramics with electrode materials of low melting point, such as silver, gold and
copper at low temperature(1000℃<). Therefore, the LTCC process has been used to electronic application, and many LTCC systems were studied from
the view point of dielectric constant, thermal properties and micro-structures.
LED is the semiconductor device for being widely used from the illumination for the car backlight. LED has the advantage including the small size, long
lifetime, energy-saving and power consumption, and etc. when comparing with the other emitting device [1]. But the heat generated in LED device cause
the life reduction of the device, so it need to emit the heat quickly outward to avoid heat accumulation in LED device. To solve this problem, recently,
glass/ceramic composites substrate which use Al2O3 with high thermal conductivity (40W/mK) or various compositions has the high thermal conductivity
was carried out.
In this research, the glass/ceramic composite was designed through LTCC process using the ZnO and ZnO-MgO-Al2O3-SiO2 glass, obtain the high
thermal conductivity. The composition of the in the glass system, ZnO filler rate and sintering temperature were determined as the experimental factors.
The microstructure observation and DTA analysis need to evaluate the composites.

8720 | Investigation of the Thermal Insulation of Polyester Microfiber and also Polyester and Acrylic Fabrics Coated
with White Tuff Stone Powder with Different Particle Size (10. Electro-thermal properties of composite materials)

Mehmet Kilinc (mkilinc@ticaret.edu.tr), Istanbul Commerce Universty, Turkey



08/05/15 15:14Conferências 5: Book of Abstracts

Page 72 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

Habip Dayioglu (hdayioglu@ticaret.edu.tr), Istanbul Commerce Universty, Turkey
Nigar Merdan (nmerdan@ticaret.edu.tr), Istanbul Commerce Universty, Turkey
Seyda Canbolat (scanbolat@ticaret.edu.tr), Istanbul Commerce Universty, Turkey 

In this study; polyester microfiber, polyester and acrylic fabrics were coated with white tuff stone (Alacatı stone) having different particle size, the thermal
insulation properties of samples having different size of white tuff stone and different types of fabrics were evaluated. It was concluded that, the white tuff
stone coated fabrics can be used in building textiles in order to increase the thermal insulation properties. 

Key words: White Tuff Stone, Thermal Insulation, Coating, Polyester Microfiber Fabric, Polyester and Acrylic Fabric.

9205 | Numerical and experimental study of thermal energy storage of phase-change materials based on high-density
polyethylene filled with micro-encapsulated paraffin wax (10. Electro-thermal properties of composite materials)

Mustapha Karkri (mustapha.karkri@u-pec.fr), Université Paris-Est, CERTES, 61 avenue du Général de Gaulle, 94010 Créteil France , France
Mariam AlMaadeed A. (m.alal@qu.edu.qa), Center for Advanced Materials, Qatar University, 2713 Doha, Qatar, Qatar
Igor Krupa2 (Igor.Krup@qu.edu.qa), Center for Advanced Materials, Qatar University, 2713 Doha, Qatar, Qatar 

This paper focuses on the experimental and numerical study of the storage and release of thermal heat during melting and solidification of phase change
material (PCM). Shape-stabilized phase change materials (PCM) based on high-density polyethylene (HDPE) mixed with micro-encapsulated paraffin wax
were prepared and investigated for application in thermal energy storage. The distribution of the capsules within the HDPE matrix was uniform without any
tendency towards agglomeration. A Transient Guarded Hot Plate Technique (TGHPT) based on heat flow and temperature measurements was employed
to determine the thermophysical properties and the latent heats of these phase-change materials. These experimental results have been simulated using
numerical Comsol® Multiphysiques 4.3 based models with success. The results of the experimental investigation compare favorably with the numerical
results and thus serve to validate the numerical approach.

9206 | Computational homogenization for the thermo-mechanical analysis of phase change composite materials (10.
Electro-thermal properties of composite materials)

Amen TOGNEVI (amen.tognevi@gmail.com), Université Paris-Est, CERTES, 61 avenue du Général de Gaulle, 94010 Créteil France, France
Mustapha Karkri (mustapha.karkri@u-pec.fr), Université Paris-Est, CERTES, 61 avenue du Général de Gaulle, 94010 Créteil France, France
Julien YVONNET (Julien.Yvonnet@u-pem.fr), 2Université Paris-Est, Laboratoire Modélisation et Simulation Multi Échelle, MSME UMR 8208 CNRS, 5 bd
Descartes, F-77454 Marne-la-Vallée, France., France
Mariam A. AlMaadeed (m.alali@qu.edu.qa), Center for Advanced Materials, Qatar University, 2713 Doha, Qatar, Qatar
Igor Krupa (Igor.Krupa@qu.edu.qa), Center for Advanced Materials, Qatar University, 2713 Doha, Qatar, Qatar 

The ability of Phase Change Materials (PCM) to store thermal energy makes them a central technology for energy supply in the future, since energy
storage could contribute to efficient energy use, enables the use of renewable energy sources etc... In the present work a computational homogenization
method is proposed to compute the thermo-mechanical behavior of composites structures with phase change materials. The computations were
performed on composite based on High Density Polyethylene (HDPE) filled with microencapsulated paraffin wax. The capsules are assumed spherical
with uniform size distribution. A representative elementary volume is identified for the material and the effective parameters (Young modulus, Poisson
ratio, thermal conductivity) are derived through a Finite Element computational homogenization framework, thereby establishing the link between micro
and macroscale of the composite. The Heat latent phase change of the paraffin was modeled by the effective heat capacity method. The simulations have
been performed using the Comsol Multiphysics 4.3 based models with success. The expected difference of behaviors of the composite structure
corresponding to the solid and liquid phase state of paraffin wax have been highlighted. The comparison of the results of simulations with available
experimental data at different temperatures above and below the melting temperature of paraffin permit to validate the computational homogenization
approach adopted.

9399 | Bi-layer Rectifying Characteristics of SrTiO3-δ/La0.9Hf0.1MnO3 n-n Heterojunction (10. Electro-thermal properties of
composite materials)

Jin,Libin (leojin123@gmail.com), The University of Hong Kong, Hong Kong
Gao,Ju (jugao@hku.hk), The University of Hong Kong, Hong Kong 

We report the fabrication of n-SrTiO3-δ/n-La0.9Hf0.1MnO3 bi-layer heterojunction on SrTiO3 (STO) substrate by pulsed laser deposition method. X-ray
diffraction and electron backscattering diffraction measurements prove the single crystal property and [001]-orientation for both SrTiO3-δ and
La0.9Hf0.1MnO3. High-resolution transmission electron microscope image of the interface between the two layers indicates that the great crystal property
and film qualities. This heterojunction showed an excellent rectifying property in a wide temperature range from 20K to 300K, and the most significant part
of this heterojunction is the leakage current is quite low. The diffusion voltage and junction resistance as functions of temperature has also been studied.

The epitaxial LHMO film was deposited by using pulsed laser deposition (PLD) technique with a XeCl excimer laser machine (λ=308 nm). And The
epitaxial SrTiO3-δ film was covered on the LHMO layer also by the PLD in situ using a single crystal SrTiO3 target with ultrahigh vacuum. The crystal
structure was determined by the X-ray diffraction (XRD) with Cu Kа radiation as well as Electron Backscattered Diffraction (EBSD). The current-voltage
behavior of the SrTiO3-δ/LHMO junction was measured at various temperatures by using traditional two-probe method.

It is widely reported that oxygen-deficient SrTiO3-δ films are typical n-type semiconductor materials�and Hf-doped LaMnO3 is also n-type material. The
observed rectifying property in the SrTiO3-δ/LHMO bilayer film strongly suggests the formation of n-n junction between LHMO and oxygen-deficient STO.

5762 | FE MODELING OF CONTINUOUS RC BEAMS STRENGTHENED WITH FRP PLATES (11. FRP reinforced concrete
structures)

Mohammed A. Sakr (engwalid50@yahoo.com), Tanta University, Egypt 
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This paper presents a simple uniaxial nonlinear finite-element model (UNFEM) able to investigate the behavior of continuous reinforced concrete (RC)
beams flexurally strengthened with externally bonded fibre reinforced polymer (FRP) strips and plates applied in positive or negative moment regions. The
proposed UNFEM follows a displacement–based approach and can accurately estimate the ultimate load and the corresponding failure mode of
strengthened continuous RC beams subjected to any type of loading. A twenty one-degree of freedom element is suggested with layer-discretization of
the cross-sections. Realistic nonlinear constitutive relations are employed to describe the stress-strain behavior of each strengthened beam components.
The finite element model is based on nonlinear fracture mechanics. The interfacial shear and normal stresses in the adhesive layer are presented using
analytical uncoupled cohesive zone model with a mixed-mode fracture criterion in positive or negative moment regions. Both maximum positive or
negative moments and plate end failure modes are considered. 
Numerical simulations and experimental measurements are compared with some tests available in the literature. The numerically simulated responses
agree remarkably well with the corresponding experimental results.The results using the proposed UNFEM are compared with the available empirically
formulae in the literature. The major feature of the proposed UNFEM is its simplicity.

6352 | High Performance Fiber-Reinforced Concrete Columns for Sustainable Bridge Construction (11. FRP reinforced
concrete structures)

Okail, Hussein O. (husseinokail@gmail.com), Ain Shams University, Egypt 

This paper presents an experimental/analytical investigation of the performance of pre-fabricated bridge columns constructed from ultra-high strength
concrete and reinforced with glass or carbon fiber rebars and carbon fiber full wrapping. The aim of this form of construction is to present a highly durable
structurally efficient rapid form of construction for bridges sub-structures in aggressive environments. Slender circular columns were tested under
monotonic axial compression up to failure. Experimental variations included the type of FRP reinforcement, namely, glass or carbon fiber, longitudinal
reinforcement ratio, number of CFRP wraps and slenderness ratio. Experimental results have shown promising capabilities of the proposed design and
the results were used to build and validate a finite element model for the tested specimens. The model was then used to conduct an extensive parametric
study on untested design configurations. The paper finally presents a set of design charts for the proposed form of construction.

6435 | Behavior of Reinforced Concrete Structures Strengthened with Prestressed Near Surface Mounted CFRP
Reinforcements: Experimental Study (11. FRP reinforced concrete structures)

Sungnam Hong (cama77@skku.edu), Sungkyunkwan University, Korea, South
Sun-Kyu Park (skpark_skku@naver.com), Sungkyunkwan University, Korea, South 

The aim of this study is to investigate the effectiveness of strengthening RC beams with non-prestressed and prestressed CFRP bars/plates to increase
the monotonic flexural strength of the beams. Twenty-one RC beams were fabricated. One beams were not strengthened and acted as control to simulate
an existing structural member. The other beams were divided into groups that were strengthened with prestressed CFRP bar without MI(mechanical
interlocking) (BB series), prestressed CFRP bar with MI (BBM series), prestressed CFRP plate without MI (BP series) and prestressed plate with MI (BPM
series). The prestress level is from 0% to 50% of the CFRP bar/plate tensile strength. The test results showed that strengthening the RC beams with NSM
CFRP bars/plates increased both the monotonic flexural strength. An increase in the yield and ultimate load of 27%~40% and 42~65% was achieved,
when the beams were strengthened with non-prestressed CFRP bars/plates compared to the control beam. Also, the flexural stiffness of the strengthened
beam was slightly enhanced that of the control beam. When the beams were strengthened with prestressed CFRP rod (10%~50%), considerable
improvements in the cracking, yield, and ultimate loads were achieved as well as the flexural stiffness (serviceability).

6436 | Reinforced Concrete Beams with Unbonded Prestressed Carbon Fiber Reinforced Polymer Plates (11. FRP
reinforced concrete structures)

Sungnam Hong (cama77@skku.edu), Sungkyunkwan University, Korea, South
Sun-Kyu Park (skpark_skku@naver.com), Sungkyunkwan University, Korea, South 

Carbon fiber reinforced polymer(CFRP) materials were primarily used in the aerospace and defense industries rather than the civil engineering field
because of the prohibitively high cost of the raw materials and manufacturing processes. However, according to the need for both maintaining and
upgrading civil infrastructures in all parts of the world and the well-known advantages of CFRP composites, diverse efforts are being made to reinforce the
deteriorated concrete structures with CFRP materials. In most cases wherein the concrete structures are strengthened using externally bonded CFRP
reinforcements, the full use of CFRP reinforcements is not possible. It is because premature debonding failures occur from the interface between concrete
and CFRP reinforcements. However, prestressing allows the use of a greater share of CFRP materials. Most studies on the prestressed CFRP
reinforcements focused on the verification of the flexural strengthening effect of the reinforced concrete members. In this study, however, the effects of the
unbonded CFRP reinforcements on the strengthened beam with different prestress levels were examined. A flexural test was conducted with six
reinforced concrete beams, and CFRP plates were used as the CFRP reinforcements. The main test variables included diverse prestress levels and
anchorage systems. Based on the test results, the failure mode, load-deflection relationship, elastic and plastic energy and strain variance of the concrete

6531 | Numerical Simulation of the Fatigue Bond Behavior of Near surface mounted (NSM) FRP reinforcement (11. FRP
reinforced concrete structures)

Wang, Zeyuan (wzy1106@126.com), Tsinghua University, China
Cheng, Lijuan (dawcheng@ucdavis.edu), UC Davis, United States America
Feng, Peng (fengpeng@tsinghua.edu.cn), Tsinghua University, China 

This paper presents a three-dimension finite element model for direct pullout test of near surface mounted reinforcement using the general purpose FE
software ANSYS. Combination elements and a theoretical local bond stress-slip relationship are employed to simulate bond between FRP and concrete.
Numerical simulation of the specimen under monotonic load is carried out firstly. Previous experimental results in the literature are selected to verify the
obtained result. 
With the verified model, an approach of fatigue analysis is proposed, which is capable of predicting the fatigue life and debond development history of the
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NSM reinforcement system. Furthermore, some parametric studies have been done. The influence on fatigue life and debond history of several variables,
concrete strength, FRP rod diameter, and bonded length, was investigated.
Approach of fatigue calculation proposed in this paper can be easily modified and applied to a more refined NSM FRP reinforced system FE model for
further simulation.

6718 | Creep and Multiple loading behaviours of CFRP- concrete bonded systems (11. FRP reinforced concrete structures)

Abbas, Basim (basim959@yahoo.com), Monash University, Melbourne, United Arab Emirates
Al-Mahaidi, Riadh (ralmahaidi@swin.edu.au), Swinburne University of Technology, Melbourne, Australia 

Carbon fibre reinforced polymer (CFRP) is used extensively in retrofitting civil structures. It has superior properties for many structural applications. The
external bonding system uses epoxy resin to join CFRP and concrete and is required to endure many combinations of factors during its service life.
Permanent and transit loads are commonly imposed on the bonded system and these loads may change structural performance in short- and long-term
applications. The study of strain response (creep) in permanently-loaded samples at different load levels is essential to understand system behaviour
under service conditions. Multiple loading and unloading routines may have significant effects on the functioning of the system. To investigate the effect of
permanent loading at different levels, a single-shear lap test was selected. Purposely-designed and fabricated loading frames were used to apply the
required service load levels. Long-term strains at selected locations were monitored for the entire period of testing. The samples were unloaded and
reloaded to previous levels for an additional period. The consequences of repeated loading to higher stresses were also investigated. Strain and
permanent deformation due to high stresses were examined up to failure. photogrammetry was used to analyse 2-D strain fields during loading-unloading
stages throughout ultimate shear-lap testing.

6872 | Shear Response Characteristics of Scaled Reinforced Concrete Beams Wrapped with CFRP Sheets (11. FRP
reinforced concrete structures)

Erfan Shafei (erfan.shafei@aut.ac.ir), Amirkabir University of Technology, Iran
Mohammad Zaman Kabir (mzkabir@aut.ac.ir), Amirkabir University of Technology, Iran 

Response characteristics and cracking behavior of semi-deep reinforced concrete (RC) beams with dominant shear failure mode is experimental
inspection target in current study. Externally bonded carbon fiber reinforced polymer (CFRP) sheets apply as retrofits. Effects of fiber orientation as
unidirectional and cross-ply skin patterns on ultimate load carrying capacity, strain distribution and failure ductility are examined in detail. Specimens
consist of six simply supported beams with scaled geometry and material properties preserving physical similarity with intact designed prototype with
three-point monotonic loading. Study targets include changes in compressive and mid-span web concrete straining values considering tensile steel rebar
and CFRP skin deformations. Results disclose major shear strength and failure ductility enhancement within retrofits. Stacking orientation affects rebar
yielding corresponding deflection and controls hardening regime during deformation process of structure. Composite stabilizes cracking rate in web zone,
protects continuity and waives initial catastrophic shear collapse. Straining of compressive concrete block and tensile rebar are expressed primarily for
unidirectional orientation. However, global strength and stiffness are enhanced well when the skin was in cross-ply form. Premature necking and rupture of
steel stirrups embedded in concrete is postponed after concrete crushing for all retrofitted beams preserving structural stability.

7557 | Evaluation of the new CAN/CSA-S806-12 Provisions for the Torsion Design of Concrete Beams with FRP
Reinforcement (11. FRP reinforced concrete structures)

Deifalla, Ahmed (diffalaf@gmail.com), BUE, Egypt 

Recently, the Canadian Standards Association proposed a torsion design provisions for the case of beams reinforced using fiber reinforced polymer (FRP)
within the Canadian standard for the Design and construction of building structures with fiber-reinforced polymers (CAN/CSA-S806-12). The purpose of
this study is to evaluate these provisions. In this study, an experimental database from four different studies with a total of 24 concrete beams reinforced
with FRP bars and stirrups, tested under torsion, is compiled. The torsion design provisions of the CAN/CSA-S806-12 were used to calculate the strength.
The predicted strength was compared with that measured during testing. The comparison showed that, with the exception of bonded FRP stirrups, the
design code is conservative. However, improvements for the case of adhesively bonded FRP stirrups are required.

7571 | Structural performance of HPFRC beams reinforced by hybrid pre-stressed GFRP bars and steel strand (11. FRP
reinforced concrete structures)

Mazaheripour, Hadi (hmp@civil.uminho.pt), ISISE, Civil Eng. Dep., University of Minho, Portugal
Barros, Joaquim (barros@civil.uminho.pt), ISISE, Civil Eng. Dep., University of Minho, Portugal
Sena Cruz, Jose (jsena@civil.uminho.pt), ISISE, Civil Eng. Dep., University of Minho, Portugal
Soltanzadeh, Fatemeh (f.soltanzadeh@civil.uminho.pt), ISISE, Civil Eng. Dep., University of Minho, Portugal 

The present study investigates the structural behavior of I cross section beams flexurally reinforced by hybrid prestressed steel strand and GFRP bars,
and made by of high performance fiber reinforced concrete (HPFRC) beams in order to eliminate steel stirrups, since this reinforcement is the most
susceptible to corrosion in this type of structural elements. Combining prestressed GFRP bars of relatively low elasticity modulus, but immune to corrosion
(positioned with a small concrete cover), with prestressed steel strand (with higher concrete cover to avoid corrosion) a good compromise in terms of
reinforcement effectiveness, ductility, durability and cost competitiveness can be obtained. The steel strand aims also to assure the necessary flexural
strengthening of the beams if GFRP bars becomes ineffective in case of fire occurrence. The paper focuses on the results obtained in an experimental
study of I shaped cross-sectional beams flexurally tested under monotonic and fatigue loading conditions. The main structural parameters such as
deformation, crack spacing, crack width and ductility under both ultimate and serviceability conditions are examined.

7580 | The Issues Related to Flexural Behaviour of FRP Prestressed Concrete Beams (11. FRP reinforced concrete structures)

Atutis, Mantas (mantas.atutis@vgtu.lt), Vilnius Gediminas technical university, Lithuania
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Atutis, Edgaras (edgaras.atutis@vgtu.lt), Vilnius Gediminas technical university, Lithuania
Valivonis, Juozas (juozas.valivonis@vgtu.lt), Vilnius Gediminas technical university, Lithuania 

In the recent years a vast of experimental work with non-metallic reinforcement is being widely used to explain a comprehensive structural integrity of
composite material as an alternative for construction industry purposes. The objective of this research was to experimentally investigate issues and
concerns related to flexural behavior of concrete beams internally prestressed with fiber-reinforced polymer (FRP). Together with the strength
characteristics, the effect of prestressing force, prestressing reinforcement ratio on corresponding deflection and cracking distribution has been mainly
governed by the stress-strain laws of reinforced concrete. The experimental results are compared to theoretical estimates from formulas available in U.S.
and European codes and recommendations.

7620 | Optimization of FRP Hybrid Bar Design for Tensile and Bonding Performance (11. FRP reinforced concrete structures)

Seo, Dong-Woo (dwseo@kict.re.kr), Korea Institute of Civil Engineering and Building Technology, Korea, South
Park, Ki-Tae (ktpark@kict.re.kr), Korea Institute of Civil Engineering and Building Technology, Korea, South
You, Young-Jun (yjyou@kict.re.kr), Korea Institute of Civil Engineering and Building Technology, Korea, South
Lee, Sang-Yoon (sylee@kict.re.kr), Korea Institute of Civil Engineering and Building Technology, Korea, South
Hwang, Ji-Hyun (jhhwang@kict.re.kr), Korea Institute of Civil Engineering and Building Technology, Korea, South 

“FRP Hybrid Bar” has recently developed by Korea Institute of Civil Engineering and Building Technology (KICT) to overcome the low elastic modulus of
glass-fiber-reinforced polymer (GFRP) to be used for reinforced-concrete (RC) structures built in a corrosive environment. The concept of FRP Hybrid Bar
is to combine basically two different materials, including steel and GFRP. In this case, steel and GFRP provide high elastic modulus and high tensile
strength, respectively. Two type of FRP Hybrid Bar were introduced: 1) FRP crust with steel core; 2) FRP bar with steel wires dispersed over the cross-
section. E-glass fibers and unsaturated polyester resins were used for FRP Hybrid Bar by Braidtrusion (i.e., Braiding + Pultrusion).

Various tests, including tensile, bonding and corrosion tests, have been conducted and showed its potential feasibility. As a result of primary tests for the
first prototypes, tensile and anti-corrosion performance has improved significantly in comparison with GFRP and steel rebars, respectively. However,
bonding strength has showed relatively low in comparison with steel rebar. The main objective of this study is to improve the first prototypes on bonding
strength as well as tensile performance, and corresponding tests are examined in this study.

7690 | Sandwich panels with thin-walled high performance concrete layers (11. FRP reinforced concrete structures)

Stark, Alexander P B (astark@imb.rwth-aachen.de), Institute of Structural Concrete, RWTH Aachen University, Germany
Shams, Ali (ashams@imb.rwth-aachen.de), Institute of Structural Concrete, RWTH Aachen University, Germany
Hegger, Josef (heg@imb.rwth-aachen.de), Institute of Structural Concrete, RWTH Aachen University, Germany 

Sandwich panels, exhibit an attractive choice for modern building envelopes. The application of two thin facings made of high performance concrete and a
core of polymeric rigid foam can highly enhance the load-bearing capacity of the sandwich panel providing a low weight at the same time. An additional
prestressing with pre-tensioned CFRP (Carbon fiber reinforced polymer) tendons enables long spans. The use of TRC (textile reinforced concrete) or
UHPC (ultra-high performance concrete) with high uniaxial compression strengths leads to a reduction in concrete usage and the realization of slender
panels.
In general sandwich panels with concrete facings are assembled by cutting slabstock foams, which results in fine dust covering the cutting edges harming
the bond quality to the concrete facings. Additionally air inclusions may occur during concreting the sandwich panels. In order to overcome these issues,
i.e. to achieve a homogenous bond quality, the core foams made of polyurethane (PU) are foamed in pack between the concrete layers made out of TRC
or UHPC. This prevents unbonded parts in certain areas and makes various shapes of cross-sections possible. In addition the set-up of non-metal
connectors made of CFRP or GFRP contributes to ensure the composite action without acting as a thermal bridge. These connectors are capable to
withstand stresses evoked by shrinkage of the concrete on one hand and temperature loads on the other hand. At the same time the stiffness and load-
bearing capacity of sandwich panels can be increased by the application of these connectors.

The innovative composite material TRC takes into account the advantages of high-strength fine-grained concretes and open-meshed textile
reinforcements, which are mainly made of alkali-resistant glass (AR-glass) or carbon fibers. Due to the non-corrosive behavior of the textiles, the required
concrete covers can be minimized resulting in filigree and lightweight concrete structures. By using TRC as facing of sandwich elements, the overall wall
thickness can be halved.

Sandwich panels with UHPC facings were developed exhibiting a folded cross-section and pre-tensioned with CFRP tendons. Hence a high stiffness and
load bearing capacity of the sandwich element were enabled.

This paper reports on the experimental investigations on the load-bearing capacity of sandwich panels with varying connector types, foam cores, concrete
mixture, pre-stressing forces and cross-sections subjected to tensile and shear forces as well as bending action.

7693 | FRACTURE ENERGY APPROACH ON BOND PERFORMANCE OF CFRP/CONCRETE COMPOSITES EXPOSED TO
SALINE WATER (11. FRP reinforced concrete structures)

Ariyachandra M.R.E.F. (ariyachandra88erandi@gmail.com), Department of Civil Engineering, University of Moratuwa, Sri Lanka
Gamage J.C.P.H. (kgamage@uom.lk), Department of Civil Engineering, University of Moratuwa, Sri Lanka 

Life expectancy of externally bonded Carbon Fiber Reinforced Polymer (CFRP) composites highly hinge on ageing conditions as the epoxy adhesive
bond between CFRP and concrete is immensely susceptible to numerous environmental exposures. Ageing mechanisms under environmental conditions
such as temperature fluctuations, chemical degradation, creep, fatigue and moisture directly affect on long-term durability of CFRP/Concrete composites.
It is vital to scrutinize the long-term performance of such systems since many CFRP applications can be perceived in outdoor structures. A series of
accelerated environmental testing was conducted on CFRP strengthened reinforced concrete beams exposed to combined effects of sustained loading
and artificial ageing of beams comprising saline water immersion. A finite element model was developed to forecast the interface deterioration with
exposure period after exposure to saline water. Strength-based and fracture-based models were also implemented to determine the interface bond
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strength of CFRP/Concrete composites. Comparison was made to identify the best theoretical approach to quantify the interface bond degradation. 

Keywords : CFRP, ageing mechanisms, saline water, sustained loading, fracture mechanics, bond strength

7719 | RC beams strengthened with NSM GFRP rods (11. FRP reinforced concrete structures)

Capozucca, R. (r.capozucca@univpm.it), Polytechnic University of Marche, Italy
Bossoletti, S. (s.bossoletti@univpm.it), Polytechnic University of Marche, Italy
Corina, V. (valeria.corina@libero.it), Polytechnic University of Marche, Italy 

Near Surface Mounted (NSM) technique which uses fiber reinforced polymer (FRP) rods inserted into grooves on concrete covers appears a promising
technology to increase the flexural and shear capacity of reinforced concrete members. The availability of strengthening with NSM Glass-FRP rods
depends on many factors linked to materials - dimensions of the rods used, type of GFRP material employed, rods’ surface configuration, groove size, etc.
– and to effects of reduction of adhesion between concrete and GFRP rods due to cracked concrete under loading. 
Occurrence of damage in a reinforced concrete element leads to changes in its dynamic response just like RC beams strengthened with NSM GFRP rods.
An investigation has been developed to evaluate the experimental vibration changes of RC beam strengthened with NSM GFRP rods respect a RC beam
with steel reinforcement. In this paper experimental tests on RC beams strengthened with NSM GFRP rods that include both static bending tests,
measuring static parameters until failure for beams, and dynamic tests based on frequency values in the case of free-free ends are described.
Comparison between experimental and theoretical data and the analysis of frequency changes due to damage for bending cracks and decrease of
adhesion permit to discuss the actual behaviour of RC beams strengthened by NSM GFRP and to assess the availability of this technique of
strengthening.

7729 | Concrete Compression Struts Strengthened using Carbon Fiber Reinforced Polymers (CFRP) (11. FRP reinforced
concrete structures)

Changhyuk Kim (changhyuk@utexas.edu), The University of Texas at Austin, United States America
James O. Jirsa (jirsa@utexas.edu), The University of Texas at Austin, United States America
Wassim M. Ghannoum (ghannoum@mail.utexas.edu), The University of Texas at Austin, United States America 

As traffic loads rise and bridge infrastructure ages, it is becoming increasingly necessary to repair or strengthen existing bridge members. Externally
applied Carbon Fiber Reinforced Polymer (CFRP) materials have been used extensively to repair and strengthen reinforced con-crete structures.
Strengthening concrete members using CFRP is a cost-effective and rapid retro-fit technique, which can be implemented while members are in service.
Moreover, CFRP materi-als offer additional benefits over traditional materials because of their high strength-to-weight ratio, corrosion resistance, and
limited architectural impact. Previous tests of strengthened full-scale I-girders showed significant differences in the shear-strength contribution of anchored
CFRP strips used in uni-directional or bi-directional layouts. 
Concrete panels were used to examine the influence of various layouts of uni-directional and bi-directional CFRP strips. The panels were loaded to
produce bottle-shaped compression struts similar to those in the webs of beams. The effects of the amount of CFRP material used, the inclination and
layout of CFRP strips relative to the direction of cracking were studied through the panel tests. The tests highlighted the most critical parameters
influencing the effec-tiveness of CFRP materials in strengthening the concrete panels.

7740 | A mechanical model for predicting the stress-strain response of FRP/SMA reinforcing bars for concrete
structures (11. FRP reinforced concrete structures)

Mancusi, Geminiano (g.mancusi@unisa.it), University of Salerno, Italy
Orefice, Agostina (agostinaorefice@yahoo.it), University of Salerno, Italy 

Despite many advantages concerning the corrosion resistance and the high strength to weight ratio compared to conventional steel reinforcement, the use
of fiber reinforced composite materials in the form of pultruded bars for reinforced concrete structures is still limited by many performance factors mainly
concerning the lower ductility of the final structural member.

The loss of ductility is due to the linear elastic behavior (up to failure) of FRP which leads to less energy dissipation in comparison with structural members
reinforced with steel bars, where energy dissipation is reached through large plastic deformations.

As a consequence, structural applications where high energy dissipation or high damping ratio is expected or required are still not practical.

A possible response is represented by so-called “hybrid composites”, where fibers with different size, modulus of elasticity and ultimate strain limit are
combined. The constitutive behavior, which is nonlinear, depends on the gradual rupture of the internal fibers at different strain levels. As it easy to realize,
a ductile response is achieved only through permanent damage.

With the aim of improving the ductility and damping performance of concrete structures reinforced with FRP internal bars, recent studies are focused on
the behavior of innovative bars composed of common fibers (glass/carbon) embedded in a polymeric matrix in combination with super-elastic shape
memory alloy (SMA) wires. Based on the results of these studies, the use of FRP/SMA bars seems worthy of being extensively studied.

With a look at this research field, the present work deals with a 1-D mechanical model able to capture the main features of the constitutive behavior of
FRP/SMA bars, including the time-dependent interaction between fibres, wires and the resin simulated via appropriate rate-dependent cohesive interfacial
laws. A finite element approximation is also derived with the aim to perform numerical simulations.

7756 | THE SHEAR BEHAVIOUR OF FULL-SCALE REINFORCED CONCRETE T-BEAMS STRENGTHENED USING BI-
DIRECTIONAL CFRP STRIPS AND CFRP ANCHORS (11. FRP reinforced concrete structures)

Alotaibi, Nawaf K. (alotaibi@utexas.edu), The University of Texas at Austin, United States America
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Shekarchi, William A. (wshekarchi@aim.com), The University of Texas at Austin, United States America
Ghannoum, Wassim M. (ghannoum@mail.utexas.edu), The University of Texas at Austin, United States America
Jirsa, James O. (jirsa@utexas.edu), The University of Texas at Austin, United States America 

The shear performance of full-scale reinforced concrete T-beams strengthened bi-directionally with Carbon Fiber Reinforced Polymer (CFRP) material
was studied. Although CFRP materials have high tensile strength, the ability to utilize their strength is limited by debonding failure of the CFRP strips from
the concrete surface. In order to prevent or at least delay this debonding, CFRP anchors were used to provide an alternative means of transferring forces
from CFRP strips to the concrete. T-beams that had 14-in. wide webs and a depth of 24 in. were tested. Four tests were conducted on full-scale
specimens to examine the effect of the bi-directional layout of CFRP on the shear capacity. All specimens were designed using ACI-318-11 provisions with
transverse steel spacing of 10-in. and a shear span-to-depth ratio of 3. Test results indicate a significant increase in shear strength due to the bi-
directional application of CFRP strips with CFRP anchors. An interaction between the concrete contribution Vc and the CFRP contribution Vf to the shear
strength was observed.

7809 | THE INFLUENCE OF THE MATERIAL TYPE OF THE REINFORCEMENT ELEMENTS ON THE ETS SHEAR
STRENGTHENING EFFECTIVENESS OF RC BEAMS (11. FRP reinforced concrete structures)

Breveglieri, Matteo (brvmtt@unife.it), University of Ferrara, Italy
Aprile, Alessandra (prllsn@unife.it), University of Ferrara, Italy
Barros, Joaquim Antonio Oliveira (barros@civil.uminho.pt), University of Minho, Portugal 

In the past years a new shear strengthening technique designated as Embedded Through-Sections (ETS) has been developed. According to this
technique, holes are drilled through the beam section with a desired inclination, and bars of steel or composite material are introduced into these holes
and bonded to the concrete with adhesive materials. Technical alternatives based on the ETS technique can be adopted when the concrete cover has not
enough bond and strength to guarantee a strengthening effectiveness for the Externally Bonded (EBR) and Near Surface Mounted (NSM) techniques. The
ETS bars mobilize in fact the beam’s concrete core that in general is the less damaged zone of a beam, improving the bond performance of the
strengthening system. Previous experimental programs have demonstrated that the ETS technique significantly increases the shear resistance of beams
and slabs, being capable of transforming a brittle shear failure mode into a ductile flexural failure mode. An experimental program composed of reinforced
concrete (RC) T-cross section beams shear strengthened with steel and CFRP bars according to ETS technique was carried out to assess the influence of
the material of the ETS bars on the strengthening effectiveness of this technique. This program is formed by asymmetric three point beam bending tests
with a total length of 2650 mm, and beam’s cross section height of 400 mm. The percentage of existing stirrups ( ro,1,s= 0.1% and ro,2,s= 0.17% ), the
percentage of the ETS reinforcement ratio, the interaction between ETS bars and existing steel stirrups, and the inclination of the ETS bars with respect to
the longitudinal axis (vertical and 45°) were also variables investigated in this program. The experimental program is described in detail and the main
results are presented and discussed.

7810 | Bond analysis of Fabric Reinforcd Cementitious Mortar (FRCM) to concrete (11. FRP reinforced concrete structures)

Ombres, Luciano (luciano.ombres@unical.it), University of Calabria, Italy
Verre, Salvatore (salvo.verre@gmail.com), University of Calabria, Italy 

Due to their favourable properties such as light weight, high strength, corrosion resistance, ease and speed installation, fiber reinforced composites are,
today, widely used as strengthening system of existing reinforced concrete structures. The most used systems are made by composite fabrics or
laminates embedded in an epoxy adhesive (Fiber Reinforced Polymer, FRP). Although the use of epoxy has proven to give excellent performances both
in terms of bonding and resistance to environments, some drawbacks exist. The epoxy resin, in fact, has low permeability, diffusion tightness, poor
thermal compatibility with the base concrete, poor fire resistance, susceptibility to UV radiation and low reversibility. 
To avoid some of these problems, cement based composite systems consisting of fiber reinforced composites in form of grid or meshes and a
cementitious bonding agent can be used (Fabric Reinforced Cementitious Mortar, FRCM). 
The occurrence of debonding is one of the most interesting structural aspect that characterizes the mechanical behaviour of strengthened reinforced
concrete beams. Debonding phenomena, as well-known, are strongly depending on the load transfer mechanisms at the concrete/matrix interface. As
outlined earlier, the load transfer mechanisms are different for FRCM and FRP systems. In the FRP system, in fact, the bond between resin and
reinforcing fibres is very strong and slips at the interface fibres/matrix are avoided; in addition, the resins impregnate a concrete thickness that is involved
in the resisting mechanisms. On the contrary, in the FRCM system large slips at the fibres/cementitious interface take place and the load transfer
mechanisms make active only at the interface concrete/cementitious matrix. 
The analysis of the bond FRCM to concrete becomes, then, essential to define accurately relationships useful for the evaluation of the structural response
of FRCM strengthened reinforced concrete elements.
The paper is devoted to the analysis, both experimental and theoretically, of the bond between a cement based fiber reinforced strengthening material and
the concrete substrate. Results of tests on concrete specimens strengthened with the PBO-FRCM system, made by PBO (short of Polypara-phenilene-
benzo-bisthiazole) fiber meshes embedded into a cementitious mortar (FRCM, Fabric Reinforced Cementitious Mortar), are presented and discussed.
Tests were carried out varying both the bond length, the amount of the strengthening system and the outer surface conditions of the concrete substrate.
Obtained results furnish useful information i) to determine the loss of bond between the PBO-FRCM system and the concrete, ii) to define the failure
modes and iii) to evaluate both the influence of outer surface conditions of the concrete substrate and mechanical and geometrical parameters on the loss
of bond PBO-FRCM-to-concrete. Test results were, then, utilized to calibrate a local bond-slip relation. A comparison between experimental results and
theoretical predictions of the bond-slip law PBO-FRCM–to-concrete is, finally, presented and discussed.

7862 | Anchoring element for prestressed FRP reinforcement – functionality and design (11. FRP reinforced concrete
structures)

Girgle F. (girgle.f@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Czech Republic
Prokes J. (prokes@prefa.cz), PREFA KOMPOZITY Corp., Czech Republic
Danek P. (danek.p@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Czech Republic
Stepanek P. (stepanek.p@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Czech Republic 

Fibre-reinforced polymers (FRP) used as inner reinforcement in concrete members are, especially in the case of members exposed to demanding
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environmental conditions, regarded as a better alternative to steel bars due to their resistance to corrosion, their nonmagnetic behaviour, and also their
very good strength to weight ratio. One of the disadvantages of FRP reinforcement is its lower modulus of elasticity (especially in the case of commonly-
used GFRP reinforcement, which is one of the most widespread types of FRP reinforcement used in the world today). This leads to lower stiffness and
thus to greater deflections of structures, and can also cause early propagation of cracks. The paper deals with the possibility of eliminating this problem by
prestressing the reinforcement. It is especially focused on the description of the behaviour of the anchoring area of the own developed anchoring element,
which is based on the creation of an additional spreading area in the anchorage zone of prestressed reinforcement by casting.

The anchoring system is based on the creation of an additional spreading area in the anchorage zone of prestressed reinforcement. This area allows the
efficient transfer of prestressing force into the surrounding concrete. Thus, the anchoring length is significantly shorter than the normal necessary bonded
length of straight tendon. The area is created by attaching one or more anchoring rollers manufactured from a special polymer compound (made up of a
special mixture which is injected into a removable form and thereafter hardened) with a larger diameter than the diameter of the reinforcement. The
diameters, lengths and also number of rollers are variable. It is simple to implement, both in the preparation as well as their subsequent implementation
either in the factory (for pre-stressed elements) or in-situ (for additionally prestressed elements).

The theoretical part of the development of the anchoring system was aimed at the derivation of simplified forms of equations that are easy to use in design
practice. The goal of the presented analytical solution is to describe the dependence of the anchored force on the slip of the embedded prestressed
reinforcement, and also to quantify the prestressing loss due to the slip in the reinforcement/anchor and anchor/concrete interface. The behaviour of the
anchoring area is described by using the stiffness parameters of its individual components. 

The functionality of the anchoring system for prestressing reinforcement has been verified through a series of pull-out tests. Different anchoring element
lengths were tested – anchor lengths of 40 mm, 50 mm and 70 mm were tested as a "single anchor element", and an anchoring element with a length of
30 mm was tested in series (two elements in the anchoring area). A comparison of data from numerical and analytical calculations of the anchoring area
with data obtained from experiments is also carried out in the article.

Acknowledgment: The research is realized in the co-operation of two workplaces: Department of Concrete and Masonry Structures of Faculty of Civil
Engineering at Brno University of Technology and PREFA KOMPOZITY Corp., which deals with the research and development of the fibre composites,
among others. The results were obtained with the financial support of the Ministry of Industry and Trade project TIP TI FR 4/159. This article was also
supported by the Ministry of Education, Youth and Sport through project CZ.1.07/2.3.00/30.0005.

7881 | Characterisation of microstructural evolutions in high alumina refractory castables reinforced with carbon fibers
(11. FRP reinforced concrete structures)

Boris, Renata (renata.boris1@gmail.com), Vilnius Gediminas Technical University, Vilnius, Lithuania
Madej, Dominika (dmadej@agh.edu.pl), AGH University of Science and Technology, Krakow, Poland
Antonovič, Valentin (valentin.antonovic@vgtu.lt), Vilnius Gediminas Technical University, Vilnius, Lithuania
Szczerba, Jacek (jszczerb@agh.edu.pl), AGH University of Science and Technology, Krakow, Poland
Keriene, Jadvyga Regina (valentin.antonovic@vgtu.lt), Vilnius Gediminas Technical University, Lithuania 

The high alumina refractory castable composites were prepared from calcium-alumina aggregate, calcium aluminate cement, reactive alumina,
microsilica, dispersive chamotte and carbon fibers. Green, dried and fired at different temperatures samples were characterized by XRD, FT-IR, SEM/EDS
and mercury intrusion porosimetry. Moreover, bulk density, open porosity, modulus of rupture (MOR) and cold crushing strength (CCS) of investigated
castables were carried out. The result showed that the physical properties of high alumina refractory castables and their microstructure can be improved
using the carbon fibers addition.

This work is supported by the grant no AM-PL-2014-LT-1232 of the agreement between Ministry of Education and Science of the Republic of Lithuania
and Ministry of Science and Higher Education (Poland).

7938 | Pseudo-Ductile Behavior of FRP-UHPFRC Composite Girders (11. FRP reinforced concrete structures)

Nguyen, Hai D. (hai.nguyen.2004@gmail.com), Rahall Transportation Institute, United States America
Mutsuyoshi, Hiroshi (mutuyosi@mail.saitama-u.ac.jp), Saitama University, Japan
Zatar, Wael (zatar@marshall.edu), Marshall University, United States America 

This paper is a part of a comprehensive study aimed at developing sustainable composite girders for bridge applications. The girders are composed of I-
shaped fiber reinforced polymers (FRP) girders and precast Ultra-High Performance Fiber-Reinforced Concrete (UHPFRC) slabs. Bolt shear connectors
with or without epoxy bonding were used to transfer the horizontal shear force from the UHPFRC slab to the FRP girder. Test variables included two types
of bolt shear connectors (vertical and inclined) and two types of FRP plates (CFRP and GFRP), which were bonded to the soffit of the FRP girders. Eight
large-scale composite girders and two control girders were tested under four-point flexural loading. Three composite girders were composed of full-length
precast UHPFRC slabs. The other five girders were made up by twelve precast UHPFRC segments, which were connected by either high strength mortar
or epoxy adhesive. The results indicated that the FRP-UHPFRC composite girders with the bonded FRP plates and the composite girders with the inclined
bolt shear connectors showed a pseudo-ductile behavior. The use of mortar connections resulted in more ductile behavior than that of the epoxy
connections. The developed FRP-UHPFRC composite girders exhibited high flexural-strength-to-weight ratio, high durability, and satisfactory ductility.
These girders can provide a promising and sustainable solution for structures subjected to severe environmental conditions and accelerated bridge
construction.

8047 | Multi-objective weight and cost optimisation of hybrid composite-concrete beams (11. FRP reinforced concrete
structures)

De Munck, Matthias (mdemunck@vub.ac.be), Vrije Universiteit Brussel, Belgium
De Sutter, Sven (svdesutt@vub.ac.be), Vrije Universiteit Brussel, Belgium
Verbruggen, Svetlana (Svetlana.Verbruggen@vub.ac.be), Vrije Universiteit Brussel, Belgium
Tysmans, Tine (ttysmans@vub.ac.be), Vrije Universiteit Brussel, Belgium
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Filomeno Coelho, Rajan (rfilomen@ulb.ac.be), Université Libre de Bruxelles, Belgium 

The construction industry currently lacks floor solutions for renovations which are lightweight and easy to install. To meet these needs, composite
materials can be introduced as a lightweight structural material. However, despite their high mechanical capacity to weight ratio the practical use of
composite materials in construction remains rather limited, the relatively high cost often being mentioned as the most restricting factor. To tackle the need
for the minimisation of both the cost and the mass, a multi-objective size optimisation procedure was developed and applied on hybrid composite-concrete
beams which are the loadbearing elements of a lightweight floor system.

The used Non-Sorting Genetic Algorithm (NSGA-II) results in a Pareto front which represents all efficient solutions, for which none of the objective
functions (mass and cost) can be improved without degrading the other. All Pareto optimal solutions are sets of variables which allow the user to decide
which of these solutions is the most appropriate compromise between mass and cost for any given situation.

The optimisation algorithm facilitates the study of the influence of different parameters such as the span and the concrete class on the weight and cost of
the beams. As such, this study gives an insight in the future possibilities of using lightweight hybrid beams for floors. Obtained results indicate a major
weight reduction up to 50% by using hybrid composite-concrete beams instead of traditionally steel reinforced concrete beams.

8052 | Experimental and numerical assessment of two FRP-based strengthening systems for earthquake damaged
precast reinforced concrete wall panels (11. FRP reinforced concrete structures)

Dan, Daniel (daniel.dan@upt.ro), Politehnica University Timisoara, Romania
Carla, Todut (carla.todut@upt.ro), Politehnica University Timisoara, Romania
Valeriu, Stoian (valeriu.stoian@upt.ro), Politehnica University Timisoara, Romania 

Abstract. This paper presents a part of an experimental program conceived to study the behaviour of precast reinforced concrete wall panels (PRCWP)
subjected to seismic action. The wall specimens having an as-built narrow door opening were tested under simulated seismic action and then they were
repaired, retrofitted or rehabilitated and retested. The experimental part presented here shows the possibilities of using FRP materials for strengthening
the PRCWP, namely EBR-CFRP strips alone, or combined with NSM-CFRP plates.Theproposed solutions considered the followings: the restoration of the
shear resistanceof one wall and the increase of the shear resistance for the other one. The experimental results validate the retrofitting solutions,
indicating the good performance of the elements achieved through FRPs in terms of load bearing capacity, stiffness degradation and energy dissipation
capacities.

Keywords: experimental tests , numerical study , FRP, earthquake, shear wall, seismic behaviour 

8110 | Fracture Resistance of Concrete Column-Slab Connections Strengthened with Pre-stressed Carbon Fibre Plates
(11. FRP reinforced concrete structures)

Abdullah, Ahmad M. (ahmed.abdalla@aswu.edu.eg), Aswan University, Egypt
Bailey, Colin G. (colin.bailey@manchester.ac.uk), Manchester University, United Kingdom
Wu, Jack (jack.wu@manchester.ac.uk), Manchester University, United Kingdom 

Fibre reinforced plastics (FRP) have been used widely in civil engineering in order to improve the ultimate response of structures. However, there is
concern about their contribution to the structure ductility, which is critical in the application of this technology. This paper presents a theoretical method to
predict the fracture resistance behaviour of FRP poststrengthened column slab connections. The model takes in consideration the mixed-mode debonding
failure at the interface of concrete and FRP plates due to dowel action and the size effect. The influence of the bridging stresses provided by the fracture
process zone (FPZ) at the tip of a fictitious fracture is examined. The effect of various material and geometric parameters on the resistance curve and
toughness of the hybrid structure is discussed, based on the numerical results from the developed theoretical model. The results provide a useful insight
into the strengthening/toughening and the design of FRP plate/concrete slab structures.

8141 | LONG-TERM PERFORMANCE OF BASALT FIBER-REINFORCED POLYMER (BFRP) REINFORCING BARS (11. FRP
reinforced concrete structures)

Hassan, Mohamed (Mohamed.Hassan@USherbrooke.ca), Université de Sherbrooke, Canada
Benmokrane, Brahim (Brahim.Benmokrane@USherbrooke.ca), Université de Sherbrooke, Canada 

This paper presents an experimental study that investigated the physical, mechanical, and durability characteristics of newly developed Basalt-fiber-
reinforced polymer (BFRP) bars used as internal reinforcement for concrete structure. To perform durability study, specimens were exposed to an alkaline
solution (pH=13) for 3 and 6 months at elevated temperatures of (60 o C) to accelerate the environmental conditioning effects. Thereafter, the properties
were assessed and compared with the unconditioned reference values. The test results showed that the properties of the conditioned BFRP specimens
affected by the accelerated time and temperature in alkaline solution. The physical and mechanical properties, however, achieved the minimum
requirements of CSA S807-2010 and ACI 440-2008 to be used as internal reinforcement. To provide engineers with more confidence in using BFRP bars,
for safe and economic reinforced concrete structures in aggressive environments, more experimental tests for durability issues and full-scale structure
element testing are urgently needed.

8149 | Shape optimized struts made of ultra-high performance concrete (11. FRP reinforced concrete structures)

Henke, Michael (michael.henke@tum.de), Technische Universität München, Germany 

In July 2010 the Deutsche Forschungsgemeinschaft launched Priority Program 1542 „Concrete Light. Future concrete structures using bionic,
mathematical and engineering formfinding principles“. The main objective of this Priority Program is to develop mechanical fundamentals, engineering
models and construction principles for the realization of new, free formed, light concrete structures in the future. Besides a structural concept that follows
the flux of forces and bionic principles, those „lighter“ structures shall be realized by using innovative materials, like ultra-high performance con-crete
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(UHPC), carbon-fiber-reinforced polymers (CFRP) and textile reinforcement.
One of the altogether 17 subprojects within Priority Program 1542 entitled “Shape optimized filigree rods made of UHPC and non-corrosive CFRP-
reinforcement for variable three-dimensional trusses” is currently processed at the Chair of Concrete Structures of the Technische Universität München.
The basic idea of this research project is to resolve the commonly built massive, compact concrete bearing structures, which are mostly characterized by
plane surfaces, rectangular geometries and an irregular material utilization, and create filigree truss supporting structures in accordance with the principle
„form follows force“ instead. Thus besides weight reduction and a higher transparency, a more balanced utilization of resources can be achieved. For the
truss supporting structures a modular construction method, including a prefabrication of the components strut, prestressed tie and con-nection joint
element and an assembly at the construction site, is aspired. Possible fields of applica-tion are areal three-dimensional supporting structures, such as light
roof supporting structures, but also two-dimensional trusses with primarily uniaxial load transfer, such as long-span roof trusses. 
Among other things, the intended realization of filigree, concrete truss supporting structures requires the development of struts as slender as possible.
Especially because of the high compressive strength, but also due to the excellent properties concerning durability, UHPC is the appropriate ma-terial for
this purpose. One focus of research concerning the struts is on the shape optimization in longitudinal direction. Hence extensive numerical analyses using
the software “optiSLang“ and the finite element program “ANSYS” were carried out in order to determine the optimal shape of struts subjected to
concentric and eccentric compression loads for varying lengths and support conditions. Furthermore, it was experimentally examined to what extend the
cross-sectional capacity in highly stressed areas of the struts can be increased by an embedded CFRP confining reinforcement. Thereby, a reasonable
confining reinforcement as well as the short-term mechanical behavior was determined by compressive tests on cylindrical UHPC-specimens with a
confining reinforcement of varying geometry. In addition to this, the influence of long-term loads on the confined specimens was studied by creep tests
with varying loading levels. Based on these experimental investigations and the theoretical shaping analyses mentioned above, shape optimized struts
were produced and com-ponent tests were carried out with variation of the parameters strut length and load eccentricity. The results from these tests were
verified by physically nonlinear ANSYS-analyses. Finally, general de-sign principles for shape optimized struts can be developed on the basis of the
experimental findings in conjunction with numerical analyses.

8180 | Influence of recycled aggregate on bond behaviour between recycled aggregate concrete and fibre reinforced
polymer bars (11. FRP reinforced concrete structures)

Baena, Marta (marta.baena@udg.edu), University of Girona, Spain
Torres, Lluís (lluis.torres@udg.edu), University of Girona, Spain
Turon, Albert (albert.turon@udg.edu), University of Girona, Spain
Comas, Jordi (jordi.comasb@udg.edu), University of Girona, Spain
Barris, Cristina (cristina.barris@udg.edu), University of Girona, Spain
Vilanova, Irene (irene.vilanova@udg.edu), University of Girona, Spain 

The construction industry is using natural resources and disposing of construction and demolition wastes in very large quantities. The environmental and
economic impacts of both these practices may be considerable. Many policies aimed at increasing reuse and recycling are being promoted by
governments. The use of recycled aggregate concrete (RAC) is one way to reduce the energy and available natural resources consumption, thus solving
some of the problems in construction engineering. Special concern exists on the possible reduction of mechanical properties of hardened concrete, mainly
attributed to the unknown origin of the recycled aggregates and to the existence of old mortar.

In designing reinforced concrete (RC) structures, bonding between reinforcement and concrete is a relevant aspect. Bond behaviour between natural
aggregate concrete (NAC) and steel rebars has been studied for years, and numerous investigations on the bond between this conventional concrete and
fibre reinforced polymer (FRP) rebars have been carried out. For the latter, the literature reveals that surface treatment and mechanical properties of
concrete, among other aspects, are determinant in the bond performance. 

Given the great economic and environmental benefits of recycling of concrete and the efforts of construction industry to promote the use of plastic
reinforcement, research on the combination of RAC and FRP rebars is of main concern.

This paper presents the results of an experimental campaign on the study of the bond between RAC and FRP rebars. The experimental programme
consisted in 48 pull-out tests. Three different concrete grades (low, medium and high), four recycled coarse aggregate (RCA) replacement percentages
(i.e., 0%, 20%, 50% and 100%), and two types of FRP rebars with different surface configuration (i.e. spirally wounded and ribbed) were combined. The
replacement ratio or RCA was termed as the recycled aggregated replacement percentage to the total coarse aggregates by weight, and the origin of the
recycled aggregates was unknown. 

Results of present experimental campaign confirm the tendency of higher bond strength being developed in pull-out test with larger concrete grades,
irrespective of the RCA replacement percentage and FRP bar surface configuration. 

For low concrete grades, bond behaviour greatly depends on concrete properties. Therefore, replacing natural aggregate with recycled aggregate would
be counterproductive. This is confirmed by experimental results, which show a decrease in bond strength for any RCA replacement percentage. However,
for medium to high concrete grades, bond behaviour is less dependent on concrete properties and more dependent on bar surface configuration.
Therefore, the addition of RCA in medium and high concrete grades produces a lesser decrease in bond strength, showing even some increases in bond
strength for a given combination of bar surface, concrete grade and RCA replacement. 

The study of the effect of bar surface configuration reveals that for ribbed bars the best bond performance after RCA substitution is obtained for a 20% of
replacement. For larger replacement percentages, experimental compressive strength of hardened concrete stabilizes or even decreases, thus affecting
bond performance. However, for spirally wounded bars the largest benefits in bond were obtained for a 50% replacement. In this case, the mechanical
properties of hardened concrete are not highly decisive because bond strength does not depend on concrete shear strength. 

8219 | Aspects of bond behavior for concrete beam strengthened with CFRP-NSM (11. FRP reinforced concrete structures)

Abdelghani, MERDAS (Abdelghani.merdas@yahoo.com), University of Sétif, Algeria, Algeria
Bruno Fiorio (bruno.fiorio@u-cergy.fr), 2. L2MGC, University of Cergy-Pontoise, France, France
Nasr-Eddine Chikh (chikh_ne@yahoo.fr), 3. LMDC, University of Constantine 1, Algeria, Algeria 

The Near Surface Mounted (NSM) technique has been used in recent years for the strengthening of reinforced concrete beams. It involves the insertion of
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strips or rods of carbon fibers reinforced polymers (CFRP) in grooves made previously in the concrete cover of corresponding surfaces, filled with epoxy
adhesive for fixation. In order to characterize the laminate and rods to concrete bond behavior, pullout-bending experimental investigation was performed.
In order to evaluate the influence of the bond strength, the concrete strength and the strengthening configuration and type on the pullout load-carrying
capacity, bonding stress, rigidity and mode of failure, a parametric study was carried out based on pullout-bending tests. The influences of these
parameters on the bond behavior between the three materials (concrete, epoxy adhesive and CFRP) were evidenced and discussed.

Keywords: Beam, NSM, CFRP, epoxy, bond, failure.

8295 | Steel-CFRP Composite Bars as Shear Reinforcement for RC T-Beams (11. FRP reinforced concrete structures)

Fahmy, Mohamed F.M. (mfmf1976@yahoo.com), International Institute for Urban Systems Engineering, Southeast University, China
Abd-ElShafy, Zainab E. (zainabebraheem@yahoo.ca), Faculty of Engineering, Assiut University, Egypt 

The present study investigates experimentally the shear behavior of reinforced concrete (RC) T-beams with the conventional steel stirrups and innovative
hybrid bars: steel stirrups hybridized with carbon fiber reinforced polymer (CFRP). In addition to the advantage of protecting steel stirrups from corrosion,
the objective of the study is to determine the effect of the innovative steel-CFRP composite stirrups on the various aspects of RC T-beam behavior with
emphasis on load-carrying capacity, deformation profile, crack distribution and propagation, and failure mechanism. Test results obtained from four beams,
two served as control samples reinforced with conventional steel stirrups and the others were with the innovative stirrups, showed that shear behavior of
RC beams with the innovative stirrups would be improved, where shear strength could be increased and beam ductility is enhanced. On the other hand,
the same amount of CFRP used were applied as internal shear reinforcement for additional two beams. It is found that the integrity of the structural
element could not be guaranteed in the ultimate stage when steel stirrups are replaced with CFRP strips.

8606 | Discrete crack modeling of side face FRP-strengthened concrete beam (11. FRP reinforced concrete structures)

shahbazpanahi (sh.shahbazpanahi@gmail.com), Department of Civil Engineering, Islamic Azad University, Sanandaj Branch, Iran 

Shear strengthening can be carried out in concrete structures by external fibre reinforced polymer (FRP). In the present investigation, a new fracture
mechanics model is developed to model side face of strengthened concrete beam by external FRP. Discrete crack is simulated by a spring element with
softening behavior ahead of the crack tip to model the cohesive zone in concrete. A truss element is used, parallel to the spring element, to simulate the
energy dissipation rate by the FRP. The strain energy release rate is calculated directly by using a virtual crack closure technique and then, the crack
propagation criterion is presented. The results are found acceptable when compared to previous experimental results and ABAQUS software data. It is
observed that the length of the fracture process zone (FPZ) increases with the application of FRP in side face at the same load in comparison with that of
the control beam.

8615 | Chloride Resistance of Engineered Cementitious Composites containing Palm Oil Fuel Ash (11. FRP reinforced
concrete structures)

Nurdeen, Altwair M. (nurdeenaltwair@gmail.com), Civil Engineering Department, Faculty of Engineering, Al-Merghab University Al-Khoms, Libya, Libya
Krem, Mohamed A. (omgaon2x@yahoo.com), Civil Engineering Department, Faculty of Engineering, Al-Merghab University Al-Khoms, Libya, Libya
Omeman, Zkaria M. (zkaria_m_om@yahoo.com), Civil Engineering Department, Faculty of Engineering, Al-Merghab University Al-Khoms, Libya, Libya 

The influence of palm oil fuel ash (POFA) inclusion on the chloride resistance of engineered cementitious composites (ECC) were experimentally
investigated. Different ECC mixes with varying POFA content and water-binder ratios were used. The results show that the mechanically pre-loaded
POFA-ECC specimens exposed to chloride solution remain durable. The results also indicated strong evidence of self-healing of micro-cracked POFA-
ECC specimens, which can still carry considerable flexural load. The chloride permeability test (RCPT) reveal that the total charge passed was gradually
reduced with the inclusion of higher amount of POFA. The results presented in this study provide a preliminary database for the durability of cracked and
uncracked POFA-ECCs under chloride environment or/and combined mechanical loading.
Keywords: Chloride resistance.Palm oil fuel ash. Engineered cementitious composite

8617 | Textile based lightweight shell in hybrid prefabricated construction (11. FRP reinforced concrete structures)

Petzoldt, Carolin (carolin.petzoldt@mb.tu-chemnitz.de), Technische Universität Chemnitz, Germany
Röhrkohl, Meike (meike.roehrkohl@mb.tu-chemnitz.de), Technische Universität Chemnitz, Germany
Freund, Johannes (johannes.freund@mb.tu-chemnitz.de), Technische Universität Chemnitz, Germany
Funke, Henrik (henrik.funke@mb.tu-chemnitz.de), Technische Universität Chemnitz, Germany
Gelbrich, Sandra (sandra.gelbrich@mb.tu-chemnitz.de), Technische Universität Chemnitz, Germany
Kroll, Lothar (lothar.kroll@mb.tu-chemnitz.de), Technische Universität Chemnitz, Germany 

Modern architecture is increasingly dominated by the tendency to design buildings in an organic way. However, the implementation is often highly difficult,
because the material and technologies which are currently available are expensive. Shells made from fiber reinforced plastic with filament reinforcement
are flexible and have an excellent surface quality. However, the formwork construction for unique elements is complex. This makes an implementation
difficult. Therefore, it is necessary to develop suitable, reusable shell systems for an efficient production of individually designed concrete lightweight
elements. 
The new technological approach uses flexible, multilayered shell elements, consisting of glass fiber reinforced plastic (GFRP). They permit a targeted
adjustment of curvature states, utilizing the anisotropic structural behavior. As permanent formworks, these flexible moldable elements are combined with
textile reinforced fine grained concrete. This results in a hybrid material which consists of GFRP and textile concrete and combines high strength
properties and formative characteristics. The hybrid material combines high tensile strength and flexural strength, surface quality, durability and resource
efficiency. 
By means of experiments and calculation, different curvature states were determined in different multi-layered GFRP-laminates that are used as flexibly
moldable shell elements for the production of free-form composite elements. The adjustment of defined curvatures is achieved by using multi-layered
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GFRP shell elements with low flexural strength, which can be produced location-independently and combined in various ways. Normally, the curvature
states of the multi-layered GFRP-laminates result from temperature load and traction due to anisotropic structural behavior. For this purpose, material
properties were determined, with regard to fiber orientation and layer structure of asymmetrical GFRP shell components. Furthermore, an analytical and
numerical calculation, based on the classical laminate theory, was conducted. 
In addition, an analysis of the composite action between permanent GFRP formworks and textile concrete was conducted, and an interlayer for the
mechanical coupling und thermal decoupling of the composite components was developed. At the same time, the components were adjusted with
reference to stiffness and linear coefficient of thermal expansion. 
By means of the interlayer that were developed, a composite of permanent GFRP shell and textile concrete was implemented successfully. In this way, the
amount of work was reduced, while at the same time the mechanical properties of the lightweight elements increased, compared to textile concrete
components. Thus, the material compound system, consisting of permanent GFRP shell construction and textile reinforced fine grained concrete, permits
the location-independent implementation of any free-form surface, according to the principle “form follows force”. This facilitates the production of thin-
walled (and therefore light) shell support structures made of GFRP textile concrete, with concrete of excellent quality of the highest face concrete class.

8639 | Use of prestressed CFRP strips for flexural strengthening of RC slabs with the NSM method (11. FRP reinforced
concrete structures)

Przygocka, Marta (martaprzygocka@wp.pl), Lodz University of Technology, Poland
Lasek, Krzysztof (krzysztof.lasek@p.lodz.pl), Lodz University of Technology, Poland
Kotynia, Renata (renata.kotynia@p.lodz.pl), Lodz University of Technology, Poland 

Use of carbon fiber reinforced polymers (CFRP) is one of the fastest developing area in civil engineering industry. Composite materials found adoption in
rehabilitation of reinforced concrete (RC) structures in numerous applications displacing conventional strengthening due to their abundant advantages.
Apart from the exceeding bearing capacity of structural elements, the requirements posed to constructions especially in serviceability limit state enforce an
improvement in service conditions like decrease in existing deflections or reduction of crack width. Near surface mounted (NSM) method assuming use of
narrow strips glued in longitudinal grooves made in the concrete cover is the most effective way of flexural strengthening of RC specimens with composite
materials. NSM method is characterized by the limitation of premature debonding frequently observed in strengthening with externally bonded (EB) FRP
strips and high strengthening efficiency ratio. Despite of all advantages, strengthening by non-prestressed CFRP strips affects only flexural resistance of
concrete members but does not influence on serviceability limit state conditions. Moreover, passive strengthening does not fulfill tensile strength of CFRP
strips, what has been previously reported in the literature. 
Novel experimental program conducted at the Lodz University of Technology is the complementation of the previous tests carried out on RC slabs
strengthened with NSM CFRP strips applied as prestressed and non-prestressed. Promising results of former research induced authors to continue the
undertaken topic. The general assumptions of tests remained unchanged like specimens dimensions, cross-section and loading method. The difference
included CFRP reinforcement ratio, number of pre-tensioned strips and effect of specimens pre-loading. Elements with the 6000 mm clear span and cross
section dimensions of 220 mm high and 500 mm wide were tested under six point static bending. Bottom tensile steel reinforcement of the slabs consisted
of four steel bars with the nominal diameter of 12 mm (ρs=0.49%). Four bars with the diameter of 8 mm were used as compressive longitudinal steel
reinforcement. All specimens were strengthened with 1.5 mm thick and 20 mm wide CFRP strips with a difference in a number of applied and prestressed
strips. In NSM12A member the combination of one prestressed and two non-prestressed CFRP strips was applied. The NSM12B and NSM12BL
specimens were strengthened with the two pre-tensioned CFRP strips without any additional non-active CFRP reinforcement. NSM12A and NSM12B
members were strengthened and tested under their dead load equal to 25% of the yield strength of reference specimens. NSM12BL slab was tested
under preloading level corresponding to 60% of the yield strength of the nonstrengthened member. 
Encouraging results of tests carried out on slabs strengthened with prestressed narrow CFRP strips is presented in this paper. The purpose of the test
was verification of strengthening effectiveness and examination the influence of doubling pre-tensioned strips on terms of serviceability limit state. The
practical aspect of research was to review the effect of pre-tensioning CFRP strips on the pre-loaded RC specimens, which refers to strengthening of
existing overloaded structures. For pre-tensioning narrow CFRP strips, author’s novel prestressing system adapted to strengthen structural RC elements
in existing constructions was used. 

8646 | Full-range behavior study of FRP-to-concrete interface for pull-pull bonded joints (11. FRP reinforced concrete
structures)

Liu, Sanxing (liusanxing@163.com), MOE Key Laboratory of Disaster Forecast and Control in Engineering, Institute of Applied Mechanics, Jinan
University, Guangzhou 510632, China, China
Yuan, Hong (tyuanhong@jnu.edu.cn), MOE Key Laboratory of Disaster Forecast and Control in Engineering, Institute of Applied Mechanics, Jinan
University, Guangzhou 510632, China, China 

External bonding of fiber reinforced polymer (FRP) composites has become a popular technique for strengthening concrete structures all over the world.
The performance of the interface between FRP and concrete is one of the key factors affecting the behavior of the strengthened structure. The bond
behavior is related to specific bonded joint. However, there are few studies concerned about pull-pull bonded joint at present, and theoretical study is not
profound yet, comparing with that of pull-push one. This paper presents an analytical solution for the debonding process in such an FRP-to-concrete
bonded joint model. A realistic bi-linear local bond-slip law is employed. Based on rigorous and complete theoretical derivation, six possible failure
processes has been identified. The bond length and the relation between geometrical and material parameter are the key factors governing these failure
process. Letters E (elastic), S (softening) and D (debonding) are used to describe the states of the interface from the left to the right. The six possible
failure processes (FP) will be FP1: The interface experiences the E, E-S, E-S-D, S-E-S-D and S-D stages; FP2: The interface experiences the E, E-S, S-
E-S-D and S-D stages; FP3: The interface experiences the E, E-S, S-E-S, S-E-S-D and S-D stages; FP4: The interface experiences the E, E-S, S-E-S
and S stages; FP5: The interface experiences the E, S-E-S, S-E-S and S stages; FP6: The interface experiences the E, S-E-S, D-S-E-S-D and S-D
stages. Expressions for the interfacial relative slip, shear stress distribution, as well as normal stress in the FRP plate and the load-displacement response
are derived for different loading stages, whose accuracy is verified by FEM numerical simulation. While the solution is developed with particular reference
to FRP-to-concrete bonded joints, it is also applicable to similar bonded joints made of other materials (e.g. FRP-to-steel bonded joints).

KEY WORDS: FRP, bonded joint, pull-pull, interface, bond-slip model, softening
Corresponding author: Yuan Hong
E-mail: tyuanhong@jnu.edu.cn
Project supported by the Science and Technology Scheme of the Guangdong Province (2012A030200003) and the Natural Science Foundation of China
(National Key Project No.11032005)
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8661 | Experimental study on BFRP prestressed concrete beams under cyclic loading (11. FRP reinforced concrete structures)

Atutis, Edgaras (edgaras.atutis@vgtu.lt), Vilnius Gediminas technical university, Lithuania
Atutis, Mantas (mantas.atutis@vgtu.lt), Vilnius Gediminas technical university, Lithuania
Valivonis, Juozas (juozas.valivonis@vgtu.lt), Vilnius Gediminas technical university, Lithuania 

In this study prestressed concrete beams reinforced with non-metallic reinforcement under cyclic loading are being investigated. Experimental study on
fatigue of BFRP reinfocement and fatigue prestress loss of internally prestressed concrete beams were completed. Main focuses of this research were on
concrete beam cracking and deflection changes during the cyclic or repeated loading and determination of fatigue load-life relationship (S-N).

8668 | FATIGUE BEHAVIOR OF CFRP-STRENGTHENEDREINFORCED CONCRETE BEAMS (11. FRP reinforced concrete
structures)

Toutanji, Houssam (toutanh@uah.edu), University of Albama in Huntsville, United States America
Wang, Dong (dw0009@uah.edu), University of Albama in Huntsville, United States America
Vuddandam, Rajesh (rbv0017@uah.edu), University of Albama in Huntsville, United States America 

Existing experimental studies conducted to date showed that the reinforced concrete (RC) beams strengthened with carbon fiber-reinforced polymer
(CFRP) plates have a significant improvement in bending capacity. However, many of the existing studies on FRP strengthened RC beams are limited to
monotonic loading conditions. In this paper the experimental results, both from literature and in-house tests are investigated to establish an analytical
model that describes the degradation in flexural stiffness of the beams under fatigue loading. Existing power-law expressions from “S-N” curves for
concrete, steel and FRP are investigated to propose a new power-law expression addressing the composite response of the FRP strengthened RC
beams. Validation of the analytical model and proposed power-law expression was made through the collected experimental database.

8673 | Impact Response of Concrete filled FRP-Steel Tubes (11. FRP reinforced concrete structures)

Chen, C (dingdongmao5@163.com), Dalian Maritime University, China
Zhao, YH (yhzhao@dlmu.edu.cn), Dalian Maritime University, China
Li, J (j.li@ccny.cuny.edu), The City University of New York, United States America
Jia, J (Junbo.jia@akersolutions.com), Aker Solutions, Norway 

Concrete filled FRP-steel tube is a composite structure made of the concrete-filled steel tube with externally wrapped FRP sheet. This is a promising
structure with various advantages in construction and mechanical performances, such as improving the plastic issues of FRP tube structure as well as the
corrosion resistance of the steel tube, etc. The dynamic response of concrete filled FRP-steel tubes under the impact loading was investigated in this
study. 11 column specimens with the same cross-sectional area but different lengths were tested on a drop weight system. These specimens include 8
concrete filled CFRP-steel (carbon fiber reinforced polymer) tubes, 2 concrete filled GFRP-steel (glass fiber reinforced polymer) tubes, and 1 concrete
filled steel tube as a baseline material. The impact force, acceleration, deflection, strain and the damage were measured and recorded. Test results show
that the additional wrapping of FRP on concrete filled steel tube is effective in resisting impact loading, thus reducing the overall beam deflection and
absorbing more energy compared to the ordinary concrete filled steel tube. The effect of GFRP reinforcement is better than the CFRP ones, since the
GFRP one absorbed more energy and created smaller deflection though higher impact force. Results of damage pattern of FRP show that CFRP
exhibited brittle behavior and experienced more severe damage. Finally, Increasing the layer of FRP and the axial compressive load could also reduce the
impact deformation due to the enhancement of the overall integrity and general stiffness. The proposed concrete filled steel tube with FRP concept offers
significant advantages on the impact performance compared with conventional concrete filled steel tube.

8679 | FRP Shear Strengthened Concrete Beams Exposed to Marine Environment (11. FRP reinforced concrete structures)

Teo, Wee (teo_wee@petronas.com.my), Universiti Teknologi Petronas, Malaysia
Fazli, Hamed (hamed.fazli62@gmail.com), Universiti Teknologi Petronas, Iran 

Deterioration of aging civil engineering infrastructures, due to loss of material properties, exposure to aggressive environment or increase in loading
requirements, demands drastic measures for repair and rehabilitation. The use of advanced composite materials, such as carbon fibre reinforced polymer
(CFRP), is gaining tremendous popularity and interest in the strengthening and rehabilitation of reinforced concrete (RC) structures. These techniques
offered many advantages like high strength to weight ratio, high corrosion and environmental degradation resistance and easy to handle during
construction. Many researchers have conducted experimental and analytical studies on the structural behaviour of FRP strengthened RC members. Short-
term laboratory test results of FRP application demonstrate that improvement in flexural or shear strength is possible with this material. However, there is
little comprehensive research done on the long term durability of FRP strengthened RC members under aggressive environments, such as exposure to
corrosive chemicals, moisture and seawater that commonly encountered in chemical or wastewater treatment plants and marine structures. So far, all
studies on the long term durability effect are purely devoted to the case of flexural strengthening. There is a lack of experimental studies look thoroughly
the performance of shear strengthening under this extreme environmental condition. Shear failure is brittle and sudden, any potential failure due to
deteriorate of FRP performance will be catastrophic and should thus be avoided at all time. The main purpose of this research is to investigate
experimentally the corrosive environments on the behaviour of CFRP shear strengthened RC beams and on the interfacial bond between the fibre and the
concrete. Corrosive environment are commonly encountered in our marine structures, where in splash (tidal) zone that frequently subjected to repeated
wetting and drying by seawater. The experimental work will be conducted in laboratory condition through wetting and drying cycles of saltwater in order to
simulate this marine environment.

8680 | New Analytical Optimised Truss Model for FRP Shear Strengthened Concrete Beams (11. FRP reinforced concrete
structures)

Teo, Wee (teo_wee@petronas.com.my), Universiti Teknologi Petronas, Malaysia
Kilian Lau, Meow Hing (kilianlau90@gmail.com), Universiti Teknologi Petronas, Malaysia 
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Majority of research and application carried out using FRP as reinforcing material, has been devoted to the case of flexural strengthening. Shear
strengthening, on the other hand, are rather limited and still under investigation. Current shear design approaches of externally bonded FRP strengthened
concrete structures are analogous to internal stirrups, which is based on the well known 45-degree truss analogy. Three concerns may appear due to the
use of this analogy: (1) overestimating the shear strength and unrealistic representation to the actual stress distribution, (2) deviation on the orientation of
current strengthening scheme in relation to the actual stress distribution, (3) neglecting of direct relationship between internal stirrups and external FRP,
and failing to capture the influencing parameters and interaction that exists in between them. This research proposal is intended to explore thoroughly the
abovementioned concerns and resolve it by develop a new analytical model. 
The objectives of this study are (a) to formulate a new analytical truss model that based on the optimization of Strut-and-Tie Model (STM) for FRP shear
strengthened T-beams with stirrups, (b) to investigate the relative shear contribution (stiffness proportional) of the optimised STM models for internal
stirrups and externally bonded FRP, (c) to define an interaction framework between externally bonded FRP laminate strips with shear influencing
parameters, such as stirrup ratio and a/d ratio.

8702 | RELIABILITY-BASED PARTIAL SAFETY FACTORS FOR CONCRETE GIRDERS STRENGTHENED WITH CFRP (11.
FRP reinforced concrete structures)

Gomes, S. (sara.gomes@uc.pt), Universidade de Coimbra, Portugal
Neves, L. (luis.neves@nottingham.ac.uk), University of Nottingham, Universidade Nova de Lisboa, United Kingdom
Dias-da-Costa, D. (daniel.dias-da-costa@sydney.edu.au), The University of Sydney, Universidade de Coimbra, Australia
Graça-e-Costa, R. (rcosta@ualg.pt), CEPAC, Universidade do Algarve, Portugal
Fernandes, P. (paulo.fernandes@ipleiria.pt), Instituto Politécnico de Leiria, Portugal
Júlio, E. (eduardo.julio@tecnico.ulisboa.pt), ICIST, Instituto Superior Técnico, Universidade de Lisboa, Portugal 

Fiber reinforced polymer (FRP) fabrics and laminates have been extensively used as externally bonded reinforcement (EBR) aiming at strengthening
concrete structures. When compared with other techniques, e.g. epoxy-bonded steel plates or concrete overlays, this technique exhibits several
advantages, such as: easy installation, low weight, and reduced thickness. The growing interest in this reinforcing material led to the development of new
design guidelines for reinforced concrete structures strengthened with FRP, being fib bulletin 14 and ACI 440.2R-08 those most wide-spread used. Given
that this technology started to being used just two decades ago, there are issues that still need to be addressed. In this scope, how to attain in FRP design
the same level of confidence reached in current construction materials, such as concrete or steel, is particularly relevant.
It is expected that the use of FRP in bridges, as an EBR, with the goal of restoring or upgrading its original strength, will assume increasing importance. In
fact, during the last decades, most developed countries made strong investments in their highway networks, including the construction of bridges, where
prestressed concrete girders were largely adopted. The deterioration of some of these structures, due to environmental attack combined with low
maintenance, inadequate structural materials, low quality construction, poor design and/or detailing, overloading, accidental actions, or simply change of
the structure's use, led to the need of finding fast and effective means of strengthening, as those provided by FRP applied as EBR. 
Most studies on the performance of FRP applied as EBR focus on the deterministic behaviour of structures, through both experimental studies and
numerical analyses. However, the reliability analysis of these systems is a critical tool for the development of semi-probabilistic based design codes. But
the fact is that this approach has received little attention, in particular in what regards the strengthening of existing structures. 
This paper assesses the flexural safety of deteriorated prestressed concrete girders strengthened with carbon FRP (CFRP) applied as EBR. A set of
bridges with three spans, which are representative of bridges built in the last two decades, was analysed. The reliability of the girders was computed using
the First Order Reliability Method (FORM), considering the uncertainty of the most relevant parameters: the tensile strength of the pre-stress steel, the
tensile strength of the ordinary steel, the ultimate strength of the CFRP laminates, the traffic loads, and the uncertainties of the models adopted. The
reliability index and the importance of CFRP in the probability of failure were computed. Moreover, a set of reliability-based partial safety factors was
determined and these were compared with those proposed in the above-mentioned design guidelines. Finally, the basis for a reliability assessment of
prestressed girders strengthened with CFRP applied as EBR was established, aiming at supporting the definition of a semi-probabilistic safety
assessment European code for this type of elements.

8791 | Experiments of AMS Fiber Cementitious Composite and Reinforced Concrete Beams (11. FRP reinforced concrete
structures)

Cho, Chang-Geun (chocg@chosun.ac.kr), Chosun University, Korea, South
Feo, Luciano (l.feo@unisa.it), University of Salerno, Italy 

Keeping step with the growth of new material technologies, several researches about the applications of high performance fiber-reinforced concrete
composites have been interested in the field construction of building and civil structures in order to improve structural characteristics. Recent concrete and
composite structural members have been required to have more high-ductile, high-performance, and high-durable characteristics. 
Like synthetic fibers which were used to apply to have high ductile after cracking in fiber cementitious composites, well known as strain-hardening
cementitious composites (SHCC), steel fibers were used to mix with concrete in order to renovate their brittle characteristics as well as strength. Steels
used in construction fields were generally a crystalline metal in which crystal was formed when liquid metal was cooled. Crystalline steels are
fundamentally an anisotropic, so that the mechanical characteristics are differ from the crystal direction. Therefore, steel fibers in crystal are too weak in
corrosion and too heavy to get suitably disperse into fresh cementitious mixtures and to get suitable mechanical characteristics of fiber cementitious
composites. 
Amorphous micro-steel (AMS) is manufactured by rapid cooling process of liquid pig iron at the bottom of a furnace that don’t make crystalline grain
boundaries. Therefore, AMS is solely isotropic like liquid characteristic in solid, called as a liquid metal, so that AMS has high strength and toughness with
relatively lightweight in mechanical characteristics as well as high durability against corrosion. 

The current research is firstly an attempt to newly manufacture AMS fiber reinforced cementitious composites and to present their appropriate mixing
design varying with the amount of AMS fibers. Secondly a series of flexural tests of reinforced concrete composite beams applying with AMS fiber
cementitious composites has been carried out in order to evaluate the structural characteristics of AMS fiber cementitious composites in terms of
capabilities of crack control under bending or shear cracked regions as well as enhancements of load carrying capacities of the beams. 

From material and mechanical test, such as slump flow test, compressive strength test, direct tensile test, and shear transfer test, with AMS fiber length of
15 mm and 30 mm, it was known that 1.0 ~ 1.25 % fiber volume fractions were suitable for the AMS fiber cementitious composites. From four-point beam
tests, reinforced concrete composite beams applying with AMS fiber cementitious composites exhibited excellent enhancements in control of bending and
shear cracks to compare with conventional reinforced concrete beams. 
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8881 | Development Length of Spliced GFRP Reinforcing Bars in Normal and Self-Consolidated Concretes (11. FRP
reinforced concrete structures)

Benmokrane, Brahim (Brahim.Benmokrane@USherbrooke.ca), University of Sherbrooke, Canada 

Authors: Nabila Zemour, Ehab Ahmed , Brahim Benmokrane , Kamal Khayat 

Abstract: The bond characteristics and develppment length of reinforcing bars are the most critical issues in the design of reinforced concrete structures.
The resisting mechanisms under bending, shear, and torsion are related to the development of adequate bond. Limited research work was conducted to
investigate the bond behaviour and development length of spliced FRP bars when self-consolidated concrete (SCC) is used. Thus, in this study, the bond
behaviour and development length of spliced glass fiber-reinforced polymer (GFRP) reinforcing bars in SCC and normal concrete beams was
investigated. The beam specimens measured 4300-mm long × 250-mm wide × 400-mm or 600-mm deep. The specimens were tested under monotonic
loading over a clear span of 4.0 m up to failure. The test parameters were: (i) reinforcement type (GFRP and steel bars); (ii) concrete type (SCC and
normal concretes), (iii) the splice length (20 db and 40 db where db is the bar diameter; and (iv) beam height (400 or 600 mm). The SCC and the normal
concrete beams showed similar behaviour and the same failure mode. The test results revealed that the bond behaviour of the GFRP bars in SCC and
normal concrete is significantly affected by elastic modulus of the reinforcing bars. Besides, the effect of splice length on the bond strength in SCC and
normal concretes is not linear. 

Corresponding author: Brahim.Benmokrane@USherbrooke.ca 
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8882 | Laboratory Characterization and Durability Evaluation of Basalt Fiber-Based FRP Reinforcing Bars (11. FRP
reinforced concrete structures)

Benmokrane, Brahim (Brahim.Benmokrane@USherbrooke.ca), University of Sherbrooke, Canada 

This paper presents the mechanical, durability, and microstructural characterization of newly developed basalt-fiber-reinforced-polymer (BFRP) reinforcing
bars exposed to concrete environment under accelerating conditions. Reference BFRP bars were first characterized and the measured properties were
compared to GFRP bars. BFRP bars were then exposed to alkaline solution at 50°C during 1000 and 2000 hours to accelerate the effect of the solution
and to simulate the concrete environment. The measured direct shear, interlaminar shear and tensile strengths of the bars before and after exposure were
considered as a measure of the durability performance of the specimens. In addition, Fourier Transform Infrared Spectroscopy (FTIR), Differential
Scanning Calorimetry (DSC) and Scanning Electron Microscopy (SEM) were used to characterize the aging effect on the BFRP reinforcing bars. The
results revealed that even at high temperature (60oC), the change in direct shear strength is not significant. On the other hand, interlaminar shear and
tensile strengths of BFRP bars are affected by the time of immersion in alkaline solution showing that the fiber/matrix interface can be affected by aging. 

Corresponding author: Brahim.Benmokrane@USherbrooke.ca

9038 | Research and application on prestressed variable bond carbon fiber plate - R.C.beam composite structure (11.
FRP reinforced concrete structures)

Shang, Shouping, (sps@hnu.edu.cn), Hunan University, China
Zhang, Mao Xin (ZMX9872@SINA.COM), Hunan University, China 

First the concept of variable binding carbon fiber plate - R.C. composite beam in this paper has been outlined, and then describes the test and research
on the composite structure, present the advantages about the variable binding carbon fiber plate composite beam. Finally three engineering application
examples of composite structure of prestressed carbon fiber plate variable binded on R.C. beam have been stated.

9080 | Interfacial Bond-Slip Behavior of Near Surface-Mounted FRP Plate in Concrete (11. FRP reinforced concrete structures)

Seo, Soo-yeon (syseo@ut.ac.kr), Korea National University, Korea, South 
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In this paper, a stress transfer mechanism between near surface-mounted (NSM) fiber reinforced polymer (FRP) plate and concrete was investigated and
a reliable analytical procedure for it was presented by using bi-linear bond-slip model simulating the bond behavior of NSM FRP plate. 
As a result, critical values in the bi-linear model such as maximum shear strength, slip at that time and failure slip at the initiation of softening de-bonding
were suggested for being used in the differential equation considering the interfacial characteristic between NSM FRP and concrete. Also, it was found
that the bond-slip behavior could be suitably predicted by using the proposed procedure even in the case of various bond lengths from the comparison
with bond test result.

9091 | Seismic resistance of GFRP reinforced concrete columns (11. FRP reinforced concrete structures)

Tavassoli, Arsalan (arsalan.tavassoli@mail.utoronto.ca), University of Toronto, Canada
Sheikh, Shamim A. (sheikh@ecf.utoronto.ca), University of Toronto, Canada 

In an effort to evaluate the feasibility of GFRP bars and spirals as internal reinforcement in columns, an extensive research program is underway at the
University of Toronto. Seventeen 356 mm diameter concrete columns have been tested under simulated earthquake forces which included constant axial
load and cyclic lateral displacement excursions. Nine columns contained GFRP longitudinal bars and spirals while eight had longitudinal steel bars and
GFRP spirals. Selected results from this group of specimens will be presented in this paper highlighting the ability of GFRP reinforcement in providing
large deformability of columns. In addition to the moment vs. curvature response and shear vs. deflection behaviour, a number of ductility parameters
related to curvature, displacement, and energy dissipation are used to evaluate the performance of specimens. Due to their linear elastic behaviour until
rupture at a strain of approximate 0.02, GFRP spirals provided continuous confinement to the columns which displayed excellent deformability. Columns
reinforced with longitudinal steel and GFRP spirals showed higher stiffness and larger shear and moment capacities compared to the columns which
contained GFRP longitudinal bars.

9111 | 1. EFFECT OF LONGITUDINAL REINFORCEMENT DETAILS ON REHABILITATION STRATEGY AND SEISMIC
PERFORMANCE OF FRP-REPAIRED COLUMNS (11. FRP reinforced concrete structures)

Fahmy, Mohamed F.M. (mfmf1976@yahoo.com), International Institute for Urban Systems Engineering, Southeast University, , China 

Recent damaging earthquakes provided powerful reminders of how vulnerable we all are to the forces of nature. Even in an advanced industrial nation,
built environment is still quite susceptible to natural disasters. A significant amount of damage has been observed to a number of bridges and buildings. To
restore an earthquake-damaged community as quickly as possible, a well-prepared repair, reconstruction, or replacement strategy is most essential.
Hence, this study aims to identify the effect of longitudinal reinforcement details on the performance of FRP-rehabilitated bridge columns. Two reinforced
concrete bridge columns with improper details of longitudinal and/or transverse reinforcement were examined under the effect of constant axial
compressive load and increasing lateral cyclic loading. Residual deformation, as a post-earthquake recoverability index, and damage level of both
samples were considered to assess the probability of quick restoration of structure functions after a seismic action. Test results showed that column with
lap-splice reinforcement exhibited inferior performance where column strength showed rapid degradation after yielding and its deformation capacity was
limited; however, quick restoration is possible through a suitable rehabilitation technique. On the other hand, expensive repairs or even complete
replacement of damaged column could be the decision for the column with confinement failure of the flexural plastic hinge region. After that, designed
external basalt fiber reinforced polymers (BFRP) jacket guaranteeing the required enhancement in the inelastic performance was applied for both
damaged columns. Test results of repaired columns confirmed that post-earthquake recoverability of structure is dependent on the reinforcement details
within the plastic hinge zone. In addition, short lap-splice could be adopted as a seismic-performance-controllable tool.

9136 | Locking Method of Prestressed Sand-Coated Basalt-Glass Fibre Reinforced Polymer Anchor Structure (11. FRP
reinforced concrete structures)

Guowei LI (lgwnj@163.com), Hohai University, China 

The durability problem of anchor rods used to reinforce slopes can be solved by substituting fiber reinforced polymer(FRP) bars for steel bars. The FRP
bar has a small elastic modulus�and therefore should be prestressed in order to limit the deformation of the reinforced slope during its service stage.
This paper applied the grating sensing technology to monitor the bond behavior of sand-coated GFRP anchor rod under cyclic prestressing. The results
showed that prestressing of the sand-coated GFRP anchor rod resulted in the damage of the anchor rod-mortar interface bonding�and the effect of
repeated loads frequency on the bonding can be ignored�only the surcharge load is significant�The damage in bonding of the anchor rod-mortar
interface is only dependent on the surcharge load�and not on the service load�The shear force of the anchor rod is provided by the bonding force and
friction�with the bonding force generated at the initial stage�and then changes into friction at later stage�The damage in bonding resulting from the
amplitude load on the anchor rod can make the anchor structure loose�The over tensioning load of the prestressed anchor rod structure must exceed the
service load to an extent in order to ensure a stable anchorage force in the servicing stage.

9144 | Study on Flexural Performance of GFRP Grid and Concrete Composite Beam (11. FRP reinforced concrete structures)

Mao, JIze (maojize@hrbeu.edu.cn), College of Aerospace and Civil Engineering, Harbin Engineering University, China
Jin, Huiying (124386664@qq.com), College of Aerospace and Civil Engineering, Harbin Engineering University, China
Zhang, Shuai (1032922389@qq.com), College of Aerospace and Civil Engineering, Harbin Engineering University, China
Guo, Qingyong (guoqingyong@hrbeu.edu.cn), College of Aerospace and Civil Engineering, Harbin Engineering University, China
Zhou, Peng (306432251@qq.com), College of Aerospace and Civil Engineering, Harbin Engineering University, China 

Many research about FRP-concrete composite beam/floor system haven been done and showed that these system can not only prevent chemical
corrosion in harsh environment but also ease the problem of FRP structures which lack of ductility. This paper presents the numerical results of study on
solution for beams with combination of glass fibre reinforced polymer (GFRP) pultruded profiles box and concrete which confined by GFRP grid, with
shear connection and sticky sand contact. In this paper, theoretical derivation of the flexural capacity formulas and effects of various parameters upon
flexural capacity of GFRP-concrete composite beam systems were studied. Firstly, mechanical analysis was conducted by elastic and plastic theory stress
of this cross-section for composite beam. Secondly, formulas of ultimate anti-bending flexural capacity were established. Finally, the formulas were then
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used to analyze the effects of cross-section parameters under three kinds of neutral axis location. The results show that concrete strength and neutral axis
location have important effects on carrying capacity of the composite beam. GFRP profile can be fully utilized and the structure can have a higher carrying
capacity when the position of the neutral axis is right at the bottom of the concrete.

9148 | Experimental Calibration for Tensile Strength Estimation of Circular GFRP Rebar (11. FRP reinforced concrete
structures)

You, Young-Jun (yjyou@kict.re.kr), Korea Institute of Civil Engineering and Building Technology, Korea, South
Park, Ki-Tae (ktpark@kict.re.kr), Korea Institute of Civil Engineering and Building Technology, Korea, South
Seo, Dong-Woo (dwseo@kict.re.kr), Korea Institute of Civil Engineering and Building Technology, Korea, South
Hwang,Ji-Hyun (jhhwang@kict.re.kr), Korea Institute of Civil Engineering and Building Technology, Korea, South 

Owing to the non-corrosiveness of the materials of which it is made, the FRP reinforcement emerges as a structural member that can replace
advantageously the steel reinforcement in reinforced concrete structures. Unlike the steel reinforcement, the mixing of two heterogeneous materials for
the fabrication of the FRP reinforcing bar results in a tensile strength change depending on the diameter of the rebar. The tensile characteristics of the
FRP rebar are often evaluated by the rule of mixture (ROM) using the properties of linear elastic materials. Even if the ROM predicts accurately the elastic
modulus of the FRP rebar in general, it has a tendency to overestimate its tensile strength. Therefore, this study intends to propose a modified ROM
formula based upon the tensile test results of hollow GFRP rebar to predict accurately the tensile strength of the FRP reinforcing bar. Tensile tests for
GFRP rebars of 19 mm diameter with four type hollow section in its center of cross section were performed. The tensile strengths for various diameters of
hollow section were compared with that of GFRP without hollow section and used to modify the ROM. Parabolic stress distribution due to shear lag was
assumed to evaluate the tensile strength of GFRP rebar. From the test results of GFRP rebars with and without hollow section, a modification factor of
64.8% was obtained for good estimating the average tensile strength of GFRP rebar with a diameter of 19 mm.

9214 | Experimental and Numerical Investigations of Punching Shear Strength of GFRP Reinforced Two-Way slabs (11.
FRP reinforced concrete structures)

Akram S. Mahmood (dr.akramsh1@gmail.com), Civil Engineering Department, Engineering College, Anbar University, Iraq
Ibrahim A. Sarhan (dr.akramsh1@gmail.com), Engineering College, Anbar University, Iraq
Mohamed A. Hussian (civil_engmohammed@yahoo.com), M.Sc. candidate, Ireland 

Punching shear usually occurs in reinforced concrete slabs subjected to concentrated loads due to development of an internal arching action within the
system of slab column joint. Recently the application of FRP in reinforced concrete structures has been increasing significantly due to its attractive
properties, such as high tensile strength, lightweight, corrosion resistance, and simplicity of fabrication and formability.
This study program has been conducted to investigate the punching shear behavior of concrete members reinforced with GFRP reinforcement. Eight
specimens are to be cast in lab within two categories of reinforcements such as GFRP and equivalent steel reinforcements. Three major factors which are
studied, ultimate load, crack patterns, and strains in the concrete surfaces. Also this paper presents results of non-linear finite element formulation of all
tested specimens reinforced with GFRP bars to study their effectiveness under service and ultimate limit states. The accuracy of the non-linear finite
element analysis is to be demonstrated using independent test results conducted by other researchers. The behavior of the GFRP reinforced slabs were
compared to that of the conventional slab reinforced with steel reinforcement. In addition a comparison between flexural and punching shear design
concepts for FRP concrete slabs is presented.

Key Words: Punching Shear Strength, GFRP Reinforcement, Two-way Slabs, and 3D finite element modeling.

9228 | Durability of CFRP Bonding System for Strengthening Steel Structures in Natural Tropical Climate (11. FRP
reinforced concrete structures)

Gholami, M. (mehrangholami1352@gmail.com), Universiti Teknologi Malaysia, Malaysia
Mohd Sam, A.R. (abdrahman@utm.my), Universiti Teknologi Malaysia, Malaysia
Mohamad Yatim, J. (Jamaludin@utm.my), Universiti Teknologi Malaysia, Malaysia
Md Tahir, M. (mahmoodtahir@utm.my), Universiti Teknologi Malaysia, Malaysia 

Carbon Fiber Reinforced Polymer (CFRP) material has been focused of many researched for strengthening structures recently. Excellent properties of
CFRP including light weight, high tensile strength and corrosion resistance caused it to be a desirable material in rehabilitation of existing structures.
Previous studies indicated bonding of CFRP plate to the structural elements was a successful technique to increase the mechanical properties. Generally,
this method increased the flexural strength and stiffness of the beams considerably. Nevertheless, one of the main limitations of using this technique is the
durability of CFRP bonding system against various environmental conditions. This study evaluates the durability of CFRP plate and bonding system after
exposure to tropical climate which is a harsh severe environment. High temperature and humidity combined with the ultraviolet of the sun and heavy
raining are the specification of this environment. For this purpose, CFRP and adhesive coupons were prepared and subjected to this specific exposure for
8 months. Then the coupons were tested at specific intervals. The study found that CFRP was quite durable material and the change of properties was
negligible. However, the adhesive was influenced significantly. The adhesive properties improved at the beginning, but degraded eventually at the end of
conditioning.

9344 | Increased the ultimate flexural capacity of concrete beam by using AFRP (11. FRP reinforced concrete structures)

Amir Reza, Eskenati (eskenati1991@gmail.com), Department of civil engineer Neyshabur Branch ,Islamic Azad University ,Neyshabur ,Iran , Iran 

Using of FRP plate for strengthening and increasing flexural capacity of concrete beams have been extensively common. The possibility of plate
debonding should check for compute the ultimate capacity and delaying the premature failure of these beams. In this study, Aramid fiber reinforced
concrete beams in the usual way and four-point bending tests were performed on the samples .The result of tests showed premature failure phenomenon.
On the based on the results, theoretical method was presented which reinforced cover on these beams caused delay premature failure phenomenon.
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KEYWORDS: AFRP, reinforced beam, premature failure phenomenon

9346 | Premature fracture of concrete beam strengthening by FRP plates, Introduction of variety of models, and
comparison of presented theoretical model with experimental results (11. FRP reinforced concrete structures)

Amir Reza, Eskenati (eskenati1991@gmail.com), Department of civil engineer Neyshabur Branch ,Islamic Azad University ,Neyshabur ,Iran , Iran 

Externally bonded of FRP laminates for strengthening and increasing flexural capacity of concrete beams have been extensively common. The possibility
of laminate debonding should investigate for determining the ultimate capacity of these beams. This article includes two parts. In the first part the
phenomenon of premature fractures and details of debonding of laminate/concrete are explained and relevant theoretical model are introduced. In the
second part, with using empirical results that obtained by researchers, accuracy of presented model by researcher that is able to predict of failure load at
the time of premature fracture is investigated.
Keywords: fracture of beams, flexural capacity, advanced composites, debonding, studies and empirical

9469 | Analysis of 2D-Solids with Internal Friction and Tensile Resistant Membranes (11. FRP reinforced concrete structures)

Baratta Alessandro (alebarat@unina.it), University of Naples Federico II, Italy
Corbi Ileana (ilecorbi@unina.it), University of Naples Federico II, Italy
Corbi Ottavia (corbi@unina.it), University of Naples Federico II, Italy 

In the last few years the technical use of composites is attracting an increasing attention in the field of Civil Engineering.
Their application concerns both new structures, generally made up of pultruded shapes, and the strengthening of existing constructions because of
change of use, inadequate initial design, deterioration or new earthquake resistance requirements.
Although they are more expensive than traditional materials such as concrete and steel, they offer a number of advantages. Their lightweight means they
are cheaper and easier to transport and install; inherent corrosion resistance of composites not only increases their durability but it reduces the need for
maintenance throughout the structure’s life. 
Actually a big spread out of researches linked to the adoption of composite materials, and, in particular, of Fibre Reinforced Polymers (FRPs), can be
recorded in the field of rehabilitation and strengthening of the monumental heritage, usually made of masonry material: typical applications are structural
adaptation or improvement of historical constructions for seismic purposes, structural reinforcement of masonry constructions, either for repairing already
formed cracks or for preventing the formation of unilateral hinges that can result in the activation of collapse mechanisms in masonry patterns such as
arches and vaults, or for reducing the stress in masonry panels, thus, increasing the loading capacity of the wall.
In the paper a theoretical procedure about the deformation process –up to the collapse condition- of a masonry panel subjected to an increasing quasi-
static force is developed and the relevant results are compared with those deriving by the experimental tests on some masonry panels built at the
Laboratory of Materials and Structural Testing of the University of Naples “Federico II”. Moreover in order to evaluate the benefits induced by the
application of carbon fibre strips, other experimental are developed after enwrapping the lower part of the masonry structure with mono-directional FRP
strips.

REFERENCES
[1] Heyman J.: The stone skeleton. Journal of Solids and Structures, 2, 269-279, 1966.
[2] Baratta, A.: Structural Analysis of Masonry Buildings. In “Seismic Risk of Historic Centers. A Preliminary Approach to the Naples Case”, A. Baratta and
T. Colletta Eds., La Città del Sole B.C., Napoli, 76-122, 1996. ISBN88-86521-36-7.
[3] Baratta A.: Il Materiale Non Reagente a Trazione Come Modello per il Calcolo delle Tensioni nelle Pareti Murarie. Journal of “Restauro”, 75/76, 53-77,
1984.
[4] Baratta A., Corbi O.:, No-Tension Masonry Model for FRP Reinforcement Assessment. In “Computer Methods in Structural Masonry”, T.G.Hughes and
G.N.Pande Ed.s, Computers & Geotechnics LTD 2001, Swansea. ISBN 0 9510380 2 8.
[5] Baratta A., Corbi O.: Masonry Arches Refurbishment by Fibers Reinforced Polymers. Proc. 3rd International Conference on Arch Bridges, Parigi, 2001.
[6] El-Badry M.: Advanced Composite Materials Bridges and Structures. Proc. 2nd Int. Conf. Advanced Composite Materials in Bridges and Structures,
Montréal, 1996. 
[7] Traintafillou T.C.: Innovative Strengthening of Masonry Monuments with Composites. Proc. 2nd Int. Conf. Advanced Composite Materials in Bridges
and Structures, Montréal, 1996.
[8] Schwegler G.: Masonry Construction Strengthened with Fiber Composites in Seismically Endangered Zones. Proc. 10th Eur.Conf. Earthquake
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5484 | Dynamic stress intensity factors for several moving cracks in a non-homogeneous orthotropic plane (12.
Functionally graded materials and structures)

ayatollahi,mojtaba (mo_ayatollahy@yahoo.com), Zanjan University,P.O.Box 45195-313, Zanjan, Iran
bagheri,Rasul (rasul_m65@yahoo.com), Zanjan University,P.O.Box 45195-313, Zanjan, Iran
varasteh, s (mo_ayatollahi@znu.ac.ir), Zanjan University,P.O.Box 45195-313, Zanjan, Iran 

This paper provides a theoretical investigation of the behavior of multiple moving cracks in a non-homogeneous orthotropic plane under anti-plane
deformation. The distributed dislocation technique is used to carry out stress analysis in a non-homogeneous plane containing moving cracks under anti-
plane loading. The Galilean transformation is employed to express the wave equations in terms of coordinates that are attached to the moving crack.
Finally, the solution of a moving screw dislocation is obtained in a non-homogeneous plane by using the Fourier transform. The stress components reveal
the familiar Cauchy singularity at the location of dislocation. The solution is employed to derive integral equations for a plane weakened by several moving
cracks. Numerical calculations are performed to show the effects of material properties and the speed of cracks propagating on the stress intensity factors
of crack tips.

6734 | Uncertainty quantification on free vibration of functionally graded shells (12. Functionally graded materials and
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structures)

Dey, Sudip (infosudip@gmail.com), Swansea University, United Kingdom
Mukhopadhyay, Tanmoy (tanmoym.89@gmail.com), Swansea University, United Kingdom
Adhikari, Sondipon (S.Adhikari@swansea.ac.uk), Swansea University, United Kingdom 

This paper presents uncertainty quantification approach for free vibration analysis of functionally graded shells. Stochastic natural frequencies are
obtained by utilizing metamodels. Global sensitivity analysis is carried out to address the influence of input random parameters on output natural
frequencies. Different types of input variables are varied to validate the proposed algorithm. The aim of present approach is to reduce the sampling effort
and computational cost involved. The stochastic finite element approach is utilized and statistical analysis is carried out to compare the results obtained by
present surrogate model and full scale Monte Carlo Simulation. The quantified uncertainties in random variation of natural frequencies of functionally
graded shells obtained are the first known results for the type of analyses carried out here.

Keywords: uncertainty quantification; functionally graded materials; natural frequency; metamodel; sensitivity analysis

6827 | MODULUS OF ELASTICITY CHANGE ON THE CONCRETE FILLED STEEL TUBE COMPOSITES (12. Functionally
graded materials and structures)

Evirgen, Burak (burakevirgen@anadolu.edu.tr), Anadolu University, Turkey
Tuncan, Ahmet (atuncan@anadolu.edu.tr), Anadolu University, Turkey
Tuncan, Mustafa (mtuncan@anadolu.edu.tr), Anadolu University, Turkey 

The modulus of elasticity value is a unique deformation behaviour under external loads. Material properties can be predicted according to angle and
proportional limit point of elastic range. Stress and strain values are well known parameters for common materials such as concrete and steel in reinforced
concrete structures. However, composite materials such as concrete filled steel tubes have different properties than concrete and steel. In this paper,
effect of cross sectional shape, steel thickness and concrete compressive strength changes are studied on the concrete filled steel tubes considering the
modulus of elasticity values. Circular, square, rectangular and hexagonal sections are selected with 1.5, 3.0, 5.0, 8.0 mm steel wall thickness and 3
different concrete compressive strength values. Totally 64 specimens are performed. Modulus of elasticity values of all specimens up to elastic range are
compared and presented within the results of considered variables.

6915 | Free vibration of thick functionally graded beams rested on Winkler-Pasternak elastic foundation with elastically
restrained edge (12. Functionally graded materials and structures)

Zhao, Junfeng (zhaojunfeng@sdu.edu.cn), School of Civil Engineering, Shandong University, China 

In this study, an improved third order shear deformation theory is employed to investigate the free vibration of thick functionally graded beams resting on
the Winkler-Pasternak elastic foundation with edges elastically restrained against translation and rotation. Governing equations and boundary conditions
are derived from the Hamilton’s principle. The material properties of the FGMs beam vary continuously in the thickness direction according to the power
law form. The linear combination of Fourier series and auxiliary Legendre polynomial function is used to obtain the natural frequencies and the
corresponding mode shapes of the FGMs beams with elastically restrained edges. Comparison between the obtained results to those available in
literature confirms an excellent accuracy of the present approach. The effects of parameters, such as the material properties, power-law index, span-to-
height ratio and different combinations of constraints at edges on the frequency and mode shape are also investigated. Numerical results show that the
mentioned effects play very important role on the frequency and mode shape. The new results can be used as benchmark solutions for future researches.

7050 | Mechanical properties of an FGM consisting of a high-alloyed CrMnNi-steel and varying Mg-PSZ content
processed by asymmetric Spark Plasma Sintering (12. Functionally graded materials and structures)

Decker, Sabine (sabine.decker@iwt.tu-freiberg.de), Institute of Materials Engineering, TU Bergakademie Freiberg, Germany
Krüger, Lutz (krueger@ww.tu-freiberg.de), Institute of Materials Engineering, TU Bergakademie Freiberg, Germany 

A functionally graded material (FGM) consisting of a TRIP steel matrix (TRansformation Induced Plasticity) and a varying Mg-PSZ particle reinforcement
(MgO Partially Stabilized Zirconia) was sintered by Spark Plasma Sintering (SPS). The used steel is high-alloyed (16 wt.% Cr, 7 wt.% Mn, 3 wt.% Ni) and
the Mg-PSZ content increases along the sample height from 0 vol.% to 100 vol.%. To densify both, the steel and the Mg-PSZ, in one sintering step is
challenging due to their different melting temperatures and therefore different optimal sintering temperatures. By varying the number of graphite foil layers
which are used in SPS to protect the graphite punches, it was possible to create a temperature gradient within the matrix along the sample height.
Depending on the temperature gradient, local melting of the steel phase occurred. Bending tests were carried out with the Mg-PSZ layer on tensile
stresses on the one hand and the steel layer on tensile stresses on the other hand. The bending strength of the FGM varied with the temperature gradient
during SPS. The layers of the FGMs were investigated in matters of density and microstructure. Due to the temperature gradient, the relative density was
only slightly improved and the porosity within the layers of the FGM increased with increasing ceramic content.

7313 | Influence of interface strength gradation on mechanical properties of woven glass fabric/polypropylene
laminates (12. Functionally graded materials and structures)

Russo P. (pietro.russo@unina.it), Institute for Polymers, Composites and Biomaterials - National Council of Research, Italy
Simeoli G. (giorgio.simeoli@unina.it), Dept. Chemical, Materials Engineering and Industrial Production - University Naples Federico II, Italy
Iannace S. (iannace@unina.it), Institute for Polymers, Composites and Biomaterials - National Council of Research, Italy
Sorrentino L. (luigi.sorrentino@cnr.it), Institute for Polymers, Composites and Biomaterials - National Council of Research, Italy 

Recently, thermoplastic polymer composites have gained a growing interest owing to many advantages with respect to thermosets based ones as shorter
processing times, improved fracture toughness and potential recyclability. However, their potentialities are still restricted by some drawbacks mainly
related to the high cost of matrices and the relatively poor know-how in terms of design and manufacturing. For example, a huge amount of studies are
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available about approaches to improve the damage tolerance of composite laminates based on thermosetting matrices but, at present, a relevant lack of
know-how on the same topic for thermoplastic systems limits their perspectives especially for structural applications. Aside from conventional hybridization
approaches, a new class of hybrid laminates were realized by grading the interlaminar polymer/fibres interface strength (IGIS). Composites were prepared
by alternating glass woven fabrics with polypropylene (PP) layers, either neat and compatibilized for glass fibres by using a maleic anhydride grafted PP.
Different sequences were investigated and compared by flexural and low-velocity impact tests with not graded laminates (i.e. containing only neat or
compatibilized PP layers as matrix). Results demonstrated that the IGIS design allows to prepare composites with high flexural properties coupled with
high impact resistance at the same time, without affecting the reinforcement configuration nor using fibre hybridization methods.

7583 | Study of a porous ceramic material impregnated with titania and silver for water purification (12. Functionally graded
materials and structures)

Acchar W. (acchar@dfte.ufrn.br), Post-graduation Program on Materials Science and Engineering-UFRN, Brazil
Santos I. (wacchar@gmail.com), Post-graduation Program on Materials Science and Engineering-UFRN, Brazil 

Although, water is available in the world, it is not always located where it is needed and may also be contaminated. In some developed countries, the
infrastructure and water distribution are not good and some problems such as hazardous contamination from human origin can occur. The adequate
access to clean water is responsible for health problems. Titanium oxide and silver show bactericidal characteristics and have been used to clean
contaminated foods and water.

The present work investigated the photocatalytical and bactericidal effect of titania and silver deposited in a porous ceramic substrate using Escherichia
Coli (E.coli) as reference pathogen. The results show that the presence of both material causes a higher bactericidal efficiency in the contemned water.

7584 | Optimization of Functionally graded plate wings against divergence (12. Functionally graded materials and structures)

Maalawi, Karam Y. (maalawi@netscape.net), National Research Center, Egypt 

Optimization of Functionally Graded Plate Wings against Divergence
Karam Y. Maalawi
Mechanical Engineering Department, National Research Center, Dokki 12311, Cairo, Egypt

ABSTRACT
This paper presents a model for aeroelastic optimization of composite plate wings using material grading concept. Both continuous and piecewise grading
patterns have been implemented along the wing span as well as the airfoil thickness directions. The objective function is measured by maximization of the
critical flight speed at which wing divergence occurs, while maintaining the total structural mass at a constant value equals to that of a known baseline
design. The major aim of the study is to tailor the fiber volume fraction distribution in order to improve the wing aeroelastic performance and broaden its
stability boundary without mass penalty. Various power-law mathematical expressions describing material grading have been utilized where the power
exponent was taken as a main design variable. The preassigned aerodynamic parameters that are not subject to change during the optimization process
are chosen to be the wing projected area, aspect ratio and chord taper ratio. The optimization problem has been formulated as a nonlinear mathematical
programming problem solved by invoking the MATLab optimization Toolbox routines, which implements the sequential quadratic programming method.
The mathematical model employs the classical plate and beam theories for determining elastic deformation of the wing structure and the modified strip
theory for calculating the aerodynamic loads that arise from these deformations. This representation, together with classical lamination theory, allows the
solution of the wing divergence problem using the exact governing differential equation and the transfer matrix method. Adequate scaling and
normalization of the various parameters and variables are given in order to make the model valid for a variety of wing configurations and types of material
of construction. A case study including the optimization of a composite, cross-ply, plate wing made of carbon-AS4/epoxy-3501-6 has been presented,
where trends for good designs having expanded aeroelastic stability boundary under the imposed mass constraint were discussed. Results have shown
that the approach implemented in this work can be efficient in producing improved designs in a reasonable computer time. Actually, the proposed model
has succeeded in arriving at the optimum solutions showing significant improvements in the needed design goal as compared with a reference or baseline
design. 

7607 | The Combined Model of Heat Conduction in a Skeletonal Micro-heterogeneous Hollow Cylinder (12. Functionally
graded materials and structures)

Ostrowski, Piotr (piotr.ostrowski@p.lodz.pl), Lódź University of Technology, Poland 

This contribution deals with a stationary heat conduction problem in an infinite hollow cylinder with a non-periodic deterministic material micro-structure.
The main aim is to formulate and apply the new mathematical model of the heat conduction in the skeletonal composites made of thin walls with constant
width along radial axis. The regions situated between the walls are occupied by a homogeneous matrix material. It is assumed that the cross-section of
the conductor represents a certain plane micro-heterogeneous structure which is, for a fixed radius, periodic along angular axis but have slowly varying
apparent properties in the radial direction. Therefore, we deal here with a special case of functionally graded materials.

The fundamental heat transfer equations are based on the well-known Fourier theory and the formulation of approximate mathematical model of these
composites will be based on the tolerance averaging technique, Woźniak et al. (2008, 2010) and its alteration. The fundamental concept of the modelling
technique is the averaging operation and micro-macro decomposition of the temperature field. Having now the solution to the asymptotic case (smooth
passage with the microstructure size in tolerance model) and using it in micro-macro decomposition of the new temperature field, we obtain a new model,
which gives us more realistic temperature propagation in a microstructured media - in opposition to the tolerance model.

For the sake of simplicity, the analysis will be restricted to the problem with no external heat sources. Examples of the obtained results will be given during
the presentation.

7692 | Influence of Prebuckling Deformation in Buckling Analysis of Functionally Graded Plates and Shells. (12.
Functionally graded materials and structures)
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Monslin Sugirtha Singh (jmsugirtha@gmail.com), Sathyabama University, Chennai, India
Kari Thangaratnam (drkariprof@hotmail.com), DMI College of Engineering, Chennai, India 

In Functionally Graded Material (FGM) plates and shells, as soon as the in-plane load is applied, it undergoes lateral displacement even though the load
applied is much lower than the buckling load. This is termed as prebuckling deformation and the magnitude depends on the bending-stretching coupling in
the FGM. The buckling analysis of FGM plates and shells with the prebuckling deformation included become analogous to that of plate and shells with
geometric imperfection, which is a nonlinear problem. Hence the question here is buckling of plates and shells should be treated as linear or non linear.
A.W.Leissa et al. [1] investigated the transverse deflection of unsymmetrical laminated plates subjected to in plane loads and concluded that the behavior
is similar to isotropic plates. Metin [2] States that Clamped boundary condition are capable of supplying the necessary bending moments and twisting
moments to keep the plate flat. Very few literatures are available for the influence of pre buckling deformation. 
The package COMSAP was developed using Semiloof shell element by the authors[3] for linear analysis is extended to non linear analysis. The nonlinear
finite element formulation is based on Green strains and Piola-Kirchhoff stresses and power law for material modeling. To investigate the influence of
prebuckling, the plates and shells are subjected to inplane loads and treating them as (a)Linear buckling without curvature,(b)Linear buckling with
curvature,(c) Extended Linear Buckling,(d) Non linear Buckling. The programme is validated by results available in the literature. New results are obtained
for square, rectangular plates and cylindrical shells.
An FGM square plate is analyzed with three simply supported boundary conditions for various volume fraction indexes (n). The investigation shows that
the non linear buckling load is less significant in the case of simply supported boundary conditions and has no effect in clamped clamped boundary
conditions.Load versus displacement to thickness (w/h) ratio curve is studied for linear and non linear cases. In Linear analysis the displacement linearly
increases and displacement ratio varies from 0.007 to 0.019 and in the non linear analysis the nonlinear displacement ratio varies from 0.0116 to 0.456 for
n values 0.5 to 5.Rectangular plate of various aspect ratios 2, 2.5 and 3 are analyzed for simply supported boundary conditions and the results are same
as square plate.
The shell is subjected to simply supported boundary conditions and clamped clamped boundary conditions for different volume fraction index (n) and
various Lengths to Radius (L/R) ratios. The investigation shows that the non linear buckling load is more significant in both simply supported and clamped
clamped boundary conditions. Load versus displacement to thickness (w/h) ratio curve is analyzed for linear and non linear cases. In linear analysis the
displacement ratio varies from 0.038 to 0.090 and in non linear analysis the displacement ratio varies from 0.26 to 0.73 for n values 0.5 to 5.The nonlinear
buckling load to linear buckling load ratio varies between 0.167 to 0.399 for simply supported boundary conditions and 0.201 to 0.440 for clamped
clamped boundary conditions for L/R ratios 0.5 and 5.The nonlinearity of the displacement path is depends on the young’s modulus of the constituent
material for the variation of volume fraction index (n= 0.5, 0.7, 1, 3, 5)
[1] A.W.Leissa and M.S.Qatu, Buckling or Transverse Deflection of Unsymmetrical Laminated plates subjected to in plane loads. AIAA J., Vol.31 (1993)
pp.189-194.
[2] Metin Aydogdu, Condition for functionally graded plates to remain flat under inplane loads by classical plate theory. Compo. Struct.. Vol.82 ( 2008)
pp155-157.
[3] Monslin Sugirtha Singh and Kari Thangaratnam R, Analysis of functionally graded plates and shells: Stress, Buckling, Free Vibration, J. of Aerospace
Sciences and Technologies, Vol. 66 (2014) pp 127-136.

7696 | Thermoelastic phenomena in the transversally graded laminates (12. Functionally graded materials and structures)

Jędrysiak, Jarosław (jaroslaw.jedrysiak@p.lodz.pl), Łódź University of Technology, Poland
Pazera, Ewelina (ewelinapazera@interia.pl), Łódź University of Technology, Poland 

In this paper we deal with a problem of thermoelasticity in a two-phase laminate, with non-periodic distribution of the ingredients. The cells with constant
thickness l are composed of two sublayers of different materials. The macroscopic properties change continuously in a direction perpendicular to laminas.
Therefore, we deal here with laminates with functionally graded properties, [3]. In the analysis of various issues concerning these laminates, the same
approaches are often used as for composites with periodic structures. Different modelling methods are presented in the book [3]. Unfortunately, most of
the proposed equation models do not take into account the effect of the microstructure size.
In order to obtain the averaged equations, taking into account this effect, the tolerance averaging technique is applied, cf. [6,5,4], to describe various
thermomechanical problems in periodic composites. This way of modelling was used in many studies to derive equations for various cases of such
structures, cf. [5,4,1]. Recently, it is modified and adapted for problems of composites and structures with functional gradation of properties. Numerous
examples of applications of this method can be found in [5,4,1].
Using the tolerance modelling the system of differential equations with slowly-varying coefficients is obtained, instead of highly oscillating, tolerance-
periodic and discontinuous coefficients. For this purpose, the concept of a slowly-varying function, a tolerance-periodic function and an averaging
operation are used, cf. [5,4,1].
Two basic assumptions are used in the modelling. The first one is the micro-macro decomposition, where it is assumed that the fundamental unknowns
(e.g. - the displacement field and the temperature field) are taken as a sum of a averaged part (field) and an oscillating part. Furthermore, it is assumed
that the oscillating part can be expressed as a product of the known fluctuation shape function, and the new unknown - the fluctuation amplitude. The new
basic unknowns, averaged fields and fluctuation amplitudes, are assumed to be slowly-varying functions of that coordinate which parameterizes the
perpendicular direction to the laminas. The second assumption is the tolerance averaging approximation, in which it is assumed that some terms are
negligible small.
The main aim of this work is to obtain and apply averaged differential equations of the thermoelasticity problems of considered laminates with
transversally graded properties. Substituting the micro-macro decomposition to the main equations of thermoelasticity problems, [1,2], by doing the
appropriate averaging and transformations, the final equations of the tolerance model were received, cf. [2].
The tolerance model equations take into account the effect of the microstructure size. Equations of the asymptotic model are obtained by neglecting some
of the terms in equations of the tolerance model and describe the thermomechanical problems only on the macro-level. 
The equations of the tolerance and the asymptotic models will be applied to analyse some specific cases.
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7723 | The Importance of Sample Preparation of Wood Polymer Composites (WPC) for FTIR Spectroscopy and Thermal
Analyses (12. Functionally graded materials and structures)

Yilgor, Nural (yilgorn@istanbul.edu.tr), Department of Forest Products Chemistry & Technology, Faculty of Forestry, Istanbul University, Turkey
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The Importance of Sample Preparation of Wood Polymer Composites (WPC) for FTIR Spectroscopy and Thermal Analyses 
Nural Yilgor
Aysel Kanturk Figen
Sabriye Piskin
Using of wood polymer composites (WPC) is rapidly increasing all around the world. WPC is produced by mixing wood flour -especially obtained from
wastes of wood products industry - and polymers such as low density or high density polyethylene. The major advantages of WPC are the high durability
of microorganisms which can easily degrade wood and wood based materials and high resistance to water absorbancy. Therefore WPC are used in a
large variety of structural and non-structural applications, especially for outdoor using such as decking, railing and fencing. On the other hand recycle and
reuse of waste wood products are of both environmental and economical concerns. It seems that WPC market will continue to expand in the near future.
The new WPC products are being designed for applications where long-term performance, consistent appearance, and dimensional stability are
important. Before improving and submitting to the market a new material, it is very important to know its` physical, mechanical, biological, thermal and
chemical characteristics. Even though wood itself can be accepted as a heterogenic material, there are many standards to understand its structure,
orientation of cell layers and chemistry. On the other hand, the combination of hydrophilic natured wood and hydrophobic natured plastics leads to
completely heterogenic material and has no standard to analyze the chemical structure. Having knowledge of wood polymer composite materials`
chemical and thermal behavior has a great importance to improve the material to meet post consumers` requirements and to improve for new products
based on them. However, FTIR spectroscopy provides rapid analysis of the complex molecules such as wood and wood polymer composites. IR
spectroscopy is a very useful analytical tool to monitor the degradation of wood polymers via biological and UV light. It is an important step to prepare a
homogenous specimen for obtaining accurate results in FTIR spectroscopy. On the other hand, it is also very important task to obtain a homogeneous
material for the thermal analysis. So it is obvious that obtaining a homogeneous material is the most important task to have an idea of a material
concerning with structural and thermal characteristics. Cryogenic grinding, also known as freezer milling, is the best way to grind the material which
resistant to brittle fracture, such as thermoplastics. They are difficult to grind to small particle sizes at room temperature because they soften, become
sticky and cause to plug up screens. Cryogenic grinding of thermoplastics or the material includes thermoplastics such as WPC is the excellent way to
obtain homogeneous specimen to investigate the chemical structure and thermal behavior.

Key words: Wood polymer composite, FTIR spectroscopy, Thermal analyses, cryogenic grinding, homogeneous material

7789 | The effect of step-wise graded density cores on the blast resistance of polymeric foam core sandwich panels.
(12. Functionally graded materials and structures)

Kelly, Mark (mark.kelly08@imperial.ac.uk), Imperial College London, United Kingdom
Arora, Hari (hari.arora04@imperial.ac.uk), Imperial College London, United Kingdom
Dear, John (j.dear@imperial.ac.uk), Imperial College London, United Kingdom 

Polymeric foam core sandwich panels are of increasing interest in military applications due to their low density, their tailorable mechanical properties and
their low radar signature. In the research presented here styrene acrylonitrile (SAN) foam core sandwich panels with glass fibre reinforced polymer
(GFRP) face-sheets are subjected to 100 kg TNT equivalent charge sizes at a stand-off distance of 15 m. The aim of these tests was to compare a
sandwich panel with a step-wise graded density foam core to one with a single density foam core. The step-wise graded core incorporated a low density
foam sheet on the blast side, a medium density core in the centre, and a high density core on the back face. It was found that by grading the core density
the panel deflection during blast was reduced, as well as the total through thickness damage observed in the sandwich panel. Each sandwich panel was
30 mm or 40 mm thick, and had 2.4 kg/m^3 face-sheets either side. The panel response was measured using 3D digital image correlation (DIC), which
required two high speed cameras in order to track out of plane displacement and surface strain. The pressure loading on the sandwich panels during blast
loading was measured using a pressure gauge situated on the front centre of the cubicle to record the reflected over-pressure, and a static pressure
gauge was situated in free space away from the test cubicle to validate the reflected pressure recorded. The damage suffered by the sandwich panels
during blast loading was found by sectioning and inspecting the panel edges for debonding between the face-sheets and core, and cracking in the foam
core. Finite element simulations of the blast tests are currently being performed using dynamic fracture data collected through laboratory experiments, to
accurately predict the blast response of graded density sandwich panels including damage patterns observed.

7823 | Creep Relaxation in FGM Rotating Disc with non-Uniform Profiles (12. Functionally graded materials and structures)

hodais zharfi (hodais.zharfi@stu-mail.um.ac.ir), Ferdowsi University of Mashhad, Iran
hamid ekhteraei Toussi (ekhteraee@um.ac.ir), Ferdowsi University of Mashhad, Iran
hamid jarfi (hamid_490@yahoo.com), Sharfi University of Technology, Iran 

Rotating discs are the vital part of many kinds of machineries. Usually they are operating at relatively high angular velocity and temperature conditions.
Accordingly in practice, the creep analysis is an essential necessity in the study of rotating discs. More recently the application of Functionally Graded
Materials (FGMs) in construction of rotating discs is the subject of many researches. These newly developed heterogeneous compounds enable the
designer to manage the distribution of material properties and benefit their better thermo-mechanical advantages. Apart from the patterns of material
distribution, the shape of a disc is another factor which controls the stress field and consequently the deformation and life expectancies. To study the
effects of cross sectional profile, three different Aluminum-Silicon Carbide FGM discs with uniform, convergent and divergent cross section profiles are
selected for the study.

7952 | Thermal Effect on the Modal Characteristics of FG Anisotropic Plates with Temperature-Dependent Materials (12.
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Functionally graded materials and structures)

Fiorenzo A. Fazzolari (F.Fazzolari@soton.ac.uk), University of Southampton, United Kingdom 

Recently a considerable amount of work has been devoted to the investigation of isotropic and sandwich functionally graded material (FGM) structures.
However, very few articles have been published with the purpose to analyse the effect of the anisotropy on the modal characteristics of FGM structures. In
this respect, the present work provides a contribution aimed to partially fill the gap, coping with the analysis of free vibration of FG anisotropic plates with
temperature-dependent materials in thermal environment. In particular, the material properties are assumed to be temperature-dependent by a third order
function of the temperature. Moreover, not only the material properties but also the fibre orientation varies smoothly through the plate thickness.
The investigation is carried out by using advanced higher-order Equivalent Single Layer (ESL) plate theories developed within the framework of Carrera’s
Unified Formulation (CUF). The used theories are generated hierarchically allowing the possibility to choose the desired accuracy and the computational
cost. The week-form of the governing equations are derived by using the Principle of the Virtual Displacements (PVD) and are solved by employing the
advanced Hierarchical Trigonometric Ritz Formulation (HTRF). Several convergence analyses are performed in order to validate and assess the accuracy
of the proposed formulation. Results in terms of natural frequencies are compared with those proposed in literature and/or obtained by using FEM
software. The effect of the thermally induced loadings on the modal characteristics of the examined FG anisotropic plates is thoroughly discussed. Modal
shifting/modal interchange phenomenon is investigated while evaluating the influence of several parameters. Finally, the effect of the length-to-thickness
ratio, material temperature-dependence, FGM power law, volume fraction index and boundary conditions on the natural frequencies is commented.

8096 | Transient analysis of a sandwich composite beam with functionally graded syntactic foam core using a semi-
analytical state space method. (12. Functionally graded materials and structures)

Nagendra Gopal, K. V. (gopal@ae.iitm.ac.in), Indian Institute of Technology Madras, Chennai, India
Balavishnu, U. (balavishnu88@gmail.com), Indian Institute of Technology Madras, Chennai, India 

In this paper, we present the three-dimensional transient analysis of a sandwich composite beam with functionally graded syntactic foam core. The semi-
analytical method combines the state vector approach in elasticity based on the Eshelby-Stroh formalism, the generalized differential quadrature
numerical method, and the Laplace transform with a numerical scheme for the inversion of the transform. This approach efficiently combines the
advantages of the state space method for layered and functionally graded structures with the power of the differential quadrature method for different
types of boundary conditions and depth-to-length ratios. The state vector approach is used to define the state variables and obtain lower order governing
elastodynamic equations in terms of these state variables which include both the stresses and displacements. The thickness direction is analytically
solved using the state space approach while the axial direction is numerically treated using a 2-D version of the generalized differential quadrature
method. The time domain solultion is solved using Laplace transform and a numerical scheme for the inverse transform.

The face sheets of the sandwich beam are made of graphite-epoxy laminates while the core is a two-phase syntactic foam made of hollow glass
inclusions and epoxy resin. Functionally graded syntactic foams (FGSF), can be obtained by either varying microballoon volume fraction or the wall
thickness of the balloons in the desired direction. The second approach using a changing inclusion wall-thickness has been shown in literature to be more
efficient. The core behaves as an isotropic material whose effective properties are estimated using a self-consistent homogenization scheme for
multiphase composites. The properties are assumed to vary through the thickness of the core symmetrically about the mid-plane. The transient analysis is
carried out for sandwich beams with simply supported and fixed-free boundary conditions. A parametric study of the response of the sandwich composite
beam for dynamic loading conditions has been conducted to investigate the effects of various factors. These include the radius and wall thickness of the
inclusions, ratio of face sheet thickness to core thickness, functional gradation of core and lamination scheme used. To demonstrate the accuracy of the
analysis, results are compared with those obtained from finite element analysis

8121 | Ti/polymer/Ti sandwich systems for bio-applications (12. Functionally graded materials and structures)

Adele Carradò (carrado@unistra.fr), IPCMS UMR 7504 CNRS, France
Genevieve Pourroy (Genevieve.Pourroy@ipcms.unistra.fr), IPCMS UMR 7504 CNRS, France
Mohamed Harharsh (Mohamed.Harharsh@tu-clausthal.de), TU Clausthal, Germany
Patrick Masson (patrick.masson@ipcms.unistra.fr), IPCMS UMR 7504 CNRS, France
Heinz Palkowski (heinz.palkowski@tu-clausthal.de), TU Clausthal, Germany 

Most of works on metal/polymer sandwich systems for the automotive industry deal with the combination of steel and polyolefins . For these applications,
there is no need to take care about toxicity, a very important aspect for biomedical devices. Sandwich systems, especially three-layered sandwiches are
often produced by roll bonding. A two-component epoxy resin normally is used for the polymer-metal bonding.
Titanium/polymer (P)/titanium sandwich systems are developed, focusing on the design of their interface, the control of their mechanical properties and
shaping.
The new strategy is to design the P/Ti interfaces free of an epoxy resin currently used as adhesive agent but not biocompatible. Therefore, we aim at
creating adhesion between polymer and titanium sheets using polymerization initiator covalent grafting at the Ti surface followed by a cross-linking
polymerization. The right combination in thickness of the single layers allows to tailor the mechanical properties such as Young´s Modulus, yield and
ultimate strength close to the bone‘s behaviour, following the rule of mixture.
The results of these investigations are presented and discussed.

8122 | A new FSDT for the thermoelastic bending analysis of functionally graded sandwich plates (12. Functionally graded
materials and structures)

M Ore (moreg@uni.pe), Faculty of Mechanical Engineering, Peru
JL Mantari (jmantari@utec.edu.pe), Faculty of Mechanical Engineering, Peru 

This paper presents a thermoelastic bending analysis of functionally graded plates (FGPs) by using a new first shear deformation theory (FSDT). This
theory contains only four unknowns, with is even less than the classical FSDT. The nonlinear term of the temperature field is independent of the shape
functions of the displacement field. The mechanical properties of functionally graded layers of the plate are assumed to vary in the thickness direction
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according to a power law distribution. The governing equations for thermoelastic bending analysis are derived by employing the principle of virtual works.
These equations are then solved via Navier-type, closed form solutions. The accuracy of the present theory is ascertained by comparing it with various
available solutions in the literature.

8129 | A new trigonometric quasi-3D higher order shear deformation theory for vibrational analysis of functionally
graded plates resting on elastic foundations (12. Functionally graded materials and structures)

EV Granados (evgranados92@gmail.com), National University of Engineering, Peru
JL Mantari (jmantari@utec.edu.pe), Univestity of Enginering and Technology, Peru 

This paper presents a free vibration analysis of functionally graded plates (FGPs) resting on elastic foundation by using a new trigonometric higher-order
shear deformation theory. The highlight of this theory is that, in addition to including the thickness stretching effect (Ɛzz ≠ 0), the displacement field is
modeled with only 4 unknowns, which is even less than the first-order shear deformation theory (FSDT). The elastic foundation follows the Pasternak’s
model. The mechanical properties of the plate are assumed to vary in the thickness direction according to a power law distribution. The governing
equations are obtained through the Hamilton’s principle. These equations are then solved via Navier-type, closed form solutions. The fundamental
frequencies are found by solving the eigenvalue problem. The accuracy of the current solutions can be visualized by comparing it with the 3D and other
closed form solutions available in the literature.

8130 | Thermoelastic analysis of isotropic and sandwich plates by using a new trigonometric quasi-3D HSDT with 4
unknowns (12. Functionally graded materials and structures)

JL Mantari (jmantari@utec.edu.pe), Univestity of Enginering and Technology, Peru
EV Granados (evgranados92@gmail.com), National University of Engineering, Peru 

This paper presents a thermoelastic bending analysis of functionally graded sandwich plates and one-layered isotropic plates by using a new
trigonometric quasi-3D higher order shear deformation theory (HSDT). The highlight of this theory is that, in addition to including the thickness stretching
effect (Ɛzz ≠ 0), the displacement field is modeled with only 4 unknowns, which is even less than the first-order shear deformation theory (FSDT). The
plate considered is subjected to a temperature field which varies linearly through the thickness. The mechanical properties of functionally graded layers of
the sandwich plate are assumed to vary in the thickness direction according to a power law distribution. The governing equations for the thermoelastic
bending analysis are obtained through the principle of virtual work and solved via Navier-type solution. The degree of precision of the current solutions
can be noticed by comparing it with the quesi-3D and other closed form solutions available in the literature.

8153 | A new First Order Shear Deformation Theory with Stretching for Functional Graded Materials (12. Functionally
graded materials and structures)

LE Angeles (luis.angeles26@gmail.com), National University of Engineering, Peru
JL Mantari (jmantari@utec.edu.pe), Univestity of Enginering and Technology, Peru 

The optimization of a new first order shear deformation theory (FSDT) for the bending analysis of functionally graded shells is presented in this paper. The
FSDT includes the stretching effect and their shear strain shape functions contain the parameters “n” that need to be selected by providing displacements
and stresses which produce close results to 3D elasticity solutions. The governing equations and boundary conditions are derived by employing the
principle of virtual work. Navier-type closed-form solution is obtained for functionally graded plates and shells subjected to transverse load for simply
supported boundary conditions. Numerical results of the optimized FSDT are compared with other FSDT for functionally graded plates, referential
solutions, and 3D solutions. The key conclusions that emerge from the present numerical results suggest that: (a) the optimization procedure is beneficial
in terms of accuracy; (b) it is possible to gain accuracy keeping the unknown’s constant by performing the optimization procedure shown in this paper.

8154 | A generalized quasi-3D theory for vibration of functionally graded beams (12. Functionally graded materials and
structures)

G Garate (garategustavo@hotmail.com), National University of Engineering, Peru
JL Mantari (jmantari@utec.edu.pe), Univestity of Enginering and Technology, Peru 

This paper presents the static and dynamic behavior of functionality graded (GF) beams using a quasi-3D theory, which includes both the shearing
deformation and thickness effects of stretching. The governing equations are obtained through the Hamilton’s principle. Navier solutions are developed to
determine the displacements and stresses of beams for various power-law index, thickness of the skin-core-skin ratios. The numerical results are
compared to those predicted by other theories to show the effects of shear deformation and the thickness of the movement and stretching stresses.
Numerical examples are carried out to investigate the effect of thickness that extends in the natural frequencies.

8546 | LAYERWISE APPROACH TO ANALYSIS OF A FUNCTIONALLY GRADED CYLINDRICAL SHELL VIBRATION AND
DYNAMIC BEHAVIOUR (12. Functionally graded materials and structures)

SAVIZ, MOHAMMADREZA (saviz@azaruniv.ac.ir), Azarbaijan shahid madani University, Iran
SAVIZ, MOHAMMADREZA (saviz@azaruniv.ac.ir), Azarbaijan shahid madani University, Tabriz, Iran, Iran 

A layer-wise finite element approach is developed to the analysis of thick functionally graded material (FGM) cylindrical shell with finite length under
dynamic load. For this purpose, FGM cylinder is divided into many sub-layers and then the general layer-wise laminate theory is formulated by introducing
piecewise continuous approximations through the thickness. The radial displacement field is approximated both linearly and in quadratic form, through
each "mathematical" layer. The FGM shell properties are controlled by volume fraction as an exponential function of radius. The virtual work statement
yields the 3-D governing equations which are then reduced to 2-D differential equations and the resulting equations are solved by finite element in the
axial direction. Results are obtained in terms of the time history of the displacement and stress components with different exponents of functionally graded
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material. The results for static loading and the first natural frequencies are also compared with the solutions of previous problems in the literature. In
addition, the natural frequency and mean velocity of the radial stress wave propagation for different exponents of functionally graded material (FGM) are
studied and compared to similar ones obtained for FGM cylindrical shell of infinite length.

8556 | Analysis of forced vibrations of annular plates made of functionally graded material (12. Functionally graded materials
and structures)

Wirowski, Artur (artur.wirowski@p.lodz.pl), Lodz University of Technology, Poland
Rabenda, Martyna (martynarabenda@gmail.com), Lodz University of Technology, Poland 

The work deals with the problem of dynamics behavior of bodies made of smart materials in which a characteristic, deterministic and microstructural
construction has an influence on the macroscopic properties of the entire system. In particular, the subject of the analysis is the annular plate made of the
material with functionally graded properties ( FGM ) [1]. On the micro-structural level the structure is constructed from two materials. In the circular
direction the structure is periodic. In the radial direction the averaged properties of the structure are functionally variable. There is examined the issue of
forced vibration. The starting point of the discussion is the equation of motion of a thin plate based on Kirchhoff theory. 
On a microstructure level, mentioned above equation of motion includes coefficients which are described by discontinuous functions. This is caused by
discrete variable nature of the analyzed structure. In order to find satisfactory solutions of the problem the tolerance averaging technique (TAT) is applied
[2]. TAT has been described in many works, for example in the monographs [3][4]. The most important assumption used in the present work is the
decomposition of the displacement field which define the division on average part w0 and oscillating part. The oscillating part is the product of the
amplitude of oscillations VA and a-priori known shape function hA. 
In conclusion, as a result of modeling procedure, partial differential equations for the unknown, slowly varying functions w0 and VA were obtained. This
system contains slowly varying coefficients and can be solved by well known numerical methods.
Moreover, the paper shows selected numerical solutions obtained from the averaged model. The obtained results were analyzed on several examples for
some boundary conditions and different types of vibration extortion.

Bibliography
1. S. Suresh., A. Mortensen, Fundamentals of functionally graded materials, Cambridge, The University Press, 1998.
2. Wirowski A., Dynamic behavior of thin annular plates made from functionally graded material, SSTA vol. 2 – Pietraszkiewicz & Kreja (Eds), Taylor &
Francis Group, London, 2010, 207-210, 
3. Woźniak Cz., Wierzbicki E., Averaging techniques in thermomechanics of composite solids, Tolerance versus homogenization, Wydawnictwo
Politechniki Częstochowskiej, Częstochowa 2000
4. Cz. Woźniak, B. Michalak, J. Jędrysiak [ed], Thermomechanics of microheterogeneous solids and structures, Wydawnictwo Politechniki Łódzkiej, Łódź,
2008.

8557 | DYNAMIC MODELLING OF RECTANGULAR THIN PLATES WITH DENSE SYSTEM OF RIBS IN TWO DIRECTIONS
(12. Functionally graded materials and structures)

Rabenda, Martyna (martynarabenda@gmail.com), Lodz University of Technology, Poland
Michalak, Bohdan (bmichala@p.lodz.pl), Lodz University of Technology, Poland 

MARTYNA RABENDA, BOHDAN MICHALAK
DYNAMIC MODELLING OF RECTANGULAR THIN PLATES WITH DENSE SYSTEM OF RIBS IN TWO DIRECTIONS 

The aim of this contribution is to propose and apply the mathematical model of composite plate made of two families of thin beams which axes intersect at
a right angle. It is assumed that the width of the beams can vary slowly in the midplane of the plate. Thus, we deal with composite plate that has space-
varying microstructure. The generalized period of heterogeneity is assumed to be sufficiently small comparing to the measure of the midplane of the plate.
At the same time, it is assumed that the microstructure length parameter is comparable to the thickness of the plate. Hence, there are proposed simplified
mathematical models described by averaged equations with functional but smooth and slowly varying coefficients. The formulation of the macroscopic
mathematical model for the analysis of dynamic behavior of these plates is based on the tolerance averaging technique [3]. The applications of this
technique for the modeling of various dynamic problems of elastic micro-heterogeneous composites are given in papers [1], [2]. 

The starting point of this contribution is the direct description of the structure in the framework of the well known theory of thin plates. The modeling
technique will be based on the tolerance averaging approximation and on the restriction of the displacement field. The governing equations derived from
stationary action principle of the averaged Lagrangian. The obtained equations have the smooth and functional coefficients in contrast to equations in
direct description which have the discontinuous and highly oscillating coefficients.

The work shows selected numerical solutions obtained from the model. The obtained results were analyzed in several examples, which are compared
with the numerical results obtained from Abaqus.

Bibliography
[1] KAŹMIERCZAK M., JĘDRYSIAK J., A new combined asymptotic-tolerance model of vibrations of thin transversally graded plates. Engineering
Structures , 2013, Vol.46, s. 322-331.
[2] MICHALAK B., WIROWSKI A., Dynamic modeling of thin plate made of certain functionally graded materials. Meccanica. 2012, Vol. 47, s. 1487-1498.
[3] WOŹNIAK Cz., MICHALAK B., JĘDRYSIAK J., Thermomechanics of Heterogeneous Solids and Structures,. Łódź, Wydawnictwo Politechniki Łódzkiej,
2008.

8609 | Microstructure and Nano-indentation Research of C/C composites Modified with Gradient-distributed SiC/TaC
Multi-interlayer (12. Functionally graded materials and structures)

CHEN, Zhaoke (pallettechen@163.com), Central South University, China
XIONG, Xiang (xiongx@csu.edu.cn), Central South University, China 
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SiC/TaC ceramic multi-interlayer were introduced into C/C composites by using chemical vapor infiltration (CVI) and distributed gradient by controlling the
flow direction of reaction gas in the porous C/C preforms. The results showed that, along the thickness direction of C/C composites, the content of
SiC/TaC ceramic phase and the thickness of the multi-interlayer are decreased, while the structure of the ceramic phase also changes from multi-
interlayer (Region I) to composite interlayer (Region II) and then single interlayer (Region III). In Region I, the SiC/TaC multi-interlayer is composed of five
interlayers: the first gray SiC layer, the second white TaC layer, the third TaC composite interlayer embedded with gray SiC particles, the forth SiC
composite interlayer embedded with the white fine mosaic-like TaC phase and the fifth white TaC layer. In Region II, the ceramic phase is no longer
coated on the surface of carbon fiber in the form of an interlayer, but of a cauliflower-like cluster. At last, the nano-hardness and elastic modulus of the
SiC/TaC ceramic multi-interlayer in Region I were also discussed.

8624 | BUCKLING AND VIBRATION ANALYSIS OF FUNCTIONALLY GRADED SANDWICH BEAMS USING A ZEROTH-
ORDER SHEAR DEFORMATION BEAM THEORY (12. Functionally graded materials and structures)

Nguyen, Kien T. (kiennt@hcmute.edu.vn), Ho Chi Minh City University of Technology and Education, Vietnam
Vo, Thuc P. (thuc.vo@northumbria.ac.uk), Northumbria University, United Kingdom 

The authors propose a zeroth-order shear deformation theory for buckling and vibration analysis of functionally graded sandwich beams. The present
theory accounts a hyperbolic distribution of transverse shear stress which satisfies traction-free boundary conditions. Equations of motion are derived from
Lagrange’s equations. Analytical solutions are presented for functionally graded sandwich beams with various boundary conditions. Numerical results are
compared with earlier works and investigated effects of the material parameter, thickness ratio of layers, span-to-depth ratio and boundary conditions on
the critical buckling loads and natural frequencies.

8690 | Nonlocal effects in viscoelastic functionally graded Bernoulli-Euler nanobeams (12. Functionally graded materials and
structures)

Barretta, R. (rabarret@unina.it), University of Naples Federico II, Italy
Luciano, R. (luciano@unicas.it), University of Cassino and Southern Lazio, Italy 

Analysis of size-effects in nanostructures, such as carbon nanotubes, is conveniently carried out by making recourse to theoretical and computational
methods of continuum mechanics. An open point in this approach consists in defining constitutive laws leading to reliable results. An effective choice was
performed by J. Peddieson et al. [1] who formulated the elastic equilibrium problem of Bernoulli-Euler nanobeams with the nonlocal constitutive behavior
proposed by A.C. Eringen [2]. A variational treatment for bending, buckling and vibration of nonlocal nanobeams was contributed by J.N. Reddy [3]. An
innovative numerical solution procedure, based on a meshless method, was illustrated by A.J.M. Ferreira [4]. A critical review on the modeling of carbon
nanotubes can be found in the recent paper by R. Rafiee [5]. Numerous investigations were done also to analyze composite nonlocal nanobeams (see
e.g. [6]), due to the prominent applicative potentialities of such structures in industry. In the present treatment, the equilibrium problem of Bernoulli-Euler
viscoelastic damped nanobeams is investigated. Nonlocal composite materials characterized by a Kelvin-Voigt viscoelastic model are considered. The
mathematical formulation is given in terms of three constitutive parameters: Young modulus, a length scale parameter and a viscous damping coefficient.
Closed-form expressions of transverse deflection and bending moment solutions are established by resorting to the technique of Laplace transform. As a
new result, it is shown that the nonlocality effect can be evaluated in Laplace domain by prescribing, on a corresponding local nanobeam, a bending
curvature distortion linearly depending on the transform of transverse loading distribution. Exact solutions in the time domain are evaluated by inverting
the transform. Engineering applications are illustrated and new benchmarks for numerical analyses are detected. 
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[4] Roque, C.M.C., Ferreira, A.J.M., Reddy, J.N.: Analysis of Timoshenko nanobeams with a nonlocal formulation and meshless method. International
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[5] Rafiee, R., Moghadam, R.M.: On the modeling of carbon nanotubes: A critical review. Composites: Part B 56, 435--4490 (2014).
[6] Şimşek M., Yurtcu, H.H.: Analytical solutions for bending and buckling of functionally graded nanobeams based on the nonlocal Timoshenko beam
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8741 | Functionally graded oxide glasses with nanostructural conductive surface layers (12. Functionally graded materials
and structures)

Karczewski, Jakub (jkarczew@mif.pg.gda.pl), Gdańsk University of Technology , Poland
Bochentyn, Beata (bbochentyn@mif.pg.gda.pl), Gdańsk University of Technology , Poland
Gazda, Maria (maria@mif.pg.gda.pl), Gdańsk University of Technology , Poland
Kusz, Bogusław (bodzio@mif.pg.gda.pl), Gdańsk University of Technology , Poland 

Oxide glasses, in general, are ionic conductors, however their electronic component of conductivity is very low. In order to increase the electronic
conductivity it is necessary to perform a reduction process in low oxygen partial pressure atmosphere at high temperature (above 300oC). This procedure
causes the reduction of metal ions present in the glass structure and the formation of metalgrains both in an amorphous glass matrix and on the glass
surface. If a certain critical grain concentration is achieved, the electron tunneling between the grains becomes possible. Further reduction leads to the
connecting of metal grains and to the formation of continuous, metallic layer on the surface of the glass. Thus an increase in the surface electrical
conductivity, even of several orders of magnitude, is observed [1].
If the reduction process is repeated for several times in different conditions (time, temperature), it is possible to gradually form some following surface
layers and, in consequence, to fabricate a functionally graded sample with various nanostructural conductive surface layers. This kind of material will
present some brand new properties for various applications, for example in optoelectronic or thermoelectric devices.
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[1] J. Gackowska, M. Gazda, K. Trzebiatowski, B. Kusz, Journal of Non-Crystalline Solids 354 (2008) 4319–4322

8745 | A nonlocal higher-order beam theory with application to bending, buckling, and vibration of functionally graded
nanobeams (12. Functionally graded materials and structures)

Thuc P. Vo (thuc.vo@northumbria.ac.uk), Faculty of Engineering and Environment, Northumbria University, Newcastle upon Tyne, NE1 8ST, UK, United
Kingdom
Trung Kien Nguyen (kiennt@hcmute.edu.vn), Faculty of Civil Engineering and Applied Mechanics,\\ University of Technical Education Ho Chi Minh City,
Vietnam, Vietnam 

There has been increased interest in recent years in developing structural theories that have the ability to capture material length scale effects. The non-
local theory assumes that the stress at a point is a function of strains at all points, at least in some neighborhood of the point, in the continuum. These
theories contain information about the forces between atoms, and the internal length scale is introduced into the constitutive equations as a material
parameter. In this proposal, static, bending and buckling of a functionally graded (FG) nanobeam are examined based on the nonlocal higher-order beam
theory. This Eringen’s non-classical model incorporates the length scale parameter which can capture the small scale effect. The material properties of FG
nanobeams are assumed to vary in the thickness direction and are estimated through the Mori–Tanaka homogenization technique and classical rule of
mixture. The governing equations and the related boundary conditions are derived using Hamilton’s principle. Finite element model and Navier-type
solutions are developed to determine the displacement, stresses and natural frequencies as well as critical buckling loads of FG nanobeams with various
boundary conditions. Numerical results are presented to investigate the influences the material length scale parameter, different material compositions,
skin-core-skin thickness ratios and shear deformation on the bending, vibration and buckling behaviour of FG nanobeams. Some of the present results
are compared with the previously published results to validate the present formulation. The results reveals that the inclusion of the size effects results in
an increase in the beam stiffness, and consequently, leads to a reduction of deflections and stresses and an increase in natural frequencies and critical
buckling loads. Such effects are more pronounced when the beam depth was small, but they become negligible with the increase of the beam depth.

8867 | An Exact Solution for transient Three Dimensional Thermo-elasticity of Functionally Graded Circular Plates due
to Axisymmetric Loads (12. Functionally graded materials and structures)

M.Jabbari (projectsjabbari@gmail.com), AZAD UNIVERSITY , Iran
E.Shahryari (e.shahryari@gmail.com), AZAD UNIVERSITY , Iran
H.Haghighat (hsn.haghighat@gmail.com), AZAD UNIVERSITY , Iran 

In this paper, we focused on transient response of functionally graded materials under simultaneous thermal and mechanical loads. The approach towards
this purpose is generating exact solution for Navier equation of transient thermo-elastic problem of three dimensional form. To this end a circular plate
made of functionally graded material is considered. The thermal and mechanical loads on upper and lower surfaces are axisymmetric and the most
general forms of the boundary conditions on the lateral surface of the plate are considered, where no limiting assumption is used. The material properties
except Poisson’s ratio are assumed to exponentially vary along the thickness direction. for the first time a full analytical method is developed, and an
analytical solution for Navier equations is presented. The result therefor consists of displacement and stress fields.

8908 | Optimal Vibration control of FGM plate using piezoelectric patches (12. Functionally graded materials and structures)

Bendine Kouider (kouider84@live.com), Mechanical of structures and solids laboratory, Algeria
BOUKHOULDA Farouk Benallel (boukhoulda_22000@yahoo.fr), Mechanical of structures and solids laboratory, Algeria
Amine Smahat (aminesba13@hotmail.fr), Mechanical of structures and solids laboratory, Algeria
Satla Zouaoui (satlazouaoui@hotmail.fr), Mechanical of structures and solids laboratory, Algeria 

The aim of this work is to study the active vibration control of functionally plate graded (FGM) with piezoelectric actuators and sensors. In this regard, a
governing equation of motion based on the classical plate theory is adopted and extended to the case of a simply supported FGM plate to obtain a space
state equation, the location of piezoelectric sensors and actuators are found by using optimization approche. The material proprieties of FG plate are
assumed to be graded along the thickness direction. In order to control the amplitude vibration of the plate an LQR and LQG optimal controllers has been
designed and developed. The simulation studies are carried out using MATLAB and ansys.

8953 | Static analysis of porous functionally graded beams with elastically restrained ends and foundation using
differential quadrature method (12. Functionally graded materials and structures)

Zahedinejad, Parham (zahedinejad@iaushiraz.ac.ir), Islamic Azad University, Shiraz, Iran, Iran 

Static analysis of functionally graded (FG) beams with elastically restrained ends and resting on two-parameter elastic foundation under various boundary
conditions is studied based on the third-order shear deformation beam theory formulation. The material properties vary continuously through the thickness
direction according to a power-law distribution in terms of the volume fraction of the material constituents. Due to the possibility of the existence of
imperfection inside functionally graded materials during the fabrication process, it is necessary to consider static analysis of beams having porosities in
this investigation. Based on the distribution of porosities within the FG beam cross section, two different models are used to describe and approximate the
material properties of FG beams with porosity phases. In order to discretize the governing equations, the differential quadrature method (DQM) in
conjunction with the Hamilton’s principle is used. The convergence of the method is demonstrated, and in order to validate the results, comparisons are
made with the solutions for the isotropic and FG beams. By examining the results of the FG beam for various geometrical and material parameters with
the inclusion of the supporting elastic foundation, the influence of these parameters, and in particular those due to functionally graded material
parameters, on the normal and shear stresses distribution through the thickness direction of FG beam are studied. Also the effects of these parameters on
the lateral and axial displacements are demonstrated.
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8961 | Experimental investigation of slag concrete-filled steel tubular columns axially loaded (12. Functionally graded
materials and structures)

HANDEL Naoual (naoualhandel@yahoo.fr), UNIV Souk-Ahras, LGMRIU , civil engineering departement, University Mouhamed Cherif Messadia, Algeria
MADI Wafa (madiwafa@yahoo.fr), UNIV Souk-Ahras, LGMRIU , civil engineering departement, University Mouhamed Cherif Messadia, Algeria 

In this paper we present the axial bearing capacity of hollow rectangular section columns filled with a sand concrete. A series of tests were conducted to
study the behaviour of short composite columns under axial compressive load, the cross section is of dimensions: 100x70x2 mm. A total of 24 columns
were tested, as following : 8 filled with an ordinary concrete , 8 filled with a natural sand concrete was substituted completely by a crystallized slag sand
concrete , and eight others have been filled with a slag sand concrete where the natural sand was partially replaced by crystallized slag sand. The main
objectives of these tests were to clarify the steel specimens performance filled with sand concrete compared to those filled with ordinary concrete. The
main parameters studied were: the height of the specimen (200-300-400-500) mm, and type of filling concrete. From the test results, it is confirmed that
the length of the tubes has a considerable effect on the bearing capacity and the failure mode. In all tested short tubes , the failure occurred by the
buckling outwards of greater outer side , followed by the smallest due to the outward thrust of the concrete , it was observed that the sand concrete
improves the bearing capacity and the failure mode of composite columns.

8975 | 2. Design and Characterization of Different Structures of WC-Co FGM Fabricated Using Hot Isostatic Pressing
(HIP) Technique (12. Functionally graded materials and structures)

Ali Nasser (ali.hassan@ejust.edu.eg), Egypt Japan University of Science and technology (EJUST), Egypt
Ahmed A. Moniem (ahmed.abdelmoniem@ejust.edu.eg), Egypt Japan University of Science and technology (EJUST), Egypt
Ayman Elsayed (ayman_elsayed_11@yahoo.com), Central Metallurigical Research and Development Institute (CMRDI), Egypt
Yasser Shabana (yasser.shabana@gmail.com), Egypt Japan University of Science and technology (EJUST), Egypt 

Abstract
Among the frequent trails to improve the mechanical properties of hardmetal, this study comes to investigate the effect of new modifications on the
gradient stability and hence the mechanical properties of WC-Co functionally graded composites. Constitutive process was followed to build graded layers
of WC-Co precursors with cobalt content graded from 5 wt % in the top layer to 15 wt % in the extreme layer. Moreover, Graphene additives were added
in different ratios only in the middle layer of the structures to prevent the cobalt migration and gradient loses. Other parameter such as particles size,
layers thickness, and sintering temperature were also changed to investigate their effect in the final gradient. Finally, the different parameters were
optimized to fabricate functionally graded tungsten-carbide cobalt specimens of 2-3 mm thickness maintained the significant hardness of tungsten carbide
and the moderate fracture toughness of the composite materials. Impact test, microhardness and nanoindentation test were subjected to find out the effect
of the several parameters in the final mechanical properties. On other hand, EDX and SEM analysis were carried out to examine the gradient stability.

Keywords: Functionally graded material, Graphene, Hot isostatic pressing, Tungsten carbide-Cobalt, Ceramic composites

8988 | Flexural behavior of functionally graded composite beam composed of high-volume and high-strength micro-
steel fiber reinforced concrete (12. Functionally graded materials and structures)

X. B. He (david.hxb@gmail.com), Chongqing jiaotong University, China
H. Lu (davidfox@cqjtu.edu.cn), Chongqing jiaotong University, China
Y. Cao (wyx11@cqjtu.edu.cn), Chongqing jiaotong University, China
Y. Li (zcps2015@126.com), Chongqing jiaotong University, China 

The failure process of concrete structure is the emergence and propagation of cracks in concrete. So, from the crack-control viewpoint of delaying and
preventing the emergence and development of cracks in concrete, the cement composite reinforced with high-strength micro-steel fiber was developed
based on the principle of fracture mechanics. According to the design principle of functionally graded material, a functionally graded composite beam was
obtained by employing the developed material in the tensile stress area of concrete structures, of which the flexural behavior was also explored. The study
on the cement composite reinforced with high-strength micro-steel fiber shows that, comparing with the reference ordinary concrete, when the volume
ratio of micro-steel fiber mixed in the cement composite reaches 6%, the cube compressive strength of the material was improved by 33.3%, flexural-
tensile strength by 114.6%, elastic modulus by 11.9% and equivalent bending strength by 293%, indicating that the material is characterized with crack
resistance and toughness enhancement. The experimental results of the functionally graded composite beam composed of the cement composite with the
fiber volume ratio of 6% by 1/3 of the beam height show that, comparing with the reference ordinary concrete beam, the cracking load of the functionally
graded composite beam was improved by 107.1%, yield load by 44.9% and ultimate load by 42%; the propagation of cracks in the beam was slower, and
the stage of in which all the cracks emerge was pushed later; moreover, the stiffness of the beam was considerably improved, and its failure exhibited a
ductile failure mode. The paper has also proposed the theoretical formula for the cracking load and ultimate load of the composite beam according to the
results from the material and structural experiments, which is consistent with the experimental results.

Key words�high-strength micro-steel fiber�crack control�equivalent bending strength� functionally graded composite beam

9033 | Levy-type solution for vibration and buckling analysis of functionally graded sandwich plates based on quasi-3D
theory (12. Functionally graded materials and structures)

Trinh, Luan C. (cong.trinh@northumbria.ac.uk), Department of Mechanical & Construction Engineering, Faculty of Engineering and Environment,
Northumbria University, United Kingdom
Osofero, Adelaja I. (adelaja.osofero@northumbria.ac.uk), Department of Mechanical & Construction Engineering, Faculty of Engineering and
Environment, Northumbria University, United Kingdom
Vo, Thuc P. (thuc.vo@northumbria.ac.uk), Department of Mechanical & Construction Engineering, Faculty of Engineering and Environment, Northumbria
University, United Kingdom
Thai, Tai H. (t.thai@unsw.edu.au), Centre for Infrastructure Engineering and Safety, School of Civil and Environmental Engineering, The University of New
South Wales, Australia 
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In recent years, there is a rapid expansion in the application of sandwich structures in aerospace vehicles, automotive and civil engineering due to their
superior properties in bending rigidity, specific weight and strength. However, stress concentrations which often lead to delamination can happen due to
the abrupt change in the material properties from one sheet to another. One of solutions to this problem is the introduction of the concept of functionally
graded materials (FGMs) sandwich structures. Owning to the gradual transformation in the properties of FGMs, the stress concentration which is found in
laminated sandwich structures is eliminated in FG sandwich structures. To broaden the applications of such structures, more accurate theories are
demanded to predict their vibration and buckling responses. Quasi-3D theories, in which both shear deformation and thickness stretching effects are
included, have been used to study the behaviours of composite structures including sandwich FG plates. However, as far as authors are aware, there is
no work available using the quasi-3D theories accompany with Levy-type solution to investigate vibration and buckling behaviours of FG sandwich plates
in various boundary conditions. In this paper, Levy-type solution for vibration and buckling analysis of functionally graded sandwich plates based on quasi-
3D theory is presented to achieve closed-form solution for free vibration and buckling analysis of FG sandwich plates. Governing equations are obtained
from the principle of minimum total potential energy. Numerical examples are carried out to investigate the effects of boundary condition, power law of
materials, skins to skins thickness ratio on the natural frequency and critical buckling load of FG sandwich plates.

9052 | Properties of NBR Composite Material by Reinforced with Aramid Fibers (12. Functionally graded materials and
structures)

Zhang Ailing (zhangal@sina.com), Shenyang University of Technology, China
Jing Hui (87355625@qq.com), Shenyang University of Technology, China
Lyu Siqi (siqi.lv@hotmail.com), Lianning University, China
Guo Tingting (919260620@qq.com), Shenyang University of Technology, China 

The meta-aramid fiber as the material replacing asbestos and the method of interfacial polymerization are been used to complete the aramid’s surface
modification. Combining with NBR, the composite material reinforced with aramid fiber have been synthesized. The structure and properties of aramid
fibers before and after modification are characterized by SEM, FTIR, DSC and POM. It is novel that the morphology of modified aramid fibers is rigid-rod
and the fiber has liquid crystalline properties.

9096 | Characteristics of thin films prepared from SEBS/PP/WAX composites as polyelectrolyte membranes for fuel cell
applications (12. Functionally graded materials and structures)

Murat Sen (msen@hacettepe.edu.tr), Hacettepe University, Turkey
Kinyas Polat (kinyaspolat@hotmail.com), Bilkent University, Turkey 

Polyelectrolyte membranes are critical components of fuel cells. Their properties strongly affect the performance of the cells. An ideal fuel-cell membrane
should exhibit properties such as good mechanical and chemical durability, high proton conductivity at low temperatures, low fuel permeability from anode
side to cathode side during operation and low cost [1]. Unfortunately, none of the membranes available at present fulfill all of these characteristics.
Nonetheless, several of the commercially available membranes satisfy most of the industry requirements for fuel cells. Among them, the Nafion® is well
recognized as an industrial standard membrane, and significant efforts have targeted the development of its cost-effective counterparts [2]. Polystyrene-
block-poly(ethylene-ranbutylene)- block-polystyrene (SEBS), a three-block copolymer, is a potentially cheaper alternative to Nafion® owing to its
abundance, low cost and its ability to behave as an elastomer and a thermoplastic simultaneously, which facilitates processing [3]. Although SEBS allows
high proton conduction via the sulfonation of styrene units efficiently, difficulties in film casting of pure SEBS before sulfonation and the high swelling of
sulfonated SEBS in the presence of water hinders the efforts to use it as a fuel-cell membrane [4,5]. Nonetheless, several studies observed low swelling
and good mechanical properties by blending SEBS with hydrophobic polymers such as polyvinylidene fluoride (PVDF) or high-density polyethylene [6,7].
However, these studies failed to provide evidence for the stability of such blends, which consist of highly incompatible components, before and after
sulfonation.

A well-known industrially produced thermoplastic elastomer SEBS and thermoplastic polypropylene (PP) blends was investigated in this study to utilize it
as a polyelectrolyte membrane in fuel cell applications. Membranes were prepared by hot-press subsequent to extrusion and sulfonated by immersing into
chlorosulfonic acid solution. For characterization water uptake, mechanical strength, ion exchange capacity (IEC) and proton conductivity measurements
were carried out. Water uptake values and IEC values exhibited an upward behavior as the sulfonation degree increased. Proton conductivities were
acquired only from 68S09M45 and 68S09M60 titled membranes at 75°C and 80°C. Conductivities were demonstrated to be between 26.2-82.2 mS/cm
which are higher than Nafion 117 (37 mS/cm). Incorporation of PP into the blend composition enhanced e-modulus values. It was also found that
elongation at break values and fracture stresses decreased with increasing the degree of sulfonation. This study has shown that SEBS/PP/WAX blends
could be a good alternative for high proton conducting membranes for fuel cell applications.

REFERANSLAR
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5 (2005) 302-8.
[2] D.P. Wilkinson, J. Zhang, R. Hui, J. Fergus, X. Li, Proton Exchange Membrane Fuel Cells : Materials Properties and Performance, CRC Press,
London, 2010.
[3] G. Holden, H.R. Kricheldorf, P.R. Quirk, Thermoplastic Elastomers, Hanser Gardner Publications, Cimcinatti, Ohio, 2004.
[4] J. Kim, B. Kim, B. Jung, Proton conductivities and methanol permeabilities of membranes made from partially sulfonated polystyrene-block-
poly(ethylene-ran-butylene)-block-polystyrene copolymers, Journal of Membran Science, 207 (2002) 129-137.
[5] H.Y. Hwang, H.C. Koh, J.W. Rhim, Preparation of sulfonated SEBS block copolymer membranes and their permeation properties, Desalination, 233
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9123 | Free vibration and buckling analysis of FG-CNT reinforced composite quadrilateral plates resting on Pasternak
foundations (12. Functionally graded materials and structures)

Zhang, L.W. (lwzhang@shou.edu.cn), Shanghai Ocean University, China
Liew,K.M. (kmliew@cityu.edu.cn), City University of Hong Kong, Hong Kong 
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This paper considers the vibration and buckling behaviors of functionally graded carbon nanotube (FG-CNT) reinforced composite thick straight-sided
quadrilateral plates having CNT reinforced uniaxially aligned in the axial direction with its material properties graded in the thickness direction. The first-
order shear deformation theory (FSDT) is employed in the formulation of energy functional to incorporate the effects of transverse shear deformation and
rotary inertia. Using the IMLS approximation for the field variables and minimizing the energy functional via the Ritz procedure, a discretized eigenvalue
equation of the problem is derived. The vibration and buckling solutions of the plates can be obtained through solving this eigenvalue problem.
Convergence studies are performed to demonstrate the numerical stability of the IMLS-Ritz method. This numerical study is performed through a few
selected example problems. Besides, the accuracy of the IMLS-Ritz results is examined by comparing them with the published values. Close agreement is
found for the comparison study. The influence of Winkler and shearing layer parameters on the natural frequencies and buckling load factors has been
investigated, by considering the composite effect of CNT distribution, side angle, plate thickness-to-height ratio, plate aspect ratio and different boundary
conditions. It is evident that the effect of Winkler parameter on the vibration and buckling of composites is relatively small in comparison to the effect of
shear layer parameter. Generally, an increase in elastic foundation parameters, will lead to an increase in the vibration frequencies and buckling load. The
effects of transverse shear deformation are evident in the free vibration and buckling studies on the FG-CNT reinforced composites. The frequency
parameter (also the buckling factor) decreases as the plate thickness ratio increases and the aspect ratio reduces. These solutions can be adopted as a
benchmark solution for other numerical studies on FG-CNT reinforced composite plates.

9280 | Numerical Analysis of Functionally Graded Circular Plates with Modified Couple Stress Theory (12. Functionally
graded materials and structures)

Reddy, J. N. (jnreddy@tamu.edu), Texas A&M University, United States America
Romanoff, Jani (jani.romanoff@aalto.fi), Aalto University, Finland
Loya, Jose Antonio (jloya@ing.uc3m.es), University Carlos III of Madrid, Spain 

Finite element models of microstructure-dependent nonlinear theories for axisymmetric bending of circular plates, which accounts for through-thickness
power-law variation of a two-constituent material, the von Karman nonlinearity, and the strain gradient effects are developed. The strain gradient effects
are included through the modified couple stress theory that contains a single material length scale parameter which can capture the size effect in a
functionally graded material plate.
Finite element models are used to determine the effect of the geometric nonlinearity, power-law index, and microstructure-dependent constitutive relations
on the bending response of functionally graded circular plates.

9295 | Differential evolution for optimization of functionally graded materials. (12. Functionally graded materials and structures)

Roque, C.M.C. (croque@fe.up.pt), INEGI, Portugal
Martins, P.A.L.S. (palsm@fe.up.pt), INEGI, Portugal 

Functionally graded materials (FGM) were first proposed by Bever and Duwez in 1972 [1]. In functionally graded materials (FGMs), material properties
vary continuously as opposed to those in laminated composites where such variation is discontinuous at layer interfaces. In an FGM the material
properties are varied by changing the volume fractions of its constituents.

In order to better design materials, volume fraction and distribution can be tailored trough optimization techniques. In [2] volume fraction optimization of
functionally graded beams is studied for maximizing the fundamental natural frequency by applying a new meta-heuristic nature-inspired algorithm called
firefly algorithm (FA) which is based on the flashing behavior of fireflies. In [6] an imperialist competitive algorithm is used for the optimization of three-
parameter power-law distribution of functionally graded (FG) beam. In [5] particle swarm algorithm is used for optimization of functionally graded materials.
In [3] genetic algorithms and simulated annealing have been adopted to develop a multi-objective optimal design for FGM implantation design.

In the present work, differential evolution (DE) is proposed to analyze the behavior of functionally graded materials. Differential evolution is a stochastic
optimization technique developed by Storn and Price [4]. Differential evolution (DE) is a simple population based, stochastic function minimizer. DE may
be initialed by sampling the objective function at multiple, randomly chosen initial points. Next, DE generates new points that are perturbations of existing
points by using the scaled difference of two randomly selected population vectors (mutation). Crossover is then performed to enhance the diversity of
population. Finally, selection chooses population members with lower objective functions, maintaining the population size constant. The process ends
when a predetermined value of the objective function is reached, or when a maximum number of generations is produced. DE can be used to find
approximate solutions to problems that have objective functions that are nondifferentiable, non-continuous, non-linear, noisy, flat, multi-dimensional or
have many local minima, constraints or stochasticity. 
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9353 | NONLINEAR FREE VIBRATION OF FUNCTIONALLY GRADED SHELLS (12. Functionally graded materials and structures)

Kari Thangaratnam (ideskari@gmail.com), Centre for Computational Mechanics, Chennai, India
Monslin Sugirtha Singh (monslin@hotmail.com), Velammal Engg.College, Chennai, , India 

Nonlinear free vibration behavior of shells occurs in many engineering applications such as air craft panels and missiles and launch vehicles. Chorfi and
Houmat [1] investigated the nonlinear free vibration of a functionally graded doubly curved shallow shell using a p-version of the finite element method and
concluded that the increase or decrease in hardening effect depends on the thickness ratio and volume fraction exponent. Dao and Nguyen [2] studied the
nonlinear vibration of cylindrical shell subjected to axial and transverse loading using Galerkin method and observed a beating vibration phenomenon
when the frequency of excitation is near to the natural frequency of the shell. Strozzi and Pellicano [3] studied the effect of material distribution on the
natural frequencies and non linear response of functionally graded shells. Sheng and Wang [4] presented a simplified approach using Hamilton’s principle
to find the nonlinear vibration of FGM shell subjected to thermal and mechanical loads. Alijani and Amabili [5] reviewed nonlinear vibration of shells and
observed that the research performed on large amplitude vibrations of shell structures, specifically for those made of advanced materials, is still far from
being considered well established.

From the reviewed literature, a very few papers are available for nonlinear free vibration of thin shells. Also the available literature studied shells subjected
to harmonic loading based on von Karman large deflection plate theory taking into account the transverse displacement. In this work the transverse
displacement as well as inplane displacement of the FGM is considered.

Nonlinear free vibration of thin shells are carried out based on Green strains and Piola-Kirchhoff stresses, nonlinear terms of transverse and in plane
displacement using semiloof element in the formulation. Convergence and validation of results are carried out to ascertain the accuracy of the present
formulation. The formulation is capable of analyzing the effect of anisotropy and various shell geometries. 
In nonlinear vibration of shells softening type of nonlinearity is present up to amplitude ratio 0.5 and after that mixed behavior exists and in some cases
weak hardening behavior observed. The coupling of bending stretching significantly affects the strength of nonlinearity and the in plane boundary
conditions. The L/R ratio has effect on frequency ratio, for short shells boundary restraints have significant effect and for long shells the effect diminishes.
The bending stretching coupling effect is more predominant in the behavior of short FGM shells and hence the behavior is more complicated for amplitude
ratio more than 0.5. The nonlinear behavior of FG cylindrical shell shows dissimilarity as the amplitude ratio increases the frequency ratio varies (ie
decreasing and increasing) since the mode shape is not identical for different boundary conditions and L/R ratios in addition to the effect of bending
extensional coupling.

[1] S.M. Chorfi and A. Houmat, Nonlinear Free vibration of a functionally graded doubly curved shallow shell of elliptical plan form, Composite structures,
92 (2010) 2573-2581.
[2] D.H. Bich, N. X. Nguyen, Non Linear free vibration of functionally graded circular cylindrical shells based on improved Donnell equations, Journal of
sound and vibration, 
[3] M. Strozzi, F. Pellicano, Nonlinear vibration of functionally graded cylindrical shells, Thin walled structures, 67 (2013) 63-67.
[4] G.G.Sheng, X.Wang, An Analytical study on nonlinear vibration of Functionally graded cylindrical shell subjected to thermal and mechanical Loads.
Composite structures, 97(1013) 
261-168
[5] K. Alijani, M. Amabili, Non-linear vibrations of shells: A literature review from 2003 to 2013, International Journal of Non-Linear Mechanics, 58 (2014)
233-257.

9356 | Small scale effect on response of functionally graded nano-beams to super-harmonic excitation (12. Functionally
graded materials and structures)

Ziaee,Sima (ziaee@yu.ac.ir), Yasouj University, Iran 

This article attempts to investigate the effects of small scale parameter on steady state response of functionally graded nano-beams resting on a viscous
foundation to super-harmonic excitation. A simple power-law distribution is used to model the variation of material property graded in the thickness
direction. The dimensionless partial differential equation of motion is derived by using Euler-Bernoulli beam theory, von-Karman geometric nonlinearity
and Eringen's nonlocal elasticity theory. Governing equations of steady state response of functionally graded nano-beams excited by distributed harmonic
force are found by using multiple scale method. The small scale parameter is changed between 0 to 2 nm to investigate the effects of small scale on
steady state response of excited functionally graded nano-beams due to lack of information. The effects of other parameters such as index of power-law ,
distributed lateral load, stiffness and damping coefficient of foundation are studied on frequency-response curves of FG nano-beams as well.
The results show that with a decrease in the stiffness coefficient or with an increase in the damping coefficient, dimensionless peak response increases
and frequency-response curve bends more to the right-hand side as well. It is also shown that an increase in small scale parameter and/or index of power
law often increases the dimensionless peak response, although the type of loading can change the relationship between small scale parameter and the
dimensionless peak response.

9361 | The nonlinear effects of gradient foam core on the natural frequency of composite sandwich panels (12.
Functionally graded materials and structures)

Dengbao Xiao (xdbhangtian@163.com), State Key Laboratory of Mechanical Structure Strength and Vibration, School of Aerospace Xi’an Jiaotong
University, China
Lin Mu (mulin19831227@163.com), State Key Laboratory of Mechanical Structure Strength and Vibration, School of Aerospace Xi’an Jiaotong University,
China
Guiping Zhao (zhaogp@mail.xjtu.edu.cn), State Key Laboratory of Mechanical Structure Strength and Vibration, School of Aerospace Xi’an Jiaotong
University, China 

ABSTRACT: A gradient sandwich panel model based on a {2, 1}-order sandwich panel theory is developed. In this model, the Young’s modulus of the core
varies with the mass density along the thickness direction. A simple formula is employed to characterize the correlative effect of Young’s modulus and
mass density of the gradient foam material. This gradient sandwich panel model has been validated with the finite element code ABAQUS®. Finally, the
nonlinear effects of the gradient foam core on the natural frequencies of sandwich panels based on Taylor method are investigated.
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9362 | Indentation model of sandwich circular panels with gradient metallic foam core (12. Functionally graded materials and
structures)

Lin M. (mulin19831227@163.com), State Key Laboratory of Mechanical Structure Strength and Vibration, School of Aerospace Xi’an Jiaotong University,
China
Dengbao X. (xdbhangtian@163.com), State Key Laboratory of Mechanical Structure Strength and Vibration, School of Aerospace Xi’an Jiaotong
University, China
Guiping Z. (zhaogp@mail.xjtu.edu.cn), State Key Laboratory of Mechanical Structure Strength and Vibration, School of Aerospace Xi’an Jiaotong
University, China 

A new analytical model is presented to predict indentation behavior of the sandwich circular panel with gradient foam cores under a spherical indenter. In
the model, a displacement field of the upper face sheet of the sandwich panel is assumed to be a cosine function and plateau stresses of the gradient
foam core vary with the mass density along the thickness direction of the sandwich panel. The sandwich panel is modeled as an infinite, isotropic, plastic
membrane on a rigid-plastic foundation. The explicit solutions of the relation between the indentation force and maximum plastic regions of the upper face
sheet are derived based on the principle of minimum work. The analytical results are validated using the finite element code ABAQUS®. The influences of
the gradient foam core on the maximum plastic region, the indentation force, the contact radius of the spherical indenter and the energy dissipation of the
sandwich panel are also investigated.

6719 | Durability of CFRP-concrete bonding systems under sustained load exposed to harsh environments (13. Health
Monitoring Techniques in Composite Structures)

Abbas, Basim (basim959@yahoo.com), Monash University, Melbourne, United Arab Emirates
Al-Mahaidi , Riadh (ralmahaidi@swin.edu.au), Swinburne University of Technology, Melbourne, Australia 

Carbon fibre reinforced polymer (CFRP) has promising prospects in civil engineering work such as retrofitting and reinforcing structures. Although it has
superior qualities for structural applications, more research is required to investigate the effects of different environmental exposures on its performance.
In this research, the pre-cured CFRP plates were bonded to the concrete surface using suitable epoxy. The samples were subjected to several sets of
controlled environmental conditions and loading intensities. Specially-designed steel frames were fabricated to impose the prescribed continuous single-
lap shear stress on the bonded interface for the entire exposure period. The exposure factors studied were temperature cycles, relative humidity, salt
content in water at different temperatures, and exposure time. Following the exposure period, the samples were released and reconditioned to the normal
environment. The single-lap shear test was used to determine the ultimate bond strength. During the test process, two-dimensional strain fields were
monitored by photogrammetry. The changes in the ultimate bond characteristics and maximum total slip between the externally-applied CFRP and
concrete due to permanent loading, ageing, and exposure conditions were used as measures of exposure effects. The objective of the study was to
understand the behaviour and the limits imposed on the bond performance due to selected exposure regimes and loading conditions.

6874 | Dynamic Damage Evaluation in Shear-Strengthened Concrete Beams by Fourier and Wavelet Methods (13. Health
Monitoring Techniques in Composite Structures)

Erfan Shafei (erfan.shafei@aut.ac.ir), Amirkabir University of Technology, Iran
Mohammad Zaman Kabir (mzkabir@aut.ac.ir), Amirkabir University of Technology, Iran 

Dynamic response features of reinforced concrete beams with dominant shear failure mode are investigated within experiments. Regarding frequencies
as indicators of structure condition, dynamic content of intact and carbon fiber reinforced polymer (CFRP) strengthened specimens is extracted using fast
Fourier transform (FFT) and continuous wavelet transform (CWT). CFRP applies to exterior surface in vertical-unidirectional and cross-ply orientation.
Resultant deflection and acceleration records demonstrate the relationship between fiber stacking and frequency content change. Composite skin
provides notable stiffness on active frequency range shift-up and peak spectrum amplitude maintain for impact repeats. Active domain in FFT spectrum is
sensitive to failure type either shear or flexural. The CWT analysis ridges show a clear difference for failure types of samples. CFRP control cracking and
deflection, which is also revealed as increased acceleration values especially for cross-ply wrap. Acceleration frequency contents of unidirectional and
cross-ply retrofits are retained around first and third fundamental modes respectively with little deviations for impact repeats, beside excessive frequency
aberration of intact beams. Effective stiffness is recovered during initial impacts and then starts degrading due to rupture of horizontal fibers in cross-ply
retrofit, but provided stiffness is stable for unidirectional retrofit during all impacts.

7056 | Recent development in passive sensing for structural health monitoring applications (13. Health Monitoring
Techniques in Composite Structures)

Thiene, Marco (m.thiene11@imperial.ac.uk), Imperial College London, United Kingdom
Galvanetto, Ugo (ugo.galvanetto@unipd.it), Università degli studi di Padova, Italy 

This paper presents some recent developments in structural health monitoring (SHM) of composite panels, using in particular a passive approach for
impact detection. In this type of analysis, two different features can be investigated: impact location and impact force reconstruction.
Common impact location approaches are based on the investigation of the propagation of the waves caused by the impact. The knowledge of the wave
speed is usually required; as for composite materials this depends on the direction of propagation, a straightforward approach cannot be applied, being
the position of the impact unknown. A novel approach based on the use of proper orthogonal decomposition of the signal collected at multiple locations,
without using information about the wave velocity, is presented. 
The main issue related to impact force reconstruction is the evaluation of a correct transfer function which can be used during the inverse analysis. The
method presented exploits a transfer function obtained thanks to different sets of known input-output data. The results in terms of force reconstruction are
better than a classic approach based on the frequency response function of the system. The method has proven to be accurate with both numerical
analyses and experimental verifications.
The two methodologies presented can be coupled to develop a unique platform for online monitoring of aeronautical composite panels.
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7664 | Flexural After Impact (FAI): A new criterion to evaluate the residual strength of composite materials (13. Health
Monitoring Techniques in Composite Structures)

De Medeiros, Ricardo (medeiros@sc.usp.br), Department of Aeronautical Engineering, São Carlos School of Engineering - University of São Paulo, Brazil
Sartorato, Murilo (murilosart@gmail.com), Department of Aeronautical Engineering, São Carlos School of Engineering - University of São Paulo, Brazil
Vandepitte, Dirk (Dirk.Vandepitte@kuleuven.be), Department of Mechanical Engineering - PMA, KU Leuven, Belgium
Tita, Volnei (voltita@sc.usp.br), Department of Aeronautical Engineering, São Carlos School of Engineering - University of São Paulo, Brazil 

Composite materials have been utilized for nearly four decades owing to their beneficial characteristics, such as stability, weight and high stiffness.
Particularly, in the aerospace industry the use of composites is justified by reducing structural weight with consequent fuel saving and improving
performance. During the service life, a composite structure is subjected to various loading conditions, which can give rise to various defects. Composite
laminates are especially sensitive to low velocity impacts since even minor damage can cause considerable reduction in structural integrity. In fact, the
impact energy is absorbed through remarkable internal damage mechanisms without exterior signs detectable by visual inspection. Various types of
damages, like delamination, fiber-breakage, matrix cracking and fiber–matrix interfacial debonding can occur, leading to structural failure. To ensure that a
damaged structure will not catastrophically fail during service life and will maintain maximum structural efficiency, it is necessary to carry out damage
tolerance studies, evaluating the residual properties of the structure after impact. This study present a new criterion to evaluate the residual strength of
laminate composite subject to low velocity impact loading. Low-velocity impact tests and residual strength tests are performed using an instrumented
drop-weight machine and static test machine, respectively. The experiments were carried out on laboratory specimens, which are flat and rectangular
composite plates. Two different stacking sequence and thickness are tested, in order to analyze the influence of these factors on the impact and post-
impact response. The residual flexural strength of damaged specimens is evaluated by quasi-static and four-point bending test. The results of drop-weight
impact tests and flexion after impact (FAI) tests on carbon/epoxy laminates are presented. A new criterion based on damage metrics and flexural after
impact (FAI) analysis is proposed in order to correlate these factors. Thus, these results are normalized by using the project load and the metrics for
damage analyses, i.e. if there is no damage in the structure, then the metric returns “zero” value. If the structure is partially damaged then the metric
returns a number between one and “zero”, which is related to the severity of the damage. Finally, if the structure is totally damaged, then the metric
returns a value equal one. Finally, it is discussed the advantages and limitations of this criterion into the context of SHM (Structural Health Monitoring).

7771 | On the direction-dependent thermal behavior of layered structures fabricated via Fused Deposition Modeling (13.
Health Monitoring Techniques in Composite Structures)

Economidou, Sophia N. (sneconom@unipi.gr), University of Piraeus, Greece
Kousiatza, Charoula (chkousiatza@unipi.gr), University of Piraeus, Greece
Karalekas, Dimitris (dkara@unipi.gr), University of Piraeus, Greece 

Ever since their introduction, composite materials have dominated in a number of engineering fields as of their superior mechanical performance and
lightweight in combination with the possibility of modification to meet requirements. In parallel, as technology evolved, the increasing demand for complex,
customized structures has led to the innovative introduction of Additive Manufacturing methods (AM). AM attracts augmenting attention worldwide as it
enables a fully automated, tool-free and fast production of complex structures with high levels of dimensional punctuality. Fused Deposition Modeling
(FDM), being a rapidly developing AM technique, produces complicated parts by creating layers of material strands and depositing layer upon layer.
Although typical FDM method does not produce composite structures which consist of two or more different materials as the traditional composite theory
premises, a powerful connection has been reported between the orientation in which the layers in a FDM part are built and the mechanical properties of
the final structure. In a similar logic, it is reasonably hypothesized that the thermal behavior of a structure fabricated via FDM may follow the respective
direction-dependent pattern.

On the present work, the degree of influence of the layer orientation on the overall thermal behavior of Acrylonitrile Butadiene Styrene structures produced
via FDM, as well as the efficiency of Fiber Bragg Gratings (FBG) in sensing the internal thermal strains developed, are examined. To accomplish the
forenamed objectives, layered specimens were fabricated and FBG sensors were embedded in various directions relative to the specimen nominal ones.
Prismatic specimens of 20 mm x 10 mm x 40 mm (width x height x length) were built. A closed chamber Stratasys Elite 3D Printer was used to generate
the specimens with a raster orientation of [+45o/-45o] (criss-cross raster angle) while a MakerBot Replicator 2X was employed to build the [0o] and [90o]
direction ones. In all cases, the layer thickness was selected to be 0.254 mm and the parts were built using zero air gap. The specimens, featuring
multiple FBGs in planes parallel to each other, were subjected to thermal cycling in a temperature range which exceeds the glass transition temperature
derived from literature. K-type thermocouples were used to monitor the temperature inside the specimen and the thermal chamber. Wavelength
measurements were recorded all along the experiments and the data was used for the calculation of the internal thermal strains as a function of
temperature. Finally, the coefficient of thermal expansion (CTE) was determined and its dependence on the layer orientation was evaluated for
temperatures above and below the glass transition region.

7779 | Fatigue Studies in the Development of a Proof Test for Through-Life Monitoring of Bond Integrity in Aircraft
Bonded Repairs (13. Health Monitoring Techniques in Composite Structures)

Chang, P (paul.chang@dsto.defence.gov.au), DSTO, Australia
Baker, A (alan.baker@dsto.defence.gov.au), DSTO, CRC-ACS, ACSA, Australia
Wang, J (john.wang@dsto.defence.gov.au), DSTO, Australia
Gunnion, A (a.gunnion@acs-aus.com), CRC-ACS, ACSA, Australia 

This paper describes further development of the proof test method [1] developed by Baker et al for the purpose of evaluating the initial and through-life
integrity of the structural adhesive bond in bonded repairs. The periodic proof testing approach is similar in principle to the NDI inspection approach of
‘‘safety by inspection’’ that is used to manage damage-tolerant aircraft structures. It involves thin disks of material similar to the bonded repair, installed
together with the patch. These bonded repair coupons (BRC) experience the same loading and environmental exposure as the patch and can be proof
tested by applying a torsion load. To be considered for aircraft applications, the technology readiness level needs to be raised through increasing its
practicality and improving the test database. This paper focuses on the fatigue aspects of the test database to address whether the proof test can
withstand fatigue loading and importantly, if it does, how closely the proof tests matches the behaviour of the patch.
The investigations within this study used experimental and computational approaches, the latter exploiting finite element analysis. Those investigations
looked at the adhesive stress behaviour of different BRC/parent materials under static axial loading, the fatigue response of different BRC/parent
materials, the stress interaction between the patch and BRCs bonded within close proximity, the comparability of adhesive stresses in the patch tip and
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the BRC as well as the comparability of adhesive stresses in the patch tip and different orientations of a composite BRC, and the fatigue response of
aluminium BRCs using an alternative grit-blast silane surface treatment. 
References
[1] A. Baker, D. Bitton and J. Wang, "Development of a proof test for through-life monitoring of bond integrity in adhesively bonded repairs to aircraft
structure," International Journal of Adhesion and Adhesives, pp. 65-76, 2012. 
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7804 | Damage detection using artificial neural networks (ANN) and probability ellipse (PE) methods via Lamb waves
approach (13. Health Monitoring Techniques in Composite Structures)

Assunta Sorrentino (a.sorrentino@cira.it), CIRA - Italian Aerospace Research Center, Italy
Angelo De Fenza (angelo.defenza@unina.it), University of Naples, Federico II - Dept. of Industrial Engineering - Aerospace section, Italy
Pasquale Vitiello (p.vitiello@cira.it), CIRA - Italian Aerospace Research Center, Italy 

This paper shows the application of Artificial Neural Networks and Probability Ellipse methods for damage detection using Lamb waves approach. The
propagation data of the lamb waves are used to detect the damage in metallic and composite plates. The experimental set-up is realized with array of
actuators and sensors (PCB) able to excite and record the dynamic response. A damage index, calculated from the measured wave propagation data in a
reference state (baseline) and in the current state, is introduced as a determinant of structural damage. The index is a relative measure comparing the two
states of the structure under the same ambient conditions. The damage index increases its intensity when the damage size increases too. Moreover, its
calculation for different paths, associated with the Artificial Neural Networks or Probability Ellipse methods allow for the identification of the position and
the entity of the damage. Two different panels made by either aluminum or fabric composite have been used for testing. The effect of the through the
thickness damage entity (hole with diameter equal to 6mm) have been investigated for the aluminum panel while the effects of the three through the
thickness damage entities (hole with diameter equal to 2.5mm, 4.5mm and 9mm) have been investigated for the composite panel. The required ANN
training have been performed throughout finite elements analysis carried out on the aluminum panel by taking into account a set of damage paths.
Simulations have been also performed in order to characterize the behavior of the damaged composite plate. The damage index for both simulations and
tests were compared in relation to each damage size. The potential applications of these methods in developing health monitoring systems in defects-
critical structures and in composite material structures are discussed.

8049 | BFRC and carbon fibers: multifunctional and smart reinforced cement materials (13. Health Monitoring Techniques in
Composite Structures)

Pamela Bartucci (pamela.bartucci@unical.it), phd, Italy
Raffaele Zinno (raffaele.zinno@unical.it), professor, Italy 

In this work ,the attention is focused on the study of the combination of Basalt Fiber Reinforced Cements (BFRC) with carbon fibers, where the structural
reinforcement is represented by the basalt fibers in epoxy resin, while the sensing element (electrically conductive phase) is made by the carbon fibers. 
Basalt fibers (BFs) have advantageous properties as high strength, high durability, low thermal conductivity, lower energy consumption during the
production cycle, but lower electrical conductivity. Carbon fibers (CFs) are of particular interest as they are less costly, improve the electrical conductivity
and enhance the mechanical properties (fracture toughness and strain capacity).

Due to the load and the strains increments of the material, the distance of conductive particles is progressively increasing allowing to record a gradual and
continuous increase of the electrical resistance. 

The efficiency of self-monitoring reinforced cement materials is evaluated by studying the BFRC with carbon fibers as a whole, and observing the variation
of electrical resistance with the load and/or strains applied to the entire composite.

The effects of the type of fibers used (fiber volume fraction, fiber length, surface area, size, aspect ratio for carbon fibers and basalt fibers), the time of
hydration and the sand-cement ratio on the electrical conductivity and self-diagnosis properties are evaluated.

To make the mortar specimens, Portland cement and standard sand, as prescribed by the UNI EN 196-1 (1996) and different geometrical and mechanical
properties of the carbon fibers were used in this analysis.
To obtain a better fiber dispersion and mortar compactness, silica fume and fluidifying agent were used. The specimens were made from different mix
design evaluating water-cement ratio (w/c); sand–cement ratio (s/c); silica fume-cement weight ratio; fluidifying-cement weight ratio. A standard mixing
procedure was used: the specimens with the dimensions of 40x40x160 mm were cured at standard temperature for 24h. 

The experimental study carried out in this work e pointed out that the addition of basalt fibers to cement mortar specimens can produce an increase of
strength and that the addition of a small quantity of carbon fibers can produce a significant increase in the electrical conductivity of material. The
experimental results were analyzed through the percolation theory point of view.

References: Chiarello - Zinno

8104 | Hybrid Effect of Conductive Materials on the Bending Behaviour of Concrete Beam and Self-Monitoring of
Freeze-Thaw Damage (13. Health Monitoring Techniques in Composite Structures)

Ding, Yining (ynding@hotmail.com), Dalian university of technology, China
Huang, Yesheng (hysdut@mail.dlut.edu.cn), Dalian university of technology, China
Zhang, Yulin (zhang@math.uminho.pt), University of Minho, Portugal
Aguiar, J B (aguiar@civil.uminho.pt), University of Minho, Portugal 
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The damage accumulation was studied by following the fractional change of impedance (FCI) with number of freeze-thaw cycles (N). The nano-carbon
black (NCB), carbon fiber (CF) and steel fiber (SF) were added into plain concrete to produce the triphasic electrical conductive and ductile concrete. The
effects of NCB, CF and SF on the compressive strength, flexural properties, and electrical impedance were investigated. The concrete beams with
different dosages of conductive materials were tested for FCI and mass loss (ML). The results indicate that FCI can be used to assess the concrete
damage under freeze-thaw actions. In this paper, an innovative nondestructive and self-sensing testing method is suggested. The relationship between
FCI and number (N) of freeze–thaw cycles can be well fitted by a first order exponential decay function and it appears that FCI is sensitive to damage in
conductive concrete caused by freeze-thaw action.

8105 | Concrete with triphasic conductive materials for self-monitoring of cracking development subjected to flexure
(13. Health Monitoring Techniques in Composite Structures)

Ding, Yining (ynding@hotmail.com), Dalian university of technology, China
Huang, Yesheng (hysdut@mail.dlut.edu.cn), Dalian university of technology, China
Zhang,Yulin (zhang@math.uminho.pt), University of Minho, Portugal 

In order to enhance the conductivity and ductility of concrete, the electrical conductive materials like nano-carbon black (NCB), carbon fiber (CF) and steel
fiber (SF) were added into concrete. The influence of the NCB, CF and SF on the self-diagnosing ability to the load-deformation property and crack
pattern of triphasic conductive concrete member subjected to bending were investigated. The relationship between the fractional change in surface
impedance (FCI) and the crack opening displacement (COD) of concrete beams with conductive materials has been established. The results illustrated
that both the conductivity and ductility of concrete are increased by addition of conductive materials clearly, and there is a linear relationship between COD
and FCI.

8109 | Structural Health Monitoring of Stiffened Composite Panels Using the Damage Force Indicator Method (13. Health
Monitoring Techniques in Composite Structures)

Samaratunga, Dulip (dulip@raspet.msstate.edu), Mississippi State University, United States America
Jha, Ratneshwar (jha@raspet.msstate.edu), Mississippi State University, United States America
Gopalakrishnan, S. (krishnan@aero.iisc.ernet.in), Indian Institute of Science, India 

Aerospace vehicles use stiffened composite panels extensively to sustain combined in-plane and out-of-plane loads with a light weight structure. However,
skin-stiffener joint is a hot spot for damage initiation due to geometric and loading complexities. Such joints are usually located in hard-to-reach areas
(e.g., inside aircraft wing box) making efficient nondestructive inspection very difficult. Structural Health Monitoring (SHM), which uses sensors and
actuators integrated with the structure, is highly suitable for early identification of damage in skin-stiffener joints. In this study, we investigate an SHM
method based on ultrasonic guided waves, which may be actuated and sensed by embedded or surface bonded piezoelectric patches. A damage
detection algorithm known as “Damage Force Indicator (DFI) method” is employed for detecting composite skin-stiffener debond. The DFI method uses
dynamic stiffness of healthy structure and measured response from the damaged structure in order to calculate the force difference between damaged
and healthy structures occurring due to the damage. The DFI peaks only at measurement locations adjacent to the damage, which helps locating the
damage. The dynamic stiffness of healthy structure is obtained by the wavelet spectral finite element (WSFE) method developed by the authors for guided
wave propagation in composite plates (Composite Structures, 108 (2014), 341–353). WSFE is an efficient and accurate technique for high frequency
wave propagation modeling in anisotropic composite structures. Transverse shear flexibility is included in the model such that the accuracy holds up to
wavelengths close to plate thickness. Daubechies compactly supported scaling functions are used to approximate the partial differential wave equations
for 2D composite laminates in time and one spatial dimension. Resulting ordinary differential equations are rearranged and solved for wavenumbers by
assuming a harmonic solution in the transformed domain. The global dynamic stiffness matrix of the structure is formed relating transformed nodal forces
and displacements. Stiffened panel is then assembled following a procedure similar to conventional finite element method and the matrix equation is
solved in frequency-wavenumber domain. Major advantages of the DFI method coupled with WSFE modeling are that it does not need any baseline
measurement, knowledge of input is not necessary, and it is computationally very fast, making it an ideal tool for on-line structural health monitoring.
Results presented at the ICCS18 will show that the DFI based damage detection approach combining WSFE modeling of healthy structure and
experimentally measured sensor data for damaged structure yields efficient damage diagnosis in stiffened composite panels.

8652 | On the Modal Acoustic Emission testing of composite structures (13. Health Monitoring Techniques in Composite
Structures)

DAHMENE, Fethi (f.dahmene@institutdesoudure.com), Institut de Soudure, France
YAACOUBI, Slah (s.yaacoubi@institutdesoudure.com), Institut de Soudure, France 

Acoustic Emission is a well-known nondestructive testing technique which is being applied on composite structures since the sixties. It is a passive
technique, and allows detecting progressive damages in structures under loading. The data analysis is often achieved in the time domain (events, counts,
and hits numbers, amplitude, duration, rise time …). However, the experimental collected data (waveforms) can be transformed to the frequency domain
and analyzed there, enriching then the analysis. This is the basic principle of the Modal Acoustic Emission (MAE) technique. 
This communication deals so with this not-well known technique. It will start by clarifying its concept through underlying the main subtleties between MAE
and the mother technique, which is Acoustic Emission. Performances and limitations of MAE will be carried out. Some cases of study on composites
structures, from both literature and field experience of the authors, will be presented and discussed. 

8653 | Felicity Effect and Ratio in Multilayer Composite Overlapped Pressure Vessel (13. Health Monitoring Techniques in
Composite Structures)

DAHMENE, Fethi (f.dahmene@institutdesoudure.com), Institut de Soudure, France
YAACOUBI, Slah (s.yaacoubi@institutdesoudure.com), Institut de Soudure, France 
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Composite Overlapped Pressure Vessel (COPV) is in growing use in energy field for storing gases and fluids. These structures are exposed to damages
occurring from either impacts and falls or nature ageing due fatigue. For mainly safety concerns, these structures should be tested regularly. Acoustic
Emission testing method is well adapted for this kind of structures. It offers the possibility to detect progressive damages during pressurization. Correlation
between acoustic emission activity and damage identification is a serious challenge. In another words, to accept or reject such a structure, defect size
should be assessed accurately. Basing on signal features such as events, counts, and hits numbers, amplitude, duration, rise time, etc., some criteria are
established over time and experience feedback of researchers and engineers, and are currently available in national and international standards.
However, these criteria are numerous and too dependent of various factors such as material, geometry, dimensions, age of the structure,… Felicity effect,
which was discovered in the 80’s, and used through its ratio, is one among them. A deep study has been conducted by the authors aiming to rule on the
relevance of this ratio. 

During this presentation, a brief story of Felicity effect, evolution of the definition of Felicity ratio and its method of assessing over time will be presented.
Results gained from several experimental tests carried out on sheets and full structures (COPV) will be shown concisely and debated. The relevance of
Felicity ratio as an accept/reject criteria will be discussed. 

8683 | Exploring the limits of the mode shape derivatives to localize damage in laminated composite plates (13. Health
Monitoring Techniques in Composite Structures)

Moreno-García, P. (pmorenogarcia@gmail.com), Escuela Superior de Ingeniería. Universidad de Sevilla, Spain
Araújo dos Santos, J. V. (viriato@ist.utl.pt), LAETA, IDMEC, Portugal
Lopes, H. (hml@isep.ipp.pt), DEM, ISEP, Instituto Politécnico do Porto, Portugal 

Damage localization in laminated composite plates is a very hot topic due to the important role that it assumes for preventing failures or breakdowns and
the important use of these structures in the transport industries. The mode shape spatial derivatives are one of the most used techniques to localize
damage in composite plates and other kind of structures. These derivatives are usually computed using finite differences. However, it is well-known that
finite differences spread and amplify the error. The magnitude of this error is not easy to estimate, mainly because it depends on the values of derivatives
of higher order than the one which is required. This error can prevent the damage localization. Recently, a new technique to estimate the error was
proposed by the authors [1]. This technique is based on Ritz method and allows to choose an optimal sampling in order to minimize the error. As a result
of this minimization, the damage localization is improved.

In the present work we apply this technique to different orders of the finite differences. For the same order derivative, the order of the finite difference
implies the use of more points and different coefficients, resulting on different errors and therefore different results on the damage localization. The
objective of this work is to explore the limits of the technique for different orders of the finite differences.

[1] P. Moreno-García, J. V. Araújo dos Santos, H. Lopes. “A new technique to optimize the use of mode shape derivatives to localize damage in laminated
composite plates”. Composite Structures, 108, 548-554, 2014

8686 | Damage Detection of a Prestressed Concrete Bridge with Corrugated Steel Webs Using a Moving Vehicle (13.
Health Monitoring Techniques in Composite Structures)

Li, Zhenhu (leezhenhu@gmail.com), Research Center, Shenzhen Municipal Engineering Design and Research Institute, China
Chen, Xiachun (u3001945@connect.hku.hk), Department of Civil Engineering, The University of Hong Kong, Hong Kong
Au, Francis T.K. (francis.au@hku.hk), Department of Civil Engineering, The University of Hong Kong, Hong Kong
Jiang, Ruijuan (jiangrj@hotmail.com), Research Center, Shenzhen Municipal Engineering Design and Research Institute, China 

Prestressed concrete bridges with corrugated steel webs have emerged as a relatively new form of steel-concrete composite bridge and many of them
have already been constructed around the world. However, damage may appear in such bridges due to overloading, earthquakes, deterioration, etc.
Damage detection and structural health monitoring of bridges with a moving vehicle is a new technique especially for bridges with corrugated steel webs.
This paper reports an experimental study of the feasibility of identifying the occurrence and location of damage from the vertical acceleration of a model
vehicle moving over a simply supported prestressed concrete beam specimen with corrugated steel webs. The instrumented vehicle acts both as an
exciter and sensor system. Two or three sensors are installed on the vehicle depending on whether an external sinusoidal force exciter is equipped on the
vehicle. The weight of the vehicle can be varied by additional masses. When the vehicle moves from one end of the beam to the other, the vehicle and
beam interacts with one another. The vibration of the beam can be acquired by the accelerometers on the vehicle. Two methods may then be used to
identify the occurrence and location of damage. The first one extracts the dynamic properties of the beam before and after damage and then applies
vibration-based damage detection method to identify the damage. The second method applies continuous wavelet transform to the vehicle response
directly and gets the coefficients of different scales. Smoothing technique is then used on the original coefficients. Lastly, damage indicators are proposed
based on the properties of the smoothed coefficients to identify the damage occurrence and location.

8713 | Fabrication of the thermoplastic composite impact sensor usable at cryogenic environment (13. Health Monitoring
Techniques in Composite Structures)

Kun Jeong (kunj@jbnu.ac.kr), Chonbuk National University, Korea, South
Seong Su Kim (sskim@jbnu.ac.kr), Chonbuk National University, Korea, South 

Impact damage is a major concern in the design of the polymer composite structure. Generally, impact damages which occur from inside of the polymer
composite structure cannot be detected by visual inspection. Piezoelectric impact sensors and fiber bragg grating (FBG) sensors are widely applied to
monitor the damage of the polymer composite structure. However, in cryogenic environment, the commercial impact sensors are easily broken by impact
load due to their high brittleness. In this study, the thermoplastic composite impact sensor was fabricate by using the piezoelectric polymer film and
fluoride resin which are not broken by impact damage at room temperature and tend to maintain its property under the glass transition temperature.
Impact tests are performed by instrumented drop weight impact tester at various impact energies with respect to the impact mass and height. Sensitivity of
the thermoplastic composite impact sensor was determined by measuring the output voltages against the impact force.
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8751 | LAMB WAVE PROPAGATION IN A DELAMINATED COMPOSITE PANEL: MODELING AND TESTING (13. Health
Monitoring Techniques in Composite Structures)

Maio,Leandro (leandro.maio@unina.it), Department of Industrial Engineering - Aerospace Section, Italy
Memmolo, Vittorio (v.memmolo@gmail.com), Department of Industrial Engineering - Aerospace Section, Italy
Ricci, Fabrizio (fabricci@unina.it), Department of Industrial Engineering - Aerospace Section, Italy
Boffa, Natalino Daniele (natboffa@hotmail.com), Department of Industrial Engineering - Aerospace Section, Italy
Monaco, Ernesto (ermonaco@unina.it), Department of Industrial Engineering - Aerospace Section, Italy
Meola, Carosena (carmeola@unina.it), Department of Industrial Engineering - Aerospace Section, Italy 

Guided waves are one of the most interesting instruments for damage identification, basing on in-situ actuation and acquisition and on the possibility to
correlate anomalies in wave propagation with internal damage. For this reason, they are particularly suitable for structural health monitoring (SHM)
applications, where the objective is to identify possible anomalies, defects, in structures.

The delamination is the most hazardous defect for laminated composites, which could be induced during careless manufacture or a consequence of
accidental impact; it appears as the debonding of adjoining plies and it plays a major role in lowering structural strength and stiffness, consequently
downgrading system integrity and reliability; therefore its identification in the structures that are currently in service is required.

The wave propagation in composite laminates is complex due to the heterogeneity nature of the constituents, inherent material anisotropy and the multi-
layered construction which leads to the wave mode velocity being macroscopically dependent on the laminate layup, the direction of wave propagation,
frequency and interface conditions. To overcome this difficulty the Finite Element Analysis might be a flexible and efficient tool to evaluate the propagation
characteristics of Lamb waves in more general cases.

In this work the interactions of guided waves with interfacial internal damage artificially reproduced in a composite panel are investigated experimentally
and results are employed for correlation of those ones derived by numerical model. The final target is a validated numerical modeling procedure that could
represent a powerful tool for designing and assessing effectiveness of SHM systems based on propagating ultrasonic waves generated and acquired by
piezoelectric sources.

8910 | Structural Health Monitoring in composite plate using system identification (13. Health Monitoring Techniques in
Composite Structures)

Chowdhury, Md. Shakar Ullah (md.chowdhury@student.adfa.edu.au), The University of New South Wales, Australia
Shankar, Krishna (K.Shankar@adfa.edu.au), The University of New South Wales, Australia
Morozov,Evgeny V (E.Morozov@adfa.edu.au), The University of New South Wales, Australia 

Non-Destructive Inspection (NDI) and Structural Health Monitoring (SHM) play a very crucial role in ensuring safe use of structural components. NDI is an
offline approach of damage detection, which involves significant costs due to the need for frequent grounding of aircraft, shutdown time, and labour
involved in inspections. Therefore, techniques for continuous health monitoring are needed to identify damage in structures before occurrence of
catastrophic failure using minimal time and human intervention. Polymer matrix composites are used in many engineering applications: in ships, aircraft,
and pressure vessels, due to their superior specific stiffness and strength. In particular, laminated composites are susceptible to damage in the form of
delaminations which may not be visible but can significantly compromise structural integrity. This research aims to develop a cost effective and reliable
SHM technique for composite plates using system identification based on Eigen Realisation Algorithm (ERA). A methodology has been developed to
extract the stiffness values of various elements in composite plates from their response to natural excitation using System Identification based on Eigen
Realization Algorithm (ERA) integrated with Natural Excitation Technique (NExT). These stiffness values are used to identify location and severity of
delamination damage in laminated composite plates from naturally excited time domain data. The application of the proposed methodology is
demonstrated through numerical simulation of vibration of composite plates with delaminations of different sizes simulated at different locations. The
proposed methodology is shown to be capable of assessing the size and location of delamination damage with good accuracy.

8929 | DELAMINATION IDENTIFICATION IN COMPOSITE MULTILAYERD STRUCTURES (13. Health Monitoring Techniques in
Composite Structures)

Stawiarski Adam (asta@mech.pk.edu.pl), Institute of Machine Design, Poland
Muc Aleksander (olekmuc@mech.pk.edu.pl), Institute of Machine Design, Poland 

The necessity of permanent monitoring the state of the structures and prognosis of the service life brought about the development of the Structural Health
Monitoring methods and systems. During the past two decades, extensive studies were conducted in the area of vibrational based damage detection
methods. In this paper the guided wave propagation method has been considered in composite multilayered cylindrical panels with delaminations. The
pitch-catch and pulse-echo inspection techniques have been applied in wave propagation measurement. The effect of wave disturbance by the structural
defect have been used to detect and localize the delamination. The new model of structural defect has been considered in numerical and experimental
analysis. The results of wave propagation in intact and defected structures has been compared numerically and experimentally.

5483 | Response of a cracked orthotropic half-plane subjected to transient anti-plane loading (14. Impact on Composites)

Ayatollahi, Mojtaba (mo_ayatollahy@yahoo.com), Faculty of Engineering, University of Zanjan, P.O. Box 45195-313, Zanjan, Iran, Iran
Bagheri,Rasul (rasul_m65@yahoo.com), Faculty of Engineering, University of Zanjan, P.O. Box 45195-313, Zanjan, Iran, Iran 

Multiple cracks in an orthotropic half-plane under transient loading are investigated. Anti-plane loading condition is considered. The dislocation solution is
utilized to derive integral equations for multiple interacting cracks with any location and orientation in an orthotropic half-plane. These equations are solved
numerically thereby obtaining the dislocation density function on the crack faces and stress intensity factors of cracks. Numerical results are obtained to
illustrate the variation of the dynamic stress intensity factors as a function of the crack orientation for different values of orthotropic constant.
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5497 | 137Cs PENETRATION THROUGH CONCRETE IN RADIOACTIVE WASTE MANAGEMENT (14. Impact on Composites)

Ilija Plecas (iplecas@vinca.rs), Vinca Institute of Nuclear Sciences, Serbia
Dalibor Arbutina (dalibor.arbutina@vinca.rs), Public Company “Nuclear Facilities of Serbia”, , Serbia 

To assess the safety for disposal of radioactive waste-concrete composition, the leaching of 137Cs from a waste composite into a surrounding fluid has
been studied. Leaching tests were carried out in accordance with a method recommended by IAEA. Determination of retardation factors, KF and
coefficients of distribution, kd, using a simplified mathematical model for analyzing the migration of radionuclides, has been developed. In our experiment
we have achieved the lowest leaching values after 60 days in samples. Results presented in this paper are examples of results obtained in a 20 year
mortar and concrete testing project, which will influence the design of the engineered trenches system for a future central Serbian radioactive waste
storage center.
In order to prevent widespread dispersion of radionuclides into the human environment, radioactive waste produced in nuclear facilities has been
incorporated in several kinds of matrices . The objectives of immobilization of radioactive waste is to convert the waste into forms which are:
- Leach resistant so that the release of radionuclides will be slow even though they may come into contact with flowing water;
- Mechanically, physically and chemically stable for handling transport and disposal . 

6355 | Impact induced damage of laminates containing ultra-thin plies (14. Impact on Composites)

Sebaey, T.A. (sepaey@hotmail.com), Qatar University, Qatar
Mahdi, E. (elasmahdi@qu.edu.qa), Qatar University, Qatar 

Ultra thin-ply based laminates (laminates with ply thickness of less than 50 micrometer) are promising development in composite materials and are
expected in the near future to outperform conventional laminates in mechanical performance. The idea behind reducing thickness is to increase the in-situ
tensile, compression and shear strength of the individual ply. However, such increase in the laminate strength can dramatically change the failure to be
more brittle in nature.
In the current communication, a test matrix is being define using optimization techniques of carbon/epoxy system. The laminates contain both ultra-thin
(0.04 mm thickness) and normal plies (0.16 mm thickness) are compared to that contain only ultra thin plies. The test matrix was manufactured by
TeXtreme for Tow fabric. The tests are currently ongoing and the results will be available within the next few weeks.

6499 | Performance of Glass Fiber Reinforced Structural Insulated Panels (GSIPs) Under High Velocity Impact Loading
(14. Impact on Composites)

Kalyankar, Rahul (krahul2807@gmail.com), University of Alabama at Birmingham, United States America
Uddin, Nasim (nuddin@uab.edu), University of Alabama at Birmingham, United States America 

This paper investigates the response of glass fiber reinforced structural insulated panels (GSIP) for the high velocity impact (HVI), using experimental and
finite element (FE) analysis for potential use in the structural applications. The experimental HVI test was carried on the GSIP and the parameters such as
damage area, sabot penetration depth, crack width were obtained and compared with FE results. The damage area obtained by HVI FE analysis on GSIP
is 3.28% higher than experimental HVI. The pentration depth using FE analysis was 17% higher than experimental HVI. Furthermore, the parametric
studies were conducted for variable impact velocity and variable EPS core thicknesses. From the parametric studies, it was observed that, with the
increase in impact velocity the damage area, energy absorbed, and depth of penetration increased gradually. Conversely, with the increase in EPS core
thickness, the gradual decrease in damage area and energy absorbed by GSIP was observed. From this study, the parameters were obtained for
effectiveness of GSIPs in the high impact responses in order to implement GSIPs in structural applications.

6763 | Impact Damage and Failure Response of Aircraft Composite Structures under High Velocity Loading (14. Impact on
Composites)

Sd. Abdul Kalam (sdak77@gmail.com), PVP Siddhartha Institute of Technolgy, Kanuru, Vijayawada, India, India
G Ranga Janardhana (ranga.janardhana@gmail.com), Jawaharlal Nehru Technological University, Kakinada, India, India
R Vijayakumar (rayavarapu.rvk@gmail.com), Hindustan Aeronautics Limited, Vimanapura, Bangalore, India, India 

Composite materials are increasingly being used for aeronautic primary structures such as wing components or fuselage panels. However, their major
drawback is their vulnerability against transversal impact loads, which may lead to fiber/matrix failure. Such loads may arise from numerous impact
scenarios, with bird strikes being one of the most relevant load cases. The focus of the current study is on the numerical modeling and simulation of high
velocity impact loads from soft body projectiles on composite structures. The explicit finite element software LS-Dyna and Autodyn were selected to
perform the simulations using Lagrangian and Smooth particle hydrodynamics techniques and comparison was performed to define the difference
between two approaches. This paper demonstrates the accuracy of the methods for bird impact on a rigid target and subsequently it produces the state of
the art of the bird strike simulation. The impact on a flat composite rigid plate is studied in simulation, which allows for the validation of the modeling
methods. The reliability of the bird model is validated by comparing the numerical result with experimental results of a real bird of similar mass and an
impact velocity impacting normally on to a flat rigid panel results are compared in terms of pressure profiles Hugoniot (Shock) and stagnation pressure.
The numerical results obtained with refined bird models are presented and discussed. A range of modeling parameters is finally suggested to perform
reliable numerical analyses on aircraft structures and a criterion is proposed to select the models for a reasonably conservative approach to the design of
a bird proof structure.

Keywords: Damage, Impact, Failure, Bird strike, Aircraft composites, SPH, Lagrangian, High Velocity 

7104 | Experimental and numerical study of oblique impact on helicopter blades (14. Impact on Composites)

Pascal, Pascal (florian.pascal@isae.fr), Institut Clément Ader - Toulouse, France
Navarro, Pablo (pablo.navarro@univ-tlse3.fr), Institut Clément Ader- Toulouse, France
Marguet, steven (steven.marguet@univ-tlse3.fr), Institut Clément Ader- Toulouse, France
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Casari, Pascal (Pascal.Casari@univ-nantes.fr), GEM Nantes, France
Ferrero, Jean Francois (jean-francois.ferrero@univ-tlse3.fr), Institut Clément Ader- Toulouse, France
Tawk, Issam (Issam.Tawk@balamand.edu.lb), Universite de Balamand, Lebanon 

This work focuses on the study of medium velocity (>120 m/s) oblique impacts on the lower surface of a helicopter blade. This kind of impact is
characterized by the angle of incidence of the impactor (between 10° and 20°). The skin is generally made of two or three plies of glass-epoxy and (or)
carbon-epoxy woven fabrics stabilized with a polyurethane foam core. 
Given the geometry of the impacted area, the blade is assimilated to a composite sandwich structure. In a previous work, a specific shell element was
developed for modelling impacts on woven fabric composite skins made of plies with the same material and orientation. In this work, the specific shell
elements are connected using 3D interface elements. As "classic" 3D interface elements cannot be used to connect shell elements, two specific interface
element are developed one is based on a 3D volume element, the other on a classical cohesive approach. Each damageable interface element is
compatible with the rotational degrees of freedom of shell elements and takes into account the thickness of the woven elements. 
A comparison between the two approaches is presented. The numerical results are compared to those obtained experimentally on an instrumented
specimen (FBG sensors) and loaded by an impact

7641 | Resistance of Mortar Containing Aggregate Composites to Chloride Penetration (14. Impact on Composites)

Gouasmi M.T. (gmt213@live.fr), Faculty of Exact Sciences and Applied, Laboratory of Polymer Chemistry, University of Oran Es-Senia. BP 1524, El
Mnaouer, Oran 31000; Algeria, Algeria
Benosman A.S. (amre20022000@yahoo.fr), Department of Chemistry, Preparatory School of Science and Technology EPST, BP 165 RP, Bel- Horizon,
Tlemcen 13000, Algeria, Algeria
Taibi H. (hamed_taibi@yahoo.fr), Faculty of Exact Sciences and Applied, Laboratory of Polymer Chemistry, University of Oran Es-Senia. BP 1524, El
Mnaouer, Oran 31000; Algeria, Algeria
Belbachir M. (legenial@yahoo.fr), Faculty of Exact Sciences and Applied, Laboratory of Polymer Chemistry, University of Oran Es-Senia. BP 1524, El
Mnaouer, Oran 31000; Algeria, Algeria
Senhadji Y. (yassine_se@yahoo.fr), Department of Civil Engineering, Laboratory of Materials, ENPO, BP. 1523, El Mnaouer, Oran 31000, Algeria, Algeria
Mouli M. (moulimohamed@yahoo.fr), Department of Civil Engineering, Laboratory of Materials, ENPO, BP. 1523, El Mnaouer, Oran 31000, Algeria,
Algeria 

Abstract

This work presents the valorization of waste plastic bottles from polyethylene terephthalate PET to design a composite material “PET-siliceous sand”
which will give a lightweight aggregate; hoping to provide solutions to meet both specific and massive applications in the field of construction.
Reinforcement corrosion by the chloride attacks is one of the main causes of deterioration of reinforced concrete structures around the world. So, to
determine the effect of PET-siliceous sand composite (PSS) on the chloride ion permeability under immersion in 5% sodium chloride solution and
sorptivity coefficients of mortar, PSS was added as replacement for conventional limestone aggregate by decreasing the aggregate weights in the ratios of
25, 50, 75 and 100% by weight. Their chloride ion penetration behaviour is discussed by applying Fick’s second law. FT-IR analysis and scanning electron
microscope (SEM) were used to better understand the PSS composite microstructure of the mortar. Additionally, the chloride ion penetration depth,
sorptivity and apparent chloride ion diffusion coefficients (Da) of mortar tended to decrease greatly as the mixture proportion of PSS increased. Therefore,
the use of PSS in mortar composites can be recommended for preventing the chloride-induced corrosion of the steel in various reinforced concrete
structures. 

Key-words: Composite Materials, Diffusion, PSS, Chloride Ion Penetration, Characterization. 

New sessions: Impact and effect of composite materials

7708 | Low Velocity Impact Response of Sandwiches with Micro Lattice Cores Manufactured via Selective Laser
Sintering (14. Impact on Composites)

Kara, Emre (emrekara@hitit.edu.tr), Hitit University , Turkey
Crupi, Vincenzo (crupi.vincenzo@unime.it), University of Messina, Italy
Epasto, Gabriella (gabriella.epasto@unime.it), University of Messina, Italy
Kursun, Ali (alikursun@hitit.edu.tr), Hitit University , Turkey
Guglielmino, Eugenio (eguglie@unime.it), University of Messina, Italy
Aykul, Halil (halilaykul@hitit.edu.tr), Hitit University , Turkey 

The lightweight sandwiches obtained with the use of various core materials such as foams, honeycomb, lattice structures etc., which have high energy
absorbing capacity and high strength to weight ratio, are suitable for several applications in transport industry (automotive, aerospace, shipbuilding
industry) where saving of fuel consumption, load carrying capacity increase, safety of vehicles and decrease of emission of harmful gases are very
important aspects. While the sandwich structures with foams and honeycombs have been applied for many years, there is a growing interest on a new
generation sandwiches with micro lattice cores. In order to produce these core structures, various production methods were created with the development
of the technology. One of these production technologies is an additive manufacturing technique called selective laser sintering/melting (SLS/SLM) which is
very popular nowadays because of saving of production time and achieving the production of complex topologies.
The static bending and the dynamic low velocity impact tests of the sandwiches with carbon fiber/epoxy skins and the micro lattice cores produced via
SLS/SLM were already reported in just a few studies.
The goal of this investigation was the analysis of the low-velocity impact response of the sandwiches consisting glass fiber reinforced plastic (GFRP) skins
and the micro lattice cores manufactured via SLS in order to compare the results in terms of peak loads and absorbed energy respect to the effect of core
cell size and cell wall thickness.
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The micro lattice cores were manufactured using SLS technology that creates the product drawn by a 3D Computer Aided Design (CAD) software. The
lattice cores which were designed as body centered cubic (BCC) model having three different cell sizes (L= 1.25, 2.5 and 5 mm) and two different cell wall
thicknesses (t = 0.2 and 0.5 mm) were produced using titanium alloy (Ti6Al4V) powder. During the production of all the core materials, the same
production parameters such as laser power, laser beam diameter, building direction etc. were kept constant.
Vacuum Assisted Resin Transfer Molding (VARTM) method was used to produce skin materials, made of glass fibers with [0º/45º/-45º/90º] quadraxial
stitched and [Mat] fabrics and of epoxy matrix. The GFRP skins were bonded to the surfaces of lattice cores using a bi-component toughened epoxy
based adhesive.
Low velocity impact tests were carried out by a drop test machine with different values of impact velocity in order to analyze its influence. The failure mode
and the internal damage of the impacted sandwiches have been investigated using two experimental techniques: 3D Computed Tomography (CT), that
allows a three-dimensional reconstruction of the analyzed object, and Infrared thermography (IRT), already used for analyzing the impact responses of
aluminium and PVC foam sandwiches. A theoretical approach, based on the energy balance model, has been applied to investigate their impact
behaviour. The model parameters were obtained from the measurements carried out on the CT images of the impacted panels and not from the results of
static tests, as it is usually done in literature.
The main results of the impact tests are: force-displacement curves, peak force values, absorbed energy and influence of impact velocity. The results
were compared according to the effect of cell sizes and cell wall thicknesses. 
The obtained results have particular importance for applications that require lightweight structures with a high capacity of energy dissipation, such as the
transport industry, where problems of collision and crash have increased in the last years. The use of these sandwich structures can lead to a weight
reduction of the vehicles, providing an adequate structural strength under operating conditions.

7777 | Finite element analysis of the effect of shape impactors on the impact behavior of circular notched composite
material at low velocity impact (14. Impact on Composites)

Djilali Beida Maamar (beida03@yahoo.fr), Mechanical Department, University of Mostaganem, Laboratory LMNPM,BP 882, RP, 27000 Mostaganem,
Algeria
R.Zenasni (zramdane@netcourrier.com), Mechanical Department, University of Mostaganem, Laboratory LMNPM,BP 882, RP, 27000 Mostaganem,
Algeria
Jaime Vina Olay (jaure@uniovi.es), Department of Material Sciences, University of Oviedo, Campus de Viesques, 33204 Gijon, Spain
Antonio Arguelles amado (antonio@uniovi.es), 3Department of Construction, University of Oviedo, Campus de Viesques, 33204 Gijon, Spain 

The main goal of the present investigation was the numerical modeling of the effect of different shape impactors animated with two speeds (vertical linear
speed about and vertical rotational velocity of 10 rd/s) and circular notch drilled in the laminate plate to induce damage in composite material subjected to
low velocity impact by mean of commercial transient finite element package LS- dyna. The composite material was made of carbon/epoxy with a stacking
sequence of [(0/90)]6s .The stainless steel material was used for all impactors. The composite material was subjected to four different shape impactors
(Ball, cylinder, truncated cone and cylinder with hemispherical head). A circular notch of diameter 5 mm was drilled in the specimen laminates. All the
impactors dropped the composite laminate at the center. Three different velocities were chosen 10 m/s, 15 m/s and 20 m/s. The analysis was carried out
using the model MAT-59 for laminate and model Mat-20 for the impactors. The laminate and the impactor were meshed using solid element. 
The contact impact load, the impact energy, displacements and the maximal Von Mises stresses were reported as function of the impact time. 

7848 | Modification of selected mechanical properties of ablative composites by a selection of components (14. Impact on
Composites)

Przybyłek, Paweł (sqcdr@wp.pl), Polish Air Force Academy, Department of Airframe and Engine, Poland
Kucharczyk, Wojciech (wojciech.kucharczyk@uthrad.pl), Kazimierz Pulaski University of Technology and Humanities in Radom, Faculty of Mechanical
Engineering, Poland
Opara, Tadeusz A. (tadeuszopara@civ.pl), Kazimierz Pulaski University of Technology and Humanities in Radom, Faculty of Mechanical Engineering,
Poland
Komorek, Andrzej (komman@op.pl), Polish Air Force Academy, Department of Avionics and Control Systems, Poland 

The aim of the study is to present a program and the results of experimental research of selected strength and resistance properties of thermo-protective
(ablative) composite materials, examined according to the procedures specified for construction elements of the aircraft. We prepared composite
specimens on a base of Epidian 52 epoxy resin, cured in room temperature with the following curing agents: polyaminoamide PAC, amine Z-1 and TFF.
The ablative properties of resins were modified by means of a non modified layered aluminosilicate, Bentonite Special Extra, which contained 75%
calcium montmorillonite (MMT). The composites had hybrid reinforcement of aramid (kevlar) fibre of 230 g/m2 basis weight and carbon fibre of 160 g/m2
basis weight for Group One composites, as well as aramid (kevlar) fibre of 470 g/m2 basis weight and glass fibre of 300 g/m2 basis weight for Group Two
composites, layered in a composite in an alternate and even way. Phase compositions of specimens and the number of conducted experiments were
determined on the basis of an adopted plan of experimental research, i.e. 2-level full factorial orthogonal design matrix for replicated experiments. The
elements of the response function were mechanical properties of composites: tensile strength; interlaminar shear strength and impact loading.

7857 | Impact Mechanical Behaviour of Graphite Fiber Reinforced Peek (14. Impact on Composites)

García-González, D. (danigarc@ing.uc3m.es), Carlos III University of Madrid , Spain
Rusinek, A. (rusinek@yahoo.fr), National Engineering School of Metz , France
Jankowiak, T. (tomasz.jankowiak@put.poznan.pl), Poznan University of Technology , Poland
Arias, A. (aariash@ing.uc3m.es), Carlos III University of Madrid , Spain 

Peek composites are one of new generation of engineering polymers having high temperature properties, superior specific strength and stiffness. These
are excellent materials for structural applications as in aerospace, automotive and chemical industries. One of the critical aspects to consider when using
thermoplastics is their vulnerability to out-of-plane impulsive loading, as a result of the reduced thickness of the structural configurations. The impact
behaviour of PEEK has not been deeply studied under extreme conditions in terms of high impact velocity and perforation tests are not available in
scientific literature. In this work, perforations tests have been conducted on Peek and short fiber reinforced PEEK composites. The study focuses on the
effects of reinforcement on energy absorption of this type of lightweight structures. 
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7858 | Behind-armour blunt trauma: matching measurement to injury using finite element modeling (14. Impact on
Composites)

Coghe, Frederik (frederik.coghe@rma.ac.be), Royal Military Academy, Belgium
Gilson, Lionel (lionel.gilson@rma.ac.be), Royal Military Academy, Belgium
Miranda, Angel (angel.miranda@rma.ac.be), Royal Military Academy, Belgium
Azevedo, Ana (ana.azevedo@rma.ac.be), Royal Military Academy, Belgium
Rabet, Luc (luc.rabet@rma.ac.be), Royal Military Academy, Belgium
Pirlot, Marc (marc.pirlot@rma.ac.be), Royal Military Academy, Belgium 

One of the risks associated with the use of novel light-weight body armour systems is the possibility on injury due to non-perforating impacts. Even if a
striking projectile is unable to completely perforate the body armour, the dynamic deflection of the inner side of the armour system might be sufficient to
cause serious and even lethal injury. In order to be able to assess this risk on behind armour blunt trauma, different experimental methodologies have
been developed, of which the most common is the use of the indentation of a non-perforating impact in a witness backing material (typically clay) in
contact with (for bullet-resistant vests) or at a specified standoff from (for ballistic helmets) the armour system under evaluation. For obvious reasons, it is
however not an easy task to link these measurements in a backing material to the real risk on trauma. Nevertheless, due to the recent development of
reliable finite element models of both the armour systems (generally textile or composite based) and the human body, finite element modeling can be used
to try to establish the link between the experimental results from evaluation trials using a witness material, and the actual risk on injury. This work will
describe such an approach for both an amour package representative of a bullet-resistant vest and the human thorax, and for an advanced ballistic
helmet design and the human head. Starting from different experimental measurement methods for these two systems, both using the traditional witness
backing material method and more advanced methods using anthropomorphic test devices (ATD) or so-called 'crash test dummies', reliable finite element
models are created for the textile material of the bullet-resistant vest solution and the composite helmet shell. This is followed by virtual experiments
where the interaction between the numerical armour solutions and the respective numerical counterparts of the human body (the thorax and the head) is
studied in detail. Finally, the results from these virtual experiments will be linked to real-life injuries using the Abbreviated Injury Scale (AIS).

7868 | Low Velocity Impact Response of Carbon/Glass - Epoxy Hybrid Composites (14. Impact on Composites)

Haboglu, Mustafa R. (mrhaboglu@gmail.com), Hitit University, Turkey
Kursun, Ali (alikursun@hitit.edu.tr), Hitit University, Turkey
Kara, Emre (emrekara@hitit.edu.tr), Hitit University, Turkey
Aykul, Halil (halilaykul@hitit.edu.tr), Hitit University, Turkey 

Composite materials are being used in many industrial applications because of their mechanical properties such as high strength with low weights.
Especially in marine and aerospace industry, composite materials are crucial parts of the construction. Because of their usage in wide range of
applications, the mechanical testing of the composite materials becomes an important issue.
In this study, low velocity impact response of laminated composites is investigated. The laminated composites are manufactured via vacuum infusion (VI).
VI is a composite materials manufacturing technique that uses vacuum to apply a compaction pressure on the mold and drive resin into that previously
compacted reinforcement material. Three different materials such as carbon fiber reinforced polymer (CFRP), glass fiber reinforced polymer (GFRP) and
carbon/glass fiber reinforced hybrid composites are used in this study. The test specimens are cut with the dimensions of 100x100 mm.
Low velocity impact tests are carried out by a drop test machine with different values of impact velocity in order to analyze its influence. The failure mode
and the internal damage of the impacted composites are also investigated. Performing those experiments on CFRP, GFRP and hybrid composites
provides information about the effect of hybridization on the impact behavior of laminated composites.
The main results of the impact tests are: force-displacement curves, peak force values, absorbed energy and influence of impact velocity. This study
presents a comparison between the impact energy absorption of laminated composites having different reinforcement types such as carbon, glass or
carbon/glass hybrid fabrics. 

7913 | Numerical modelling of small calibre impact on Dyneema HB80 composite material (14. Impact on Composites)

Azevedo, Ana (ana.ferreira@rma.ac.be), Department of Weapon Systems and Ballistics, Royal Military Academy, Renaissance Avenue, 30, B-1000
Brussels, Belgium, Belgium
Miranda-Vicario, Angel (angel.miranda@rma.ac.be), Department of Weapon Systems and Ballistics, Royal Military Academy, Renaissance Avenue, 30, B-
1000 Brussels, Belgium, Belgium
Coghe, Frederik (frederik.coghe@rma.ac.be), Department of Weapon Systems and Ballistics, Royal Military Academy, Renaissance Avenue, 30, B-1000
Brussels, Belgium, Belgium
Teixeira-Dias, Filipe M. H. V. (f.teixeira-dias@ed.ac.uk), Institute for Infrastructure and Environment, School of Engineering, The University of Edinburgh,
The King’s Buildings, Edinburgh EH9 3JL, UK, United Kingdom 

The ballistic helmet shells used today are made of a single layer (typically composite material) offering good protection against fragments but only limited
protection against small calibre projectiles. However, nowadays, due to changes in the type of warfare and the desired higher standard of protection, an
improvement of the ballistic protection offered by helmets is required.
The main idea behind the research here presented is to create a new concept of helmet able to defeat high velocity riffle bullets. The current design
considered for this research is based on four layers, where the first layer is responsible for the deformation of the projectile, the second layer for
dissipating the energy; the third layer for absorbing the shock wave and the fourth and last layer for stopping the combined movement of the outer layers
and the projectile. The main focus of this work is on the behaviour of the second layer, made of a high performance polymer fibre material.
A large number of high performance polymer fibres have been developed since a long time. Recently developed polyethylene fibres like Dyneema are
capable of stopping a projectile at relatively low areal densities.
Numerical finite element models using LS-Dyna, were developed and validated. A detailed numerical study on the behaviour of the Dyneema HB80
composite material was made for different thicknesses of the material and also for different projectiles.
The numerical predictions were afterwards compared to the available experimental data.

7931 | Simulation of delaminations induced by low velocity impacts in composites: a sensitivity study to guide an
effective use of cohesive elements (14. Impact on Composites)
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Low-velocity impacts (LVIs) can seriously harm composite laminates by causing both intralaminar (fiber failure and matrix cracking) and interlaminar
damage (delaminations). Extensive delaminations, although hardly detectable by visual inspections, may reduce the strength of the structure and can lead
to its premature failure under compressive loads. In aeronautics, extensive experimental campaigns are used to investigate the effects of low-velocity
impacts on composite structures; such experimental effort might be significantly reduced if numerical simulations were used smartly.
Even though numerical simulations of LVI events require both intralaminar and interlaminar damage models, most of the impact energy is spent to
produce delaminations, hence particular care must be exerted to define and tune the interlaminar damage model. The cohesive zone model (CZM) is the
most used approach to simulate both onset and propagation of delaminations. Nonetheless, recent studies simulating standard interlaminar fracture
toughness tests showed that the simulation results are affected by both the constitutive parameters and the size of the cohesive elements.
The authors propose to investigate the influence of the constitutive law parameters and of the dimensions of cohesive elements on LVI simulations results;
the study focuses on the variation of delamination shape, depth and extension and compares the related computational costs. A first reference analysis is
performed in order to verify the implemented intralaminar and interlaminar damage models. Experimental results of impactor force and displacement time
histories, extension and depth of delaminations (obtained by means of ultrasonic inspections) are used as a term of reference for the sensitivity study.
In order to perform LVI simulations in ABAQUS two distinct user-defined material routines (UMAT) are developed; UMATs model the intralaminar behavior
in solid elements (C3D8) and the constitutive behavior of the cohesive elements (COH3D8). The intralaminar routine implements a continuum-damage-
mechanics-based model with a smeared crack formulation for both fiber failure and matrix cracking; given the aim of the present study, the intralaminar
constitutive parameters are kept constant throughout the sensitivity analyses. The interlaminar damage model uses a traction-separation bi-linear
constitutive law to describe the initial elastic behavior and the subsequent progressive softening.
The proposed sensitivity analysis wants to point out the relative importance of the intralaminar phenomena compared to the interlaminar ones in low-
velocity impact simulations on a carbon/epoxy material system. At the same time the authors aim at defining guidelines for the effective use of cohesive
elements for such analyses through a systematic comparison between the numerical results and experimental ones. The study also evaluates the effects
of different cohesive parameters on the computational costs of the simulations.

7944 | Low-Velocity Impact of Through-Thickness Polymer Pin-Foam Core Sandwich Panel (14. Impact on Composites)

S. Azwan (mr.syedmohd@yahoo.com), Universiti Teknologi Malaysia, Malaysia
M. Y. Yahya (yazid@fkm.utm.my), Universiti Teknologi Malaysia, Malaysia
B. Abdi (behzad.abdi@gmail.com), Universiti Teknologi Malaysia, Malaysia
Amran Ayob (amran@fkm.utm.my), Universiti Teknologi Malaysia, Malaysia 

This paper presents an analysis on low-velocity impact of through-thickness polymer pin-foam core sandwich panel. The sandwich panel was fabricated
by using vacuum infusion process, and it consists of chopped strand mat glass fiber/epoxy skins. The core of the sandwich panel was reinforced with
cylindrical polymer pins which rigidly connect the skins. Pins of diameters 1 mm, 2 mm and 3 mm were used and the pins were aligned exactly through the
thickness of the panel. Low-velocity impact tests were conducted on the Instron impact testing machine using a rigid hemispherical indentor . When the
panels have been impacted the surfaces of the panels were examined to identify the damage and failure mechanisms at different structural configurations
of the sandwich panel. It was found that by reinforcing the foam core with cylindrical polymer pins, the stiffness, strength and energy absorption properties
of sandwich panels were increased significantly. It was also found that the diameter of polymer pins influences the impact behavior of through-thickness
polymer pin-foam core sandwich panels.

7971 | Numerical and experimental studies of IED protective panel subjected to IED blast (14. Impact on Composites)

Dybcio, Paweł (pdybcio@wat.edu.pl), Military University of Technology, Poland
Barnat, Wiesław (wbarnat@wat.edu.pl), Military University of Technology, Poland 

Numerical and experimental studies of IED protective panel subjected to IED blast
Composite materials are one of promising structural solutions for aviation, automotive and military applications. They may also be used as protective
structures for light armored vehicles. During military operations, both protective elements and structure can be subjected to dynamic loadings such as
ballistic impact or blast wave. The reliability of such structures is crucial for military vehicle’s occupants safety.
In this paper three potential protective panel configurations against Improvised Explosive Devices are examined and discussed. Specimens were tested in
accordance with NATO STANAG 4569 standardization and NATO AEP 55 procedures for level 1 threat surrogate. Each panel is tested against 300 g TNT
charge with approximately 750 sphere projectiles sealed in aluminum alloy container. The protective panel had the dimensions of 500x500 mm and was
placed at the specified distance from the symmetry axis of the charge. After the experiment, specimens were examined and their back face deformation
was measured.
Panels were made of S2 glass/epoxy composite, Twaron aramid fabric/epoxy composite, Dyneema HB50 (UHMWP) and in all cases HTK900H steel. For
composite materials 5 tests were conducted: tensile test in direction 1, in plane shear test, interlaminate shear test, compression test in direction 1 and
compression in a direction perpendicular to the surface of the layer. For steel a tensile and SHPB tests were conducted. 
FEM analysis was conducted using LS-DYNA commercial software. The aim of the analysis was to simulate failure mechanism of different layers and to
assess the energy absorbed by each configuration. Steel was modeled using Johnson Cook material model. For composite, the model used was MAT169,
that allows progressive failure analysis for composite materials consisting of unidirectional and woven fabric layers. It has four different failure models
such as fiber failure, matrix failure and delamination. Constitutive models were evaluated with using triple point bending test trials and showed good
agreement with experimental data. Further numerical tests consisted of analysis for different thicknesses for each layer and determining amount of
absorbed energy. 

Keywords: FEM analysis, IED, STANAG 4569, Light Armored Vehicle, S2 glass, Aramid, Dyneema, UHMWPE

7983 | Impact Behavior Simulation of Polyphenylene Sulfide Composites Reinforced with Carbon Fibers Woven Fabric
(14. Impact on Composites)

Mariana, Stanciu D. (mariana.stanciu@unitbv.ro), Transilvania University of Brasov, Romania
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Fiber Reinforced Polymer Composites have evolved both in reinforcement and matrix. The epoxy resin was the most common matrix for FRPC but the
trend is to replace it with PPS because the mechanical properties of epoxy resin are influenced by the moisture content. The new matrix based on
polyphenylene sulphide is less influenced by moisture absorption and the quantity of noxious gases at high temperature is reduced. The specific
degradation of FPRC consists of: delamination due to impacts, even at low energies, or overloading of the structure; excessive porosity; water absorption.
Evaluation of impact damage mechanism of epoxy composite structures is approached in numerous studies. Because of their increasing utilization in
structural applications, the nondestructive evaluation (NDE) of FRPC continues to receive attention for research and development. Due to the
heterogeneous nature of composites, the shape of defects is very often different from those typically of metallic material and the fracture mechanisms are
more complex. This paper presents the impact behavior simulation of carbon fiber reinforced – polyphenylene sulphide composites at impacts with low
energies occurring at different temperatures by using numerical methods based on explicit solvers that involve the time analyses. The principal
mechanical parameters of the studied samples were determined using a Dynamic Mechanical Analyzer. Dynamic behavior of CFRP was analyzed in
terms of displacement, stresses, strain and impact area. This simulation is validated by using the experimental results obtained in case of the real
mechanical tests.

7984 | Analysis of obliquity in the high velocity impact of carbon/epoxy fragments (14. Impact on Composites)

Mata Díaz, Alberto (almatad@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Artero Guerrero, José Alfonso (jartero@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Pernas Sánchez, Jesús (jpernas@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Varas Doval, David (dvaras@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
López-Puente, Jorge (jlpuente@ing.uc3m.es), Universidad Carlos III de Madrid, Spain 

The aeronautic industry permanently seeks to optimize structural components due to the high requirements demanded to the aircrafts for both safety and
reliability. Furthermore, high fuel prices constantly motivate structural solutions in order to reduce the weight of the aircraft, which matches with the social
challenge of achieving a more sustainable transport.

Among all the loads to which an aeronautic structure is subjected, impact is one of the most concern, especially since the widespread use of composite
materials; these materials have exceptional specific mechanical properties, but low impact strength . Currently the use of composites reaches about 50%
(by weight) and one of the reasons which have limited their use beyond this percentage is its low impact resistance.

Impacts on the structure can be caused by quasi-non-deformable bodies (metal fragments), or highly deformable (hail, bird). Apart from these, which have
been studied in some depth, there is another kind of impact, virtually unexplored but which pose a current problem, which are impacts of fragments of
carbon/epoxy laminates (CFRPs). Turbines and turbo-prop engines made of CFRPs have numerous rotating components that may come off and impact
against the fuselage of the aircraft. In addition, new developments in civil aircraft propose the use of open rotor engines (due to its higher efficiency) which
have CFRP blades that could break and hit the fuselage, also made of CFRP.

In this work a numerical analysis of the impact of fragments made from carbon/epoxy laminates is carried out. Fragments of different geometries are
virtually launched against a rigid plate in order to measure the induced force history, at different impact velocities and with different trajectories. This last
parameter is of great importance since a small change in the fragment trajectory (far from the perpendicularity) could promote a very different induced
force. 

In order to model the behaviour of the composite laminate under impact, a validated model will be used, which includes both intra-laminar and inter-
laminar damage mechanism. The first one will be implemented in a user subroutine, whereas the second one will be implemented by means of cohesive
interaction. 

This work will contribute significantly in the description of how composite laminates behave when they are the impactor instead of the target; it will help to
explain which failure mechanisms appear, the influence of the impact velocity, the fragment geometry … etc. The results obtained from this work could be
of great importance since aircraft designers should consider the impact of composite fragments. Knowing the force history may help the designers to
model the force induced is this kind of impacts. 

7989 | Analysis of the effect of high velocity impact of ice spheres upon the static and dynamic response of
carbon/epoxy laminates (14. Impact on Composites)
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The study of composites materials subjected to extreme loading conditions such as crash, impact, or explosion, has become relevant in aerospace and
aeronautic industries, due to its usage is spread in these industries and the possibility of occurrence of these conditions. During flight, landing and take off
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aeronautics structures can be subjected to several types of loads, in particular impacts. It may cause different kinds of damage in composites, depending
mainly on the projectile material and form, the velocity and the angle of impact. Steel debris strikes were widely studied, but bird strikes and hailstones are
less studied, even thought are considered of high probability and risk.

Due to the problems arising from impact damage in composite laminates, there is a need to develop fast, accurate, cost-effective and non-destructive
testing methods to identify this type of damage at an early stage and thus enhance the service life of composite structures. Over the past three decades,
numerous researchers have devoted their efforts to developing so-called vibration-based NDT methods. The principle underlying these methods is that a
vibration response depends on the physical properties of a structure; therefore, changes that occur in physical properties due to damage can result in
detectable variations in the vibration response, which can serve as an indicator of structural integrity.

This work analyses the high velocity impact of ice spheres on carbon/epoxy laminates and examine the effect upon the vibration response and on the
residual load-bearing capacity of carbon fibre-reinforced composite laminated coupons.

A pneumatic launcher was used to impel the projectile with its sabot, at velocities ranging from 45 to 200 m/s; a high-speed video camera was used to
record the impact phenomenon. In order to study the effect of the ice size and laminate thickness, two different diameters were considered for the ice
sphere, 30 and 40 mm, and 2 different thickness (21 and 32 plies) of CFRP were used.

The composite laminate was manufactured from tape prepregs made by Hexcel composites using AS4 fiber and 8552 matrix; laminates size was 300 x
300 mm, and it is clamped in its four sides during the impact. After impact the composite panels were inspected using the B and C-Scan ultrasonic testing
allowing the quantification of the damaged area. In order to obtain the modal parameters to examine the effect of the induced damage upon the vibration
response, modal testing of the pristine and damaged composite laminates was performed. Tests were carried out under free boundary conditions. The
real-time sampled signals (excitation and response) were measured and recorded in form of time series and processed into inertance frequency response
function (FRF) data. Comparison method was based in frequency domain and modal domain. In addition to the transverse modes of vibration, in-plane
modes were also estimated by exciting the specimen at evenly distributed locations on each lateral side.

The effect of high velocity impact of ice on the vibrational response of laminated composites is also examined by using a numerical approach. The results
allowed for conclusions to be drawn regarding the influence of the induced damage upon the vibration response. Pertinent correlations with residual
bearing capacity are also presented and discussed.

8046 | Numerical study of carbon/epoxy woven laminates submitted to equienergetic impacts. (14. Impact on Composites)

Pernas-Sánchez, Jesús (jpernas@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Arrtero-Guerrero, Jose A. (jartero@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
López-Puente, Jorge (jlpuente@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Varas, David (dvaras@ing.uc3m.es), Universidad Carlos III de Madrid, Spain 

Aeronautic and aerospace industries are continuously increasing the use of composite materials, which nowadays represent more than 50 % of aircraft
structures weight. High strength-to-weight and stiffness-to-weight ratio of these materials allow to reduce significantly the weight, and fulfil the strict
requirements of the mentioned industries. Carbon fiber/epoxy laminates are the most used composite material in aircraft structural applications because
their proper combination between mechanical properties, high resistance to corrosion and fatigue, and low density.

Due to the use of these materials in primary structures they usually are exposed to the elements and to occasional impacts, therefore it is necessary to
understand how composites behave during their service life when they are subjected to different types of loads. Impact vulnerability studies of CFRP
aeronautic structures are specially important in the design of any aircraft due to the low out of plane properties of these materials. It has been observed
that
the response of woven CFRP panels is quite different depending on the impact velocity, thus this type of events can be classify in high and low velocity
impacts.

In order to reduce the design costs, it is necessary to obtain numerical tools capable of predict the vulnerability damage with low computational effort; 3-D
finite element model, based on continuous damage model, are able to predict damage on composite laminate under impacts loads at the expense of a
high computational effort. Some authors have explored the capacity of neural networks to obtain the response of the materials under the impacts, but the
data provided by these models are limited and sometimes not enough to achieve a proper design of the structural elements.

This work proposes a numerical approach, based on finite elements methods, to predict the response of carbon/epoxy woven laminates under low velocity
impacts and study if the mass of the impactor plays any role on the laminate damage for different cases in which the impact energy is the same. The
material model for the laminates takes into account different intralaminar failure mechanisms and the use of cohesive interactions to reproduce the inter-
lamina failure. The numerical simulations are compared with available experimental results of drop-weight tower test, where impacts on different
thickness laminates, at constant energy, were performed varying the impact velocity and the impactor mass.

8048 | Optimization of the composition of ceramics Al2O3 and aramid fabric Twaron T750 in terms of stab resistance.
(14. Impact on Composites)

Sokołowski, Dariusz (dsokolowski@wat.edu.pl), Military University of Technology, Poland
Barnat, Wiesław (wbarnat@wat.edu.pl), Military University of Technology, Poland
Gieleta, Roman (rgieleta@wat.edu.pl), Military University of Technology, Poland 

In this article there is shown the problem of stab resistance of the soft body armor. Most of the bullet proof armour, which are used by uniformed forces
can effectively save officers from small pistol bullets. Simultaneously that kind of armor is not effective while situation, in which attack is coming from
melee weapon such as knife or spike. This differences are caused by the fact that physical phenomena during hitting a knife and bullet are unlike. Here,
the most important aspect is density of the energy on the tip of object, as well as its hardness. Bullets consist of brass jacket and lead core (unless it is the
armor-piercing projectile). Knife, used for experiment has parameters according to the NIJ Standard 0115.00. It is made of tool steal which yield strength is
equal approximately 2000 MPa and its hardness ranges between 55 HRC to 66HRC. 
As a base point there has been used experimental test. Provided solution made it possible to type composition, which was able to hold the knife in its
area. This means, that the knife neither penetrate the fabric nor bounced elastically. Provided experiment was the starting point for iterations and other



08/05/15 15:14Conferências 5: Book of Abstracts

Page 115 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

considerations, because all of the elements were damaged or destroyed, so all phenomena accompanying to the knife hitting, occurred. Worth mentioning
is also fact, that the knife did not abandon the composition, so the measurement of parameters such as depth of penetration and amount of cut layers is
facilitated. 
The experiment was provided with usage of pneumatic cannon, with which the knife was launched to the sabot made from low density foam. During hitting
the composition, knife had kinetic energy equal 65 J and velocity 100 m/s. There were two ways of measuring the velocity: laser gate placed in muzzle of
the barrel and high speed camera Phantom V12. Second method was also used to record the hit, with speed 20000 frames per second. 
Composition consists of 4 millimeter hexagonal layer of ceramic Al203, with side 11.5 mm, and from six layers of aramid fabric Twaron T750. All lawyers
were placed on the backing material.
There has been conducted numerical model, which reflected the experiment. Model is based on manufactures’ cards. To perform model of ceramic there
has been used the Johnson Holmquist material. Ceramic was modeled with fully integrated finite elements. To capture all existing physical phenomena,
architecture of aramid fabric was conducted with usage of sub bundles, which here represent roving bundles. Every roving bundle was modeled with 9
beam elements. This solution facilitated capturing phenomena such as: sliding, tiring, cutting and flattening of the bundles as well as fitting them to object
geometry. 
The process of optimization was conducted In two separate ways. In first, this process concerned the space dimensions of ceramic hexagonal plate, due
to eliminate bending in the plate. In the second solution, composition was optimized by layers of dry aramid fabric, due to ensure appropriate level of
penetration, which cannot exceed acceptable threshold, from NIJ Standard 0115.00.
Last point of concerns was optimization of the whole composition by mass, remembering about above mention data (which result from optimization
structure by dimensions and amount of layers)

8058 | Numerical simulation of rigid body impact on airboat’s composite bottom coating (14. Impact on Composites)

Barnat, Wieslaw (wbarnat@wat.edu.pl), Military Univeristy of Technology, Poland
Trzaska, Malwina (mtrzaska@wat.edu.pl), Military Univeristy of Technology, Poland
Kiczko, Andrzej (akiczko@wat.edu.pl), Military Univeristy of Technology, Poland 

Special boats type airboat are widely used to quickly move around water or swamp of unknown nature and bottom and to reach areas in tough terrain. To
provide adequate protection of airboat’s aluminum hull, outer coating layers are used. One of possible solutions is layer made of composite material. Due
to operating conditions, the possible solution can be glass fabric reinforced vinyl ester resin. 
This paper presents numerical simulation of damage initiation, progression and material failure during 3-dimensional elasto-plastic deformation of a fiber
glass reinforced vinyl ester composite impacted by a low speed rigid body. The material is orthogonal laminate with ply configuration (0/90)n. The matrix is
made of vinyl ester resin Firestop 440. The matrix is reinforced with multiaxial layer fabric GBX 600 stitched with polyester (manufacturer DIPEX), weight
600 g/m2, warp/weft 300/300 tex. Numerical problem is solved using Finite Element Method (FEM). The model is prepared using HyperMesh basing on
geometry provided by airboat’s manufacturer. Numerical simulation of impact is performed using the LS-Dyna software. The composite is modeled using
MAT169 material implemented in LS DYNA. The material has four different failure models such as fiber failure, matrix failure and delamination. Model
formulation is based on theory proposed by Hashin. Constants required by the constitutive model of material were determined during experimental tests
held in Department of Mechanics and Applied Computer Science. For the purpose of the analysis a total number of 5 tests were performed: tensile test in
direction 1, in plane shear test, interlaminate shear test, compression test in direction 1 and compression in a direction perpendicular to the surface of the
layer. The material model was validated using experimental data from triple point bending trial. 
The numerical analysis was performed to simulate rigid body impact on the composite structure. The goal was to define the minimum thickness of outer
protective layer made of composite, which have a sufficient strength for impact load. As a result, a computed time histories of the loads acting on the
specimen were obtained. Failure due to impact was observed. Stress maps for each composite layers were plotted. The analysis allowed in-depth
understanding of rigid body impact on the composite. Various damage and failure modes in the simulation agree qualitatively with those observed during
airboat’s operation. 
Keywords: airboat, FE analysis, glass reinforced vinyl ester composite, LS-DYNA, impact on composite
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Sandwich structures are of particular interest and widely used, because they result in lightweight structures with high flexural properties. In high-
performance engineering applications such as aerospace and aircraft applications, sandwich structures with laminated face-sheets bonded to honeycomb
or foam core, are extensively used.

During their operating life, composite sandwich structures can be subjected to complex loads. Specifically, low-velocity impacts can lead to a reduction in
their structural stiffness and strength, with barely visible damage on the composite face-sheets; however, because of their unpredictable nature, not all
impacts are perpendicular to the composite face-sheets, and thus oblique impact can occur.

The aim of this work is focused on the experimental and numerical study of oblique impacts on composite sandwich structural components. As a first
approach, an oblique impact on a composite sandwich plate will be modelled using Abaqus/Explicit code. In order to validate this model, experimental
oblique impact tests will be carried out using a drop-weight tower. Once validated, the model will be used to study the effect of oblique impacts on the
structural response of composite sandwich plates.

8160 | Experimental and computational investigation of low velocity impact damage of flat and curved CFRP composite
laminates (14. Impact on Composites)
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Through-the-thickness direction behavior of composites has always remained a major weakness despite the advancements in composite technologies,
mainly caused by weak transverse properties and unique damage characteristics of composites. Internal delamination followed by matrix cracking is the
distinctive damage mode for low-velocity impacts. Past studies focused on developing improved damage resistance properties, dynamic response and
damage prediction methods. Ultimately, a good correspondence has been achieved for post-impact damage footprints of advanced simulations and tests.
This paper focuses on process of delamination during a low-velocity impact computationally and experimentally. Finite element simulations are conducted
using cohesive elements between layers to model delamination and a user written subroutine to model ply failure in ABAQUS/Explicit. Experiments are
conducted with a 1 million fps ultra-high speed camera and DIC technique to record dynamic stress fields and damage progression during impact. The
results of the simulations are compared with the experiments. Furthermore, the effect of curvature on the composite failure process and delamination
footprint is assessed. 

8212 | IMPACT AND POST-IMPACT BENDING BEHAVIOR OF SANDWICH STRUCTURES (14. Impact on Composites)

Soares, Bruno (bruno.soares@ist.utl.pt), Instituto Superior Técnico, Portugal
Reis, Luis (luis.g.reis@ist.utl.pt), Instituto Superior Técnico, Portugal
Sousa, Luís (lsousa@dem.ist.utl.pt), Instituto Superior Técnico, Portugal 

The goal of this paper is the comparison of two different sandwich structures subjected to impact, and post-impact forces using a slightly modified version
of the ASTM D7136 Standard test method for Measuring the Damage Resistance of a Fiber-Reinforced Polymer Matrix Composite to a Drop Weight
Impact Event Test method and the ASTM C393 Bending test method with the test parameters and specimens also complying with the ASTM D790
Bending test Method.
The Sandwich structures were composed of a two layer biaxial fiberglass facing with one structure with a Divinycell® core and the other one with a
CoreCork® core, in order to compare the behavior of both core types to impact events.
Results indicate a similarity in results between the two cores, since while the Divinycell® core sandwich structure presented a better behavior than the
CoreCork® core sandwich structures, the differences were statistically insignificant.
This work was part of a bigger study on composites to determine the suitability of cork composites as a core component of sandwich structures.

8227 | Analytical impact response and damage of composite laminates under in-plane loads with various boundary
conditions (14. Impact on Composites)

Choi, I. H. (ihchoi@kari.re.kr), Korea Aerospace Research Institute, Korea, South 

Recently, the author have published a paper titled as ‘analytical and experimental studies on the low-velocity impact response and damage of composite
laminates under in-plane loads with structural damping effects’. In the paper, low-velocity impact response and damage of composite laminates under in-
plane loads were analytically and experimentally investigated. In the analysis, the author proposed a modified laminate theory including in-plane pre-strain
effects and developed a finite element program to analyze the structural behavior of the composite laminates subjected to the low-velocity impact
including the geometrical nonlinear effect and structural damping effect. The analytical and experimental impact behaviors were compared at various
impact energy levels for the cases with an initial in-plane tensile load and a compressive load, as well as the cases without the initial in-plane load. The
study showed a good correspondence between the analytical and experimental impact force histories. 
In this study, the author will introduce the finite element formulation process again and use the finite element program to analyze impact response of
composite laminates under various boundary conditions including simply supported and clamped with/without sliding movement at the boundary edges.
Analyzed impact force and central deflection histories and maximum strain distributions will be compared each other to investigate the effects of
geometrical large deflection and in-plane preload according to the various boundary conditions. The comparison between geometrical size/boundary
condition of laminate and analytically estimated damaged area will be performed.

8230 | An Advanced Multi-scale Model for Composite Impact (14. Impact on Composites)

Jian Xu (jian.xu@imdea.org), Imdea Materials, Spain
Sandip Haldar (sandip.haldar@imdea.org), Imdea Materials, Spain
Claudio Lopes (claudiosaul.lopes@imdea.org), Imdea Material, Spain
Carlos González (carlosdaniel.gonzalez@imdea.org), Imdea Material, Spain 

Key words: impact crashworthiness FEM multiscale composite

Laminated Fibre Reinforced Polymers (FRPs) are gaining popularity in industries thanks to their outstanding weight specific mechanical performance. The
state-of-the-art Boeing 787 Dreamliner aircraft, released in 2011, utilises advanced composites for about 50% of deadweight; the first mass-produced
carbon composite car - i3 has a monocoque that weights 150KG, saving 250KG in comparison to its metallic counterpart. However, owing to the lack of
knowledge on the mechanical behaviour of these materials, especially the high speed responses, the conventional way to solve the problem relies on
extensive and costly experimental campaigns. 

Therefore, in this study, a reliable virtual design/testing strategy for the impact/crashworthiness of composite structures accounting for the material
behaviour at micro-, meso- and macro-levels is developed and implemented into a software package that is widely used by the industry (Pam-Crash). The
simulation is validated by coupon characterization tests and impact test on the level of coupon and sub-component. The proposed approach takes the
advantages of the hierarchical fashion of the composite structures, granting a sound physical meaning to the whole modelling work from the lowest
material scale (fiber, matrix and interface) where properties are characterized by conducting delicate experiments (e.g. matrix nano-indentation and fiber
push-in tests ). It gives the possibility to i) less conservative designs that will represent decreases in vehicle weight, associated use of resources and gas
emissions; ii) a reduction in physical tests and associated costs; and iii) faster (right-first-time) development times and shorter times-to-market of
composite products. The overall modelling strategy is:

Micro-level The fiber bundle mechanical response will be obtained by FE analysis of a Representative Volume Element (RVE) of the ply microstructure .
Fiber-matrix decohesion is simulated using cohesive elements, while the appropriate constitutive models are adopted to reproduce the plastic deformation
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as well as the fiber fracture and matrix crack. This modelling generates the failure locus of the impregnated roving and this information is passed to the
mesoscale analysis.

Meso-level The geometry of the woven fabrics is detailed represented using the modeler WiseTex. The cohesive elements are used to represent the
interply interface. The normal strength, shear strength as well as mode I and mode II fracture toughness of the interface are obtained from tests.
Continuum Damage Mechanics (CDM) is used to describe the homogenized microcracks and to capture the degraded average properties.

Component level The laminate is simplified using shell element that has as many integration points in thickness as the number of the plies in laminate.
There are no interplay surfaces. So the virtual delamination on macro-level is described as a stack of shells in the possible delamination zone, bound with
bar elements. The damage onset and propagation are captured and simulated using failure locus delivered from meso-level and CDM, respectively. 

The aforementioned approach will be finally applied to crashworthiness of an aeronautic component, defined by one of the greatest plane maker. The
orientated materials are unidirectional laminates and plain weave laminates.

8244 | Experimental Study on CFRP Strengthened Concrete-Filled Steel Tubes under Transverse Impact (14. Impact on
Composites)

Alam, Md Iftekharul (mdiftekharul.alam@student.qut.edu.au), Queensland University of Technology, Australia
Fawzia, Sabrina (sabrina.fawzia@qut.edu.au), Queensland University of Technology, Australia 

Carbon fibre reinforced polymer (CFRP) strengthened concrete-filled steel tubular (CFST) columns are advanced composite members which can be used
in bridge piers, high rise buildings or car parking. However, attention is needed to strengthen/retrofit these members where transverse impact force is
expecting to occur due to accidental actions. In this paper, circular section CFST columns are strengthened with externally bonded normal modulus CFRP
and tested under drop weight impact apparatus. The results have shown that both concrete filling and CFRP wrapping helped in strength enhancement of
impacted columns. The findings have confirmed that CFRP composites can be applied successfully to strengthen CFST columns subjected to transverse
impact from vehicular/ship accidents.

8246 | Impact Energy absorption of CFRP-Steel composite tubes (14. Impact on Composites)

Batuwitage, C.R.J (b1.jayanath@student.qut.edu.au), Queensland University of Technology, Australia
Fawzia, Sabrina (sabrina.fawzia@qut.edu.au), Queensland University of Technology, Australia 

The frontal crash safety and energy absorption of thin walled tubes have been studied in the last decade. With the development of CFRP materials there
is a new approach to design light weight vehicular structures to maximise the efficiency. The crashworthiness properties and the energy absorption
characteristics of CFRP-steel composite tubes are not fully investigated and there is a need of studying the impact behaviour of CFRP-steel composite.
This paper investigates the crashworthiness properties of CFRP-steel composites tubes under axial impact loading. A comprehensive parametric study
was carried out to evaluate the influence of steel thickness, CFRP thickness and steel grade on the crashworthiness properties. Understanding of the
crashworthiness properties of CFRP-steel composite materials will be helpful to designers to develop efficient light weight automobile structures while
maintaining the passenger safeguard.

8302 | Mechanical response of composite laminates at high strain rates: Effect of hostile solutions (14. Impact on
Composites)

Dias, B. S. M. (bruno.samuel.dias@hotmail.com), University of Coimbra, Portugal
Amaro, A. M. (ana.amaro@dem.uc.pt), University of Coimbra, Portugal
Cirne. J. S. (jose.cirne@dem.uc.pt), University of Coimbra, Portugal
Reis, P. N. B. (preis@ubi.pt), University of Beira Interior, Portugal
Neto, M. A. (augusta.neto@dem.uc.pt), University of Coimbra, Portugal 

The interest in composite materials for hostile environments, as an alternative to stainless or coated steel ones, is becoming common. This phenomenon
is consequence of their high specific strength and stiffness, competitive cost, good static and dynamic properties, good resistance to corrosion and
simplified fabrication. For example, composite pipes are largely used in the chemical industry, building and infrastructures.
However, the studies presented on the open literature are not sufficient to establish a full knowledge about the effect of hostile solutions on the PMC
mechanical properties. For example, it is well known that the composites are very strong in the plane, but with very low impact performance through the
thickness. Various types of damages can occur, which are very dangerous because they are not easily detected visually and they can affect significantly
the residual properties and structural integrity of those materials. In terms of low velocity impact associated with highly corrosive environments, the open
literature shows that the resistance of composite laminates is very dependent of the corrosive environment, exposure time and solutions’ concentration.
The alkaline solution shows to be more aggressive than the acid solution, promoting the lowest impact strength. On the other hand, a significant effect of
the temperature can be found, independently of the aggressive solution.
However, the mechanical response of all materials is sensitive to the rate at which they are loaded. The most widely used technique for obtaining direct
determination of material properties at strain rates between 200 and 104 sec-1 is the split Hopkinson bar. In this technique a short material specimen is
deformed at a high rate while it is essentially under a homogeneous state of stress. Unlike metals, which have been studied extensively, only a limited
amount of information is available on the open literature about the effect of strain rate on the response of composite materials. This information decreases
significantly when the composites materials are exposed to the hostile solutions.
Therefore, the main goal of the present study is to evaluate the effect of the hostile solutions on the mechanical response at high strain rates.
Unidirectional composite laminates of carbon/epoxy were submerged into hydrochloric acid (HCl) and sodium hydroxide (NaOH), at room temperature,
during different exposure time. It was concluded that the corrosive environments affect significantly the mechanical response at high strain rates, but their
effects are strongly dependent of the exposure time. The alkaline solution shows to be more aggressive than the acid solution.
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8303 | Effect of electrical discharges on the structural integrity of composite laminates (14. Impact on Composites)

Farto, E. M. (emfarto@gmail.com), University of Coimbra, Portugal
Amaro, A. M. (ana.amaro@dem.uc.pt), University of Coimbra, Portugal
Santos, M. (marioj@deec.uc.pt), University of Coimbra, Portugal
Santos, J. B. (jaime@deec.uc.pt), University of Coimbra, Portugal
Reis, P. N. B. (preis@ubi.pt), University of Beira Interior, Portugal 

In recent years, there has been a rapid growth in the use of fiber reinforced composite materials in engineering applications and there is a clear indication
that this will be continuing. Carbon fiber reinforced composite materials, for example, have been widely used in automobiles, ships, aircraft, satellites,
sporting goods and others as consequence of their stability, light weight and high stiffness. Particularly, in the automotive and aerospace industries, the
use of composites is justified by reducing the structural weight with consequent fuel saving and improving the performance.
However, the poor tolerance to accidental low velocity impacts of composite laminates is yet a limitation to their use in many industrial applications.
Various types of damages can occur, which are very dangerous because they are not easily detected visually and they can affect significantly the residual
properties and structural integrity of those materials. These damages, and consequently the residual properties, can be affected significantly by the
environments that surround the composite materials. Lightning, for example, can induce damage on an aircraft structure by melting or burning at lightning
attachment points, resistive heating, magnetic force effects, acoustic shock, arcing and sparking at joints, and ignition of vapors in fuel tanks. The main
focus of direct lightning strike threat studies to date has been on its potential to arc and generate a spark (ignition studies). However, little research in the
public domain has been done in order to assess the potential losses in structural integrity of the CFRP structure due to the lightning strike damage.
Therefore, the main goal of the present study is to evaluate the effect of the electrical discharges on the impact strength. For this purpose, unidirectional
and multidirectional carbon/epoxy laminates were exposed to an electrical current, at room temperature, during different exposure time. It was concluded
that the electrical current affects the impact response, but its effect is dependent of the exposure time.

8391 | A dual-scale modelling approach for multi-layered, multi-directionally reinforced laminated structures subjected
to impact loading (14. Impact on Composites)

Hoffmann, Justus (justus.hoffmann@eng.ox.ac.uk), University of Oxford, United Kingdom
Cui, Hao (hao.cui@eng.ox.ac.uk), University of Oxford, United Kingdom
Wiegand, Jens (j.wiegand@cyi.ac.cy), The Cyprus Institute, Cyprus
Petrinic, Nik (nik.petrinic@eng.ox.ac.uk), University of Oxford, United Kingdom 

Fibre reinforced polymers (FRP) exhibit exceptional mechanical properties given their comparatively low mass density, which makes these materials very
attractive for utilisation in high-performance aerospace applications. The numerical simulation of the mechanical behaviour of large FRP systems and
structures comprised of numerous laminae cannot include the kinematic modelling of individual plies using one or more solid finite elements through-
thickness of each ply. As a result, a dual-scale modelling approach has been developed to simulate the homogenised macroscopic response of several
plies within one solid finite element. This approach allows for the evaluation of delamination at macro scale by taking into account the out-of-plane
stresses in the laminate coordinate system. The in-plane failure modes fibre rupture, fibre kinking and inter-fibre failure are addressed at meso scale by
evaluating the material exposures of the corresponding failure modes with respect to each ply’s material coordinate system. The damage evolution
process corresponding to each failure mode is hereby not enforced by a prescribed function, but uses the respective failure envelope as an energy
dissipation potential. Hence, damage propagation is driven entirely by the rate at which the failure envelopes are exceeded.

8499 | MAGNETOHYDRODYNAMICS AND COUPLED ELECTRICAL/THERMAL/MECHANICAL FINTE ELEMENT
SIMULATION OF LIGHTENING STRIKE EFFECT ON COMPOSITE PANELS (14. Impact on Composites)

Abdelal, G (g.abdelal@qub.ac.uk), Queen''s University Belfast, United Kingdom
Foster, P (pfoster216@qub.ac.uk), Queen''s University Belfast, United Kingdom
Murphy, A (a.murphy@qub.ac.uk), Queen''s University Belfast, United Kingdom 

A lightning strike is a plasma, made up of high temperature and fast moving electrons (30,000°C, 5,000 m/sec), conducting significant energy within micro-
seconds (40k-200k Joule/Ohm ). Lightning strikes have a significant impact on any structure they strike; resistive heating, magnetic forces, and
overpressure. The recent simulation of lighting strike effect ignores the thermal plasma part, applying the electric current directly on the composite panel.
A novel numerical technique is developed to simulate thermal plasma on composite structures (waveform-B) based on Magnetohydrodynamic theory. This
technique is sequentially integrated with fully coupled mechanical-thermal-electrical finite element analysis to investigate the design variables space that
can affect lightning strike damage on epoxy/graphite composite panels. The mechanical finite element module uses the cohesive elements/surface
approach to model delamination of composite panel. This paper is the first full virtual simulation of the lighting strike effect on composite panel.

8610 | THE STRAIN RATE EFFECTS ON THE COMPRESSIVE BEHAVIOR OF WOVEN CARBON/EPOXY LAMINATES (14.
Impact on Composites)

Reis, Vitor L. (vreis88@gmail.com), Instituto Tecnológico de Aeronáutica – ITA, Brazil
Silva, Luiz F. M. (lfmarini@gmail.com), Instituto Tecnológico de Aeronáutica – ITA, Brazil
Donadon, Mauricio V. (donadon@ita.br), Instituto Tecnológico de Aeronáutica – ITA, Brazil 

This paper presents an experimental investigation of the strain rate effects on the dynamic behavior of woven carbon/epoxy composite laminates.
Specimens were manufactured using the Resin Infusion under Flexible Tool (RIFT) process. The specimens were tested under compression loads at
different strain rate levels using an in-house Split Hopkinson Pressure Bar (SHPB) testing apparatus. The lamination angle was varied from 0 to 90
degrees in order to investigate its influence on the dynamic behavior of composite specimens. The preliminary results indicate that the dynamic behavior
of these composites is dependent on both lamination angle and strain rate effects. The proposed testing programme provides an experimental database
for the development of failure criteria for spacecraft composite structures subjected to extreme loading conditions.

8656 | Effect of binder viscosity on granulation mechanism in a high intensive mixer and physical properties of
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geopolymer/granule composites (14. Impact on Composites)

Seunggu, Kang (sgkang@kgu.ac.kr), Kyonggi Univ., Korea, South
Sangwon, Lee (naiveorca@naver.com), Kyonggi Univ., Korea, South 

High intensive mixer is granulation processing equipment through the elastic behavior of the experimental variables on changes in the physical properties
of the granules. Many studies have been conducted. In this study, Fluidized-bed coal fly ash generated by combustion in a circulating layer granulation
mechanism. Three kinds of alkali activator are different from each other, each having a viscosity of granulated showed different behavior, thereby
analyzing the granule size distribution of growth stage and were divided into three stage. In addition three type of granule using fly ash were assessed.
The properties of geopolymer/granule composites were analyzed as function of size of the granules and molar concentration, as well as the molding
pressure. The physical properties analyzed compressive strength and density of the geopolymer composites containing the various granules.

8682 | A STUDY OF SCALING EFFECTS IN FILAMENT WOUND GRE TUBES SUBJECTED TO LOW VELOCITY IMPACT
(14. Impact on Composites)

Hafeez,F (fhafeez@pi.ac.ae), The Petroleum Institute, United Arab Emirates
AlMaskari, F (falmaskari@pi.ac.ae), The Petroleum Institute, United Arab Emirates 

1 General Introduction

Scaling effects in thin walled glass reinforced epoxy filament wound cylindrical tubes with [±55º] layup subjected to low velocity impact are presented in
this work. Recently scaling effects are studied for such specimens under indentation load . It has been observed that behavior of GRE tubes scales well to
certain extent [1, 2]. It has been already established that behavior of laminated tubes under impact can be approximated with their indentation behavior
[3]. Since indentation results are already published, experiments under impact loading are carried out in this work as a logical next step to understand
adherence of their behavior to scaling law, if exists. Scaling studies on behavior of thick walled GRE tubes under indention and impact type load has
shown substantial compliance to the scaling laws [4, 5] where authors used only two scales in their experiments on thick walled tubes though. 
Purpose of this experimental work is to scale impact force and energy behavior of thin walled GRE tubes to show these response parameters can be
estimated for large structures by using results from a model test.

2 Formulation

Bucking pi theorem is used to establish non-dimensional relation between input and output for GRE tubes subjected to indentation load [1, 2]. This
formulation is adapted here to develop non-dimensional relation when these tubes are subjected to impact load.

3 Experimental Set up

[±55º] cylindrical GRE Specimen for four different scales (n=1/4, ½, ¾, and 1) are used in the experiments. The geometric dimensions are scaled. Impact
tests are carried out on Instron drop weight impact tester. Required parameters including force, displacement, time and energy are recorded with the help
of integrated Instron data acquisition system and software. Damage initiation and growth due to impact is monitored with the help of an upward facing
mirror placed inside the tube during the experiment and aligned with the indenter location. Videos for all scales are captured for post experiment analysis
and for the measurement of the damage growth reflected by the mirror. 

4 Expected results

This work will present experimental results including slope of force displacement relation, Energy absorbed by the specimen and permanent deformation
experienced by each specimen. Damage initiation and growth with respect to displacement, force, energy and time will be plotted and scaled to
understand if there exists a scaling law for these parameters for thin walled GRE tubes.

5 References
[1] Farrukh Hafeez, F.A. Scaling Effects in Glass Reinforced Epoxy Filament Wound Tubes Subjected to Quasi Static Indentation. American Society for
Composites 29th Technical Conference. San Diego, California, USA2014.

[2] Hafeez, F., and Almaskari, F., 2014. "Glass reinforced epoxy tubes subjected to indentation load: A study of scaling effects". Composite Structures,
117(0), pp. 433-44.

[3] Curtis, J., Hinton, M.J., Li, S., Reid, S.R., and Soden, P.D., 2000. "Damage, deformation and residual burst strength of filament-wound composite tubes
subjected to impact or quasi-static indentation". Composites Part B: Engineering, 31(5), pp. 419-33.

[4] Tarfaoui, M., Gning, P.B., and Collombet, F., 2007. "Residual Strength of Damaged Glass/Epoxy Tubular Structures". Journal of Composite Materials,
41(18), pp. 2165-82.

[5] Tarfaoui, M., Gning, P.B., Davies, P., and Collombet, F., 2007. "Scale and Size Effects on Dynamic Response and Damage of Glass/Epoxy Tubular
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8698 | Tribological properties of polymer-ceramic composites under dry sliding and artificial saliva lubrication (14. Impact
on Composites)

Madej, Monika (mmadej@tu.kielce.pl), Kielce University of Technology, Poland
Ozimina, Dariusz (ozimina@tu.kielce.pl), Kielce University of Technology, Poland
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Baranowicz, Paweł (pawel.baranowicz@ekstradent.pl), NZOZ EKSTRADENT, Poland
Wysokińska-Miszczuk, Joanna (joanna.wysokinska-miszczuk@umlub.pl), Medical University of Lublin, Poland 

Presently, the implantology is the most dynamically developing domain of dentistry which presents one of the most important part of the esthetical dental.
The treatment by dental implants subjects constant improvements in range of surgical technique, prosthetic technique and materials, which implants are
executed by. The purpose of the hereby work is to present results of reasearch on generally applicable materials in dentistry. The research carries for the
composite which consists of methyl dimethacrylate (about 18%), copolymer and SiO2 (about 82%). Samples from oxide of zirconium was covered by this
composite. The particle size of unorganic composite’s filler took away 10-100 nm. The topography and surface analysis was evaluated by scanning
electron microscope and profilometer. The tribological research was carried on ball-on-disc and pin-on-plate apparatuses. The tests was conducted for dry
and lubricated friction conditions with artificial saliva. Balls and pins from oxide of zirconium and oxide of zirconium layered by ceramic was used as
counterspecimens. Research has shown that counterspecimen’s material and kind of friction pairs effected on wear mechanism.

8887 | Impact damage observations of CFRP composite laminates by using X-ray Computed Tomography (14. Impact on
Composites)

Suzuki, Kohji (kohji.suzuki@it-chiba.ac.jp), Chiba Institute of Technology, Japan 

In this study, carbon fiber reinforced plastic (CFRP) composite laminates were fabricated for drop-weight impact tests with the impact energy varied at
4.26, 8.53 and 12.79J. X-ray CT images of the present CFRP laminates and damping CFRP laminates with impact-induced damages were obtained.
From the CT images of the present specimens, so-called damage volumes were defined and quantitatively acquired by using the image analyzing
software (simpleware ver.6). Some positive co-relations between the energy absorptions and the damage volumes were observed. In addition, by using
the present CT images, damaged CFRP laminate analytical models, which had stiffness reduction regions as one of damage modeling schemes, were
also proposed and their usability was partly shown from some numerical results by using finite element analysis (FEA) along with impulse hammering
modal test results, although further better analytical modeling schemes for damaged CFRP laminates might be found out.

8943 | Impact properties of thermoplastic high performance woven composites with Poly(ethylene 2,6-naphthalate)
(PEN) matrix. (14. Impact on Composites)

de Vasconcellos, Davi S. (davi.vasconcellos@ipcb.cnr.it), Institute for Polymers, Composites and Biomaterials - CNR, Italy
Sorrentino, Luigi (luigi.sorrentino@cnr.it), Institute for Polymers, Composites and Biomaterials - CNR, Italy
d''Auria, Marco (marco.dauria@unina.it), Institute for Polymers, Composites and Biomaterials - CNR, Italy
Iannace, Salvatore (iannace@unina.it), Institute for Polymers, Composites and Biomaterials - CNR, Italy
Sarasini, Fabrizio (fabrizio.sarasini@uniroma1.it), Università di Roma "La Sapienza", Italy 

Reinforced thermoplastic composites offer the aerospace industry opportunities to couple structural performances to weight and cost savings and to a
more environmental oriented technology with respect to thermosets. Thermoplastic polymers have increased impact resistance, higher damage tolerance
and interlaminar toughness due to the presence of the amorphous phase that can retard the crack propagation and allow larger deformations. Among
them, Poly(ethylene 2,6-naphthalate) or “PEN” is an affordable high performance polymer (when compared to PEEK and PEI). It has a glass transition
temperature higher than 120°C and its melting temperature is around 265°C, which reduces the power requirements for its processing. But despite that,
only limited literature is available on the use of such polymer in composite applications.
In this work, we study the impact properties of composites laminates, employing PEN polymer as a matrix. Three typology of fibers are considered: carbon
fibers, polymeric (aramid) and mineral (basalt) fibers. For each type of fiber, the composite plates were manufactured by using the film stacking technique
where 8 layers of balanced plain weave fabrics (0°/90°) were intercalated with films of amorphous PEN polymer. Those laminates presented very low void
content and good fabric impregnation, as confirmed by the morphological analysis performed with SEM. The impact properties were studied by means of
drop-weight impact tests. Several energy levels were tested and also different fiber volume content was analyzed for each type of reinforcement. Results
of impact damage and impact parameters are discussed for all configurations.
This study has been carried out with financial support from MIUR Ministry (Italy) within the TECOP project (PON02_00029_3206010).

9067 | Theoretical foundations of splats formation at impact of decamicron-sized porous composite particles ''liquid
binder – solid ultra-fine inclusions'' onto substrate (14. Impact on Composites)

Solonenko, Oleg (o_solonenko@yahoo.com), Khristianovich Institute of Theoretical and Applied Mechanics, SB RAS, Novosibirsk, Russian Federation 

The use of composite powders (WC-Co, TiC-NiCr, Cr3C2-NiCr, etc.) in thermal spraying presents a promising strategy in formation of wear- and corrosion
resistant coatings. The high volume content of ultra-fine carbide inclusions in the cermet particles (50-80%) leads to a high viscosity of the binder melt with
high-melting solid inclusions suspended in it. That is why takes place a low value of deformation of the quasi-liquid particles impinging onto the substrate
or onto previously deposited coating layer. All these explain why plasma-sprayed cermet coatings have a comparatively high porosity at the interfaces
between individual splats and at the coating-substrate interface. In addition to aforesaid, at fixed volume concentration of carbide inclusions in cermet
particle, their porosity and size of inclusions play a key role under splats formation.
The 'quasi-liquid cermet particle — base' interaction process, in the stage of viscous inertial spreading, generally follows one of the four basic scenarios: 1
— flattening the cermet particle on the solid surface with simultaneous solidification of the binder melt followed by subsequent cooling of the formed splat;
2 — flattening the cermet particle on the surface with simultaneous solidification of the binder melt and partial submelting of the substrate in the contact
spot of the particle with the substrate, followed by subsequent solidification of the melted substrate layer and cooling of the splat-base system; 3 —
complete flattening the particle on the solid base/substrate followed by subsequent cooling and solidification of the spread layer; 4 — complete flattening
the particle with simultaneous partial submelting of the base/substrate, followed by subsequent cooling and solidification of the spread particle and the
near-surface melted layer in the base.
Theoretical analysis of splat formation at quasi-liquid porous cermet particle "melted binder — ultra-fine solid inclusions" impingement onto substrate was
carried out for the 1st and 2nd scenarios taking into consideration the key physical parameters (KPPs) of particle–substrate interaction: temperature,
velocity and size of cermet particle, substrate temperature, volume concentration of ultra-fine solid refractory inclusions finely dispersed in a liquid metal
binder as well as the inner porosity of the cermet powder particles.
Using the obtained solutions, as an example of cermet powders WC-Co and TiC-NiCr, we performed the calculations which have demonstrated the
possibility of formulating adequate requirements on the KPPs of the spray process in designing a technology for spraying cermet coatings with predictable
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splat thickness and degree of particle flattening on the substrate, and also with desired contact temperature at the coating-substrate interface during the
formation of the first coating monolayer.
The theoretical foundations developed, in our opinion, will further stimulate a more in-depth experimental study of the formation process of cermet splats
under full control of KPPs. The latter will in turn allow scientific substantiation of the technological niches of the various methods of thermal spraying of
wear- and corrosion resistant cermet coatings. Besides, the obtained results may prove useful for specialists in the field of thermal and, in particular,
suspension plasma spraying of nano- and submicrometer structured composite coatings intended for various applications.

9089 | Effect of gas pressure infiltration on microstructure and mechanical properties of porous mullite reinforced
aluminium matrix composites (14. Impact on Composites)

Tomiczek, Blazej (blazej.tomiczek@polsl.pl), Silesian University of Technology, Poland
Dobrzański, Leszek A. (leszek.dobrzanski@polsl.pl), Silesian University of Technology, Poland
Kujawa, Magdalena (magdalena.kujawa@polsl.pl), Silesian University of Technology, Poland
Pawlyta, Miroslawa (miroslawa.pawlyta@polsl.pl), Silesian University of Technology, Poland 

The purpose of this work was to elaborate the method of manufacturing of composite materials based on porous mullite preforms infiltrated by AlSi12
aluminium alloy. The process of manufacturing the metal matrix composites by pressure infiltration is the subject of many scientific studies because it is
characterized by high efficiency and allows for accurate mapping of elements of shape and surface of elements, while the structure and properties of the
composites determine ceramic skeletons. The eutectic aluminium alloy AlSi12 was used as a matrix while as a reinforcement were used ceramic preforms
fabricated by sintering of halloysite nanotubes (HNT) powder with addition of pore forming agents as carbon fibres. Aluminium alloy matrix composites
were fabricated by gas pressure infiltration of porous mullite reinforcement preforms, using halloysite as a startup material. The quality of the obtained
composite material depends on the preform fabrication method. For sintered porous ceramic preforms, the influence of the carbon fibres as a pore forming
agent on the porosity has been observed. Simultaneously, a slight effect of the compacting pressure on the porosity of prepared preforms has been also
noticed. Geometrical dimensions and masses of the obtained ceramic materials measurements allow to conclude that there is a possibility to manufacture
preforms, based on the presented method, with 70% porosity. The investigations of the fracture topography show the proportionate arrangement of canals
arisen after the degradation of carbon fibres and the presence of micro-pores around the ceramic particles. Metallographic investigations has shown that
infiltrated composites are characterized by the percolation type of the microstructure, a very homogeneous distribution of the mullite phase and the
absence of unfilled pores. It has been proven that the developed technology for obtaining porous ceramic preforms with the use of sintering of halloysite
powder with the addition of carbon fibres, as the pores forming agent, provides the required structure and properties and for this reason it can find
practical application. Furthermore the obtained materials can be a cheaper alternative for widely used preforms based on ceramic fibres.

9100 | Enzymatic grafting: A Novel Approach to Develop Multifunctional Materials of Interest (14. Impact on Composites)

Iqbal, H.M.N. (hafiz.iqbal@my.westminster.ac.uk), Applied Biotechnology Research Group, Department of Life Sciences, Faculty of Science and
Technology, University of Westminster, London W1W 6UW, United Kingdom, United Kingdom
Kyazze, G. (hafiz.iqbal@my.westminster.ac.uk), Applied Biotechnology Research Group, Department of Life Sciences, Faculty of Science and
Technology, University of Westminster, London W1W 6UW, United Kingdom, United Kingdom
Tron, T. (hafiz.iqbal@my.westminster.ac.uk), Aix Marseille Université, CNRS, Centrale Marseille, iSm2 UMR 7313, 13397, Marseille, France, France
Keshavarz, K. (hafiz.iqbal@my.westminster.ac.uk), Applied Biotechnology Research Group, Department of Life Sciences, Faculty of Science and
Technology, University of Westminster, London W1W 6UW, United Kingdom, United Kingdom 

Today more than 99% of plastics are petroleum-based because of the availability and cost of the raw material. The durability of disposed plastics
contributes to the environmental problems as waste and their persistence in the environment causes deleterious effects on the ecosystem. Environmental
pollution awareness and the demand for green technology have drawn considerable attention of both academia and industry into biodegradable polymers.
In this regard green chemistry technology has the potential to provide solution to this issue. Enzymatic grafting has recently been the focus of green
chemistry technologies due to the growing environmental concerns, legal restrictions, and increasing availability of scientific knowledge. 
Over the last several years, research covering various applications of robust enzymes like laccases and lipases has been increased rapidly, particularly in
the field of polymer science, to graft multi-functional materials of interest. In principle, enzyme-assisted grafting may modify/impart a variety of
functionalities to the grafted composites which individual materials fail to demonstrate on their own. The modified polymers through grafting have a bright
future and their development is practically boundless.
In the present study series of graft composites with poly(3-hydroxybutyrate) (P(3HB) as side chain and cellulose as a backbone polymer were successfully
synthesised by introducing enzymatic grafting technique where laccase and lipase were used as model catalysts [1-3]. Subsequently, the resulting
composites were removed from the casting surface under ambient environment and characterised by Fourier-transform infrared spectroscopy (FT-IR),
scanning electron microscopy (SEM), and X-ray diffraction (XRD) in detail. Moreover, the thermo-mechanical behaviours of the grafted composites were
investigated by differential scanning calorimetry (DSC) and dynamic mechanical analyser (DMA) measurements, respectively. In addition, hydrophobic
and hydrophilic characteristics of the grafted polymers were studied through drop contour analysis using water contact angle (WCA).
In comparison to the individual counterparts improvement was observed in the thermo- mechanical properties of the composites to varied extent. The
tensile strength, elongation at break, and Young’s modulus values of the composites reached their highest levels in comparison to the films prepared with
pure P(3HB) only which was too fragile to measure any of the above said characteristics. Interestingly, untreated P(3HB) was hydrophobic in nature and
after lipase treatment P(3HB) and P(3HB)-EC-based graft composite attained higher level of hydrophilicity. This is a desired characteristic that enhances
the biocompatibility of the materials for proper cell adhesion and proliferation therefore suggesting potential candidates for tissue engineering/bio-medical
type applications [3]. The present research will be a first step in the biopolymer modification. To date no report has been found in literature explaining the
laccase/lipase assisted grafting of P(3HB) [1-3]. The newly grafted composites exhibit unique functionalities with wider range of potential applications in
bio-plastics, pharmaceutical, and cosmetics industries, tissue engineering, and biosensors. 

[1] H.M.N. Iqbal, G. Kyazze, T. Tron and T. Keshavarz, Cellulose 21, 3613-3621 (2014).
[2] H.M.N. Iqbal, G. Kyazze, T. Tron and T. Keshavarz, Carbohydrate Polymers 113, 131-137 (2014).
[3] H.M.N. Iqbal, G. Kyazze, T. Tron and T. Keshavarz, Polymer Chemistry 5, 7004-7012 (2014).
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9109 | Influence of SMA reinforcement on the impact resistance of GFRP composite laminates under higher
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temperatures (14. Impact on Composites)

Kaliyaperumal Pazhanivel (rkvel2003@gmail.com), Thiruvalluvar College of Engineering and Technology, India
G B Bhaskar (bhaskarang01@yahoo.com), Anna University , India
Natarajan Ramadoss (nsr_doss@yahoo.com), Thiruvalluvar College of Engineering and Technology, India
Pandurangan Anandan (anandantcet@gmail.com), Thiruvalluvar College of Engineering and Technology, India
Sabapathy Arunachalam (arunachalamtcet@gmail.com), Thiruvalluvar College of Engineering and Technology, India 

Plain Glass Fiber Reinforced Polymeric (GFRP) laminates and Shape Memory Alloy (SMA) short strips reinforced as randomly oriented GFRP laminates
were prepared by hand lay-up method. The composite specimen reinforced with SMA short strips as random orientation placed at 0.75 thickness of the
laminate (t) with various SMA fiber wt. % of 2% 4% and 6% were fabricated and drop weight impact tests were conducted at a constant low velocity of
2.80m/s at three different temperatures: 303K, 333K and 363Kfor the plain GFRP laminates (laminates without SMA short strips) and SMA/GFRP
laminates (laminates embedded with SMA short strips). The impact damage area was evaluated by using lighting technique and fracture behaviors were
analyzed using Scanning Electron Microscopic (SEM) images. Impact energy absorption and damage area due to low velocity impact on the plain GFRP
composites and SMA/GFRP composites under higher temperatures were calculated and efficiency of absorption was compared with respect to
temperature and SMA wt. percentage.As a result, it was observed that the damage resistance of glass/epoxy laminates is influenced by embedded SMA
wires and embedding SMA wires into laminates does not compromise the structure any differently to laminates without wires. In fact, it has been shown
that under higher temperature, the SMA/GFRP laminates have a little superior damage resistance the plain GFRP laminates.

9115 | The impact performances of GLARE laminates (14. Impact on Composites)

Chen, Qi (chq@buaa.edu.cn), School of Aeronautic Science and Engineering, Beihang University, China
Guan, Zhidong (choujidann@163.com), School of Aeronautic Science and Engineering, Beihang University, China
Zhuo, Yue (choujidann@163.com), School of Aeronautic Science and Engineering, Beihang University, China 

An experimental investigation was carried out on the damage resistance to a concentrated quasi-static indentation force and low-velocity impact of four
kinds glass-reinforced aluminum laminates (GLARE for short). Compared with the experimental results of the CFRP (Carbon Fiber Reinforced Plastics)
laminates, the performance of GLARE was determined. By means of concentrated quasi-static indentation force test, typical force-displacement response,
the maximum contact force and dent depth were received. Through drop-weight low-velocity impact tests, impact force histories, indentation depths
(through a new method) and dissipated energy were obtained. The test results show that the force-displacement response of GLARE 4 laminates under
the concentrated quasi-static indentation force has an obvious flat roof, and the failure is instantaneous, which are different from CFRP laminates. The
indention will be visible once the impact happens. C-scan results find that there is no delamination besides the impact area after both the concentrated
quasi-static indentation and low-velocity impact. The dissipated energy approximately equals the impact energy.

9137 | Synthesis and properties improve of superhard lightweight composites (14. Impact on Composites)

Kommel, Lembit (lembit.kommel@ttu.ee), Tallinn Univ of Technology, Estonia
Tamm, Toomas (toomas.tamm@ttu.ee), Tallinn Univ of Technology, Estonia
Metsvahi, Raido (raido.metsvahi@mail.ee), Tallinn Univ of Technology, Estonia
Nokkur, Kadri (kedri.nokkur@ttu.ee), Tallinn Univ of Technology, Estonia 

The superhard lightweight composite was synthesized by attrition milling, self-propagating high-temperature synthesis (SHS), and heat treatment under
nitrogen gas flow/pressure, respectively. Such processing features were conducted for production of the superhard B13C2, c-BN and c-BC2N chemical
compounds in composite. These compounds were formed in B4C (70 wt.%)-Al/WC-Co/Cu base composite via SHS and nitrogen gas presence. The
powder for composites production as well composite properties were studied by X-ray diffraction (Bruker AXS, D5005), light optical (Nikon CX) and
scanning electron (Zeiss EVO MA-15 and ULTRA-55) microscopes equipped with energy dispersive spectrometer (EDS) system. The micromechanical
properties of composite phases were characterized by nanoindentation device NanoTest NTX testing center (Micro Materials Ltd.). The qualitative and
quantitative X-ray analyzer identified the disappearance of Al and some Al-containing compounds. The Al content was decreased from 26.9 wt.% to 4
wt.% in composite. During SHS the B4C was transformed into B13C2 in quantity of 61,7 wt.% in composite. At follows, during chemical eaching in
concentrated hydrochloric and nitric acid of desintegrated and attrition milled powder the B13C2 was increased to 83.8 wt.% and the c-BN content was
increase to 2.3 wt.% in powdered compound. The c-BC2N content in composite was 12.3 wt.% after heat teratment under nitrogen gas flow at
temperature of 850 °C for 2 h. Such concentration of superhard phases in ceramic-ceramic composite increase the hardness of superhard composit over
HV = 40 GPa and indentation modulus over Er = 430 GPa. The composite has high wear resistance and chemical inertness also.

9168 | Dynamic response of Kevlar: Numerical analysis (14. Impact on Composites)

Rodríguez-Millán, Marcos (mrmillan@ing.uc3m.es), University Carlos III of Madrid, Spain
López-Gálvez, Hector (hlopezga@ing.uc3m.es), University Carlos III of Madrid, Spain
Marco, Miguel (mimarcoe@ing.uc3m.es), University Carlos III of Madrid, Spain
Santiuste, Carlos (csantius@ing.uc3m.es), University Carlos III of Madrid, Spain
Miguélez, Henar (mhmiguel@ing.uc3m.es), University Carlos III of Madrid, Spain 

Composites have become increasingly important in defence and security industries in the last years. The use of these materials in combat helmets, body
protections and combat vehicles requires an exhaustive analysis of their behaviour in order to satisfy the safety requirements. One of the main challenges
of modern personal protection is the optimization for energy absorption. In this sense, personal protections are usually based on fibre reinforced polymer
composites, especially Kevlar fibres due to its high stiffness, light weight and high energy absorption capacity. In order to improve the damage resistant
characteristics of composites, it is important to understand their damage behavior under impact loadings. Various researchers [1-5] have developed
different techniques to model the impact behavior of composites. These models include various effects and phenomena associated with the impact of
composites.
The objective of this work is developing a numerical analysis of f Kevlar under dyanmic loads. Numerical modelling was carried out using the finite
element code ABAQUS/Explicit. A user subroutine reproducing the behaviour of Kevlar® has been implemented in the code ABAQUS/explicit. The model
was validated with experimental work in the literature showing good accuracy.
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9219 | Composite Structural Characteristics Based Progressive Damage Response in Hypervelocity (14. Impact on
Composites)

Horton, Brandon (bahorton@vt.edu), Virginia Tech, United States America
Bayandor, Javid (bayandor@vt.edu), Virginia Tech, United States America 

The catastrophic effects of hypervelocity impacts from orbital debris threatens the success of space missions due to their incredible impact velocity (≥ 5
km/s). This debris is frequently too small to be detected, yet are still capable of resulting in catastrophic failure and posing a serious risk to the operational
efficiency of satellites, shuttle modules, and/or crew. In this research, it has been attempted to characterize these type of impacts by their fluidic
deformations, intense heating, and damaging shockwave propagation. This approach will include composites that offer a unique alternative to existing
homogenous shields due to their high strength to weight ratios, low coefficients of thermal expansion, and potentially shockwave propagation arresting
properties.

Experimental testing of hypervelocity impacts is often prohibitively expensive due to its need for multiple stage cannons and specially designed test
chambers. Also, traditional implicit codes are unable to simulate such impact scenarios due to their characteristically large deformations and high strain
rates in a time marching domain. Therefore, coupled meshless Lagrangian particle and Lagrangian-Eulerian methods have been adopted in order to
accurately predict damage propagation throughout the impacted structure. Using this strategy, initial hypervelocity damage investigations have shown that
primary shock pressure is transferred through the fibers, whereas the matrix serves to dissipate the shock and resulting stress field. Additionally, as the
shockwave passes through multiple composite layers, its transition from fiber to matrix results in reflections and rarefactions that further dissipate the
stress. Other unknown individual effects such as weaving density, fiber volume ratio, angle-ply on the shock dissipation, and shock heating affects play a
major role in determining the progressive, as well as final damage, product and are currently under investigation by the authors.

As will be documented in the forthcoming paper, the aim of this study is to uniquely make use of the aforementioned coupled computational method to
investigate the dependence of shockwave propagation arrest to the particular composite structural properties such as weaving density. In addition, further
inquiries into the micro-scale mechanics of anisotropic composites under impact will be made in order to further current understanding of the mechanics
governing hypervelocity impacts in composite structures.

9231 | Impact response analysis of fiber-reinforced composite laminates (14. Impact on Composites)

Jian He (hejian@hrbeu.edu.cn), Aerospace and Civil Engineering Department, Harbin Engineering University, China
Qipeng Tang (294466969@qq.com), Aerospace and Civil Engineering Department, Harbin Engineering University, China
Yunmeng Chen (yunmengzixi@163.com), Aerospace and Civil Engineering Department, Harbin Engineering University, China
Xin Wei (xin_wei1989@163.com), Aerospace and Civil Engineering Department, Harbin Engineering University, China 

With different unit, material model and constitutive, impact response of composite laminates subjected to high and low velocity impact is researched
correspondingly.The results show that,energy absorption of composites laminates increases with higher velocity of impact; specific energy absorption
changes with target’s surface density, which is affected by ply thickness; the target’s energy absorption is decreasing with the increase of layer angle.
Under the low speed impact, the maximum contact force, the damage area of adhesive layer, and the displacement of the center of laminated
plateincreases with the increasing impact energy, it shows that the impact energy is not directly relative to impact duration and energy absorption of
composites laminates. Meanwhile, the results of different geometry shapes of impactor such as hemispherical flat and conical show that, the damage area
of adhesive layer and the displacement of the center of laminated plates is biggest under conical impactor, that is smallest under flat impactor.

9288 | Numerical modeling of nonlinear transversal behavior of an aramid yarn (14. Impact on Composites)

Chu, T. L. (tuan-long.chu@ed.univ-lille1.fr), University of Lille 1, France
Ha-Minh, C. (haminh@lmt.ens-cachan.fr), LMT-Cachan (ENS Cachan, CNRS-UMR8535, UPMC, PRES UniverSud Paris), Cachan, France, 94230
Cachan, France
Imad, A. (Abdellatif.Imad@polytech-lille.fr), University of Lille 1, France 

This paper presents a numerical microscopic investigation on transversal behavior of an aramid yarn. Interactions with frictions between single fibers in a
yarn have been taken into account. In order to validate numerical calculation, a bloc of about 36500 single fibers was studied in the case of a transversal
compression using assumption of plane strain. Results showed that the transversal behavior of yarn is highly non-linear. Transversal modulus of yarn
depends on loading. A nonlinear behavior model was proposed for an equivalent homogeneous material. Dependence of the two parameters of this latter
on microstructure of yarn is discussed.
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9303 | SOFT IMPACT RESPONSE OF LAMINATED GLASS PLATES USING FINITE ELEMENT ANALYSIS (14. Impact on
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Dear, John P (j.dear@imperial.ac.uk), Imperial College London, United Kingdom
Charalambides, Maria (m.charalambides@imperial.ac.uk), Imperial College London, United Kingdom 

Laminated glass windows consist of one or more bonded polymer interlayers, which minimises the hazards of flying glass fragments and retains an intact
glass structure under a blast load [1] and some high rate impacts, such as a birdstrike. This sandwich-based glass structure provides more protection for
the civil building façade or aircraft windshields against birdstrike even though the laminated glass withstands lower impact resistance than a monolithic
glass plate for the same thickness. 

In this paper, birdstrike impact was performed using Lagrangian and Coupled Eulerian-Lagrangian finite element methods on laminated aircraft windshield
containing a polyvinyl butyral (PVB) interlayer or a thermoplastic polyurethane (TPU) or both. The finite element modes were developed in Abaqus and
key material parameters were calibrated using the laboratory-based tests. Both rubber and gelatine projectiles (14 mm diameter and 30 mm length) were
adopted to be the substitute bird using hyper-elastic and Equation of State material models available in Abaqus and impacted onto the laminated glass
target (180 mm x 180 mm) with a maximum speed of 230 ms-1. 

Simulation outcomes were then optimised and compared to the experimental results obtained using a light-scaled gas gun, which fired the rubber and
gelatine projectiles against a laminated glass structure, from which high speed camera and 3D digital image correlation techniques were adopted. The
simulation work will eventually benefit the structural design of the laminated aircraft window.

Keywords: Laminated glass window, birdstrike, FE simulation, Coupled Eulerian-Lagrangian 

[1] Hooper, P.A., Sukhram, R.A., Blackman, B.R.K. and Dear, J.P. “On the blast resistance of laminated glass”, Int. J. of Solids & Structures, 49: 899-918,
2012
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During the last 30 years, composite materials have been used, more and more, as structural and multifunctional components. They are a combination of
two or more materials, of different nature, scales and shapes, resulting in a multiphase system where the best characteristics of each one are associated
in a synergetic way.
Among different possibilities, cork may be used to create a specific composite system. Coming from the nature, cork is a rather versatile material with
specific properties. In fact, it integrates low specific weight with high compressibility, elasticity and flexibility, thermal and acoustical insulation and
impermeability. Moreover, cork is an excellent natural energy absorber.
Composite systems are frequently subjected to low energy impact situations (e. g., tool falling on a panel, bird collision with an aircraft…) that create non
visible damage. Hence, there is a need to develop damage tolerant structures. Interleaving is one of the techniques used to enhance damage tolerance.
Bearing in mind the need for light and damage tolerant structures, there is an eventual potential for the use of cork as a damage tolerant layer, either in
monolithic or sandwich composite systems. 
The purpose of the work is to study the potential impact, particularly at National level, of solutions using different cork solutions and compare with
alternative materials. Hence, the following research questions were raised:
• Customer users’ requirements
• Concept definition 
• Evaluation and selection of materials and technologies for a given application
• Structural design
• Testing procedures
The work aims to study the influence of introducing a cork layer in a sandwich structure, particularly w. r. t. bending strength, impact and damage
tolerance. 
The reference sandwich structure which included two skins of a glass fibre (+/- 45º fabric) reinforced epoxy resin, produced by RTM – Resin Transfer
Moulding, and a polymethacrylimide (PMI). In the cork modified sandwich structure two cork agglomerate film layers were added between the facesheets
and PMI core.

In this work, four-point bending, compression and low velocity impact tests were performed on specimens from sandwich constructions based on the
above sandwich structures.

9523 | DYNAMIC BEHAVIOR OF COMPOSITE DEEP CURVED TIMOSHENKO BEAMS UNDER BLAST LOAD WITH
NUMERICAL METHODS (14. Impact on Composites)
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This study focuses on linear dynamic behaviour of composite deep curved Timoshenko beams under the blast loading. Deep curved beams exposed to
high stresses and impact loads are studied in depth. Equations of motion of the Timoshenko deep curved beam is obtained by using the virtual work
principle and by taking into account the effects of rotational inertia and the transverse shear. Dynamic equations are solved by using the finite difference
and the finite element method. Deep curved beam results are presented and compared with the finite element counterparts. Effects of the different
boundary conditions, radius of curvature and laminate lay-up order on dynamic responses are analysed. In addition, analyses are repeated for various
beam structures for the same material for different radius of curvatures. Finally, dynamic responses of these structures in similar loading circumstances
are compared.

5401 | Effects of friction stir welding on microstructure and crystallographic texture of ultrafine grained Al-TiC
composite produced by accumulative roll-bonding (15. Joints in Composite Structures)

Morteza Shamanian (m.shamanian49@gmail.com), Department of Materials Engineering, Isfahan University of Technology, Isfahan 84156-83111, Iran,
Iran
Hamze Hajati (hamzeh.hajati@ma.iut.ac.ir), Department of Materials Engineering, Isfahan University of Technology, Isfahan 84156-83111, Iran, Iran
Mohammad Reza Toroghinejad (toroghi@cc.iut.ac.ir), Department of Materials Engineering, Isfahan University of Technology, Isfahan 84156-83111, Iran,
Iran
Jerzy Szpunar (jerzy.szpunar@usask.ca), Department of Mechanical Engineering, University of Saskatchewan, Saskatoon, SK, Canada S7N5A9, Canada

In this research, ultrafine grained sheets of aluminum matrix composite (Al-TiC) were produced by accumulative roll-bonding (ARB) technique. As-
received, ultrafine-grained aluminium composite sheets were successfully joined by friction stir welding. The Microstructure, crystallographic texture and
Vickers hardness in the weld zones were investigated. Electron backscattered diffraction (EBSD) results showed occurrence of dynamic recrystallization
and also revealed existence of different orientations within the weld nugget. As a result, Al composite plates dominated by the Rotated cube component.
Moreover, in the nugget, a well-recrystallized grain structure having characteristic strong copper and brass texture finally developed. Friction stir welding
refined the grain size to 0.7µm from the starting grain size of 3µm. The hardness also improved with the peak hardness being observed towards the
advancing side.

6305 | INVESTIGATION NUMERICAL BEHAVIOR OF MECHANICAL PROPERTY OF STEEL BRACE THAT Modified BY
CFRP SHEET (15. Joints in Composite Structures)
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Baheri, Zahra (z.baheri@aut.ac.ir), Master student, Amirkabir University of Technology, Iran
Oshagh, Ghazale (gh.oshagh@aut.ac.ir), Master student, Amirkabir University of Technology, Iran 

Steel Bracing is one of the main elements against vertical loads in building that many researches try to improve its behavior by increasing of ductility,
energy absorption and etc. Due to heavy weight materials and more stiffness such as "UNP" and "IPE" steel profile in making them, this paper presents a
novel method to introduce a more lightweight section bracing elements with more ductility and energy absorption as steel plate that combined with Carbon
Fiber Reinforced Polymer (CFRP). This new model can be effective on steel bracing buckling, in addition it has been improved some of the functional of
the brace components. This new brace consists of two separated steel plates which are connected by CFRP sheet to each other. The CFRP is an
extremely strong and light fiber-reinforced polymer which contains carbon fibers. By presenting the numerical method is based on computer simulations
using finite element software, the brace under cycle loading force was simulated and the numerical results compared with usual steel braces which
conclusions will be presented. By this new model, the compressive forces will be omitted which is the sub reason of buckling on braces. On the other
hand, it could be lighter than usual braces by improving ductility and energy absorption.
Keywords: Steel Bracing, Carbon Fiber Reinforced Polymer (GFRP), Ductility, Energy absorption.

6838 | Evolution of surface and bulk structures in La-Zr-O/La-Al-O composite (15. Joints in Composite Structures)
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Ishenko, Arcadii (arcady.ishchenko@gmail.com), Boreskov Institute of Catalysis, Novosibirsk State University, Russian Federation
Sadykov, Vladislav (sadykov@catalysis.ru), Boreskov Institute of Catalysis, Novosibirsk State University, Russian Federation 

For La2Zr2O7 (P1)/LaAlO3 (P2) composite prepared by aging (100oC/10 h) of the mixture of precipitated La-Zr-O and La-Al-O hydroxides, the thermal
evolution of surface and bulk structures in the range of 300-1300oC were investigated by complex of methods. Structural features and disordering of
coordination polyhedra in oxides were elucidated by XRD, HRTEM, FTIR, Raman and UV-Vis spectroscopies. The states of Al and La cations were
probed by 27Al and 139La MAS NMR. Surface and bulk composition of powders were characterized by XPS and SIMS. For composite, unlike the
separated structures (P1, P2), the presence of both phases and their interfaces hampers sintering and favors ordering for the P1 structure and disordering
for P2 structure due to specific effect of domain boundaries on defects in oxygen sublattices of these oxides characterized by different coordination of
oxygen anions by cations and packing type. Removal of residual surface hydroxyls and carbonates stabilized on La cations could favor coalescence of
nanodomains with P1 and P2 structures at high temperature treatment but it seems to be hampered by pronounced difference of La-O coordination
numbers -12 for the P2 structure and 8 for the P1 structure. Such a difference can hinder the growth of each phase particles in large aggregates, thus
stabilizing porosity and sustainability of the coating layers. This molecular –scale feature of domain boundaries in nanostructured La-Zr-O/La-Al-O
composite as well as applied inexpensive method of its fabrication provides required bases for a broad practical application of this material for TBCs. 
Acknowledgment. This work was in part supported by the Seventh Framework Programme TEBACRODE Project (grant no. 310750).

7139 | Damage behavior of pin loaded CFRP at elevated temperatures (15. Joints in Composite Structures)
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08/05/15 15:14Conferências 5: Book of Abstracts

Page 126 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

The stress and damage distribution in a pin loaded hole in CFRP specimens was investigated under thermal load in order to understand the damage
behavior of riveted joints in CFRP. Thermal loads play an important role in the design of mechanically fastened joints in automotive body shop applications
as the car body has to pass the cathodic dip paint with temperatures up to 180°C in the drying oven. Thus thermal behavior of the joined structures,
especially for pierced CFRP parts, has to be investigated as stresses on the joints appear as a consequence of different thermal elongation of the joined
materials.
This research presents analytical and experimental investigations to describe damage behavior of CFRP specimen under combined thermal and tensile
load. Therefore an analytical tool was developed which considers the calculation of thermal induced internal stresses as well as stresses through uniaxial
pin load at varying temperatures. In corresponding experiments a C-fiber epoxy laminate was examined in a double lap shear test at 23°C, 60°C, 100°C,
140°C and 180°C focusing on the damaged area in relation to the pin load. Non-destructive ultrasonic C-scans of the damaged area and microsections
were used to detect damage propagation. 
It was found out that damage morphology in the CFRP for a certain thermal and mechanic load is unique. Depending on the shown consecutive damage
propagation for rising loads it is possible to assign the detected damaged area to a foregone load.

7497 | FAILURE MODE AND ANALYSIS OF BONDED/BOLTED JOINTS BETWEEN HFRP AND ALUMINIUM (15. Joints in
Composite Structures)

Yogesh,T,L (tlnyogesh@gmail.com), Chalmers University of Technology, Sweden
Arunkumar,N (n.arunkumar@rediffmail.com), St. Joseph''s College of Engineering, India 

Composites are being used extensively in several engineering applications. However, the efficiency of the joints used in joining composites and metals
can be improved. To move towards a sustainable and environment friendly future, natural fibre composite material was used. Towards the above
objective, research work was carried out for the assembly between a composite and aluminium. Three different joints namely adhesive bonding,
mechanical fastening and hybrid joining were considered for the assembly of variable substrates. Two different types of adhesives namely high modulus
acrylic adhesive and low modulus rubber adhesive were chosen for the study. Tensile tests were performed to evaluate the joint strength and failure
modes for different joining techniques. It has been found that for acrylic type adhesive, adhesive bonding proves to be suitable. The effect of bolting had
no significant effect on the joint strength in hybrid joints for the acrylic type adhesive. For the rubber type adhesive, hybrid joint shows better performance
than other types of joints. The effect of bolting for rubber type adhesive in hybrid joint significantly improved the load carrying ability of the joint.

7531 | DAMAGE ANALYSIS OF COMPOSITE-ALUMINIUM ADHESIVELY-BONDED SINGLE-LAP JOINTS (15. Joints in
Composite Structures)

Ribeiro, Tiago E.A. (1081605@isep.ipp.pt), ISEP, Portugal
Campilho, Raul D.S.G. (raulcampilho@gmail.com), ISEP, Portugal
Carbas, Ricardo J.C. (carbas@fe.up.pt), FEUP, Portugal
da Silva, Lucas L.M. (lucas@fe.up.pt), FEUP, Portugal
Goglio, Luca (luca.goglio@polito.it), Politecnico di Torino, Italy 

Adhesive bonding is a permanent process that uses an adhesive to bond the components of a structure. This bonding process is used to fabricate
structures of complex shape that could not be manufactured in one piece, to provide a structural bond that theoretically should be at least as resistant as
the base materials. Composite materials reinforced with fibers are becoming increasingly popular in many applications as a result of a number of
competitive advantages. In the manufacture of composite structures, although the fabrication techniques reduce to the maximum the connections by
means of advanced manufacturing techniques, the use of connections due to the typical size limitations and design, technological and logistical aspects,
is still required. Moreover, it is known that in many high performance structures, unions between composite materials with other light metals such as
aluminum, for purposes of structural optimization, are required.

This work addresses numerically and experimentally adhesive joints between aluminum and carbon-epoxy composite components, considering different
adhesives and geometric conditions. The strength and failure modes are studied, optimizing the geometry and material parameters of the joints.
Numerically, the Finite Element Method is used to perform a detailed stress analysis allowing to explain the joints’ behavior. The use of cohesive damage
models enables predicting the joint strength and creating a simple and rapid design methodology.

7593 | Analysis of Bolt-to-Laminate Interference Friction in Bolted Composite Joint with Interference-fit (15. Joints in
Composite Structures)

Duan Yuanxin (dmoxun@163.com), Northwestern Polytecnical University, China
Zhang Kaifu (zhangkf@nwpu.edu.cn), Northwestern Polytecnical University, China
Cheng hui (chenghui@nwpu.edu.cn), Northwestern Polytecnical University, China
Liu Ping (liuping@nwpu.edu.cn), Northwestern Polytecnical University, China 

Friction is a key element that alters the load transferring in bolted composite joint, especially for interference-fit. This paper presents an analytical model to
predict the friction force in CFRP composite joint, which is caused by surface contact between bolt shank and fastener hole with interference-fit. Based on
the plane stress analysis in composite laminate, the approximate value of through-the-thickness friction is calculating according to the Coulomb friction
criteria. This model takes into account composite material property, joint geometry dimension, interference-fit percentage and friction coefficient. It is found
that friction is sensitive to the interference-fit variation in this model, namely the minimal change of interference-fit will lead to extensive variation of friction
value. An interference-fit bolt inserting process simulation using three-dimensional finite element analysis (FEA) is conducted to verify the analytical
model. During the simulation, the friction value is obtained after the bolt exited the hole in the bottom of the specimen, which the bolt shank contacts with
hole from top to bottom. The results of two methods are shown well agreement, but the analytical model is higher than which of FEA with different
interference-fit percentages and hole diameters, because of some assumptions in modeling.

7680 | Stress and damage initialization analysis of interference-fit pin installation process in composite laminates (15.
Joints in Composite Structures)
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Peng Zou (zoupeng@mail.nwpu.edu.cn), Northwestern Polytechnical University, China
Kaifu Zhang (zhangkf@nwpu.edu.cn), Northwestern Polytechnical University, China
Yuan Li (yuanli@nwpu.edu.cn), Northwestern Polytechnical University, China
Ping Liu (liuping@nwpu.edu.cn), Northwestern Polytechnical University, China
Zhenchao Qi (qizhenchao@mail.nwpu.edu.cn), Northwestern Polytechnical University, China 

A three-dimensional finite-element model (3-D FEM) is developed to predict the response of interference-fit composite plates during the process of
installing the pin into the hole. The model takes into account contact at the interface, the nonlinear shear stress-strain relationship and the progressive
damage of the property. To predict progressive failure, the three-dimensional mixed failure criteria combining Hashin and the maximum stress failure
criteria are adopted, and the corresponding property degradation rules are conducted. The failure criteria consider a three-dimensional stress field and
include out-of-plane failure modes. The progressive damage model is implemented in Abaqus by using a separate subroutine called user-define-field
(USDFLD). In the analysis, the material properties depend on several field variables (FV), which separately represent the matrix tensile and compression
failure indexes in the transverse direction, the matrix tensile and compression failure indexes in the out-of-plane direction, the fiber tensile and
compression failure indexes and the fiber-matrix shear failure index. Three group interference-fit of 0.4%, 0.8% and 1.2% are studied. The damage
initialization and delamination onset around the hole are discussed. Numerical and experimental results both show that different interference-fit results in
different damage scale. The 1.2% interference-fit causes the maximum damage. And the damage mainly occurs around the hole at the in-plane side. The
insertion force and stress distribution around the hole are also predicted and compared with experimental results. Better agreement between experimental
results and numerical predictions is observed.

7757 | Experimental Research about the Interface Bonding Performance between CFRP and Steel (15. Joints in Composite
Structures)

Zhang long (seulongbo@gmail.com), Southeast University of China, China
Cao shuang-yin (101000873@seu.edu.cn), Southeast University of China, China 

Using FRP (fiber-reinforced polymer) to strengthen steel structures has become an attractive method due to their unique advantages including their high
strength-to-weight ratio and excellent corrosion resistance. The interface performance between FRP and Steel play an important role in such strengthened
systems. In this paper, the parameters such as bond length, bond width, curing temperature and curing time which impact the interface performance have
been examined through a series of double shear tests under static tensile loading. Based on the test results, the strain distribution and the bond-slip
relationship relating the interfacial shear stress to the interfacial slip is then investigated.

7793 | The effect of titanium bush repairs on the static strength of CFRP coupons and joints (15. Joints in Composite
Structures)

Falconieri, Diletta; Starikov, Roman; Franco, Francesco. (dilefalconieri@gmail.it), Federico II University, Naples, Italy 

The fuselage of A350 and B787 aircrafts is an assembly of composite stiffened skin panels, which are mostly mechanically connected together. The
production process of the CFRP panels sometimes leads to manufacturing defects, due to deviations in the assembly and machining processes. Hence, it
is required to have a number of applicable solutions, in order to repair defects/damages (like miss/wrong drilling, etc.). Moreover, the stress redistribution,
acting on the holes, and the hole protection from damage, due to the fasteners repeated installation (in service and in production), need to be ensured. In
such cases, the common procedure involves re-drilling the damaged plate and installing fasteners with oversized or next diameter codes. Another method
consists in re-drilling and inserting a metallic bush in the hole too. This repair approach avoids the use of bigger fasteners and guarantees a higher joint
residual strength, by increasing its efficiency. 
This paper discusses an experimental investigation on mechanically fastened coupons. Common static tests are analyzed: Filled Hole, Pull Through
(head-side) and Single Lap Shear (not supported). Coupons with nominal fasteners are tested in order to collect reference data. Selected holes are
repaired using titanium bushes and adopting different installation principles. The aim is to analyze the impact on the static strength of the CFRP riveted
samples.
The results show that the laminate lay-up and material properties, of the CFRP plates, have significant influence on the static strength of the coupons.
However, the load distribution between the joint parts and the occurred failure modes are strongly affected by the manufacturing tolerances (bush/plate
and bush/bolt) and by additional factors as environmental conditions (HW), use of proper adhesive, etc... Therefore, in order to prevent the bush rotation
during the hole drilling, to reduce the clearance fit and the hole in-service elongation, the use of an appropriate adhesive is required. 
In the case of Filled-Hole coupons, the use of increased bush sizes leads to a reduced ultimate net strength, due to the reduction of the net-section area.
However, comparing the coupons with dry installed bushes to those with bonded bushes, these latters show a higher limit load for both the bush
disbonding and the final laminate failure. On the other hand, the same coupons with bonded bushes, but subjected to ageing, achieve a lower ultimate net
strength, due to the matrix relaxation. 
For the Pull Through (PT) coupons, the increased bush size provokes a change in the failure modes: from the fastener in the reference coupons, to the
ductile and, then, to the brittle failure of the bush. Furthermore, the adhesive does not seem to add benefit in terms of load transfer. However, in the case
of HW coupons, the matrix relaxation seems to increase the PT strength, in contrast with common expectations. 
Also in the case of single lap shear (LSJ) coupons, the increased bush size leads to a reduced ultimate net strength, with respect to the reference
coupons, due to the reduction of the net-section area. The failure modes are mainly driven by the fasteners. However, for selected series of coupons, the
bushing principle provokes an unexpected joint behavior (as plates sliding, tilting, etc.). Increasing the size of the bush a larger surface is in contact with
the plate. Hence, the higher load required to reach the ultimate failure results in a higher compressive stress around the hole surface (results proved by
strain gauge measurements). In the case of bonding, despite the stronger adhesion and the reduced clearance fit, a lower ultimate strength than the one
of the dry assembly coupons is achieved, unless the matrix relaxation was induced by the ageing process. 
Hence, this paper analyzes this large experimental database through the comparison with the reference coupons and tries to give some design guidelines
for for the repair approaches.

7827 | Comparison of Static and Fatigue Characteristics of Hybrid and Standard Joints for Thick Composite Structures
(15. Joints in Composite Structures)

Chowdhury, Nabil M. (nabil.chowdhury@monash.edu), Monash University, Australia
Chiu, Wing Kong (wing.kong.chiu@monash.edu), Monash University, Australia
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Wang, John (John.Wang@dsto.defence.gov.au), Defence Science and Technology Organisation, Australia
Chang, Paul (Paul.Chang@dsto.defence.gov.au), Defence Science and Technology Organisation, Australia 

Materials such as carbon fibre and aramid reinforced polymer composites are now commonly used to fabricate aircraft components such as fuselage
skins and formers. Their use has resulted in stiffer, light weight structures with good fatigue durability and corrosion resistance. Metallic structures are
suitable for bolted repairs due to their ability to share load among the bolts. Composite materials on the other hand are known to be brittle and thus have
less structural efficiency when bolted together. So when it comes to the repair of these composite structures, more work is required to understanding the
joint behaviour and failure mechanisms in order to make an optimal and efficient repair. Bonded repairs are far more efficient and they may also avoid
additional holes being made to the parent structure. However, the quality of adhesively bonded repairs critically relies on the process control during the
repair application. Improper processes may result in a weak bond that is generally not detectable by conventional non-destructive inspection (NDI).
This has led to the investigation of using both bonding and mechanical fasteners to form ‘Hybrid Joints’ in which fatigue strength is provided by the
adhesive, and fasteners withstand the peel stress, as well as provide a failsafe mechanism. Work conducted by the authors in the past has consisted of
static and fatigue testing of relatively thin double lap joints in three configurations, firstly only rivets, secondly only bonding, and lastly, both rivets and
bonding. Several parameters were considered such as bond strength, initial bondline cracks, the configuration of the fastener array, and so on. Overall,
the results have shown that under static test conditions, there was no significant difference between a perfectly-bonded joint and a hybrid joint. However,
under fatigue testing it was found that the addition of fasteners in the hybrid configuration delayed the progression of bondline cracking and provided
significant fatigue resistance for a bondline containing impurities or voids. This investigation has now resulted in the need to explore the effects of
fasteners, bonding and the combination of the two for thicker aircraft structures.
Compared with a single or double lap joint, scarf and step-lap joints are known to be more efficient methods of joining thicker composite adherends
together. They are able to restore original stiffness and design strength by evenly distributing the stress along the bond line. Alongside this, they are
considered to be flush repairs, maintaining outer surface smoothness for the aerodynamics requirement. 
The aim of this study is to provide an adequate comparison between the three configurations to determine whether the relationships seen in thin double
lap joints for static and fatigue performance agree with thicker step lap joint configurations. A parametric investigation conducted with the nonlinear 3D
finite element analysis code ABAQUS is discussed, taking into account parameters such as the number of plies per step, the step length and the step lap
joint configuration. Information on the effects of shear stress distribution across the overlaps is discussed. Results from static and fatigue tests on step lap
joints made from carbon fibre/epoxy adherends are presented. Thermal imaging is used to monitor crack initiation in the bondline and delamination in the
adherends. It is hoped that this study will aid in the certification for repair of thicker composite structures currently in service with the Australian Defence
Force.

7884 | Meshless Analysis of Stresses in a Single Lap Bonded-Bolted Composite Joint (15. Joints in Composite Structures)

Bodjona, Kobye (kobye.bodjona@mail.mcgill.ca), McGill University, Canada
Lessard, Larry B. (larry.lessard@mcgill.ca), McGill University, Canada 

Recent experimental research has demonstrated that, subject to judicious design, a joint that is both bonded and bolted can achieve greater strength than
the underlying bonded and bolted joints separately. To date, however, there has been only limited theoretical consideration of this type of joint. Although a
few researchers have investigated the adhesive stresses in bonded-bolted joints, the adherend (substrate) stresses have not as yet been studied in detail.
This is nevertheless crucial in determining the strength of the joint, particularly in the case of brittle composite adherends. To address this deficiency, we
propose a single lap bonded-bolted joint model based on plate theory for the adherends, beam theory for the bolts and a shear lag theory for the
adhesive. Nonlinear adhesive behavior and contact are taken into account. The model is solved using the element-free Galerkin method (in particular, the
recent moving Kriging approach is used). This provides the advantages of continuous displacement and stress fields as well as facilitating p-refinement.
Furthermore, the use of shear lag theory for the adhesive leads to finite stresses at the adhesive overlap edges, minimizing the discretization dependence
of the solution. A comparative study is subsequently performed between a bolted joint and a bonded-bolted joint to investigate the effect of the addition of
a flexible adhesive layer on the adherend stresses.

7894 | Parametric analysis for stress singularity of interface edge on adhesively bonded joints of GFRP bridge deck (15.
Joints in Composite Structures)

Zhengwen Jiang (jzhengw@126.com), Southeast University, China
Shui Wan (seufrpbridge@163.com), Southeast University, China
Zhipeng Zhong (zpz_2006@163.com), Southeast University, China
Shuqin Li (123-lishuqin@163.com), Hefei University of Technology, China
Zhaocai Liu (lzclovehy@126.com), Southeast University, China 

Abstract: 

Due to its outstanding advantages of high strength and good corrosion resistance, adhesively bonded GFRP (Glass Fiber Reinforced Plastic) joints have
been widely used in application of GFRP bridge deck structures. However, the presence of free-edge stress singularity leads to that the failure often
initiates in interface edge of adhesively bonded joint. Therefore, in order to predict accurately this type of failure, a better understanding the characteristic
of stress singularity of adhesively bonded joint on GFRP bridge deck is of considerable interest. 
Follow the construction feature of the adhesively bonded joint of GFRP bridge deck and the recommendation of published literature, the equivalent
mechanics model of adhesively bonded joint is constructed. Firstly, the effect of the material parameters (i.e. the fiber laying angle and the poisson ratio of
GFRP substrates, the elastic modulus and the poisson ratio of the adhesive layer) on the stress singularity of interface edge of adhesively bonded joint
are investigated using finite element method. The empirical formula for stress intensity coefficient of adhesively bonded joint consisted of a thin layer
between two substrates concerning Dundurs parameters (i.e. α, β) is put forward based on the results of parameter analysis. And the results of numerical
calculation indicate that the empirical formula can calculate the stress intensity coefficient of interface edge on the adhesively bonded joint of GFRP bridge
deck with high accuracy. Then, the effect of geometric parameters (i.e. the chamfers of the substrates near the interface edge, the chamfers of the thin
adhesive layer) on the stress singularity of interface edge of adhesively bonded joint are investigated using finite element method. Some suggestions are
put forward to minimize the stress intensity coefficient of interface edge of adhesively bonded joint based on the results of geometric parameters analysis.
The research results of this paper can provide a reference and guidance for the designation of adhesively bonded joint on GFRP bridge deck.

Keywords: stress singularity; interface edge; adhesively bond joint; GFRP bridge deck; finite element method.
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7899 | Tensile Behavior of Double-Lap Joints of FRP Laminates Bonded/Bolted to FRP/Steel Splice Plates (15. Joints in
Composite Structures)

Nguyen, Hai D. (hai.nguyen.2004@gmail.com), Rahall Transportation Institute, United States America
Mutsuyoshi, Hiroshi (mutuyosi@mail.saitama-u.ac.jp), Saitama University, Japan
Zatar, Wael (zatar@marshall.edu), Marshall University, United States America 

This paper presents experimental and numerical results of double-lap joints of hybrid CFRP/GFRP (HFRP) laminates bonded/bolted to FRP/steel splice
plates. Sixteen coupon specimens were prepared and tested under tensile loading. Test variables included two types of double-lap joints (bolted-only and
hybrid bonded-and-bolted), three types of splice plates (HFRP, GFRP, and steel), and four types of bolts (stainless steel, high corrosion resistant steel
(HCRS), stainless steel wrapped with FRP, and GFRP). The experimental results indicated that the failure of specimens with GFRP-bolt connections was
brittle. These specimens failed due to debonding of epoxy layers followed by shearing of the GFRP bolts. Unlike the GFRP-bolt connections, failure of
specimens with steel-bolt connections was ductile as the steel bolts exhibited a yield point with a yield plateau. Typical failure modes of these specimens
were delamination and tensile failure of the HFRP laminates and shearing of the steel bolts. Specimens with steel-bolt and HFRP-splice-plate connections
showed more ductile behavior than the others. The study revealed that ductile behavior of the hybrid bonded-and-bolted joints can be achieved if the
strength of bolts is higher than that of epoxy connection. The combined use of HCRS bolts, HFRP splice plates, and epoxy adhesive for joining HFRP
laminates may significantly enhance the durability and ductility of FRP structural members. Finite element (FE) analysis of multi-bolt double-lap
bonded/bolted joints was performed using ABAQUS. Distribution of bolt-load in the bolted-only and the hybrid bonded-and-bolted joints were discussed.
Load-slip curves obtained from the FE analysis were compared against those obtained experimentally and a fairly good agreement was observed.

7932 | The Behavior of Reinforced Concrete Slab-Column Connection Reinforced with Headed Shear Studs Arranged in
Orthogonal and Radial Layouts. (15. Joints in Composite Structures)

Dam, Thai X. (wikidam@umich.edu), University of Michigan, United States America
Wight, James K. (jwight@umich.edu), University of Michigan, United States America 

Shear capacity of the reinforced concrete slab-column connections can be increased by headed shear studs. These studs are placed vertically in the
portion of the slab around the column in two layouts, orthogonal and radial. While the latter is suggested in Europe, the former layout is preferred by
construction practice in the North America because of its less complicated installation. Some research indicated that the two layouts are equally effective
for providing shear strength to the connections. Other experimental research, however, raised a red flag over the orthogonal layout. For the orthogonal
layout, large spacing between adjacent stud rails at the corner of the column may cause the premature shear failure in the connections. This problem may
not be noticeable in the experiments that tested slabs with either short-spans or with a high flexural reinforcement ratio. For the sake of public safety, the
shear behavior of slab-column connections reinforced with shear studs in these two layouts has to be studied more thoroughly. This paper presents an
experimental and analytical study to evaluate the effectiveness of both stud layouts. The experiment consists of three full scale slab-column connections
that represent a flat slab structure of 25 ft. (7.62 m) long span. All three specimens are identical in a flexural design, in which the reinforcement ratio is
0.8%. One specimen is built without shear reinforcement, and the remaining two specimens are reinforced with shear studs in the two layouts. A three-
dimensional finite element model has been developed in ABAQUS to simulate slab-column connections. While concrete is modeled by 8 node continuum
solid elements, rebars and shear studs are modeled by the 2 node truss elements. The parameters of the finite element model are calibrated with the
experimental results. The calibrated model is then used to study the effect of other variables on the shear strength and behavior of reinforced concrete
slab-column connections reinforced with shear studs.

7960 | Influence of substrates’ fibers orientations on the behavior of composite substrates double lap bonded
assemblies under impact shear loads (15. Joints in Composite Structures)

Hazimeh, Rachad (rachad.hazimeh@ec-nantes.fr), LUNAM Université, Ecole Centrale de Nantes, Institut de Recherche en Génie Civil et Mécanique,
UMR CNRS 6183, France
Challita, Georges (George_Challita@yahoo.com), Equipe MMC, Université Libanaise, Faculté de génie, Lebanon
Khalil, Khaled (Khkhalil@ul.edu.lb), Equipe MMC, Université Libanaise, Faculté de génie, Lebanon
Othman, Ramzi (rothman1@kau.edu.sa), Mechanical Engineering Department, Faculty of Engineering, King Abdulaziz University, Saudi Arabia 

The main concern of this work is the mechanical characterization of the double-lap composite bonded assemblies under impact shear loads. The
assemblies were made of unidirectional PEEK/Carbon composites and a brittle epoxy adhesive. The impact shear strength and failure strain were
measured experimentally by the Split Hopkinson Pressure Bar apparatus, taking into consideration the set-up accuracy correction by finite element
methods. Four configurations of the assembly were considered by maneuvering of fibers orientations of the substrates. Highest shear strength appeared
for the joints with longitudinally tougher substrates. The outer and inner substrates appeared to have the same influence. Highest failure strain appeared
for longitudinally softer substrates. Adhesive failure occurred for all specimens.

7980 | Analysis of Bolted and Bonded Composite Joint using Experimentally Determined Flexible Adhesive Properties
(15. Joints in Composite Structures)

Lim, Gyu-hyeong (gyu-hyeong.lim@mail.mcgill.ca), McGill University, Canada 

This study investigates the joining of composite materials using a simultaneously bolted and bonded joint, otherwise known as a hybrid joint. There is a
clear benefit for combining the bolt and bond: mechanical efficiency of the bond and the fatigue resistance of the bolt. However, due the considerable
stiffness of common industrial adhesives, the bond tends to carry most of the load. In order to achieve desired load sharing between the bolt and bond, it
is advantageous to implement a more flexible adhesive to hybrid joint. Preliminary finite element analysis also shows that the flexible adhesive alleviates
the stress concentration inside the bond.
Introduction of a flexible adhesive adds considerable complexity to the problem. The stress/strain response of the flexible adhesive is highly nonlinear and
can be subjected to large deformation. Initially, tensile tests are performed to obtain the stress/strain response as well as the failure strain. The tensile test
also measures the evolution of Poisson’s ratio throughout the significantly large strain region. Biaxial testing follows to capture the yielding so that an
appropriate yield surface model is defined for the bilinear stress/strain relation. Experimentally characterized adhesive properties are then used to analyze
the composite hybrid joint with flexible adhesive. Its performance is quantified and compared to a bolted joint, a bonded joint, and a hybrid joint with stiff



08/05/15 15:14Conferências 5: Book of Abstracts

Page 130 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

adhesive.

7981 | Numerical analysis of modified CFRP laminate in bearing conditions (15. Joints in Composite Structures)

Szymczyk Elzbieta (eszymczyk@wat.edu.pl), Military University of Technology, Poland
Puchala Krzysztof (kpuchala@wat.edu.pl), Military University of Technology, Poland
Jachimowicz Jerzy (jjachimowicz@wat.edu.pl), Military University of Technology, Poland 

Nowadays, there is a tendency to use various materials in the aircraft structures. It is caused by weight and strength optimisation as well as manufacturing
and service (including repairs) cost optimisation. Different materials in aircraft structures provide a necessity of joining dissimilar materials such as
composite and metallic components. Various techniques are used to connect the skin with the stiffening elements, however, mechanical joints used for
decades are proved to be reliable. Strength of composite laminates is dependent on the joint geometry and it is strongly influenced by the laminate lay-up.
There are five global failure modes for mechanically fastened composite laminates: net-tension, bearing, shear-out, cleavage and pull-through. The
bearing failure is a safe progressive mechanism not leading to catastrophic failure and therefore it is acceptable. Different attempts to improve bearing
performance in composite parts are considered by many authors. One of the most interesting solution is bonding thin titanium sheets between composite
layers in some distance from the edge of the composite panel in the way that causes gradual load transfer into the composite structure. The main goal of
the work is to design a metal-composite mechanical connection with improved bearing performance of a composite panel. The particular tasks of the
paper are to study the local phenomena in composite material subjected to bearing load as well as to investigate possible benefits of local laminate
modification in the hole vicinity in mechanical joints of composite panels. Different inserts (foils) content is taken into account. Joining panels are made of
CFRP laminate and titanium alloy. The finite element analysis is used to solve the problem since some statements are possible to be made without many
expensive experimental tests. A deep study of load transfer by means of shear stress and numerical analysis of various locally modified laminate
configurations are the principal investigation method. Identification of material properties as well as validation and verification tests using DIC and strain
gauges are also performed.

7985 | Damage sizing of thermoplastic bolted joints on composite materials (15. Joints in Composite Structures)

Hamonou, Romain (romain.hamonou@ec-nantes.fr), Ecole Centrale Nantes, France
Gornet, Laurent (laurent.gornet@ec-nantes.fr), Ecole Centrale Nantes, France
Jacquemin, Frédéric (Frederic.Jacquemin@univ-nantes.fr), Université de Nantes, France
Auger, Stéphane (Stephane.Auger@cetim.fr), CETIM, France 

Composite materials appear to be a promising alternative to metallic materials by lightening structures in many industrial sectors. Moreover, composite
thermoplastic matrices have a more adapted cost to the manufacture of parts with large throughput. It also meets the proficiency requirements of end of
life products, due to their recyclability. At first, it could lead to hybrid solutions combining composite materials and metal components. The assembly areas
can be characterized by mechanical junctions based on rivets, screws or bolts. In these assemblies, the composite material can suffer from specific
damages as pull-through failure and delamination which will subsequently decrease the static resistance and fatigue strength of the bolted connections.
Most of the studies in this area focused on the holding whereas the number of work on pull-through behavior of bolted composite materials is very limited
and more particularly with thermoplastic composites materials. Therefore, there is currently no existing design rule which would enable to predict a bolted
fracture based on thermoplastic composite substrates bonds. In this study, we are investigating the pull-through failure of bolted joints in thermoplastic
composites. An experimental study of the bolted joint using the 3D image correlation process will be presented. Conical damaged areas under the head of
the bolt, as well as the opening angles of the cones, have also been observed. Meanwhile, numerical simulations based on a 3D finite elements analysis
have been realized to predict the break out of the assembly plane and have then been compared with experimental results. Finally, a semi-empirical
equation predicting the pull-through failure of thermoplastic bolted joints on composite materials has been developed.

8029 | Bearing Failure Prediction for Hybrid Bolted-Bonded Composite Joints using Onset Theory (15. Joints in Composite
Structures)

Pearce, Garth M. (g.pearce@unsw.edu.au), UNSW Australia, Australia 

Composite laminates are highly susceptible to the localised failure induced by geometric discontinuities and concentrated loads, even more so than
metallic structures. Consequently, bolted joints in composite structures are significant drivers for overall structural sizing and performance. Bonded joints
are much more efficient but much less robust and fault tolerant, leading to the common addition of “chicken rivets” to prevent catastrophic joint failure
modes.

Hybrid bolted-bonded joints are a compromise between the two joint technologies that, when well-designed, can retain the main advantages of both
methods. Unfortunately, predicting the failure of these joints is an extremely difficult task due to the complex load sharing between the bond and the bolt.
The minimum sufficient modelling strategy includes material nonlinearity, contact, thermal residual analysis, bolt prestresses and progressive material
degradation. This imposes great challenges on traditional failure theories used to predict the onset and progression of damage through the joint.

Onset theory, based on scalar strain invariants evaluated at the constituent level, explicitly accounts for 3D deformation states, nonlinearity and thermal
residual strains. This paper presents a failure analysis based on Onset Theory which has been implemented in the MSC.Marc finite element program. It
has been applied to predict both the bearing failure of the composite adherands as well as failure of the bondline. A novel progressive material
degradation model, based on the same scalar strain invariants, has been applied to track the progression of damage.

8037 | Design and implementation of an ARCAN-style test rig for off-axis testing of bolted joints in composite laminates
(15. Joints in Composite Structures)

Pearce, Garth M. (g.pearce@unsw.edu.au), UNSW Australia, Australia
Gould, Coel (coel.gould@student.unsw.edu.au), UNSW Australia, Australia 

Bolted joints play a critical role in the design and sizing of composite structures. Consequently a significant amount of effort has been expended to
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investigate the failure of bolted joints in composite structures both experimentally and numerically. Most experimental single-fastener joint studies consider
only bearing failure (ASTM D5961) and occasionally pull-through failure (ASTM D7332).

There is growing evidence from quasi-static and dynamic structural testing that the failure mechanisms present in bearing and pull-through are not
independent; rather there is a strong coupling between the failure modes which is both state dependent and history dependent. In addition, the loads
applied to most fastened composite structures induce a combination of both shear loading (bearing) and tension loading (pull-through) across the joints.
Despite this, there are currently no systematic methods to investigate the "mixed-mode" failure of composite bolted joints experimentally.

This paper presents a modified ARCAN test fixture which has been designed to accommodate a single bolted joint in a composite laminate. The rig allows
a suite of mixed-mode experiments to be conducted between pure shear and pure tension loading with identical fixity applied to the bolt and laminate.
Preliminary results will be presented which show the strongly coupled failure processes involved when combined loads are applied to bolted joints.

8053 | Numerical investigation on the effect of bolt-hole position alignment errors on strength of bearing-type multi-row
bolted connections for FRP composite structures (15. Joints in Composite Structures)

Kader, M.A. (biplobduet@yahoo.com), Nagoya University, Bangladesh
Kitane, Y. (ykitane@civil.nagoya-u.ac.jp), Nagoya University, Japan
Itoh, Y. (itoh@civil.nagoya-u.ac.jp), Nagoya University, Japan 

A statistical analysis is performed to examine the effect of bolt-hole position alignment errors on the strength of bearing-type multi-row bolted connections
with a double lap configuration for fiber reinforced polymer (FRP) composite structures. To generate the bolt-hole position variability in the loading
direction of connections, Latin hypercube sampling technique is adopted for simplicity and accuracy. Progressive damage analyses are performed of the
connections numerically. These data are examined in detail to understand the effects of bolt-hole position alignment errors on strength of the connections.
The statistical tests on goodness of fit shows that the strength of the connections with bolt-hole position alignment errors can be modeled by using either a
normal or a log-normal distributions for a significance level of 0.05. The results show that the strength of bolted connections is significantly affected by the
bolt-hole position alignment, and that the strength can either increase or decrease with a higher probability to decrease. Connections with steel cover
plates are more sensitive than those with FRP cover plates. About 40% decrease and 20% increase are found in the strength of connections with steel
cover plates when compared to those with a perfect bolt-hole alignment.

8102 | Numerical design of a dismountable spar for a light airplane in carbon fiber reinforced plastic. (15. Joints in
Composite Structures)

Clément, Fleuret (c.fleuret@crittmateriaux.fr), CRITT Matériaux Poitou-Charentes, France
Anne-Sophie, Andreani (as.andreani@crittmateriaux.fr), CRITT Matériaux Poitou-Charentes, France
Sylvain, L''Héritier (s.lheritier@crittmateriaux.fr), CRITT Matériaux Poitou-Charentes, France
Jean-Marie, Buignet (jmbuignet@c3technologies.fr), C3 Technologies, France
Eric, Lainé (eric.laine@ensma.fr), Institut Pprime – CNRS • ENSMA • Université de Poitiers • UPR 3346, France
Anne-Laure, Gorge (anne-laure.gorge@ensma.fr), Institut Pprime – CNRS • ENSMA • Université de Poitiers • UPR 3346, France
Jean-Claude, Grandidier (grandidier@ensma.fr), Institut Pprime – CNRS • ENSMA • Université de Poitiers • UPR 3346, France 

The weight saving is a requirement for airplanes in order to reduce the energy consumption. The challenge is the weight saving of a composite wing for
light aircraft which can be dismantled. The wing spar is assembled with a fuselage spar. The main difficulty is the conception of the joining able to support
critical loads of +12g and -6g in aerobatic flies. The assembly volume around the spars is reduced to its minimum to secure enough space for battery
storage. These wings are mounted on the Airbus Innovation Group electric aircraft E-Fan.

In order to achieve this objective, some predictive numerical simulations are elaborated by taking account of the requirements of French civilian aviation
administration “DGAC” and manufacturing processes of the project partner “C3Technologies”. The whole spar sizing of this complex wing is validated by
static rupture tests of the complete structure. This step requires the construction of a special testing tool which is able to generate a load compared to real
flight. The results of the test are the qualification of the wing for flight by DGAC. The spars are equipped with strain gauges, force and displacement
sensors and acoustic emission. The recorded data enable to quantify the level of model precision. In order to confirm it, a representative model of the
certification test is built and compared with the data for validating it.

The work based on the numeric design avoids the manufacturing of unnecessary prototype. A single spar is produced for the certification and another is
mounted on the E-Fan prototype aircraft which has been flying for a year.

8139 | On the numerical modelling of reinforced timber structures and joints (15. Joints in Composite Structures)

Meghlat, E-M (mahdi_meg@yahoo.fr), university of Tizi-Ouzou, Algeria
Oudjene, M (marc.oudjene@univ-lorraine.fr), university of Lorraine, France
Ait-Aider, H (h_aitaider@yahoo.fr), university of Tizi-Ouzou, Algeria 

Timber brittle failure mode, by splitting, is often occurred by tension perpendicular to the grain. For a proper design of timber structures, in particular
doweled connections, brittle failure modes must be avoided. In addition to the use of minimum timber dimensions and minimum spacing distances of
fasteners, splitting of timber is generally avoided by means of several reinforcement techniques. However, the determination of load carrying-capacity of
reinforced timber is not described by any standard design procedure and must be determined by numerical simulation. In this paper we present an
efficient finite element model for the simulation of the behaviour of reinforced timber structures. The present study is devoted to the reinforcements by
screws. The Abaqus finite element software is chosen to simulate the behaviour of reinforced timber. The splitting of timber has been described by a
cohesive zone model (CZM) in which the progressive failure is expressed by a bi-linear traction-separation law. The reinforcements by screws are
modelled using the beam-to-solid approach (BTSA) recently developed by the authors in the context of screwed connections. The capability of the
proposed numerical approach is verified by comparison of the numerical results against experimental ones.
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8248 | EFFECT OF THICKNESS AND LAYUP ON THE MECHANICAL PROPERTIES OF COMPOSITE-METAL JOINTS
STRENGTHENED BY SURFI-SCULPT (15. Joints in Composite Structures)

Wei Xiong (w.xiong13@imperial.ac.uk), Department of Mechanical Engineering, Imperial College London, United Kingdom
Bamber Blackman (b.blackman@imperial.ac.uk), Department of Mechanical Engineering, Imperial College London, United Kingdom
John P. Dear (j.dear@imperial.ac.uk), Department of Mechanical Engineering, Imperial College London, United Kingdom
Xichang Wang (xichangw@sina.com), Beijing Aeronautical Manufacturing Technology Research Institute, China 

The effect of composite thickness and layup design on the mechanical properties of composite-metal joints strengthened by surfi-sculpt is experimentally
studied. In the thickness influence study, the quasi-isotropic layup is adopted and only the thickness of the composite adherend changes; In the layup
design influence study, the thickness of the composite adherend is kept constant and the content of ±45° ply is increased from 10% to 90%. Joints without
any strengthening are manufactured as control specimens. 3D Digital Image Correlation is used to investigate the strain field changes in the composite
and metal adherends. Compared with the control composite-metal joints, the ultimate load, failure strain, and absorbed energy capacity of the joint
strengthened by surfi-sculpt increase significantly. The improvement to these properties is due to the metal pins on the bonding surface of metal adherend
which are manufactured by electron beam surfi-sculpt (EBS). The pins resist unstable (rapid) delamination growth along the bond line of composite-metal
joint. Although adherend layup and thickness have no effect on control specimens where failure is always along the bond line between composite and
metal, these two parameters influence the mechanical properties of composite-metal joint. The ultimate load decreases with increasing thickness and the
failure mode changes from composite intra-laminar failure with pins bending to interlaminar delamination with pins intact. The ultimate load increases as
the content of ±45° plies increase and failure mode changes from composite adherend breakage to interface delamination in the composite. This research
is supported by the AVIC Centre of Structural Design and Manufacture at Imperial College London.

8558 | Experimental Investigation of Low Velocity Impact Behavior of Simple and Hybrid Joints (15. Joints in Composite
Structures)

Erhan Çetin (erhancetin@hitit.edu.tr), Department of Mechanical Engineering, Hitit University, Turkey
Ali Kurşun (alikursun@hitit.edu.tr), Department of Mechanical Engineering, Hitit University, Turkey 

Behavior of low velocity impact of simple and hybrid joints is investigated in this study. Three different joint types are generated. The first one is a simple
joint having only the adhesive bonding. The other two joint types are hybrid joints having both adhesive material and rivets for bonding. One of them has 3
rivets located with the angle of 120 degrees between them and the other one has 4 rivets having 90 degrees between them along with the adhesive
material. The test specimens consist of two types of plates. One of them is aluminum plates having the dimensions of 100x22.5 mm and other one is E-
glass/epoxy composite plates. The plates are bonded with the adhesive thickness of 0.1 mm. The test specimens are subjected to impact experiments
with three different impact energies. 

This study presents low velocity impact behavior of simple and hybrid joints subjected to different impact energies. The paper will contribute to the
knowledge for the comparison of the behavior of different structures and geometries under different impact energies.

Keywords: Simple joints, Hybrid joints, Low velocity impact

8570 | Analysis of Cf/SiC composite/304 stainless steel joints brazed with Ti-Zr-Be (15. Joints in Composite Structures)

Dongyu Fan (fandongyu3652@sina.com), School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083,
PR China, China
Jihua Huang (jhhuang62@sina.com), School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, PR
China, China
Yihui Wang (duibuqi88888@163.com), School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, PR
China, China
Shuhai Chen (duibuqi88888@163.com), School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, PR
China, China
Xingke Zhao (duibuqi88888@163.com), School of Materials Science and Engineering, University of Science and Technology Beijing, Beijing 100083, PR
China, China 

In this paper, Cf/SiC composite was successfully brazed to 304 stainless steel with Ti-Zr-Be filler foil at 950-1050℃ for 15-90 min. Microstructure of the
brazed joints was examined by SEM, EDS, AES and XRD. And the mechanical properties of the brazed joints were measured by mechanical testing
machine. The results show: the reaction layers of ZrC/TiC+TiSi+Ti5Si3 are formed adjacent to Cf/SiC composite while the diffusion layers of Ti-
Zr+TiFe+FeZr2/TiFe/α-Fe are formed near to 304 stainless steel. The joint strength is seriously affected by the degree of the interfacial reactions between
Cf/SiC composite and Ti-Zr-Be filler. The maximum shear strength of 109.13 MPa is obtained at 950℃ for 60min.

8592 | Study on flexural mechanical property of penetrated mortise-tenon joints (15. Joints in Composite Structures)

Chen, Chun Chao (527581902@qq.com), Southeast University of China, China
Qiu Hong-xing (101000854@seu.edu.cn), Southeast University of China, China 

Relationship of moment-rotation, length of the tenon pulled out-rotation and failure modes are got through monotonic loading test on four penetrated
mortise-tenon joints. The stress distribution and failure modes are simulated with solid element by finite element software. On the premise of some
simplifying assumptions, the mechanical model is built based on experiments and numerical simulation. Research results show the positive and reverse
damage types of joints are tearing along the grain-breaking failure in the variable cross section and bending damage near the roof of tenons respectively.
The flexural capacity and extremely rotation of the positive are both about half of the reverse. Resisting torque is mainly synthesized by local pressure
stress and friction of the “Xiao-chu” part. The upper gaps of tenons have a certain degree of effect on flexural behavior. The positive and reverse
relationships of moment-rotation can be simplified as double broken line model.
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8611 | Rapid resistance welding of Fe78Si9B13 bulk metallic glasses (15. Joints in Composite Structures)

rong cheng (wcr@szu.edu.cn), shenzhen university, China
xiaoyu wu (wuxy@szu.edu.cn), shenzhen university, China
Shiquan Ling (linsq@szu.edu.cn), shenzhen university, China
jian cao (jcao@northwestern.edu), northwestern university, United States America 

Bulk metallic glasses (BMGs) are a promising class of engineering material, but the size limits the use for some engineering and structural applications.
Aiming the Fe-based BMG which has the very wide application field, the rapid resistance welding of Fe78 Si9 B13 BMG has been tried, utilizing the
superlastic-like deformation behavior in the sopercooled liquid region. The research provides the combination of welding time, welding voltage and
welding force required to avoid crystallization and visible defect in the interface. Meanwhile, the temperature field of Fe78 Si9 B13 BMG joints was
investigated by Finite Element Methods shows that the average cooling rate is far greater than the critical cooling rate of Fe78 Si9 B13 BMG, which can
avoid crystallization and solidification to obtain the amorphous joints.

8628 | Design the adhesive joints between PEI and CFRP for the composite ultracentrifuge rotor (15. Joints in Composite
Structures)

Yoon, Soon Ho (shyoon@kims.re.kr), Korea Institute of Material Science, Korea, South
Lee, Hak Gu (hakgulee@kims.re.kr), Korea Institute of Material Science, Korea, South
Park, Jisang (jspark@kims.re.kr), Korea Institute of Material Science, Korea, South
Kim, Kyoung Deok (kimkd@kims.re.kr), Korea Institute of Material Science, Korea, South 

The ultracentrifuge is widely used to separate biomolecules such as proteins, polysaccharides, nuclei acid. The ultracentrifuge should create sufficient
gravitational forces more than 600,000×g. Recently, the hybrid composite rotor for the ultracentrifuge equipment was successfully designed using the PEI
(Polyetherimide) which is the thermoplastic material and CFRP (Carbon Fiber Reinforced Plastic) which is the thermosetting (Epoxy)-based composite
with filament winding and adhesive bonding methods. When ultracentrifuge rotates with high rotational speed to make sufficient gravitational forces, large
shear and peel stresses are generated in the adhesive bonding area due to modulus and inertia differences between the CFRP and PEI. 
In this work, FE analysis was performed to calculate the critical shear and peel stress on the adhesive bonding area with the harshest condition for the
ultracentrifuge rotor. The thickness effect of the PEI and CFRP was verified to reduce the stress on the adhesive bonding layer. Finally, the flame
treatment method was used to increase the adhesion strength of the adhesive bonding area and the optimal process of the flame treatment method was
determined by the double lap shear tests.

8753 | Finite element analysis of the timber-to-concrete connection under dynamic loading using BTSA approach (15.
Joints in Composite Structures)

Arezki, Mansouri (mans_arez@yahoo.fr), university Mouloud Mammeri of Tizi-Ouzou, Algeria
El-Mahdi, Meghlat (mahdi_meg@yahoo.fr), university Mouloud Mammeri of Tizi-Ouzou, Algeria
Marc, Oudjene (marc.oudjene@univ-lorraine.fr), University of Lorraine, France
Hacène, Ait Aider (h_aitaider@yahoo.fr), university Mouloud Mammeri of Tizi-Ouzou, Algeria 

Timber is a very old structural material and has been widely used down through the ages in the construction of houses. On the other hand, the timber-to-
concrete system is an effective means for combining the structural and non-structural benefits and eliminating some weaknesses of each material.
Today, it is still used extensively to build low rise buildings, mainly one and two storey houses, and it is especially suitable on account of its resilience
under load for structures situated in earthquake prone areas of the world. Traditionally, the timber joint has been the weakest link in a timber structure
necessitating research into the various types of mechanical fasteners and connectors and hence the performance of the joint. Timber joint details are
wide-ranging, varying from a simple nailed joint to the use of shear connectors and nail-plates. The performance of joints is determined by the material
properties of the timber, concrete and connector, the joint configuration and the loading condition. While the load-slip characteristics of nailed joints have
been studied by several researchers, little is known about their cyclic performance.

This paper is an extension of previous work developed by the authors on a new simplified numerical approach (BTSA), to assess the non-linear load-slip
behaviour of screwed timber-to-concrete joints under static loading. The main purpose of the beam to solid approach (BTSA) is the ability to avoid the
detailed 3D finite element modeling of screws using solid elements. Therefore, the screws were modeled using one-dimensional beam element, while the
timber and concrete members were modeled, in detail, using 3D solid elements. The main novelty of the present paper is the introduction of the non-linear
behaviour to the model previously presented and its application on timber-toconcrete joints connected with screws under reversible cyclic loading. The
dynamic effect is a parameter involved in the behavior of the system screw connection, it is very interesting to know its influence on the behavior of the
screw, as well as some non-linear phenomena such as elastic and plastic sliding interfaces timber to concrete assemblies. The finite element results show
that the developed approach can adequately capture the global behaviour of timber to concrete joints under cyclic loading.

8783 | effect of the influence of the fiber orientation and the use of a hybrid composite on the reduction of the integral J
for a damaged structure repaired by patch (15. Joints in Composite Structures)

GHERMAOUI mohamed Ilies (ghermaoui_ilias@hotmail.fr), University of djillali liabes, Algeria
MADANI Kouider (koumad10@yahoo.fr), University of djillali liabes, Algeria
Xavier FEAUGAS (x.feaugas@univ-lr.fr), University of La Rochelle, France
Sebastien TOUZAIN (stouzain@univ-lr.fr), university of larochelle, France
ELHANNANI Mohamed (elhannaniw6@yahoo.fr), University of djillali liabes, Algeria
MOKHTARI Mohamed (mokh_mohamed@yahoo.fr), University of djillali liabes, Algeria 

The objective of our work is to analyze by the finite element method, the effect of repair of a damaged composite patch to reduce the integral J in the
bottom of the crack structure.
In this work, the composite repair is considered As a multilayer material contrary to most studies where they consider the patch as being one orthotropic
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layer. several parameters were considered; the effect of the fiber orientation, the effect of the thickness of a layer and the use of a hybrid composite

8785 | Investigation of creep phenomenon on composite material for bolt connections (15. Joints in Composite Structures)

Scattina, Alessandro (alessandro.scattina@polito.it), Politecnico di Torino - DIMEAS, Italy
Roncato, Davide (davide.roncato@crf.it), Centro Ricerche Fiat, Italy
Belingardi, Giovanni (giovanni.belingardi@polito.it), Politecnico di Torino - DIMEAS, Italy 

Nowadays one of the target in the automotive design is the weight reduction of the structures. The weight containment is one of the key factor for the
reduction of pollutant emissions. Indeed the pollutant emission are directly connected to the fuel consumption of the car. Consequently, the consumption
are directly influenced by the weight of the car. Thus reducing the weight leads to the reduction of the gas emissions. Moreover, in the last years the
tendency is to equip vehicle with even more devices and gadgets, therefore the weight of the cars is increased along the years. 
For these reasons, the designers tend to use innovative material for the automotive field such as plastics and composites for example. Moreover, in order
to use the right material for the right application, even more often multi material solutions are adopted. Using non traditional materials or multi material
solutions, the traditional joining technologies adopted in the car manufacturers, such as the spot welding, cannot be used. It is necessary to adopt
solutions like adhesive, bolt and nuts, riveting. Consequently, to ensure a correct working of the connection, it is also necessary to know the behaviour of
the materials to be joined, under different loading conditions.
In this frame, bolt connections have been selected. It is well known that bolt connection are based on appropriate tithing of the bolt so give enough
compression force between the joined members. This work is dedicated to investigate the behaviour of a carbon fibre reinforced material under
compression load taking into account creep. 
A specific experimental equipment has been developed and described in the work. With this testing machine it is possible to do experimental creep
compression test. It allows to do the tests not only at room temperature but also at controlled temperature. A series of experimental tests have been done
on a carbon fibre reinforced material. Different set-up in terms of temperature and surface roughness have been investigated. In particular, the
compression behaviour in the direction perpendicular to the fibre have been studied. The results obtained from the experimental tests will be processed
and discussed in the paper. With these results it will be possible to define a reliable instrument for the design of bolt connection where one or more of the
joined parts are made with the evaluated materials. A practical example will be discussed in the work.

8871 | Effect of shimming on bearing response of composite-aluminium joints with countersunk bolt (15. Joints in
Composite Structures)

Zhai Yunong (zhaiyunong.1988@163.com), School of Mechanical Engineering & Automation, BeiHang University, China
Li Dongsheng (lidongs@buaa.edu.cn), School of Mechanical Engineering & Automation, BeiHang University, China
Li Xiaoqiang (lixiaoqiang@buaa.edu.cn), School of Mechanical Engineering & Automation, BeiHang University, China
Wang Liang (123512382@qq.com), School of Mechanical Engineering & Automation, BeiHang University, China
Yin Yu (2388805674@qq.com), School of Mechanical Engineering & Automation, BeiHang University, China 

Abstract: 
An experimental investigation of the effect of shimming on bearing response of composite-aluminium joints with countersunk bolt is presented. Both solid
and liquid shims with varying layer thicknesses were used respectively. The laminates were manufactured from carbon fiber/epoxy prepreg unitapes. To
obtain the complete surface strain field and to analyze the out-of-plane deformation of the joints, 3D DIC measurement technique was used. The
experimental results showed that the strength and stiffness of the joints decreased with increased layer thickness, and the bearing behavior of joints with
solid shim was better than that of joints with liquid shim.

Keywords: Composite-aluminium joints; Countersunk bolt; Shimming; Bearing response; Experimental study.

8912 | PREPERATION AND MECHANICAL PROPERTIES OF WOVEN FABRIC REINFORCED ALL POLYPROPYLENE
COMPOSITES (15. Joints in Composite Structures)

Abdorazaghi, Mohammad (abdorazaghi@yahoo.com), Islamic Azad University, Science and Research Branch, Textile Engineering Department, Iran
SHAIKHZADEH NAJAR, Saeed (saeed@aut.ac.ir), Amirkabir University of Technology, Textile Engineering Department, Iran
AREFAZAR, Ahmad (Arefazar@aut.ac.ir), Amirkabir University of Technology, Polymer Engineering Department, Iran
Rashidi , Abo saeed (saeed@aut.ac.ir), Islamic Azad University, Science and Research Branch, Textile Engineering Department, Iran 

In the present work, all polypropylene composites were prepared by film stacking technique using terpolymer and copolymer matrixes and woven fabric
reinforcement. Composite sheets were prepared by use of hot press at different processing temperatures of 5,10 and 15 °C over the melting temperature
(Tm) of the matrixes in constant pressure of 8 MPa. Consolidation quality of composites was studied by scanning electron microscopy (SEM) and density
measurements. Mechanical properties of composite sheets were subjected to tensile, flexural, and impact tests. The results showed that strength,
stiffness and consolidation quality of composites increased by increasing the processing temperature while impact properties decreased. It was
established that composite with terpolymer matrix demonstrated good strength, stiffness as well as consolidation properties in lower preparing
temperature that indicate terpolymer matrix can expand the processing window in manufacturing of all polypropylene composites.

Key Words: Woven fabric, All polypropylene composite, Mechanical properties, Consolidation, Film stacking technique.

8925 | Numerical simulation of the mechanical performance of composite bonded joints containing X-bolt crack
stoppers (15. Joints in Composite Structures)

Ioannis Floros (gfloros@mech.upatras.gr), University of Patras, Greece
Konstantinos Tserpes (kit2005@mech.upatras.gr), University of Patras, Greece 

Adhesive bonding of thin-walled composite structures is a very promising method to reduce aircraft cost and weight, while it brings several technical
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advantages compared to traditional mechanical fastening. For secondary structures adhesive bonding is a common practice but until today the
certification rules that are applicable for primary bonded structures prevent the use of bolt-free bonded joints for primary structures, as a result of earlier
experiences, where the interpretation of the rules led to in-service premature failure incidents on adhesively bonded joints [1]. The first among the three
Means of Comply, defined by the international airworthiness authorities to demonstrate that a bonded joint exhibits the required load bearing capacity,
states that “The maximum disbond of each bonded joint consistent with the capability to withstand the required loads must be determined by analysis,
tests or both. Disbonds of each bonded joint greater than this must be prevented by design features”. In this item it is stated that “Design features can be
proposed to prevent cracks or disbonds larger than the larger size for ensuring the load bearing capacity in a damage tolerance manner”. According to [1]
crack stoppers may be of the following types: Through thickness reinforcements, Surface and geometry modification, Surface interfacing features,
Adhesive bonding architecturing and Supporting adhesive modification.
In the presence work, the mechanical performance of composite bonded joints containing X-bolt crack stoppers (through thickness reinforcements) has
been simulated using the LS-DYNA explicit FE code. The joint configuration investigated refers to two CFRP UD plates of unequal length adhesively
bonded and additionally connected using X-shaped steel pins. The assembly was loaded to axial tension which caused a mixed-mode I+II load to the
bondline. The fracture behavior of the adhesive was simulated using the Cohesive Zone Modeling method (bilinear traction-separation law). Damage in
the composite substrates was modelled using the progressive damage modeling method. Between the bolts and the plates contact was modelled and the
feature of contact break (pin detachment) was enabled. The numerical results show the following failure sequence: early contact break between the pins
and the plates; debonding initiation at the edge of the adhesive; debonding growth up to the pin-area; delamination of the first layer of the plates in the pin-
area; total delamination in the pin-area; local fiber failure in the pin-area and finally, total debonding between the two plates. The numerical results agree
well with respective mechanical tests. Comparing the performance of the X-bolted bonded configuration with that of the bonded configuration without the
X-bolts it is concluded that if properly designed the X-bolt crack stopper maybe proved effective.
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agreement n° 314180 (Project BOPACS: Boltless Assembling of Primary Aerospace Composite Structures).
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8948 | Investigation of the transition zone for locally metal reinforced joining areas (15. Joints in Composite Structures)

Enno Petersen (enno.petersen@dlr.de), German Aerospace Center (DLR), Germany 

One of the major challenges for efficient lightweight structures made of CFRP is the design of load introductions. The use of fasteners as bolts or rivets is
common. In contradiction to metals, a low bearing strength, especially parallel to the fiber orientation is present. One of the solutions for highly
concentrated loads is a ramp up of the layup to a thickness which is able to sustain the load. The major weaknesses of this solution are occurring
eccentricities, secondary bending effects and an increase of part complexity, which lead to a relatively high load increase. 
One approach to overcome these effects is the intrinsic increase of the bearing strength using thin metal foils. The foils have the same thickness as the
CFRP material and are used to substitute layers locally in the load introduction region. Therefore, the metal’s plasticity can be exploited in this region,
whereas, in in the rest of the structure the high stiffness and strength to weight ratios of the CFRP material are retained.
This technology involves the presence of a transition zone between the monolithic CFRP part and the full metal substituted part. This transition zone can
be conducted in different staggered patterns. Hereby, the loads are transferred mainly through shear and as a consequence, debonding is the dominating
failure type. 
The work contains static experiments including different patterns of the transition zone under tension and bending in comparison to monolithic and full
metal laminate references. Following, finite element simulations of the tests are used to evaluate the numeric methods. As debonding plays a significant
role, beside a plasticity material model and a progressive failure model, the use of cohesive elements to simulate separation processes is important.
Therefore, required material input parameters are obtained from fracture mechanical tests known from pure CFRP material, which are adapted to the
metallic-CFRP interface.

8967 | Study of damage risk of bolted joints with hybrid laminates (stainless steel - GFRP) at low temperature (15. Joints
in Composite Structures)

Kremeur, Arnaud (a.kremeur@gmail.com), Laboratoire de mécanique Biomécanique, Polymère, Structures (LaBPS), EA4632, Ecole Nationale
d’Ingénieurs de Metz (ENIM), 1 route d’Ars Laquenexy, 57078 Metz, France, France
Schmitt, Christian (schmitt@enim.fr), Laboratoire de mécanique Biomécanique, Polymère, Structures (LaBPS), EA4632, Ecole Nationale d’Ingénieurs de
Metz (ENIM), 1 route d’Ars Laquenexy, 57078 Metz, France, France
Lipinski, Paul (lipinski@enim.fr), Laboratoire de mécanique Biomécanique, Polymère, Structures (LaBPS), EA4632, Ecole Nationale d’Ingénieurs de Metz
(ENIM), 1 route d’Ars Laquenexy, 57078 Metz, France, France
Gibaux, Etienne (etienne.gibaux@cryolor.com), CRYOLOR, 2 rue Louis Blériot, 5736 Ennery, France, France 

Mechanical and thermal properties of composite materials, with polymeric matrix and fiber reinforcements, do of them prime candidates for the design of
structures working under cryogenic conditions. However regulations limit the application of these materials by requiring, in some cases, the use of metallic
materials. Therefore, employment in the same structure of two different materials requires to working on the multi-material assembly area.
This study focused on an analysis of specific joints between two stainless steel parts and a glass fiber reinforced polymer (GFRP). The polymer used here
was an epoxy resin. Two main objectives were identified, first corresponding to the definition of a best bolted assembly geometry and second one to the
investigation of failure modes of bolted joints at low temperature.

First, we worked on the definition of assembly geometries between composite and metal. Geometries had to respect two requirements:
- be based on the principle of double-lap bolted joint which means that the composite part is caught in a vice between the two metal parts and the whole is
traversed by a bolt,
- allow to transfer loads from one part to other.
Ten various solutions were tested. For each designed geometry, a 3D finite element model was built using MSC MARC software. Two elementary loads
were next considered, first one in traction and the second one in compression. To select a best design, three criteria were considered based on:
- Kt = (σImax)/σn - the stress concentration coefficient defined as a ratio between the maximal value of the maximal principal stress σI revealed on the
model and the nominal stress σn applied to the structure,
- Kc = (σIIImin)/σn - the stress concentration coefficient in compression using the minimal principal compressive stress σIII obtained by the model
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normalized, as before, by the nominal applied stress,
- K∆σ = (σImax-σIIImin)/σn - a coefficient indicating the maximal dimensionless stress range defined as the difference between the tension and
compression stresses obtained at the same point of the structure.
Numerical results have thus shown that the geometry that presents the most interests is a bolted joint with a local reinforcement of the composite plies
replaced by metallic sheets.

In a second time, the experimental tests were performed on the selected joint. The composite material with a balanced glass fabric reinforcement of
600g/m² weight was experienced. Balanced term means that the mass in the warp direction (0°) is equal to the mass in the weft direction (90°). For the
cryogenic aspect, a specific experimental setup was developed in order to carry out the tests in a liquid nitrogen bath.
To begin the classical properties of composite were determined. The tests were performed at room and cryogenic temperatures. The fabric of the
reinforcement being balanced, tensile tests were conducted on specimens cut at 0°, 15°, 30° and 45° relatively to the axis of the warp direction. The
specimens were 250 mm long, 25 mm wide and 5 mm thick.
Next, bolted joints were tested. The tests were performed at room and cryogenic temperatures. Following the results of the numerical study, we used a
configuration based on scheme of double-lap bolted joint. The composite parts of the samples were 150 mm long for tensile tests, 110 mm long for
compression tests, 50 mm wide and 5 mm thick. The specimens have 10 plies on the total thickness and the stacking sequence is a symmetric alternating
between composite plies and metal plies (6 composite plies and 4 metallic plies). The stacking sequence has been defined in function of the results
obtained by the numerical study.

The work presented in this study allowed us:
- to define, using the numerical approach, the most interesting assembly geometry in the case of a double-lap bolted joint,
- to identify, through an experimental approach, the damage risk of a bolted joint with hybrid laminates (stainless steel - GFRP) at cryogenic temperature.

8974 | Seismic performance of RC engineered cementitious composite (ECC) exterior beam-column joints under
reversed cyclic loading. (15. Joints in Composite Structures)

Said, Shwan H. (shwan_19652000@yahoo.com), University of Malaya, Malaysia
Abdul Razak, Hashim (hashim.abdulrazak@gmail.com), University of Malaya, Malaysia 

This study investigates the effects of engineered cementitious composite (ECC) on the seismic behavior of RC exterior beam-column joint. Flexural load-
deflection, ductility, the principal stresses and failure mode are the main parameters considered in this study. The experimental work consists of casting
and preparing two full-scale RC exterior beam-column joint specimens without transverse reinforcement. The first specimen was thoroughly cast with
normal concrete. In the second specimen, the concrete in the joint region was replaced by ECC using polyvinyl alcohol fibers (PVA). For each specimen,
rosette strain gauges were installed on the joint region to analyze the principal stresses occurred in the joint. At the primary stages of loading, results
showed that the ECC mitigates the tensile stresses occurred in the joint compared to the joint with the normal concrete due to the reduced E modulus of
ECC. At post cracking stages, the joint with normal concrete sustained low tensile stresses and failed at drift of 4.5%. The failure was fully brittle and a
part of joint was damaged into several pieces. On the contrary, the joint with ECC sustained higher tensile stresses at post-cracking stage and failed at
drift of 6%. Numerous of tiny reduced width and space between cracks propagated within the joint region. The joint was almost intact due to the superior
properties in sustaining higher tensile and shear stresses as well as the higher ductility of ECC. The loading capacity in ECC joint was 20% more than the
normal concrete joint. The ECC joint sustains 20% higher than the ultimate loading capacity of normal concrete joint.

9093 | Cyclic behaviour of an all pultruded FRP beam-column joint (15. Joints in Composite Structures)

Boscato, Giosue (gboscato@iuav.it), IUAV University of Venice, Italy
Francesca, Feroldi (feroldifrancesca@gmail.com), IUAV University of Venice, Italy
Russo, Salvatore (russo@iuav.it), IUAV University of Venice, Italy 

In absence of ductile behaviour of pultruded FRPs (Fibers Reinforced Polymers) materials the seismic performance of FRP structures depends both by
the global geometric configuration of strut and tie structure and by the response of beam-to-column joints. The composite joints in seismic regions must
provide adequate performance under load reversal, with energy dissipation. So, considering the limit of elastic-brittle behaviour of pultruded FRP material
the improvement of sesimic response can be entrusted to the joints.
This work analyses the behaviour of innovative FRP joints under cyclic loading to quantify the dissipative capacity offered by the effects of degradation of
strength and stiffness in successive loading cycles. These joints are characterized by FRP gusset plates where are bolted the built-up members made of
FRPs (Fiber Reinforced Polymers) pultruded channel sections. This solution has been adopted in a temporary complex structure (rectilinear frame
structure of up to 30 m in height, and covering 1050 m2) builds to protect the partially collapsed Santa Maria Paganica Church in L’Aquila (Italy), following
the devastating earthquake of 2009. 
The experimental and numerical analysis have been carried out on different beam-to-column joints considering the gusset plates made of pultrusion or
bag molding processes in order to quantify the effects of in plane' actions on different gusset plates in term of failure mechanisms, ultimate strength,
stiffness and dissipative capacity. The results are compared with the state-of-the-art of FRP joints characterized by traditional angle connections in order
to classify and demonstrate the advantage of the innovative proposed joints. 

9118 | Analyzing the modal behavior of adhesive bonded thermoplastic honeycomb sandwich panels to estimate the
elastic properties of the joint (15. Joints in Composite Structures)

Stijn Debruyne (stijn.debruyne@kuleuven.be), KU Leuven, Belgium
Dirk Vandepitte (dirk.vandepitte@kuleuven.be), KU Leuven, Belgium
Korneel Vanmassenhove (korneel.vanmassenhove@kuleuven.be), KU Leuven, Belgium 

Abstract
In recent years adhesive bonds are more and more used in structural joints where mechanical performance is crucial. Currently, many different material
types are combined in a sole product. Especially in applications where lightweight materials are used, adhesive bonded joints can offer distinct
advantages over traditional joining techniques like welding, bolting and riveting. The possibility to join different material types and the ability to smoothen
structural stress concentrations are very attractive from a mechanical-elastic point of view.
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A lot of research work has already been carried out in the field of adhesives. However, much of the documented work mainly focuses on the more
fundamental physical-chemical properties of the different adhesive types, the substrate adhesion and theoretical models that describe the viscoelastic
behaviour of adhesives. There are not many publications that discuss application driven research on elastic properties of adhesive joints, certainly not in
the area of structural dynamics.
There is a high number of environmental parameters that influence the elastic behaviour of an adhesive joint. Therefore, also the vibration behaviour of
adhesively bonded structures is a process that is subjected to many uncertainties. 
This paper focusses on the joining of glass fibre reinforced polypropylene honeycomb sandwich panels by means of a hotmelt adhesive bond. The simple
case of lap-joining two rectangular panels is considered. 
A first part discusses the adhesive type and bonding application. It thereby focusses on the estimation of elastic properties of the bonded zone.
The second part estimates the impact of the uncertainty on bonding parameters on the resonant behaviour of the two joined honeycomb panels. As
reference data, experimentally determined resonance frequencies and mode shapes under free boundary conditions are used. This part fully discusses
how finite element modelling is used to estimate the bonding layer’s shear modulus. 
The third part discusses the influence of vibration frequency, temperature and amplitude on the bonding layer’s complex shear modulus. Various validation
experiments are considered.
Finally, the paper summarizes the research work and prospects to further application driven research. 

9152 | Compressive and tensile behavior of aluminum foam joint fabricated by fluxless soldering with surface self-
abrasion (15. Joints in Composite Structures)

Wan, Long (wanlong178@163.com), State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, China
Huang, Yongxian (yxhuang@hit.edu.cn), State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, China
Lv, Zongliang (634978466@qq.com), State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, China
Jiang, Lili (15645000192@163.com), State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, China
Lv, Shixiong (lvsx@hit.edu.cn), State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, China
Feng, Jicai (fengjc@hit.edu.cn), State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, China 

Fluxless soldering with surface self-abrasion has been developed for joining aluminum foams with metallic bonding. The effect of the self-abrasion on the
wettability of molten solder alloy and mechanical properties is determined by microstructural observation, tension and compression tests. No apparent
macroscopic deformation and collapse of foam structure are observed adjacent to the joint interface. The average tensile strength of the joints is about
14% higher than that of aluminum foam, and the compressive strength can reach 200% of that of aluminum foam. The deformation mechanisms and
energy absorbing characteristics of aluminum foam and the joint are investigated. The aluminum foam joint fails primarily by bending, crushing, and
compaction of cell walls and cracking of the solder seam. The interdiffusion process is explained based on thermodynamic equations.

9204 | Failure prediction and high-strain-rate behaviour of composite and hybrid fastened joints through physical and
virtual testing methods with an aim to develop an idealised shear-tension macro model for large-scale structural
simulations (15. Joints in Composite Structures)

Baruah, Eju (Eju.Baruah@airbus.com), Airbus Operations GmbH, Germany 

Mechanically fastened joints play a crucial role in the joining of composite and hybrid aircraft parts due to the ease of installation, inspection and
maintenance as well as resistance to creep and environmental degradation effects. Due to the operating environment of the aircraft, the structure may be
subjected to high loading rates in the event of a high velocity impact like a bird strike or a hard debris impact, involving high kinetic energy. Properties of
composite materials change with loading rate, and so does the failure behaviour of the joint significantly. This research develops an understanding into the
failure behaviour and damage prediction including energy dissipation of a bolted joint under an increasing rate of loading, through a combination of
experimental or physical testing and numerical or virtual testing methods. Experimental investigation is conducted in a servo-hydraulic machine and drop
tower, using high speed camera and digital image correlation. Advanced finite element explicit algorithms are used to develop an understanding of the
tests, as well as to develop Detailed 3D-FEM Meso-Models, capable of predicting inter- and intralaminar delamination in the composite including bearing
and pull-through behavior in the fastener. Substitute 2D-FEM Macro-Models are then developed that would encompass complex behavior of the joint
failure mechanism, ranging from its elastic response, quasi-plastic response to progressive damage response, in shear and tension, for implementation in
large-scale structural models. This is achieved through joint representation by an idealised fastener model and defining of its properties through
generation of fastener properties dataset in elasticity, quasi-plasticity and damage through mathematical approximation techniqes using optimisation
algorithms.
The investigation is focussed both on the in-plane and out-of-plane failure modes, in both shear and pull-through loading response of bolted joints. An
experimental campaign is conducted to cover the influence of laminate thickness, layup and stacking sequence, bolt head type and diameter and strain
rate effects on the failure behavior of the bolted joint. It has been found that pull-through failure is substantially characterised by matrix cracking and
delamination in the laminate, extending through-the-thickness from the hole area towards the edges. Complex damage behavior in the joint is investigated
through phyical and virtual testing methods as detailed 3D-FEM Mesomodels and captured in a substitute 2D-FEM Macromodel for implementation in
large-scale structural aplications for crash and vulnerabilty.

9211 | Experimental investigation of the mechanical behavior of spot welding-adhesives joints (15. Joints in Composite
Structures)

Costa, Hector R. M. (hectorey@gmail.com), CEFET/RJ, Brazil
Lopes, Diego M. (diego.lopes@int.gov.br), CEFET/RJ, Brazil
Souza, Juliana P. B. (juliana_basilio@id.uff.br), CEFET/RJ, Brazil
Aguiar, Ricardo A. A. (ricardoamar@yahoo.com.br), CEFET/RJ, Brazil
Pacheco, Pedro M. C. L (pmcl.pacheco@gmail.com), CEFET/RJ, Brazil
De Barros, Silvio (silvio.debarros@gmail.com), CEFET/RJ, Brazil 

Hybrid joints can be obtained by the use of two or more techniques to attach two materials. This technique was well discussed, in the last two decades, for
the use of different welding process, e.g. Hybrid laser-arc welding and hybrid laser plasma welding. The development of new structural adhesives
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improved the use of adhesive bonding in the manufacturing sector to join assemblies, specialty aerospace and automotive industries. Compared to the
common welding methods, adhesive bonding has many advantages such as simplified process, favorable fatigue properties, and the ability to join
dissimilar metals. Also, with the modern adhesives is possible to obtain high bonding properties for metal joints. However, some adhesive joints presented
adverse behavior in different temperatures, become brittle at low temperatures and have a low strength at high temperatures, thus limiting the use of
adhesive bonding in many applications. To increase the application of adhesive bonding, many researchers have developed special hybrid welding
technologies to improve bonding properties. Weld bonding as a hybrid welding method combines welding and adhesive bonding to join many metals. This
work presents experimental procedures and a numerical model based on the finite element method to compare the mechanical response of weld bonding
joints to the effectiveness of classical weld joints and bonded joints. The experimental procedureis composed by tests with: spot welding joints without
adhesive, single lap joints and hybrid joints combining both joining techniques - spot welding and adhesive bonding. A numerical model based on the finite
element method is used to study the stress distribution of the weld bonding joint. The proposed model considers a cohesive zone model to represent the
adhesive bonding behavior. Several loading conditions were analyzed with the proposed model to assess the capability of the supporting loading
capability of thejoint for the different configurations. The necessary data for the elaboration of the numerical model were estimated using appropriate
testing samples. Also, investigations with different heat inputs were performed. Two different damage modes were expected: the degradation of the
adhesive by the heat input of the spot welding and the degradation of the spot-welding nuggets and the heat affected zone (HAZ) by the decomposition of
the adhesive. Finally, the load capacity and the energy absorption of the hybrid joints were observed and compared to the classical joints.

9218 | ANALYSIS OF STATIC AND FATIGUE PERFORMANCE OF HYBRID BOLTED/BONDED SINGLE-LAP ALUMINIUM-
CFRP JOINTS (15. Joints in Composite Structures)

Zuccarello, Bernardo (bernardo.zuccarello@unipa.it), Univertsity of Palermo, Italy
Marannano, Giuseppe (bernardo.zuccarello@unipa.it), Univertsity of Palermo, Italy 

Hybrid joints, are usually obtained by the superposition of a mechanical joint with a bonded joint, and nowadays are used in many fields of the mechanical
design, because of their excellent performances and low weight.
Mechanical fasteners (using bolts, rivets, etc..) are the most important methods of assembling structural elements; they are characterized by easy
manufacturing that does not require careful preparation of the adherents surface, easy positioning and disassembled, easy repairing, and good tolerance
to environmental effects.
Adhesively bonded joining techniques, originally considered to improve the damage tolerance, in the last years are in used because they allow to obtain
joints characterized by good stiffness, lightweight, good static and fatigue strength properties.
The combination of mechanical fastening and adhesive bonding, initially employed only as a safeguard against the presence of defects within the
adhesive layer and, more recently are used to improve the performance of the adhesively bonded joints by decreasing the maximum stresses at the
adhesive layer close to the free edges, with particular reference to the induced peeling stress.
In order to give a contribution to the knowledge of the mechanical behavior of the hybrid joints, obtained by the superposition of adhesively bonded and
bolted joints, in the present work a systematic numerical-experimental study of bonded/bolted single-lap joints between aluminum and carbon fiber
reinforced polymer (CFRP) laminates, has been carried out.
The simple adhesively bonded joint and the hybrid simple-lap joint between CFRP and aluminum plate have been bonded together by means of
ISOBOND SR 1170 high performance epoxy resin produced by Sicomin Epoxy Systems.
In order to analyze the influence of the laminate lay-up on the static and fatigue performances of hybrid joints, three different layout configuration of the
CFRP laminates are examined: [02]s, [(0/±22.5)2]s, [(0/±45)4]s. 
These type of laminate lay-ups, have been appropriately selected; in fact, the external layers aligned with the applied load allows to obtain the maximum
performance of the adhesively bonded joint, whereas, according to the classical laminate theory (CLT), the internal layers oriented at ± 22.5 or ± 45°
allows to obtain a good stiffness and shear strength of the laminates, that is necessary condition to avoid a premature shear failure of the mechanical joint.
Several experimental static and fatigue tests are carried out on a servo hydraulic MTS 810 testing machine. 
Moreover, based on the experimental tests, the effects of clamping force and stacking sequence on joint strengths are systematically investigated by
means of several numerical analyses carried out in ANSYS APDL environment and explicit solver.
The numerical analyses have been carried out by using three-dimensional models of the single-double-lap joint discretized by means of 8-node SOLID
164 elements. Boundary and load conditions reproduce the experimental conditions.
Special attention has been taken in the simulation of the interface between the composite laminae and between the composite adherents and the
aluminum plate. In fact, the composite layer is modeled and discretized by using tiebreak surface-to-surface contacts (TSTS) elements located at the
interface between the laminae. The use of this type of contact element allows to define the extension of the interlaminar damage during manufacturing
and loading phase.
The study has permitted to highlight the influence of the main joint parameters on both the static and the fatigue performance of such joints, as well as to
know the particular damage mechanisms and the possible premature localized delamination related to the stacking sequence of the CFRP composite.

6878 | Free Vibration of Orthotropic Plate on Foundation with Four Edges Free by Finite Integral Transform Method (16.
Numerical Methods)

Yang Zhong (zhongy@dlut.edu.cn), Dalian Uni.of Thech. P.R.China, China
Mei -Jie Xu (xumeijie@dlut.edu.cn), Dalian Uni.of Thech.P.R.Chian, China 

Abstract: 
The double finite cosine integral transform method is exploited to obtain analytical solutions for the natural frequencies and mode shapes of the
orthotropic rectangular plate on foundation with four edges free. In the analysis procedure, the classical Kirchhoff orthotropic rectangular plate is
considered and the Winkler elastic foundation is utilized to represent the elastic foundation. Because only are the basic dynamic elasticity equations of the
orthotropic thin plate on elastic foundation adopted, it is not need prior to select the deformation function arbitrarily. Therefore, the solution developed by
present paper is reasonable and theoretical. In order to illuminate the correction of formulations, the numerical results are also presented to comparing
with that of the other references.

7553 | Volume integral equation method for scattering of SH waves by multilayered anisotropic inclusions (16. Numerical
Methods)

Lee, Jungki (inq3jkl@wow.hongik.ac.kr), Hongik University, Korea, South 
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The Parallel Volume Integral Equation Method (PVIEM) is applied for the analysis of elastic wave scattering problems in an unbounded solid containing
multiple multilayered anisotropic circular inclusions. It should be noted that this relatively new numerical method does not require the use of the Green's
function for the inclusion - only the Green's function for the unbounded isotropic matrix is needed. This method can also be applied to solve general
elastodynamic problems involving arbitrary shape and number of inhomogeneous and/or anisotropic inclusions. A detailed analysis of the SH wave
scattering problem is presented for multiple multilayered orthotropic circular inclusions. Numerical results are presented for the displacement fields at the
interfaces for square and hexagonal packing arrays of multilayered circular inclusions in a broad frequency range of practical interest. When a large
number of inclusions are used in the VIEM formulation, computation time increases. Therefore, it is natural to use parallel programming standard, such as
MPI, to speed up computation. It is demonstrated that the MPI-based PVIEM is very accurate and effective for solving this class of elastodynamic
problems.

7606 | Convergence theorems for Haar wavelet based discretization method. New concept for expansion (16. Numerical
Methods)

Majak, Jüri (Juri.Majak@ttu.ee), Tallinn University of Technology, Estonia
Haavajõe,Anti (Anti.Haavajoe@gmail.com), Tallinn University of Technology, Estonia
Mikola, Madis (madis.mikola@gmail.com), Tallinn University of Technology, Estonia
Shvartsman, Boris (Boris.Shvartsman@ttu.ee), Estonian Entrerpreneurship University of Appl. Sci., Estonia
Pohlak, Meelis (Meelis.Pohlak@ttu.ee), Tallinn University of Technology, Estonia 

During last years the use of Haar wavelet based discretization methods show increasing tendency (Elsevier scientific publication statistics). Also, the Haar
wavelet method is referred in a number of papers as a „simple and effective“ method. However, no convergence rate proof found in literature for this
method. It is shown in several papers that in the case of function approximation with direct expansion into Haar wavelets, the convergence rate is one.
Latter result does not hold good for wavelet based discretization methods where instead of the solution its higher order derivative is expanded into
wavelets. Thus, obviously here is need for proof of the convergence rate of Haar wavelet based discretization method. Furthermore, it can be shown that
the Haar wavelet expansion
principles proposed by Hsiao et. al. in [1-2] and used up to now can be improved.

In the current study an analytical proof of the convergence rate of Haar wavelet based discretization method is given for general n-th order ODE
(convergence theorem for general case). The exceptional/particular cases of the Haar wavelet based discretization method are identified. Analytical proof
of the convergence rate for these particular cases has been performed (convergence theorem for particular cases). The obtained convergence rates are
validated numerically on model problems. New concept for Haar wavelet expansion, providing higher order convergence rate, has been developed. It has
been shown that the Haar wavelet expansion principles suggested by Hsiao et. al. in 1997, and used practically in all studies exploiting Haar wavelet
discretization up to now, can be completed in order to achieve higher convergence rate for certain class of problems.

1. Chen, C.F. Hsiao, C.H. “Haar wavelet method for solving lumped and distributed-parameter systems”, in: IEE Proc. Control Theory Appl, 144, 87-94,
(1997).
2. Hsiao, C.H., “State analysis of the linear time delayed systems via Haar wavelets”, Mathematics and Computers in Simulation, 44, 457-470, (1997).

7608 | USE OF ARTIFICIAL NEURAL NETWORKS AND MONTE CARLO SIMULATIONS AS A PREDICTIVE METHOD TO
DETERMINE STRENGHT OF HIGH PERFORMANCE CONCRETE (ASTM C39/C39 M) (16. Numerical Methods)

García Fernández, Francisco (francisco.garcia@upm.es), Universidad Politécnica de Madrid, Madrid, Spain
Acuña Pinaud, Luis (lacuna@uni.edu.pe), Universidad Nacional de Ingeniería, Lima, Peru
Moromi Nakata, Isabel (imoromi@yahoo.com), Universidad Nacional de Ingeniería, Lima, Peru
Torre Carrillo, Ana (anatorre@uni.edu.pe), Universidad Nacional de Ingeniería, Lima, Peru
Espinoza Haro, Pedro (pcesp67@gmail.com), Universidad Nacional de Ingeniería, Lima, Peru 

High Performance Concrete has become one of the most important structural materials in civil engineering practice. The increase in its use has led to
more stringingly quality controls of its mechanical properties. However, in most cases these quality controls require large and expensive testing equipment
to allow tests up to 30KN. Since it is often difficult to have these machines in place for in situ tests, construction companies usually involve external
laboratories to conduct such tests. In addition, concrete reach its ultimate strength after different curing periods, therefore is difficult to have immediate
final test results in the field. Therefore, it is important to provide industry with a tool that allows forecasting in a reliable manner, final mechanical properties
of concrete on the basis of manufacturing data. Using an artificial neural network approach and data from nearly 1000 laboratory tests, a new tool to
predict compressive strength of high performance concrete (ASTM C39/C39 M) based on manufacturing parameters and curing time has been
successfully developed. This tool, when used in combination with Monte Carlo simulation techniques and known empirical relationships between the
different mechanical properties of concrete (i.e. compressive strength, bending strength, tensile strength and shear strength), will allow to obtain not only
concrete mechanical properties but also the accuracy of those results.

7637 | Simulation and optimization methodology for the development of structures manufactured by a combined sheet
moulding compound and prepreg compression moulding process (16. Numerical Methods)

Bachem, Harald (h.bachem@ostfalia.de), Ostfalia University of Applied Science, Research Area for Driving Safety, Germany
Fette, Marc (marc.fette@airbus.com), Composite Technology Center Stade (An Airbus Company) & Helmut Schmidt University, Institute of Production
Engineering, Germany
Stoess, Nicole (nicole.stoess@polynt.com), Polynt GmbH, Germany
Herrmann, Axel (axel.herrmann@airbus.com), Composite Technology Center Stade (Airbus Company), Germany
Wulfsberg, Jens (jens.wulfsberg@hsu-hh.de), Helmut Schmidt University, Institute of Production Engineering, Germany 

The demand for fuel efficient aircraft and vehicles led to the development of innovative lightweight constructions and the use of lightweight materials, such
as carbon fibre reinforced plastics (CFRP). In the same manner competences in new production technologies have been built up in the aerospace
industry. However, current processes for developing and producing composites with an excellent mechanical performance cause high costs and long
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process cycles in comparison to approved metal processes. Furthermore, the used raw materials, such as carbon fibres and resin, are very expensive. In
contrast to these technologies sheet moulding compound is characterised by a very high productivity, excellent part reproducibility, cost efficiency and the
possibility to realise complex components with integrated functions. The biggest disadvantage of Sheet moulding compound parts is a low level of
stiffness and strength because of a low fibre-volume fraction and a short fibre length. In this context the combination of sheet moulding compound and
prepreg compression moulding in an one-shot compression moulding and curing process merges the advantages of both materials to create load-bearing
and autoclave-quality parts without an autoclave.
The intention of the present work is the development of a finite element based simulation and optimization method for a new hybrid composite technology
for aerospace applications which includes innovative material combinations and an efficient production process in equal measure. 
The whole development process for the technology is guided efficiently by implementing different numerical optimization methods. Modern simulation
methods are applied for validating robust material models, design, dimensioning and calculation of composite or hybrid aircraft components which should
be produced with this new technology. This includes a complete structural FEM-analysis, regarding to stresses, strains and rupture of the composite
material component. Topology optimization tools will be implemented in order to design load orientated structures with a minimum of material usage.

7726 | Modified Fourier method for free vibration of laminated composite cylindrical and conical shell with a
viscoelastic core under general boundary restraints (16. Numerical Methods)

Yang,Chuanmeng (chuanmengyang@hrbeu.edu.cn), College of Power and Energy Engineering, Harbin Engineering University, China
Jin,Guoyong (guoyongjin@hrbeu.edu.cn), College of Power and Energy Engineering, Harbin Engineering University, China
Liu,Zhigang (liuzhigang@hrbeu.edu.cn), College of Power and Energy Engineering, Harbin Engineering University, China
Zhang,Chunyu (hdzhangchunyu@163.com.cn), College of Power and Energy Engineering, Harbin Engineering University, China 

An accurate solution method based on the first-order shear deformation theory (FSDT) is developed for the free vibration analysis of cross-ply laminated
composite and sandwich cylindrical and conical shell with a viscoelastic core under arbitrary boundary conditions and various lamination schemes. The
formulation describing laminated composite layers and viscoelastic material layer employs laminated and sandwich theories respectively. The present
theory is based on a displacement field in which the displacements of the middle surface can be expanded as a combination of a standard Fourier series
and auxiliary functions. Due to the introduced displacements of this form, rapid convergence and high accuracy can be easily obtained. The current
method can be universally applicable to a variety of boundary conditions including all the classical cases, elastic restraints and their combinations. Natural
frequencies and loss factors under various boundary conditions and lamination schemes are calculated, which may be served as benchmark in future.
The effects of fiber orientation angle and the thickness of the layers on natural frequency and loss factor are illustrated. The various boundary conditions
and the number of layers are also investigated in affecting the damped vibration of the laminated composite sandwich cylindrical and conical shell.

7735 | STRONG FORMULATION FINITE ELEMENT METHOD FOR ARBITRARY SHAPED COMPOSITE STRUCTURES (16.
Numerical Methods)

Fantuzzi, N. (nicholas.fantuzzi@unibo.it), University of Bologna, Italy
Tornabene, F. (francesco.tornabene@unibo.it), University of Bologna, Italy
Viola, E. (erasmo.viola@unibo.it), University of Bologna, Italy 

When it comes to numerical methods a huge amount of methodologies and techniques comes out. Since several researchers throughout all the past
decades tried a better way to solve different problems in engineering. It can be pointed out that most of the numerical approaches hitherto proposed can
be simply classified as based on two different formulations. Engineers in several branches know that physical problems can be mathematically solved,
generally, using a system of partial differential equations. Since analytical solutions for these problems are usually limited to very simple cases numerical
techniques must be employed in order to find an approximate solution for these problems. Historically speaking two approaches have been followed. On
one hand the system is directly discretized using the so-called collocation methods based on the distribution of points upon the physical domain. On the
other hand variational or weak formulations find an approximate solution evaluating the equations in their weakened form. As it is generally known
collocation methods are global and use polynomials of high degree for approximating the unknown field, whereas domain decomposition techniques, such
as the Finite Element Method (FEM), decompose the domain in several subdomains evaluating several local solutions which are related by the assembly.
The aim of this work is to present several methods under the heading of SFEM (Strong Formulation Finite Element Method). Since a strong formulation,
analogous to the collocation approach, is coupled with a domain decomposition technique, proper of the FEM. In this way the standard FEM could be
termed WFEM. Due to the fact that it is based on the weak formulation and in opposition to SFEM, which is based on the strong formulation. Summarizing
the main contributions are the general view in which strong formulation methods could be presented and the introduction of the mapping technique
(generally connected to the FEM) for the solution of arbitrary shaped elements without introduction a variational form of the differential system, but solving
it directly. Convergence, stability, accuracy and reliability of the SFEM are illustrated varying the principal parameters of this approach and comparing
them to WFEM. Thus varying the number of points, the point location, the basis functions and the number of elements it is possible to observe the
numerical behaviour of the SFEM.

7803 | On the use of an efficient wave based method for analysis of functional graded plates vibration (16. Numerical
Methods)

Zhang Chunyu (hdzhangchunyu@163.com), Harbin Engneering University, China
Yang Chuanmeng (chuanmengyang@hrbeu.edu.cn), Harbin Engneering University, China 

Forced vibration analysis of functionally graded elastic plates is presented based on a wave based method. Although functionally graded materials
(FGMs) are highly heterogeneous in nature, they are generally idealized as continua with mechanical properties changing smoothly with respect to the
spatial coordinates. The material properties of functionally graded plates are supposed here to be varying through the thickness of the plate in a
continuous manner. The Young’s modulus and densities vary continuously in the thickness direction according to the volume fraction of constituents which
is mathematically modeled as a power law function, with the Poisson ratios of the FG plates being constant. This paper gives an overview of the principles
of the WBM for the steady-state dynamic analysis of plates. First the flat plate bending behavior are described. Throughout the paper the performance of
the WBM is compared with that of the FEM, which demonstrates the enhanced computational efficiency of the WBM.

7819 | Modeling of CFRP/Ti interface when drilling hybrid composite (16. Numerical Methods)
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Xu, Jinyang (jinyang.xu@ensam.eu), Arts et Métiers ParisTech, MSMP, Rue Saint Dominique B.P. 508, 51006 Châlons-en-Champagne, France., France
El Mansori, Mohamed (mohamed.elmansori@ensam.eu), Arts et Métiers ParisTech, MSMP, Rue Saint Dominique B.P. 508, 51006 Châlons-en-
Champagne, France., France 

This study proposes an original FE model to address the key physical mechanisms controlling the material removal process within the CFRP/Ti composite
interface when mechanical drilling. The 2D orthogonal cutting configuration (OCC) considered to modeling the cutting operation was adopted with respect
of phenomenological assumptions. The FE model was developed into ABAQUS/Explicit commercial code. The CFRP phase was assumed equivalent
homogeneous material with elastic behavior. However, the Ti phase was considered isotropic with elastoplastic behavior. Hashin damage criteria and
Johnson-cook ductile damage were used to model the local failure in the composite and metallic phase, respectively. The CFRP/Ti interface physically
described as intermediate constituent was modelled using the concept of cohesive zone (CZ). The material separation within the CZ was controlled by
traction-separation criteria. The cutting responses were investigated with respect of the cutting sequences strategy referring to the multistage machined
phase (Ti-to-CFRP and CFRP-to-Ti), feed rate, and the cutting speed. A special focus was made on the cutting-induced damages. The numerical results
highlighted the significant effects of cutting sequences strategy on machining responses and the pivotal role of interface properties in governing
delamination and, hence, the material removal process, when cutting CFRP/Ti stack.

7826 | ISOGEOMETRIC COHESIVE ZONE MODELING FOR MIXED-MODE DEBONDING PROCESSES (16. Numerical
Methods)

Dimitri, Rossana (rossana.dimitri@unisalento.it), University of Salento, Italy
De Lorenzis, Laura (l.delorenzis@tu-braunschweig.de), Leibniz University of Hannover, Germany
Zavarise, Giorgio (giorgio.zavarise@unisalento.it), University of Salento, Italy 

In a context where adhesive-bonded joints are increasingly used in aerospace and automotive industries, prediction of interfacial and cohesive failure
mechanisms is an important issue to be treated both analytically and numerically. To this end, a successfull numerical tool towards failure prediction of
adhesive joints has been achieved in the literature using standard low order finite elements (FE) relying on Lagrange polynomial bases. The two most
popular numerical methods for the analysis are the Virtual Crack Closure Technique (VCCT) and interface elements with cohesive zone (CZ) laws. The
numerical application of CZ models for debonding problems within finite element frameworks, however, usually suffer from unphysical stress oscillations at
large stress gradients unless fine meshes discretize the fracture process zone (FPZ) ahead of the crack tip. An innovative framework where better
geometrical accuracy is combined with higher and tailorable inter-element continuity is provided by isogeometric analysis (IGA), as here adopted to
describe the interface damage mechanisms for adhesively-bonded interfaces in mixed-mode conditions. The debonding process along the adhesive
interfaces are herein treated with CZ modeling by adopting “analysis-suitable” T-splines discretizations of the meshes. The interface is discretized with
zero-thickness contact elements which encompass both contact and mixed-mode debonding within a unified framework, using a Gauss-point-to-surface
formulation. A coupled exponential cohesive interface constitutive law is then employed to treat the debonding phase, where all the components (I and II)
of the traction vector depend on all the components of the interface separation. The methodology is explored for bi-dimensional composite-to-composite
single lap joint specimens, composed of four composite substrate segments bonded by thin layers of adhesive. The numerical results show that mixed-
mode CZ models combined with T-spline-based discretizations allow for a more accurate and robust treatment of debonding phenomena with respect to
standard linear and higher-order Lagrange interpolations.

7915 | Numerical and experimental analysis of commingled yarns thermoplastic composites consolidation process (16.
Numerical Methods)

Baochao, LI (baochao.li@mines-douai.fr), Mines Douai, Department of Polymers and Composites Technology and Mechanical Engineering, France
Mylène, DELEGLISE (mylene.lagardere@mines-douai.fr), Mines Douai, Department of Polymers and Composites Technology and Mechanical
Engineering, France
Chung-Hae, PARK (chung-hae.park@mines-douai.fr), Mines Douai, Department of Polymers and Composites Technology and Mechanical Engineering,
France 

Thermoplastic composites are becoming more and more popular in industry such as automotive, aerospace, microelectronic, etc. Thermoplastic
composite processes such as thermoforming or hot stamping attract great attention from many researchers. One of the difficulties in those processes is to
reach complete resin impregnation into fiber bundles due to the high viscosity of thermoplastic resin at molten state. Therefore, commingled yarns are
widely used by dint of their short flow distance for resin to facilitate impregnation. A typical processing cycle of thermoplastic composites consolidation
consists of three major stages : preheating the commingle yarns above the melting temperature, applying a pre-assigned pressure for a chosen time to
consolidate the commingled yarns and cooling the material to room temperature under pressure. The molten polymer matrix is therefore forced to
impregnate the dry fiber bundles under pressure during this process. Temperature, pressure and holding time are the major parameters which affect the
impregnation quality.
Experiments on commingled yarn consolidation were conducted to study the influences of process parameters such as pressure and temperature on the
impregnation quality. Braided fabrics of glass fiber/polypropylene commingled yarns were tested. The consolidation experiments were conducted at two
different temperature and pressure conditions. To investigate the void content in a quantitative way, micrographs were taken for transverse sections of
consolidated plates, and converted into white and black pictures where black pixels stand for pores. 
In this study, temperature condition was chosen at 170°C and 210°C respectively and pressure conditions set to 1.5MPa and 2MPa. Two different types of
voids, intra-bundle voids and inter-bundle voids, were found in the micrograph, and porosity was calculated for each type of void as well as total porosity.
It is found that as temperature and pressure increase, intra-bundle porosity decreases from 1.02% to 0.41%. In contrast, inter-bundle porosity increases
from 0.17% to 1.77% as the processing temperature increases from 170°C to 210°C, which leads to a higher total porosity for higher temperature. This is
in contradiction with the results found in the literature, and one possible reason is the shrinkage of polypropylene matrix during cooling process.
Numerical simulations were as well conducted to model the consolidation process based on the most widely used Darcy’s law. The molten matrix was
assumed to be Newtonian fluid, and its viscosity only depended on temperature and can be described by an Arrhenius equation. The permeability was
assumed to be constant and was calculated by Gebart’s equation for hexagonal arrangement which is a function of volume fraction of glass fiber only.
A radial flow case was calculated by 1D analytical model to give the intra-bundle porosity revolution with time under different processing conditions, and
the results were compared with intra-bundle porosity data obtained experimentally.
FE method was used for both 2D and 3D simulations. A representative volume element was chosen and different permeabilities were assigned to different
types of yarn. Only impregnation process was simulated for now as it is the major physics during consolidation. Air flow and entrapped air were
considered in 2D and 3D simulations which played an important role on void formation and final impregnation quality. The porosities obtained were also
compared with experiment results to validate the FE model.
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8016 | Modeling and experimental verification of Dielectric Constants of Different Weave Structure Textile
Reinforcements (16. Numerical Methods)

Hailing. Mao (hailiang1029@126.com), Donghua University, China
Lan. Yao (yaolan@dhu.edu.cn), Donghua Univesity, China 

Dielectric constants of the textile reinforcements are of great importance when the final composites are used in the wave transmitting or absorbing fields.
In these cases, the textile structures were usually tailored to obtain the required dielectric constants. However, to the authors’ knowledge, few papers have
been found in discussing the relation between the textile weave structures and the dielectric constants. In this paper, the relation between different weave
structures and dielectric constants was modeled and subsequently verified with weave glass fabrics. The results showed that a good agreement could be
obtained from the above. 
Keywords: Dielectric constant, Weave structures, Modeling, Glass fabrics.

8100 | MODAL PARAMETERS FITTING OF COMPOSITE FLAT PLATES AND PIEZOCERAMICS INTERACTION (16.
Numerical Methods)

de Souza, Carlos E. (carlosesouza@gmail.com), Universidade Federal do Rio Grande do Sul, Brazil
Marto, Adolfo G. (agmarto@gmail.com), Instituto de Aeronáutica e Espaço, Brazil
Oliveira, Éder L. (eder@ita.br), Instituto Superior de Tecnologia, Portugal
da Silva, Roberto G. A. (gil@ita.br), Instituto Tecnolólico de Aeronáutica, Brazil 

In this work a parameters fitting methodology is applied to determine an equivalent numerical model of composite flat plates and piezoceramic interaction
for aeroelastic simulations. Aeroelastic phenomena are related to the inertial, elastic and aerodynamic forces interaction. The aeroelastic system dynamic
characteristics, such as modal parameters, change due to aerodynamic conditions like free flow velocity and angle of attack. Numerical methodologies are
employed to predict when and where catastrophic instabilities may occur, indicating the normal modes and frequencies that are envolved in the event.
Piezoceramic pads attached to the plates can be used either to measure the aeroelastic response by observing eigenfrequencies evolution or to activelly
avoid the instability. Recently, laminated composite flat plates with different fiber orientation and with attached piezoceramics were experimentally
investigated in order to identify modal parameters. One important experiment consists in wind-tunnel tests where the dynamic evolution due to
aerodynamic forces are measured. The data obtained from these tests are used to define a simplified equivalent structural numerical model for use in
aeroelastic solvers that predict instabilities and response of the system. An automated parameters fitting methodology is used for fitting a few chosen
elastic properties of the simplified numerical model. The method consists in an optimization process aiming the minimization of a cost function based on
the residue between numerical and experimental data. The fitted parameters are updated using sensitivities of the numerical frequencies and modal
shapes.
Results of aeroelastic simulations using the simplified models agree with experimental data, validating the use of such methodology.

8120 | COMPARATIVE STUDY OF NUMERICAL METHODS FOR DESIGNING SFRC SECTIONS SUBJECTED TO AXIAL
FORCE AND BENDING MOMENT (16. Numerical Methods)

Portillo, J.P. (jpportillo@farq.edu.uy), Departamento de Informática Aplicada al Diseño, Facultad de Arquitectura, Universidad de la República, Uruguay
Pérez-Zerpa, J.M. (jperez@fing.edu.uy), Instituto de Estructuras y Transporte, Facultad de Ingeniería, Universidad de la República., Uruguay
Segura-Castillo, L. (lsegura@fing.edu.uy), Instituto de Estructuras y Transporte, Facultad de Ingeniería, Universidad de la República., Uruguay 

A critical point for the development of steel fibre reinforced concrete (SFRC) as a structural material is the quantification of the residual stresses
developed under tension. In present practices, the residual stress is quantified by means of bending tests. After that, an inverse analysis is used to
determine the stress–crack opening or the stress–strain relationships, as depicted in the Model Code 2010 (FIB, 2010). In this analysis, which requires
computing the section iteratively, the computational cost of the integration method becomes important. Several integration methods for reinforced concrete
sections were compared recently (Bonet, 2006). The comparison included the layered section method, which is being used by different authors as an
integration method of stresses to determine the moment–curvature diagrams of sections built with different materials, and a numerical method based on
the Gauss-Legendre quadrature. The objective of this paper is to compare the aforementioned integration methods when they are applied to SFRC
sections, aiming to contribute to a decrease of the computational cost of the integration. The constitutive equation for the compressive response of
concrete and the tensile response of the SFRC were taken from the Model Code. Rectangular sections of SFRC subjected to axial loads and bending
moments were calculated. The results of the Gaussian integration were compared to those of the layered integration regarding accuracy and
computational time of each method.

Keywords: fibre concrete, composite section, stress integration, cross-section analysis

Bonet, J. L., Barros, M. H. F. M., & Romero, M. L. (2006). Comparative study of analytical and numerical algorithms for designing reinforced concrete
sections under biaxial bending. Computers & Structures, 84(31-32), 2184–2193. doi:10.1016/j.compstruc.2006.08.065

FIB. (2010). Fédération Internationale du Béton. Model Code 2010 – first complete draft, vol. 1. Bulletin 55. Lausanne (Switzerland).

8140 | Adaptive Concurrent Recursive Multi-Scale Method for Simulation of the Response of Laminated Composites to
Underwater Blast Loading (16. Numerical Methods)

Bombace N. (nicola.bombace@eng.ox.ac.uk), Oxford University, United Kingdom
Barbieri E. (e.barbieri@qmul.ac.uk), Queen Mary University of London, United Kingdom
Cui H. (hao.cui@eng.ox.ac.uk), Oxford University, United Kingdom
Hoffmann J. (justus.hoffmann@eng.ox.ac.uk), Oxford University, United Kingdom
Petrinic N. (nik.petrinic@eng.ox.ac.uk), Oxford University, United Kingdom 

Dynamic excitations, such as those caused by underwater explosions, may generate undesirable effects, both near as well as further away from the
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primary loading location, in large composite structures typically employed in naval applications (surface ships and submarines). In view of available
computational power, the transient and non-linear nature of the underlying physical phenomena requires concurrent attention at multiple length scales
during the design of such large laminated composite structures to withstand blast loading.
In this paper, the results of the study directed towards an automated, adaptive concurrent recursive multi-scale numerical simulation are presented. A
blast on a laminated structure is simulated in a concurrent and recursive manner, using a coarse and corresponding more detailed constitutive models
activated only when certain criteria are met at each consecutive length scale. The developed analysis framework allows for the communication between
the scales by keeping the computational cost to a minimum, while providing a high resolution insight in the process zone. The results show that the
mapping between distinct length scales is energy conserving. 

8156 | FE analysis of carbon foam under multiple compressive loading (16. Numerical Methods)

Khelifa M. (mourad.khelifa@univ-lorraine.fr), University of Lorraine, France
Fierro V. (vanessa.fierro@univ-lorraine.fr), University of Lorraine, France
Celzard A. (alain.celzard@univ-lorraine.fr), University of Lorraine, France
Letellier M. (maxime.letellier@univ-lorraine.fr), University of Lorraine, France
Delgado Sánchez C. (delgadosanchezclara@outlook.com), University of Lorraine, France 

In this paper, finite element (FE) analysis of multiple compressive loading of carbon foams prepared from a tannin-based resin and exfoliated graphite
used as filler is studied in detail. Numerical results are compared to compression test results for multiple loadings. 
The compressive force–displacement response of carbon foam elements is numerically evaluated for different cells and strain rates. The results of the
numerical analysis are compared with experimental data. Good agreement is found. Quasi-static loading is investigated by making use of numerical
analysis and verified by comparison with experimental results.

8254 | Predictions of the strength of bonded connections in space opto-mechanical domain (16. Numerical Methods)

VIALE Roger (roger.viale@thalesaleniaspace.com), THALES ALENIA SPACE, France
COQUILLARD Marc (alpco3@free.fr), Alpco3, France 

In the spatial and opto-mechanical domains, bonding is already very often preferred to other solutions of connections. Its applications in these domains
have really a promising future on account of the numerous advantages of the bonding ( large field of products, great adaptability, relative easiness of the
realisation, reduced fixation sizes, high strength performances, very limited mass,… ) and, last but not least, two majors advantages, 
. soft interface created between metallic parts and brittle optical ones,
. rather easy management of induced stresses and deflections

In the case of cryogenic optics, the bonded connections are subjected to quite stringent conditions:
. temperature excursions from roughly +60°C down to –170 °C for the structural fixations and down to # –290° C for bonding of thermal control
components,…..for the time being!
. at least some tens of thermal cycles on ground, then several years of storage in ambient humidity and finally launch and several years in cryogenic
conditions,
. several tens of vibrations runs at maximal load level, i.e. under some tens of g.

Materials used for the various spatial optics include from metallic ones (not often) to the complete field of ceramics, without forgetting composite materials
( CFRP and carbon/carbon ); the most usual materials are ceramic ones ( SiC, CeSiC, Si3N4 and all the grades of glasses ). 

The strength of bonded connections is a phenomenon rather complex involving numerous parameters relative to the adhesive, to the adhesion surfaces
and to the assembled materials. It remains difficult to predict their performances with accuracy, leading often to rather long and iterative studies and tests.

With composite materials and above all with ceramics, the weak component is often no more the adhesive, but the adherent material itself. Ceramics and
mainly Glasses, brittle and sensitive to static fatigue phenomenon, make mandatory a very good knowledge of the behaviour and of the particular rules of
design and of sizing of such materials too.

The adhesive keeps nevertheless an essential role with these brittle materials as deeply involved:
. in the very local mechanical and thermal-elastic over-stresses which lead first to the partial degradations then to complete failure,
. in the thermal-elastic deflections induced in the optic during the cool-down, with allowable deformations limited to some nano-or even pico-meters ! A
very good knowledge of the behaviour of the adhesive remains thus quite important in the whole temperature range.

Often faced to needs for advanced bonded connections, THALES ALENIA SPACE has developed a methodology to characterise adhesives and
adherents and efficient tools to predict with a good accuracy the strength of bondings:
discrepancy ≤ 15 % on 55 different bondings with

. 3 different adhesives and 4 main types of connections

. 7 couples of metallic, ceramics and CFRP / GFRP materials, 

. a very large set of bonding lengths ( 1 to 40 ) and adherents thicknesses ( 1 to 32 ),

. a very large range of rupture loads ( 1 to # 100 )

. at room and at very cold temperatures including complex loading cases

That allows :
. an optimization from the beginning of the design : the optimized definition is achieved directly by analysis and not by successive tests
. and thus significant savings in cost, schedule, performances and reliability.

A survey of the application scope is given through the validation panel and in particular by three examples of bonded assemblies subjected to large
temperature excursions.
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8255 | A Simple and Reliable method for the Strength prediction of the CFRP UD Pieces (16. Numerical Methods)

VIALE Roger (roger.viale@thalesaleniaspace.com), THALES ALENIA SPACE, France
COQUILLARD Marc (alpco3@free.fr), Alpco3, France 

The reliable prediction of the failure of the CFRP pieces is a domain which still calls for academic and industrial improvements, even for the pieces made
with unidirectionnal plies. The usual industrial methods are simple, conservative but very often with scatters between Predictions vs Tests rather important.
This limits drastically the confidence in the predictions and leads to numerous elementary or sub-assembly tests. That is why national and international
great studies, syntheses or research ones, with numerous teams, appeared in the last years whereas some large studies are still in progress.

Among the numerous proposed methods, the most efficient seem to be the ones based on the progressive damage of the plies. Some very detailed works
gave very good results. These methods have nevertheless some drawbacks: they are not easily handled ( for analytical brain storming phases or by non
acute experts ) and they are not always implemented in usual FEM codes. But the main drawback is really that they require the characterisation and the
watch of numerous additional material data, values derived from extensive additional material testing. That asks for particular and very brittle samples
inducing a poor reliability and increasing significantly the cost of the characterisation and above all of the following-up of the materials scattering along the
years.

Taking benefit of a large data base and of a survey of some detailed works, it was attempted to derive a simplified method with the following guidelines:
. for pieces subjected to plane stresses ( e.g. sandwiches extensively used in space projects )
. compatible with fast sensitivity comparisons for the optimisation of the stackings as well as for the final detailed strength evaluation
. to demand for meshing refinement compatible with industrial time and cost constraints
. to limit clearly the additional characterisation tests and the supplementary material intrinsic values to evaluate ( mean value and scatter ) and to follow
along the batch deliveries
. to improve significantly the reliability vs. usual industrial methods.

The preliminary conclusions of the presented work are :
. a quite good correlation between the predictions and the test results, close to the best but more intricate, expensive and more difficult to manage
methods : 

an average correlation Prediction vs Tests equal to 0.97

on 60 different stackings of 5 various materials in Tension, Compression, bi-axial loadings, at room and extreme Temperatures between [ - 110° and +
150° C ],
. an important mass saving in the most of the cases with a minimum of 15%, whatever the plies stacking and the materials,
. but the strength benefit is particular interesting when predicting the strength in case of stress concentrations, i.e. the most critical case of the most of the
pieces : increase of the predicted rupture of at least 60 % vs usual methods,
. the cost of the elementary and sub-assembly tests can be drastically reduced thanks to the achieved reliability.

8731 | The inelastic analysis of plates considering a meshless method (16. Numerical Methods)

Belinha, Jorge (jorge.belinha@fe.up.pt), Instituto de Engenharia Mecânica e Gestão Industrial, Portugal
Dinis, Lúcia (ldinis@fe.up.pt), Faculdade de Engenharia da Universidade do Porto, Portugal
Natal Jorge, Renato (rnatal@fe.up.pt), Faculdade de Engenharia da Universidade do Porto, Portugal 

In this work, plates submitted to transversal loads are studied considering a non-linear three dimensional analysis and assuming a hyperlastic material.
The numerical method used to obtain the field variables is the Natural Neighbour Radial Point Interpolation Meshless Method (NNRPIM) [1,2].

The NNRPIM is a flexible and accurate meshless method, which uses the Natural Neighbour concept to enforce the nodal connectivity. This geometric
concept permits to construct the Voronoï diagram of the unstructured set of nodes discretizing the problem domain. Such geometric discretization permits
to obtain directly the “influence-cells”, which are in fact influence-domains entirely nodal dependent. The background integration mesh, required to
numerically integrate the integro-differential equations governing the studied phenomenon, is obtained from the Delaunay triangles (the dual of the
Voronoï cells). The NNRPIM shape functions are constructed using the Radial Point Interpolators (RPI). The obtained interpolation functions posses the
delta Kronecker property, which simplify the imposition of the natural and essential boundary conditions.

In this work the plate is studied considering the complete three-dimensional domain. Thus, assuming the three-dimensional deformation theory the plate
displacement field is obtained from the weak-form of Galerkin. Since the scope of this work is to extend and validate the NNRPIM in the large-deformation
hyper-elastic plate analysis, non-linear solution algorithms are considered. In order to demonstrate the effectiveness of the method, several non-linear
problems are studied. The numerical results indicate that NNRPIM handles large material distortion effectively and provides an accurate solution under
large deformation and material inelasticity.

Keywords: Radial Point Interpolation Method (RPIM), Natural Neighbours, Meshfree Method, Large Deformations, Hyper-elasticity

[1] Dinis L., Jorge R.N., and Belinha J., Analysis of 3D solids using the natural neighbour radial point interpolation method. Computer Methods in Applied
Mechanics and Engineering, vol. 196, pp: 2009-2028, (2007).
[2] Dinis L., Jorge R.N., and Belinha J., Analysis of plates and laminates using the natural neighbour radial point interpolation method. Engineering
Analysis with Boundary Elements, vol. 32, pp: 267-279, (2007).

8843 | Determination of ultimate strength and fatigue limit of particulate reinforced metal matrix composites (PRMMC)
by using upper-and-lower bound approaches (16. Numerical Methods)
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Chen, G. (G.Chen@iwm.rwth-aachen.de), Institute for Materials Applications in Mechanical Engineering, RWTH Aachen University, Germany
Ozden, U.A. (U.Oezden@iwm.rwth-aachen.de), Institute for Materials Applications in Mechanical Engineering, RWTH Aachen University, Germany
Bezold, A. (a.bezold@iwm.rwth-aachen.de), Institute for Materials Applications in Mechanical Engineering, RWTH Aachen University, Germany
Broeckmann, C. (c.broeckmann@iwm.rwth-aachen.de), Institute for Materials Applications in Mechanical Engineering, RWTH Aachen University,
Germany
Weichert, D. (weichert@iam.rwth-aachen.de), Institute of General Mechanics, Germany 

For PRMMC materials submitted to a variable loading, the unbounded development of the plastic deformation constitutes a major cause of the material
failure. To determine the load bearing capacities of these materials against the long-term fatigue typed loadings, shakedown analysis in a Melan-Koiter
sense provides an elegant solution by avoiding the cumbersome step-by-step simulation. In this study, based on both static (lower bound) and kinematic
(upper bound) theorems, we developed numerical tool for modeling and solving shakedown problems. By applying this tool to PRMMC representative
volume element (RVE) models built from the real material images, the endurance limits of the models are predicted. To take into account the intrinsic
randomness of PRMMCs' microstructural morphology, the study is performed on a great number of samples. By collecting the data from samples and
interpreting them by statistical methods, the relationship between the structure and the composite strengths are identied and examined in detail.

8907 | Fabric Reinforced Cementitious Matrix (FRCM) strengthened masonry wallettes: FE modelling of diagonal
compression tests (16. Numerical Methods)

Bertolesi, Elisa (elisa.bertolesi@hotmail.it), Technical University of Milan, Italy
Milani, Gabriele (gabriele.milani@polimi.it), Technical University of Milan, Italy
Poggi, Carlo (carlo.poggo@polimi.it), Technical University of Milan, Italy 

In recent years the interest for innovative masonry seismic upgrading with FRP materials has increased. One of the most attractive techniques is the so--
called Fabric Reinforced Cementitiuos Matrix (FRCM) reinforcement. FRCM represents a particular type of composite material for which a dry-fiber fabric
is applied to a structure by means of a cementitious mortar with short fibers. When compared with other traditional reinforcing techniques, FRCM exhibits
several advantages, as a greater resistance to high temperatures and ultraviolet radiations, as well as a better compatibility with the substrates. For these
reasons FRCMs are often used to repair and strengthen existing structures.
In the present paper, the behavior of FRCM strengthened masonry wallettes under diagonal compression tests iswas investigated by means of a series of
numerical simulations using a commercial code and a heterogeneous approach.
In particular, mortar joints, bricks and the fabric reinforced cementitious matrix are meshed separately. For mortar and bricks, standard isotropic elasto-
plastic materials with damage and softening are utilized, after proper calibration of the elastic and inelastic parameters.
The FRCM strengthening system, composed of a fiber grid, is modeled with trusses exhibiting a non linear behavior, whereas the cementitious matrix is
discretized with elasto-plastic 3D elements. The simulations performed are conducted to evaluate the effectiveness of such typology of retrofitting, used to
prevent brittle behavior or sudden failure of the masonry supports and to improve their deformation capacity. Finally, a series of simulations on masonry
panels retrofitted with FRCM materials applied on cracked substrates is conducted. In order to analyze the influence of the cracked supports on the
overall behavior of the system, two configurations of cracks are considered. To properly reproduce the behavior of the retrofitting during the two series of
simulations the possible delamination of the grid from the matrix are suitably taken into account. The results of the numerical simulations show the
advantages of these materials when used for the reinforcement of existing masonry structure and highlight the crucial role played by the fiber grid to
improve the global behavior and the ductility of the system.

8945 | Static and instability analysis of thin and moderately thick viscoelastic plates using a fully discretized nonlinear
finite strip formulation (16. Numerical Methods)

Amoushahi, Hossein (h.amoushahi@eng.ui.ac.ir), University of Isfahan, Iran
Shahzamani, Safoora (safoora.shahzamani@ma.iut.ac.ir), Isfahan university of technology, Iran 

In this paper, a semi-analytical finite strip method was developed for the analysis of thin and moderately thick viscoelastic plates by using continuous
harmonic function series that satisfies the boundary conditions in the longitudinal direction and piecewise interpolation polynomials in the transverse
direction. The mechanical properties of the material are considered to be linear viscoelastic by expressing the relaxation modules in terms of Prony series.
A recurrence formulation was used to evaluate the entire deformation history that requires only the storage of the displacements from the previous time
step only. The standard finite strip procedure based on virtual work method was used to derive stiffness and geometric matrices. Using this solution
technique, a simple expression was developed to predict the critical buckling load of the plates with different end conditions.
A comprehensive parametric study was conducted where the maximum deflection of the viscoelastic plates with different boundary conditions subjected to
time-dependent loads was calculated. The results showed that the error in the solution propagates when time increases. The effect of the time interval,
plate length, plate thickness and biaxial loading on critical buckling load of the viscoelastic plates was also evaluated. The results indicated that the critical
buckling load of the plate decreases with time when the relaxation modulus decreases. Moreover, the results showed that the buckling capacity of the
rectangular viscoelastic plates decreases when the aspect ratio of the plate or the value of the transverse loading increase or when the plate thickness
decreases. It was also demonstrated that the developed finite strip method is able to capture creep properties at the unloading phase.

8981 | Numerical comparison of geodesic, non-geodesic and generalized spline paths in order to wind complex,
axisymmetric geometries (16. Numerical Methods)

Vargas R Erik (erikvargasrojas@hotmail.com), Université de Franche-Comté, France 

As part of an integral approach in the development process of filament wound structures, three types of fiber trajectories are studied and compared on this
research: geodesics, non-geodesics and generalized splines. Considering certain filament winding technical requirements such as non-slippage, full
coverage, bridging-free, turn-around and uniform distribution these trajectories are compared between themselves so as to establish their feasibility and
the convenience of their usage. A numerical simulation is developed in Matlab software and its validation is achieved with Cadwind software. The
geometries under study are considered simple such as cylinders, and complex e.g. convex and concave geometries, and their combination. A previous
fabrication procedure demonstrates the feasibility of the fiber paths under study to wind the desired geometries using geodesics and non-geodesics.
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8987 | Element Free Galerkin Model for Orthogonal Cutting of Unidirectional Fibre-Reinforced Plastics (FRP) (16.
Numerical Methods)

Kahwash, Fadi (fadi.kahwash@northumbria.ac.uk), Northumbria University , United Kingdom
Shyha, Islam (islam.shyha@northumbria.ac.uk), Northumbria University , United Kingdom
Maheri, Alireza (alireza.maheri@northumbria.ac.uk), Northumbria University , United Kingdom 

Demand for accurate predictive models of FRPs machining is on the rise due to the increased market share of these materials across several industries.
Finite element method has been the conventional choice in numerical modelling. Modelling of machining processes using FEM is challenging for several
reasons such as severe element distortion, the need for remeshing and the definition of separation criteria in Lagrangian formulations. Many of these
problems are attributed to the mesh-based discretisation of the domain. Meshfree methods rely on non-connecting nodes in domain representation and as
such, has the potential to alleviate some of those challenges. 
This paper therefore aims at developing a meshfree model for orthogonal cutting of uni-directional FRP using 'Element-Free Galerkin Method' (EFGM),
which is one of the most widely used meshfree methods. The developed model investigates the effect of fibre orientation angle, fibre-volume fraction and
cutting tool geometry on cutting forces. The workpiece material is assumed to be orthotropic and in plane stress condition. Moving least squares
approximation is used in constructing the meshfree shape functions. Central difference method is used in time integration of the semi-discrete equations.
The effects of weight function choice and nodal density are investigated. The advantages and disadvantages of the EFGM applied to orthogonal cutting
are discussed and results are compared with existing literature.

9088 | An incremental multilevel computational homogenization method for elastoplastic composites (16. Numerical
Methods)

Trung Hieu Hoang (trung-hieu.hoang@devinci.fr), Département de Mécanique Numérique et Modélisation, De Vinci Technology Lab., Ecole Supérieure
d’Ingénieurs Léonard de Vinci (ESILV),F-92916 Paris la Défense Cedex, France, France
Mohamed Guerich (mohamed.guerich@devinci.fr), Département de Mécanique Numérique et Modélisation, De Vinci Technology Lab., Ecole Supérieure
d’Ingénieurs Léonard de Vinci (ESILV),F-92916 Paris la Défense Cedex, France, France
Julien Yvonnet (julien.yvonnet@u-pem.fr), Université Paris-Est, Laboratoire Modélisation et Simulation Multi-Echelle (MSME UMR CNRS 8208), 5
boulevard Descartes, F-77454 Marne La Vallée cedex, France, France 

In the present work, a multilevel computational homogenization method is proposed for solving
structure problems made of elastoplastic phases. To reduce computations costs of classical multi-
level finite element methods [2], we use an incremental framework, initiated in Hill citehill1965
and developed for semi-analytical method e.g. in [1]. In semi-analytical approaches, the approx-
imation of the Mori-Tanaka scheme induces limitations in accuracy for some configurations like
strongly anisotropic microstructures and does not allow capturing effective smooth hardening in-
duced by the different elastoplastic phases. In the proposed method, we use the incremental ap-
proach by computing directly the effective macroscopic tensor related to the linearized problem
numerically by Finite Elements on an RVE. The method is validated through an example of ho-
mogenization of a composite microstructure with elastic rigid fibers, embedded in an elastoplastic
matrix. The results showed that the method is more accurate than semi-anlytical methods and is
less computationally demanding than FE2.
References
[1] I. Doghri and A. Ouaar. Homogenization of two-phase elasto-plastic composite materials and struc-
tures: Study of tangent operators, cyclic plasticity and numerical algorithms. International Journal of
Solids and Structures, 40(7):1681 – 1712, 2003.
[2] F. Feyel. Multiscale FE2 elastoviscoplastic analysis of composite structure. Comput. Mater. Sci., 16(1-
4):433–454, 1999.

9128 | A finite element method for plate bending problem of Reissner-Mindlin model (16. Numerical Methods)

Dua,Huoyuan (hyduan.math@whu.edu.cn), Wuhan University, China 

A finite element method is proposed and analyzed for the Reissner-Mindlin plate problem subject to various boundary conditions. Rotation and
transverse displacement variables are approximated by continuous linear elements (enriched with local bubbles) and an L2 projector is applied to the
shear
energy term onto the Raviart-Thomas H(div;Ω) finite element. Stability and optimal error bounds hold uniformly in the plate thickness. Numerical
experiments are presented to illustrate the performance of the proposed method.

9154 | OPTIMIZATION AND EXPERIMENT OF COMPOSITE SQUARE BEAM (16. Numerical Methods)

Jun Chai (chaijun@hrbeu.edu.cn), College of Aerospace and Civil Engineering, Harbin Engineering University, China
Tonglili (tonglili@hrbeu.edu.cn), College of Aerospace and Civil Engineering, Harbin Engineering University, China
Minseng Yi (yiminseng@hrbeu.edu.cn), College of Aerospace and Civil Engineering, Harbin Engineering University, China
Xiao Tang (tangxiao@hrbeu.edu.cn), College of Aerospace and Civil Engineering, Harbin Engineering University, China
Yaoyao Wang (wangyaoyao@hrbeu.edu.cn), College of Aerospace and Civil Engineering, Harbin Engineering University, China 

The aim of this article is to design a composite box beam in three-point bending with a high ratio of load-bearing/weight. First of all, a three-point bending
experiments was conducted to the manufactured composite box beam and it was found the top of the box broken for exceeding the compressive stress
limitation. Then, a finite element model the same as the experimental (original) parameter was established; comparing the analysis results with
experimental data, they were in good agreement. Then, a basic shape of the square beam was got by using topological optimization of ANSYS. ANSYS
APDL was used to model a parametric composite square beam, which can perform the geometric optimization of the square beam. The result shows that
increase the height of the square beam’s arch and the thickness of the top of the square beam within a certain range helps to reduce the maximum stress
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and increase the load 
apply on the square beam. Finally, the second composite square beam, which is almost the same as optimized result, was manufactured. An experiment
was conducted to the second beam. The experiment results show: the square beam with optimized parameter has a better mechanical performance than
the square beam with initial parameter.

9163 | Numerical Modelling of Progressive Failure in Filament Wound Cylindrical Pressure Vessels (16. Numerical Methods)

Ellul, Brian (brian.ellul.04@um.edu.mt), University of Malta, Malta
Camilleri, Duncan (duncan.camilleri@um.edu.mt), University of Malta, Malta 

Laminated fibre reinforced composites are widely used in various engineering sectors due to their versatility both in geometry and mechanical properties.
These relatively new materials are tailor designed to meet specific structural stiffness with high strength to weight ratios. However, the complex interaction
between the different constituent phases and lamina creates significant challenges in material and mechanical modelling. This complexity is even more
augmented when modelling the structural behaviour following the onset of first-ply failure. The uncertainty in modelling techniques and failure criteria
reflects itself in high safety factors quoted in relevant standards. In particular, a safety factor of the order of four or above is assigned to calculated design
loads, based on first ply failure, in composite pressure vessels. This is significantly conservative, considering that at this stage the vessel can still offer
some degree of structural stiffness, often withstanding higher ultimate pressure failure loads. Nonetheless an accurate and robust predictive technique is
required to base design codes on the ultimate failure load
This study present the results of a progressive failure algorithm based on a sudden mode-dependant degradation methodology and applied to filament
wound cylindrical pressure vessels subject to an internal pressure. Progressive failure was modelled through a material orthotropic degradation damage
model where the material stiffness is degraded according to the failure mode and mechanism detected from the homogenised stresses at macro level.
The numerically predicted results were corroborated with realistic experimental test results. Both experimental and numerical results show that the
investigated laminated pressure vessels are able to sustain considerable higher pressures beyond the predicted first-ply failure. The good agreement with
experimental results provides significant confidence in the usage of numerical models and stretching the boundaries of filament wound pressure vessels.

9207 | A new device and inverse method to characterize thermal properties of composite phase change materials:
thermal conductivity, sensible and latent heat. (16. Numerical Methods)

Didier GOSSARD (didier.gossard@u-pec.fr), Université Paris-Est, CERTES, 61 avenue du Général de Gaulle, 94010 Créteil France, France
Mustapha Karkri (mustapha.karkri@u-pec.fr), Université Paris-Est, CERTES, 61 avenue du Général de Gaulle, 94010 Créteil France, France
Mariam A. AlMaadeed (m.alali@qu.edu.qa), Center for Advanced Materials, Qatar University, 2713 Doha, Qatar, Qatar
Igor Krupa (Igor.Krupa@qu.edu.qa), Center for Advanced Materials, Qatar University, 2713 Doha, Qatar, Qatar 

A new experimental device and inverse method has been developed in order to characterize the thermal properties of phase change material in the solid
phase, during the solid-liquid transition and in the liquid phase. It allows to measure cylindrical samples of maximum 60 mm radius and 10 mm thick. A
typical measurement consists in imposing a vertical temperature gradient through the PCM sample driven by a heat source, monitoring during the
experiment time all the boundary conditions (temperatures and heat fluxes) and measuring temperature evolution in three locations within the PCM
sample. These experiment data are used to inverse the heat transfer model (heat conduction in the solid phase, heat transfer with phase change during
the solid-liquid transition and heat convection in the liquid phase) by applying the conjugate gradient method and finally, to determine the PCM thermal
properties. Two types of composite PCM have been thermally characterized: paraffin mixed with synthetic graphite (Timrex SFG75) and paraffin mixed
with graphite waste.

9279 | Comparative Study of Flexural Versus Tensile Behaviour of fibre reinforced and sandwich composite Materials
Using Finite Element Analysis (ANSYS code) (16. Numerical Methods)

Hassan Izadi Gonabadi (h.izadi-gonabadi@ncl.ac.uk), University of Newcastle, United Kingdom
Noushin Moharrami (noushin.moharrami@ncl.ac.uk), University of Newcastle, United Kingdom
Adrian Oila (adrian.oila@ncl.ac.uk), University of Newcastle, United Kingdom
Steve Bull (steve.bull@ncl.ac.uk), University of Newcastle, United Kingdom 

The main reason for using composite materials instead of their counterparts in the automotive industry, marine structures and infrastructural applications is
their high specific strength and modulus (strength, modulus to density ratio), consequently they are ideal candidates for deploying in the wide range of
applications, but considerable experimental data is needed to aid in material selection and qualification. A critical problem when working with composite
materials including fibre reinforced polymers and sandwich composite structures is their anisotropic behaviour that makes their simulation difficult and
modelling results inaccurate. In addition, variability in materials processing and microstructures created leads to a scatter in measured properties of
composite structures, required for a correct and reliable design.

In this study we have combined experimental analysis and finite element analysis incorporating failure modes to determine the extent of failure in
composite materials with an aim to assess if materials properties and uncertainty can be correctly captured in the FE failure analysis. The quasi static
tensile and flexural characteristics of two different categories of composite materials, fibre reinforced composites and sandwich composite structures, were
examined by mechanical testing according to BS EN ISO 525 and BS EN ISO 14125 respectively. For fibre reinforced composite materials different
fibre/matrix arrangements were assessed; Glass fibre reinforced epoxy resin with woven glass fibres (GFRP 0/90 orientation of glass fibres), Carbon fibre
reinforced epoxy resin (CFRP 0/90 orientation of Carbon fibres) and Kevlar fibre reinforced epoxy resin (KFRP 0/±45/90 orientation of Kevlar fibres) were
selected. For comparison, sandwich composite structures with three different configurations of face sheets and core mat thicknesses were tested. It was
observed that although the both tensile and flexural strength of glass fibre reinforced epoxy is lower than the carbon and Kevlar fibre reinforced
composites, the tensile and flexural stiffness of this composite is higher. Three point bending tests and tensile tests on sandwich composite structures
showed that decreasing the thickness of the core and number of layers will result in better mechanical properties.

SEM and light microscopy in conjunction with Nano-indentation were used in order to analyse the failure mechanisms as a result of both static flexural and
tensile testing and it was found that interfacial debonding between fibres and matrix, resin cracking, and fibre breakage are the main failure mechanisms
as expected. 
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Three-dimensional finite element analyses were then carried out to determine the stress, strain distributions and deflection contours of a test sample both
in bending and tension. This was used to predict failure of the composites, to interpret the experimental results and to examine the failure modes of the
specimens. Comparison between experimental and analytical results showed that there is a good compatibility between FEA and experimental results at
lower loads in the load displacement curve of three point bending and tensile test. Deviations at high loads highlight the effects of defects created during
the test. Using ANSYS mechanical APDL, Tsai-Wu and maximum stress failure criteria were employed for failure prediction and failure mode identification
respectively and it was found that the major failure modes in the three point bending and tensile test of composite materials are related to fibre tension
and compression (fibre breakage as result of tensile stresses and buckling due to compressive stresses in the concave and convex side of the test
specimen). 
A parametric survey was performed using ANSYS Composite Pre-Post software to assess the effect of fibre orientation uncertainty and manufacturing
defects. Similar scatter as observed in experimental results was predicted by FE analysis.

7047 | Analysis of micro-shear test of titanium nitride coatings deposited on left ventricular assist device (17.
Micromechanics)

Kopernik, Magdalena (kopernik@agh.edu.pl), AGH University of Science and Technology, Poland
Milenin, Andrzej (milenin@agh.edu.pl), AGH University of Science and Technology, Poland 

The ventricular assist device Religa_EXT will be made of thermoplastic polycarbonate-urethane Bionate II, nanocoatings: titanium nitride and gold. The
two-scale model of Religa_EXT developed in the authors’ finite element code is composed of a macro model of blood chamber and a micro model of wall.
The numerical analysis of stress and strain states in the model confirmed the possibility of fracture. The introduction of gold interlayer between titanium
nitride and polymer improves the toughness of the connection, and increases the compressive residual stress in the coating what results in reduction of
stress and strain close to the boundary between substrate and coating. The proper design of wall of the Religa_EXT requires the introduction of the real
stress and strain states in the deposited coatings. The mechanical properties of titanium nitride (residual stress, material model and fracture model) were
determined in nanoindentation tests, profilometry studies and in situ scanning electron microsopy’s micro-tension tests. The goal of present work is
development of the experimental micro-shear test, the numerical model of the test, and its calibration. The critical strains taken from experiment and
considered as the effective strains in the model of test are the values which are the function of triaxiality factors for the tested samples. The finite element
model of Religa_Ext enriched with critical strain enables prediction of probability of fracture.

7600 | A study of macro-microstress concentration in composite plate with circular hole (17. Micromechanics)

Daryazadeh, Saeed (s_daryazadeh@yahoo.com), Kharkov Polytechnic Universyty, Iran
Lvov, Gennadiy I. (lvovgi@list.ru), Kharkov Polytechnic Universyty, Ukraine 

The present study aimed to compute macro-microstress concentration in reinforced composite plate with circular hole to the volume ratio of the
component materials in composite. The contour of the circular hole and its dependency on the structure of plates were calculated to study the behaviors of
macro and microstress. In this paper, the stress around a circular hole was calculated by orthotropic fiber-reinforced plates dependent upon the volume
ratio of the component materials in the composite. Stress distribution using a theoretical method and finite elements method (FEM) was calculated. The
boundary conditions at a large distance from the hole are pressure, uniformly distributed on the plate. In this present study, the use of a new numerical
method by FEM for solving the microstress for the composite plates with a circular hole. The finite element model incorporating the necessary boundary
conditions was developed using package ANSYS to predict the elastic property of the composite, a representative plate model was used in this study for
this purpose. 
The results demonstrated the macro- microstress and behavior of the orthotropic plate calculated for square and hexagonal structures.

7635 | Application of couple-stress theory for description of large strain bending of fibre composites (17. Micromechanics)

Fedorova, Svitlana (svtlnfdrv2@gmail.com), Brno University of Technology, Czech Republic
Lasota, Tomáš (tlasota@seznam.cz), Brno University of Technology, Czech Republic
Burša, Jiří (bursa@fme.vutbr.cz), Brno University of Technology, Czech Republic 

Keywords: hyperelasticity; anisotropy; fibre composite; couple stress; finite element method.

Unidirectional fibre-reinforced elastomers are investigated. Conventional theory of fibre-reinforced solids employs an anisotropic homogeneous model with
a unit vector field characterizing fibre direction based on assumption of infinitesimally thin densely and uniformly distributed fibres. Size effects arise when
the characteristic length scale of inhomogeneity is comparable with dimensions of the specimen. A respective finite strain model was formulated within the
couple-stress theory and implemented for three-dimensional finite element analysis. The homogeneous anisotropic model is based on kinematics and
constitutive equations proposed by Spencer and Soldatos (2007) and takes the contribution of fibre bending stiffness to behaviour of the composite into
account. A specific form of strain energy density was proposed with an additional term taking the bending stiffness of fibres into consideration. The higher
order continuity required on element boundaries is solved by means of C1 elements, and parameters of the model are determined on the basis of fictitious
experiments. It is shown that the discrepancy between the conventional unit vector based model and the topology based heterogeneous model can be
overcome by the presented approach.

Acknowledgements. This work was supported by Czech Science Foundation project number 13-16304S and by faculty project No. FSI-S-14-2344.

7753 | Predicting the mechanical behaviour of a visco-plastic particulate composite at high volume fractions (17.
Micromechanics)

Li-Mayer, Joanna Y.S. (joanna.li-mayer@imperial.ac.uk), Imperial College London, United Kingdom
Lewis, Daniel (Daniel.Lewis@awe.co.uk), AWE, United Kingdom
Glauser, Annette (Annette.Glauser@awe.co.uk), AWE, United Kingdom
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Charalambides, Maria N. (m.charalambides@imperial.ac.uk), Imperial College London, United Kingdom 

The mechanical behaviour of composites can be predicted accurately up to a certain volume fraction using a number of different analytical models.
However, the effect of inter-particle interactions which are not accounted for, increases with volume fraction. As a result, the analytical solutions tend to
diverge from the experimentally measured behaviour as volume fraction increases. An alternative method is the use of micromechanical finite element
models. The advantage of such method is that it allows micromechanical behaviour such as fracture to also be predicted. However, due to meshing
difficulties for a highly packed volume, the maximum volume fraction which can be modelled using the finite element method is limited.

A combined method, which utilises both the analytical and finite element method, is proposed here for modelling a visco-plastic particulate composite filled
to 96.5 % volume fraction. For bulk material behaviour prediction, the method is based on the assumption that a highly filled composite is only achievable
with a large particle size distribution. The larger particles are explicitly modelled geometrically in FE. The stiffening effect of the remaining smaller particles
are included by replacing the pure polymer material properties with modified properties determined using the analytical models. For prediction of fracture
behaviour, the combined method is only valid for particulate composites where debonding is the dominant fracture failure mechanism and that the
assumption of debonding occurs first around large particles holds.

The material used for this work is a Talc filled visco-plastic polymer and the mechanical behaviour has been investigated at room temperatures for strain
rates of 0.02, 0.1 and 1/min. Compressive and tensile modulus, yield stress and yield strain of the composite and the pure constituents have been
measured experimentally. Fracture properties for the composite have also been obtained. The accuracy of the mechanical behaviour predicted using the
combined method is investigated by comparison with the analytical and FE method and to experimental data at various volume fractions.

7796 | A micromechanics study to derive the effective property of a piezo- elastic multilayered plate (17. Micromechanics)

AJDOUR M. (m.ajdour@fstt.ac.ma), Faculty of Sciences and Technology of Tangier, Morocco
EL OMRI A. (abderrahim_elomri@yahoo.fr), Faculty of Sciences and Technology of Tangier, Morocco
AZRAR L. (l.azrar@uae.ma), Faculty of Sciences and Technology of Tangier, Morocco 

The prediction of the mechanical and electrical properties of piezoelectric fiber composites became an active research area in recent years. Micro
mechanical methods provide an overall behavior of piezoelectric fiber composites from known properties of their constituents (fiber and matrix) through an
analysis of a periodic representative volume element (RVE) or a unit cell model. The advantage of the micro mechanical approach is that not only the
global properties of the composites can be calculated, but also various mechanisms such as damage initiation and propagation, crack growth, etc. can be
studied through the analysis.
In this study we present the quadratic discretization to calculate the effective property of a piezo-elastic multilayered plate. We find that this
micromechanics approach is rather efficient in the sense that:�we can change size of the inclusion, put an elastic inclusion in a piezoelectric matrix and
vice versa, see the influence of vacuum on the material behavior. The multilayered plate consists of linearly elastic (with piezoelectric inclusion) or
piezoelectric (with elastic inclusion) laminate of arbitrary thickness.
Using the Stroh formalism associated with the propagation matrix, this will provide solutions for multifunctional multilayered plate, to predict exactly the
mechanical and electrical behaviors near or across the interface of material layers.

7925 | SENSITIVITY OF MATRIX-DOMINATED FAILURE MODES TO CARBON/EPOXY CONSTITUENT PROPERTIES VIA
COMPUTATIONAL MICROMECHANICS (17. Micromechanics)

Danzi, Federico (danzi.federico@gmail.com), University of Pisa, Italy
Fanteria, Daniele (daniele.fanteria@unipi.it), University of Pisa, Italy
Panettieri, Enrico (enrico.panettieri@for.unipi.it), University of Pisa, Italy 

A micromechanical approach can promote understanding of composite material failure mechanisms and increase our knowledge of the key parameters
that control intralaminar damage. Such knowledge is vital in order to develop mesoscale (ply level) damage models of composite materials.
Classical micromechanics can predict the elastic properties of a lamina, but capturing intralaminar failure modes needs finite-element based approaches
that incorporate the modeling of damage for each of the constituents.
The response of micromechanical models of unidirectional composite plies is affected by many factors; among them there are: the randomness of fibers
distribution, the constitutive and failure models of each constituent and the mechanical characteristics of the matrix-fiber interface layer (interphase).
Sensitivity studies to volume fraction, to fiber distribution and to the explicit simulation of the interphase do exist in recent literature. Yet, the influence on
failure stresses and modes of constituent properties and damage parameters is still an open issue.
The authors present a sensitivity study of micromechanically computed strengths to the most relevant constituent parameters which affect matrix
dominated failure modes (transverse traction, transverse compression and shear).
For this purpose finite-element (FE) Representative Volume Elements (RVEs) are generated in SIMULIA-ABAQUS by means of a dedicated Python script.
The script applies multiple sets of boundary conditions in order to guarantee the periodicity of the microstructure and to reproduce the different load cases.
Global RVE mechanical responses, i.e. averaged stresses vs. strains, are obtained by homogenization. The size of the RVEs is selected so that the
homogenized stress fluctuations are vanishingly small for any random distribution of fibers generated using the probability density function that, according
to recent studies, produces the smallest FE model for RVEs.
The typical non-linear behavior of epoxies is reproduced by means of a pressure-dependent elasto-plastic constitutive relation, characterized by an
exponential hardening followed by a linear softening law. The interphase is modeled using ABAQUS cohesive elements modified through an ad-hoc
traction-separation constitutive model. Both matrix and interphase constitutive laws are implemented via user-defined material routines (UMAT). 
The systematic comparison of the mechanical responses, in terms of homogenized stress vs. strain curves, is used in order to discover correlations
between the constituents properties and lamina failure stresses for modes of interest. The insight gained with the proposed approach will also constitute
the basis for the development of specific tests aimed at determining the most relevant micromechanical parameters whose measure is a major challenge
for current experimental procedures.

8198 | FINITE ELEMENT ANALYSIS OF MECHANICAL PROPERTIES OF WOVEN COMPOSITES THROUGH A
MICROMECHANICS MODEL (17. Micromechanics)

Khan, Haris A. (herry2056@gmail.com), NUST, Pakistan
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Saeed, Babar (babar130@yahoo.com), NUST, Pakistan
hassan, abid (engr.abidhassan@yahoo.com), NUST, Pakistan
chaudary,imran (imranchaudary@yahoo.com), NUST, Pakistan 

In a woven fabric composite, arrangement and behavior of the fibers contained in the yarn and yarns themselves, leads to an intricate deformation
mechanism. The current research, therefore, intents to purpose a simplified mathematical micro mechanics model for calculating mechanical properties of
the plain weave composite using finite element analysis (FEA).A repetitive volume element (RVE) cell approach has been adopted for properties
evaluation of plain weave composites. The FEA allows the modeling and portrayal of fabrics by taking into account various geometric parameters such as
the yarn undulation, the probability of existence of consonances in a unit cell and interaction between warp and fill tows. These factors help in generating
a mesh close to the actual. Additionally, a technique to represent internal layout of composite structure employing actual dimensions of yarn geometry
using conventional measurement devices, rather than the demanding method of obtaining measurements from photo micrographs of sectioned laminates,
is also proposed. The geometric symmetries as reported in the available literature were also incorporated during the of the model formulation. Theory of
comparative displacements was then used to construe these symmetries into appropriate mechanical terms. This consequently leads to the formulation of
boundary conditions for the repetitive volume element. The finite element micromechanics model proposed is different from the existing models in a way
that it defines the yarn cross-sectional path based upon computational fluid dynamics (CFD) technique rather than conventionally obtained photo-
micrographic results or the proposed sinusoidal paths by various researchers. Experiments were then performed on the laminates used for obtaining the
geometric parameters with the aim of supporting the validity of the suggested model. The outcomes of the experimental investigation were found to be in
close approximation of the computational analysis.

8292 | Fabrication, analysis of mechanical properties, and finite element model of shape memory alloy(SMA) fiber-
reinforced polymer composites (17. Micromechanics)

Tian Gao (gaotian_npu@163.com), Engineering Simulation and Aerospace Computing (ESAC), Northwestern Polytechnical University, Xi’an, Shaanxi
710072, China, China
Yingjie Xu (xu.yingjie@nwpu.edu.cn), Engineering Simulation and Aerospace Computing (ESAC), Northwestern Polytechnical University, Xi’an, Shaanxi
710072, China, China 

With advancements in science and technology, and a deeper understanding of the effects of microstructure and processing techniques on the material
behavior, the field of material science has radically improved through the past decades.Along the way, Shape Memory Alloys (SMAs) have been on the
forefront of research for thelast several decades. They have been used for a wide variety of applications in various fields.Due to their shape memory
effect, pseudo-elasticity, highdamping capability and other remarkable characteristics, combining the unique properties of SMAs with other materials can
createintelligent or smart composites.Amongthem,shape memory alloy (SMA) fiber reinforced compositeshave been developed as one of the new type of
smartcomposite. And in the high-tech fields,especially in the aerospace industry, SMA fiber reinforced composites demonstrates the wild application
prospect.
In the present study, comparing to other articles,wefocuses on the completeprocess about fabrication, analysis of mechanicalproperties, tensile test,
proposing the analytical procedure and finite element model for SMA fiber-reinforced composites. Production of SMA composites in this research has
been based mostly on conventional polymer composite fabricationmethods. In this paper, SMA composites are to be fabricated by embedding SMA wires
into a polymer matrix. Then, a tensile test is conducted to study the mechanicalproperties of the SMA compositesand is performed to discussthe effect of
SMA recovery stress on the mechanical propertiesof SMA fiber composites.Following,an analytical procedure, which could be achieved using the
micromechanical method,is to be proposed for the determination of the effective mechanical properties of the composite from those of the fiber and
matrixmaterials. In order to validate the analytical procedure, the properties of the shape memory alloy and the composite material used for the matrix are
to be determined experimentally. The analytical method will then be used to estimate the effective properties of the composite and the results will be
compared to the experimental values for validation. As a final step, modeling of the functionalbehavior of SMA composites has becomean indispensable
part of the SMA composite. Here, a model for SMA fiber-reinforced composites is to be developed and used for finite element simulation of engineering
structures made from such composites.

8545 | Micromechanics study of Hydrogen Embrittlement in Pulse Plated Polycrystalline Nickel using experimental and
multiscale modelling (17. Micromechanics)

Jothi, Sathiskumar (jsathiskumar@gmail.com), Swansea University, United Kingdom
T.N.Croft (t.n.croft@swanse.ac.uk), Swansea University, United Kingdom
S.G.R.Brown (s.g.r.brown@swanse.ac.uk), Swansea University, United Kingdom 

Microstructures play a prominent role in aerospace components which are typically made of high toughness, corrosion resistant and high strength
structural polycrystalline metallic materials such as nickel and nickel based superalloys. Nickel and nickel based superalloys are made up of complex
microstructures which are susceptible to delayed failure caused by absorption of hydrogen produced either during fabrication in manufacturing process
(i.e electrodeposition, welding etc…) or during operational use under environmental conditions. Premature failure due to hydrogen embrittlement (HE)
have been observed in the electrodeposited pulse plated polycrystalline nickel (PPP-Ni) and the hydrogen pickup during plating process, welding process
etc.. are the major source of hydrogen for hydrogen induced crack formation. In order to understand the effect of hydrogen on the deformation and
fracture in pulse plated polycrystalline nickel were studied by means of in-situ electrochemical tensile test by charging the nickel samples with hydrogen
and tensile tests in air. The hydrogen charged pulse plated polycrystalline nickel specimen shows decrease in ultimate tensile strength and tensile
elongation by resulting with fracture, when compared with the specimen tested in air. The micromechanics investigation of HE in PPP-Ni have been
studied using scanning electron microscope (SEM), electron backscattering diffraction analyses (EBSD) and multiscale modelling. Then the results shows
the role of micromechanics on the fracture are discussed. 
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8593 | Three dimensional mesoscopic dynamics analysis of cement-based composites (17. Micromechanics)

Fan Wang (twfan@jnu.edu.cn), Department of Mechanical and Civil Engineering, Jinan University, China
Chuanguo Zhong (15018702550@126.com), Guangzhou Building Materials Institute Limited Company, China 

In the study of mecromechanics problem in cementitious composites, currently most are 2D static and dynamic tests. But with the development of
mecromechanics, the numerical simulation of 3D dynamic meso-scale mechanical properties of cementitious composites could be achieved. This study
based on composite interface damage model, which showed discontinuity, heterogeneity, anisotropy. Extended it to 3D, studied the process and
destruction of dynamic impact of cementitious composites, and do the similar experiment. 
With experiments and numerical simulations, the impact assessment of the overall strain rate effect on the mechanical properties of the cementitious
composites is analyzed. Using the composite interface damage model, 3D analysis of cementitious composites dynamic compression failure process is
showed and analyzed. In this paper, the Matlab and Ansys / Ls-dyna are combinated to establish composite interface damage model. And use explicit
algorithms and unit optimization to make the computation efficiencient. The failure process under macro-dynamic compression is in studied meso-scale,
and given the simulation of crack propagation, intensity values, and issues such as dynamic growth factor DIF.

8650 | Failure Envelopes for Unidirectional Composites Generated by the HFGMC Micromechanical Method (17.
Micromechanics)

Levi-Sasson, Aviad (aviadsas@post.tau.ac.il), Tel-Aviv University, Israel
Aboudi, Jacob (aboudi@eng.tau.ac.il), Tel-Aviv University, Israel
Matzenmiller, Anton (amat@uni-kassel.de), University of Kassel, Germany
Haj-Ali, Rami (rami98@eng.tau.ac.il), Tel-Aviv University, Israel 

The use of laminated composite materials have exponentially increased over the last four decades spanning both civil and military industries. Failure
theories for an orthotropic layer under multi-axial and combined stress states have been extensively investigated and many macro-failure theories have
been proposed. These failure criteria share the use of stress or strain invariants for the homogenized medium in order to generate failure envelopes in the
stress or strain space, e.g Hashin[5,6], Tsai and Wu[10], Puck[9], Christensen [3], among several others. In fact, it has been previously argued, e.g.
Hashin[5,6], that the complexity of damage at the microstructural scale offers little or no hope for using micro-mechanical methods for failure prediction of
composite materials. However, the recent advances in computational and nonlinear micromechanical methods allow the use of failure predictions based
on the invariants of the average stress and strain in the matrix and fiber phases, e.g the SIFT[4] criteria. 

This study deals with using the high fidelity generalized method of cells (HFGMC) micromechanical method, Aboudi[1,2], and its nonlinear and parametric
extensions, Haj-Ali and Aboudi [7,8], in order to predict ultimate failures of fiber composite media. To that end, Continuum damage constitutive models are
implemented for the fiber and matrix subcells in order to generate the effective softening behavior. The formulation and the computational implementations
will be discussed. The generated HFGMC failure envelops will be compared to some well-known failure criteria.

References:
[1] Aboudi, J., 2004. The generalized method of cells and high-fidelity generalized method of cells micromechanical models – a review. Mech. Adv. Mater.
Struct. 11, 329–366.
[2] Aboudi, J., Arnold, S.M., Bednarcyk, B.A., 2013. Micromechanics of Composite Materials: A Generalized Multiscale Analysis. Elsevier, Oxford, UK.
[3] Christensen, R.M. (2007), “A Comprehensive Theory of Yielding and Failure for Isotropic Materials,” Journal of Engineering Materials and Technology,
129(2): 173–181.
[4] Gosse, J.H. and Christensen, S. (2001). Strain invariant failure criteria for polymers in composite materials. AIAA-2001-1184
[5] Hashin Z, (1980), “Failure criteria for unidirectional fibre composites,” ASME Journal of Applied Mechanics, Vol. 47 (2), 1980, pp 329-334.
[6] Hashin, Z. and Rotem, A. (1973), “A Fatigue Failure Criterion for Fiber Reinforced Materials, Journal of Composite Materials,” 7(4): 448–464.
[7] Haj-Ali, R., and Aboudi, J.,” A New and General Formulation of the Parametric HFGMC Micromechanical Method for Two and Three-Dimensional Multi-
Phase Composites” Int. J. Solids and Structures, Vol. 50 (6), pp. 907–919, 2013.
[8] Haj-Ali, R., and Aboudi, J., “Nonlinear Micromechanical Formulation of the High Fidelity Generalized Method of Cells,” Int. J. Solids and Structures,
Volume: 46 (13), pp. 2577-2592, 2009.
[9] Puck, A. and Schurmann, H. (2002). Failure Analysis of FRP Laminates by Means of Physically Based Phenomenological Models, Composites
Science and Technology, 62: 1633–1662.
[10] Tsai, S.W. and Wu, E.M. (1971), “A General Theory of Strength for Anisotropic Materials,” Journal of Composite Materials, 5(1): 58–80.

8749 | On the use of the Anisotropic Yield Criterion of von Mises (1928) as a yield condition for Particle Reinforced
Composites. A calibration procedure based on numerical analysis of multi-particle cells. (17. Micromechanics)

Zahr Viñuela, Jorge (jzahr@ing.uc3m.es), UC3M, Spain
Pérez-Castellanos, J.L. (percaste@ing.uc3m.es), UC3M, Spain 

In particle reinforced composite materials (PRC) in which the reinforcing particles are embedded in a matrix in a more or less ordered or aligned way, not
only the elastic stiffness tensor can be expected to have an anisotropic tensor form, also the yield condition should be formulated with an anisotropic
criterion.

Various yield criteria for anisotropic materials are available in the literature, which can be used to assess the limit of elastic response for various kinds of
composites. Among many others, the orthotropic criterion by Hill (1948a, 1950) with its many subsequent extensions or the fully anisotropic criterion by
Tsai-Wu (1971) can be cited. However, an earlier anisotropic criterion by von Mises (1928) is, comparatively, seldom mentioned (probably, as a
consequence of being overshadowed by the classical isotropic von Mises (1913) yield criterion). As compared to the orthotropic criterion of Hill, the
anisotropic Mises criterion may describe, if needed, an influence of the hydrostatic stress in the yield condition. As compared to the Tsai-Wu criterion, the
anisotropic Mises criterion lacks the ability to describe different elastic limits in tension and compression. This criterion is defined by a fourth order tensor
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containing the necessary yield parameters; it can be applied to a fully anisotropic situation or to some specific cases, such as orthotropic or transversely
isotropic behaviours.

In the present work, the suitability of the anisotropic Mises criterion to characterize initial yielding of PRCs is studied with a computational micromechanics
approach. First, a calibration procedure is described which allows for experimental quantification of the parameters of the anisotropic yield criterion. Then,
an actual calibration is performed by means of numerical experimentation which uses FEM analysis of multi-particle cells representing the microstructure
of a model anisotropic PRC material.

The multi-particle cell used in the numerical experiments consists of a representative volume element (RVE) of the material, including a number of
reinforcing particles, randomly distributed inside the RVE. Particles’ aspect ratio and orientation are controlled in such a way that the microstructure of the
model material shows an explicit geometric anisotropy. Results show that the fully anisotropic von Mises yield criterion (1928) is a good candidate to
characterize initial yield of PRC materials.

8940 | Size-dependent thin sandwich microbeams based on modified couple stress theory (17. Micromechanics)

Amir Mehdi Dehrouyeh-Semnani (A.M.Dehrouye@ut.ac.ir), University of Tehran, Iran 

Based on modified couple stress theory, a novel size-dependent thin sandwich microbeam model is developed. Euler-Bernoulli beam theory is employed
to develop the size-dependent governing equations of modified couple stress sandwich microbeams. The effect of size-dependency on static bending
behavior of a sandwich microbeam under three point bending is investigated analytically.

8964 | Free vibration of micro-tube conveying ferrofluid via Reddy beam model and Strain gradient theory (17.
Micromechanics)

A. Ghorbanpour Arani (aghorban@kashanu.ac.ir), University of Kashan, Kashan, Iran, Iran
A. Jalilvanda (jalilvand.abdolreza@gmail.com), University of Kashan, Kashan, Iran, Iran 

This present study investigates vibration and instability of the Boron Nitride micro-tube conveying ferrofluid under the combined magnetic and electric
fields. Based on Reddy beam (RB) theory, piezoelasticity strain gradient theory and Hamilton’s principle, the motion equations are obtained in which
containing displacement and electric potential. The differential quadrature method (DQM) is employed to discretize the coupled motion equations. Natural
frequency and critical velocity of the RB micro-tube are computed by strain gradient, modified couple stress and classical beam theories and obtained
results are compared with Timoshenko beam (TB) and Euler-Bernoulli beam (EBB). Natural frequencies of RB and TB have dramatic difference with EBB
in low aspect ratio since rotary inertia and transverse shear deformation are included in their theories. Moreover, influences of elastic medium’s modulus,
aspect radio, temperature changes and magnetic field on vibrational characteristic are studied. As main result, it is indicated that effect of magnetic field
appears in higher speed of ferrofluid and makes to increase the critical velocity or enlarges the region of stability.

8995 | Numerical analysis of composites with inclusions periodically arranged in non-orthogonal coordinate system (17.
Micromechanics)

Caporale, Andrea (a.caporale@unicas.it), Department of Civil and Mechanical Engineering, University of Cassino and Southern Lazio, via G. Di Biasio 43,
03043 Cassino, Italy, Italy
Luciano, Raimondo (luciano@unicas.it), Department of Civil and Mechanical Engineering, University of Cassino and Southern Lazio, via G. Di Biasio 43,
03043 Cassino, Italy, Italy 

In this contribution, different techniques are used in order to evaluate strain and stress fields in composites with inclusions or defects periodically arranged
in non-orthogonal coordinate system. These composites have been studied by several authors [1,2] and also include the unidirectional composites with
hexagonal symmetry and transverse isotropy, which have been analysed in many works on homogenization, see e.g. [3]. In this work, the composite
material is represented by a homogeneous solid subject to a suitable eigenstrain, according to the Eshelby method, and the variables appearing in the
governing equations of the problem are represented by Fourier series [4]. The eigenstrain may be considered constant in the inclusion [2]. However, not
only the strain and stress fields but also the evaluation of the overall properties of composites may result inaccurate when the eigenstrain is approximated
as constant in the inclusion. Here, better estimates are obtained by assuming that the eigenstrain can vary in the inclusions. Finally, the proposed results
are compared with the strain and stress fields provided by the finite element method.

References

[1] Guinovart-Díaz R, Rodríguez-Ramos R, Bravo-Castillero J, López-Realpozo JC, Sabina FJ, Sevostianov I. Effective elastic properties of a periodic
fiber reinforced composite with parallelogram-like arrangement of fibers and imperfect contact between matrix and fibers. International Journal of Solids
and Structures. 2013;50(13):2022-32.
[2] Caporale A, Luciano R, Penna R. Fourier series expansion in non-orthogonal coordinate system for the homogenization of linear viscoelastic periodic
composites. Composites Part B: Engineering. 2013;54:241-5.
[3] Achenbach JD, Zhu H. Effect of interphases on micro and macromechanical behavior of hexagonal-array fiber composites. J Appl Mech 1990;57:956–
63.
[4] Nemat-Nasser S, Hori M. Micromechanics: overall properties of heterogeneous materials. Amsterdam: Elsevier; 1999.

9186 | 3D NUMERICAL COMPUTATION OF ELASTIC PROPERTIES OF A UNIDIRECTIONALLY REINFORCED LAMINA
CONSIDERING A RANDOM ARRAY OF FIBRES (17. Micromechanics)

Giner, Eugenio (eginerm@mcm.upv.es), Universidad Politécnica de Valencia, Spain
Marco, Miguel (mimarcoe@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Vercher, Ana (anvermar@dimm.upv.es), Universidad Politécnica de Valencia, Spain 
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In this work, an estimation of the elastic constants (elastic moduli, shear moduli and Poisson’s ratios) of a unidirectionally reinforced lamina is provided. To
this aim, 3D micromechanical finite element models that include a random distribution of fibres in the transverse plane normal to the fibre direction have
been generated. A sufficiently large domain is analyzed and periodic boundary conditions have been applied. Thus, the model can be considered quasi-
random as far as the distribution of fibres is concerned.

Several random models have been developed for different fraction volumes. This way, the reinforcement factor xi typical of the Halpin-Tsai equations can
be estimated inversely for each relevant elastic constant: transverse stiffness E2, shear modulus in the lamina plane G12 and in the transverse plane
G23, Poisson’s ratio in the lamina plane nu12 and in the transverse plane nu23, etc. The reinforcement factor for these properties is only given in the
literature for E2 and G12 and is limited to a square array distribution of fibres, which is not as realistic as the random distribution proposed here.
Therefore, the present work provides a full 3D micromechanical description of the elastic constants in terms of the reinforcement factor of the Halpin-Tsai
equations as a function of the volume fraction for a realistic random distribution of fibres.

9194 | The influence of metallic and non-metallic fillers on the polymer laminate structures (17. Micromechanics)

Puchlerska, Sandra (spuchler@agh.edu.pl), AGH University of Science and Technology, Poland
Kita, Paweł (pkita@agh.edu.pl), AGH University of Science and Technology, Poland
Głodzik, Marcin (mar_glo@wp.pl), AGH University of Science and Technology, Poland
Żaba, Krzysztof (krzyzaba@agh.edu.pl), AGH University of Science and Technology, Poland
Pociecha, Daniel (danpoc@agh.edu.pl), AGH University of Science and Technology, Poland 

Paper presents research results of morphology, quantity and purity of metallic and non-metallic fillers influence on the structural properties of polymer
laminates. Tests based on the microstructural characteristics of the laminate, oriented to quality of connection of laminates components. The base
ingredient of the laminate were two kinds of polymer resin, reinforced with glass fiber fabric. The fillers of Al metal powders and SiC non-metallic particles
have been used.

9201 | MULTISCALE MEAN-FIELD MODELING OF DUCTILE DAMAGE IN COMPOSITES (17. Micromechanics)

W. L. Azoti (Azoti@list.lu), LIST, Luxembourg, Luxembourg
A. Tchalla (Tchala@list.lu), LIST, Luxembourg, Luxembourg
Y. Koutsawa (Koutsawa@list.lu), LIST, Luxembourg, Luxembourg
A. Makradi (ahmed.makradi@list.lu), LIST, Luxembourg, Luxembourg
S. Belouettar (salim.Belouettar@list.lu), LIST, Luxembourg, Luxembourg
H. Zahrouni (hamid.zahrouni@univ-lorraine.fr), University of Lorraine, France 

In various engineering-related disciplines, the simulation of composites behaviour under severe loading, leading to damage initiation and failure is still
subject to serious challenges. For ductile materials, the damage’s onset begins at microscale by the nucleation, growth and coalescence
of micro-cavities as for instance in metal matrix composites (MMCs). These occurred phenomena within the microstructure require careful modeling
strategies to account for their effects at the macroscopic level. The micro-macro transition is often set up through homogenization tools among which are
the mean-field approaches (MFH). For multiscale analysis, MFH approaches constitute a good compromise between the prediction’s accuracy and the
computational cost through either analytically and/or numerically derivations from the constituents’ properties.

In this work, an attempt is made to compute the ductile damage behavior within composite materials by the means of the Incremental Micromechanics
Scheme (IMS) as Mean-Fields Homogenization (MFH). The nonlinear behavior of the composite is addressed in a general framework
based on the Lematre-Chaboche’s ductile damage model. Numerical results are obtained for Metal Matrix Composites (MMCs) and Carbon fibers
reinforced Composites. The model predictions are compared to experimental data from the literature.

9342 | Analysis of composite sleepers-ballast interaction using experimental and discrete element methods (17.
Micromechanics)

Jing G.Q (gqjing@bjtu.edu.cn), Beijing jiaotong university, China
W Z.J (526335433@qq.com), Beijing jiaotong university, China
Cai X.P (xpcai@bjtu.edu.cn), Beijing jiaotong university, China 

Composite sleeper is an effective method to reduce dynamic force of track, but result in reduction of ballast resistance, which is an important value for
keeping track from buckling. The Experimental and numerical discrete element analysis have been performed to investigate the composite sleeper and
normal sleeper interaction of railway ballast, the ballast resistance value as well as ballast-sleeper micro-interface characteristics were determined.
Results indicated that ballast resistance value of composite sleeper was less than normal sleeper, modifications or attention should be taken where bigger
ballast resistance should be guaranteed. 

9351 | VISCOELASTIC ANALYSIS OF UNIDIRECTIONAL COMPOSITE MATERIAL IN PRESENCE OF ELLIPTICAL HOLE
(17. Micromechanics)

Mohammad Mahdi Attar (d.attar.iauh@gmail.com), Islamic Azad University, Hamedan Branch, Iran 

The objective of this study is to investigate the time dependent analysis of load transfer during interaction between a polymeric matrix and elastic fibers in
the axial direction, as a function of the matrix time-dependent properties. The laminate is subjected to an elliptical damaged zone of radii “d” and “D”. The
stress state in the composite is solved at incremental time intervals to obtain the stabilized solution, and the time required to reach a stable state. To study
the effect of viscoelasticity on unidirectional composite material used the general Maxwell model. A hexagonal arrangement of fibers is postulated to
satisfy the equilibrium equations. It is assumed that all unidirectional long fibers lie in a finite width laminate. Upon proper use of boundary and boundness
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conditions, stress and displacement fields are derived within the laminate and as well as elliptic hole surrounding. The solution is obtained analytically as
well as numerically, using finite element technique. Comparison of the predicted shear stresses and average normal stresses based on analytical results
to finite element analysis demonstrates that analytical model can be used to rapidly estimate the average normal stress distribution in the various
constituents.

9365 | Microstructure and Anti-penetration Resistance of Composite Ceramics containning Preexisting Defects (17.
Micromechanics)

Xinhua Ni (jxxynxh@163.com), Mechanical Engineering College, China
Zhihong Du (15227819389@163.com), Mechanical Engineering College, China
Xiequan Liu (lxqnxh@163.com), Mechanical Engineering College, China
Yunwei Fu (fywoec@163.com), Mechanical Engineering College, China
Jinfeng Yu (xiaoxiaopp2014@163.com), Mechanical Engineering College, China 

Composite ceramics mainly consisted of rod-shaped crystals turn into the optimization materials of shellproof plate, for their high hardness, high strength,
high fracture toughness and high temperature chemical stability. During the sintering process, composite ceramic experience complex physical and
chemical reactions and temperature variation process, micro-pores and micro-cracks are inevitable. The effect of preexisting defects (i.e. micro-pores and
micro-cracks) on anti-penetration resistance is extremely notable. The relation between anti-penetration resistance and microstructure is established by
micromechanical strength of composite ceramic. Composite ceramic is mainly composed of rod-shaped crystals containing nano-micron fibers, and a
small amount of particles and preexisting defects are distributed in the rod-shaped crystals around. The composite ceramic is simplified to a
mesomechanical model in which the random mesomechanical cell is embedded in an infinite effective medium, and the mechanical property of the
effective medium is the same as composite ceramic. In the mesomechanical cell, effective matrix around a preexisting defect consists of the uniform
distributed rod-shaped crystals which is transversely isotropic, and the preexisting defect is assumed as a ellipsoid.
1. The mesomechanical damage stress field
The incremental compliance of effective medium obtained by the IDD method. The corresponding Eshelby tensor is computed by Gaussian quadrature
method. Assuming that all defects for the same shape with stiffness of zero, the macroscopic equivalent stiffness is denoted by considering the spatial
randomness of cell distribution. According to the Chaboche’s damage theories, define the fourth-order damage variable. Then, damage stress field on
mesomechanical cell is computered.
2 Mesomechanical strength
In line with boundary conditions on the surface of preexisting defect, stress disturbance is simulated by the eigenstress derived from an equivalent
ellipsoidal inclusion with eigenstrain. Suppose the defects propagate self-similarly, the mesomechanical strength is obtained by Griffith fracture criterion.
3 Anti-penetration Resistance
After the penetration of projectile body, there was a cylindrical cavity in the composite ceramic plate. Around the cavity, there were broken region, crack
region, elastic region and undisturbed region. In the elastic region, the relation between stress and dispiacement can be expressed by elastic modulus
and poisson ratio that can be deternined by microstructure of the composite ceramic. When the circumferential stress exceeds the mesomechanical
strength, radial cracks will appear, i.e. circumferential stress vanish in crack region. The failure condition of composite ceramic in broken region is obtained
by using unified strength theory. In line with the rotational symmetry equilibrium equation and the continuous condition among different region, anti-
penetration resistance of composite ceramic plate is given. 
The anti-penetration resistance of composite ceramic is determined by mesomechanical strength and elastic constants. The mesomechanical strength
and elastic constants is closely related to the microstructure of the composite ceramic. So the anti-penetration resistance is ascertained by the
microstructure of composite ceramic.
The influence of microstructure paremeters on anti-penetration resistance is quantitatively analysed. Results show that: Anti-penetration resistance
decreases as the increase of the volume fraction of preexisting defects and the relationship is approximately linear. (2) Defect size to significantly reduce
the anti-penetration resistance, and when the size is smaller, anti-penetration resistance changes sharply as defect radius increases. (3) Anti-penetration
resistance would decrease approximate linearly as the increase of volume fraction and diameter of nano-micron fibers in rod-shaped crystals

6854 | Multiscale Modeling of Fiber-reinforced Composites (18. Multiscale Analysis)

Ajugia, Mayank N. (ajugia@civil.iitb.ac.in), Indian Institute of Technology Bombay, India
Bharat, G (gbharat.2090@gmail.com), Indian Institute of Technology Bombay, India
Desai, Yogesh M. (desai@civil.iitb.ac.in), Indian Institute of Technology Bombay, India 

Physical testing of composites to determine their elastic and strength properties is difficult owing to their inherent heterogeneous character. Multiscale
analysis presents a sequential approach to the prediction of these properties at micro, meso and macro levels for 2D laminates and 3D composites. The
homogenized properties at any length scale are always derived from the well-defined properties of the constituent phases of the composite. The
micromechanical analysis of the repetitive unit cells (RUCs), along with the periodic boundary conditions, initiates the computation of homogenized
properties of the composites. In this paper, different types of RUCs have been identified and appropriate periodic boundary conditions are formulated to
determine the homogenized properties of the composites which can be further used for meso and macro-mechanical analyses. An algorithm based on the
available literature is used to generate the random distribution of unidirectional fibers and check for their compatibility. In the random fiber generation, two
types of models have been analyzed, the first is the random fiber unit cell with periodicity, and the second is without considering any periodicity at the
edges of the RUC. This also leads to the evolution of a representative volume element (RVE). This paper also attempts to inspect the progressive
degradation in properties of a debonded unidirectional composite by using contact criteria at the fiber-matrix interface.

6928 | Multi-scale analysis of moisture diffusion coupled with stress distribution in CFRP composites (18. Multiscale
Analysis)

Maozhou Meng (maozhou.meng@plymouth.ac.uk), Plymouth University, United Kingdom
Huirong Le (huirong.le@plymouth.ac.uk), Plymouth University, United Kingdom
MD Jahir Rizvi (mdjahir.rizvi@plymouth.ac.uk), Plymouth University, United Kingdom
Stephen M Grove (s.grove@plymouth.ac.uk), Plymouth University, United Kingdom 

Composites served in marine environment are subjected to changing moisture content. Due to the slow procedure of moisture diffusion, the distribution of
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moisture concentration is not uniform and then laminates can develop hygrothermal stresses. The present paper investigates the time-dependent
moisture diffusion and its couple with stress distribution in Carbon Fibre Reinforced Polymeric (CFRP) composites by means of multi-scale experimental
approach and Finite Element Analysis (FEA) approach. Pre-preg CFRP composites were autoclave manufactured and immersed in fresh water and sea
water (normal pressure and with 70 bar hydrostatic pressure) which were kept in oven with constant 50°C for the accelerated moisture diffusion testing.
Laminates with [0]16, [90]16, [±45]4s, [0/90]4s lay-up sequences were investigated. Raman spectroscope was employed to evaluate the distribution of
hygrothermal stress on the surface of composite laminates. A macro 3D FEA model was developed to investigate the stress distribution in composite
laminates, while a micro 3D FEA model was developed to evaluate the mechanism of stress transfer between polymer matrix and carbon fibre. The multi-
scale analysis revealed that both the stress distribution and stress level were time-dependent. Significant edge effects of the interlaminar shear stress and
transverse stress induced by hygrothermal expansion were observed, and the stress level was equivalent to 20% of the laminate strength.

7535 | Meso and Macro Scale Numerical Modelling of 3D Woven Composites (18. Multiscale Analysis)

Cunningham, Paul R. (p.cunningham@lboro.ac.uk), Loughborough University, United Kingdom
Dai, Shuo (s.dai@lboro.ac.uk), Loughborough University, United Kingdom 

In this paper, two finite element approaches are presented to numerically model the elastic properties and damage progression of two 3D weaves under
tensile loading. The first method, a full-finite element unit cell model, was used to model the behaviour under tension load in the warp direction, which was
validated against experimental data. This full FE model predicted the elastic and strength properties with less than 15% difference from the experimental
results, and showed the meso scale damage initiation and propagation of different failure modes. The full finite element method is not applicable for
modelling a large-scale 3D woven composite structure, in which the damage can propagate from one unit cell to another, rather than being confined within
one cell in the meso-scale model. To this end, a macro-scale mosaic finite element model was used to model the open-hole tensile behaviour of two 3D
woven composite specimens. The macro-scale model was built by assembling mosaic blocks with distinctive material properties to simulate the discrete
tow/resin woven architecture. Overall, the mosaic model was able to predict the elastic and strength properties of the 3D woven composites with
acceptable accuracy. The strain distribution predicted by the mosaic model also showed similarity to the experimental results obtained using Digital Image
Correlation (DIC) measurements of the region around the hole in the specimen.

7605 | Multi-scale Evaluation of the Linear Elastic and Failure Parameters of the Unidirectional Laminated Textiles (18.
Multiscale Analysis)

Čalnerytė, Dalia (dalia.calneryte@ktu.edu), Kaunas University of Technology, Lithuania
Barauskas, Rimantas (rimantas.barauskas@ktu.lt), Kaunas University of Technology, Lithuania 

Unidirectional laminated textiles (UDLT) are flexible non-crimped fabric structures, the UD layers of which are bonded together by small amounts of
thermoplastic resin and covered by polyethylene films over their external surfaces. Applications of them in ballistic protection clothes ensure lesser costs
and ability to resist the penetration of humidity, which may substantially decrease the overall ballistic strength of the structure. This research focuses on
the hierarchical multi-scale approach formulated for large displacement, material non-linearity and failure. Two finite element models were developed. The
micro-scale model of UDLT represents the matrix and fibres by means of 3D solid elements. A representative small volume (micro-cube) of the UDLT
composite is subjected to a series of large deformation tests up to the failure, which enable to approximately evaluate the linear elastic and failure
parameters of the mezzo-scale model. Obtained longitudinal, transversal and shear strength parameters in association with the corresponding strains are
the parameters used at the mezzo-scale in order to calculate the Hashin criteria for the shell element failure at the macro-scale. Minimum size of the
mezzo-scale model suitable for the parameter evaluation is considered for each component of deformation individually. The results of the research are
employed in order to achieve reasonable computational costs during the simulation of ballistic penetration through multi-layer UD composite textile
structures.

7734 | Micromechanical modelling of high velocity impact damage on laminated composite structures (18. Multiscale
Analysis)

Ivančević, Darko (divancevic@fsb.hr), University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia
Smojver, Ivica (ismojver@fsb.hr), University of Zagreb, Faculty of Mechanical Engineering and Naval Architecture, Croatia 

In-plane failure modes of laminated composite structures are an immediate result of processes within the heterogeneous material. Therefore, accuracy of
numerical failure prediction methods can be increased by modelling damage and failure processes at the microstructural scale. This approach has been
applied as to enhance the bird-strike damage prediction procedure developed by the authors in their previous work. The further development of the
methodology is based on the application of the semi-analytical High Fidelity Generalized Method of Cells (HFGMC) micromechanical model,which has
been employed as to model damage processes at the micro-structural level.The HFGMC model has been selected for implementation in the high velocity
impact damage prediction methodology, as it represents a good compromise between accuracy and the required computational effort, which is an
important factor for the application within the explicit finite element analyses environment.
Micromechanical methods can be applied in engineering problems using multiscale methods. The multiscale approach separates the analysed problem
on two length scales - the macro-scale, which solves the problem at the engineering level, and the micro-scale, at which the stress and strain fields within
the microstructure are determined.The methodology has been developed with the aim of modelling high velocity impact damage on aeronautical
structures using Abaqus/Explicit to perform computations at the structural level. The link between the finite element macro-level analysis and the
micromechanical model has been achieved with the user material subroutine VUMAT, which for each material point performs micromechanical
calculations based on the applied macroscopic strain given by the FE analysis. Consequently, nonlinear processes in complex composite structures, such
as damage and failure, have been modelled using micromechanical principles. Several constituent based failure initiation criteria have been validated for
the application in the developed multiscale methodology. Additionally, two progressive damage approaches applied within the HFGMC model have been
implemented and applied in the explicit damage analyses. The first damage model is the complex multiaxial damage model based on damage strains
where the damage effects in the matrix have been modelled using six separated damage variables.
The second damage model is based on the maximal principal stress criterion. Two matrix failure modes have been considered within this failure model,
which are initiated depending on the tensile/compressive type of the principal stress with the maximal absolute value. Degradation of the subcell elasticity
properties in the first failure mode, which is initiated for positive maximal absolute principal stress, is modelled in the principal stress coordinate system.
Progressive damage principles applied in the second failure mode degrade matrix properties in the coordinate system aligned to the maximal shear stress
coordinate system. The Smeared Crack band approach has been employed as to alleviate size dependency of progressive damage modelling within the
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HFGMC model.
The two-scale damage prediction methodology has been applied on numerical impact simulations on laminated composite structures. The
micromechanical model and the progressive damage models applied on the matrix subcells have been verified by comparison with WWFE experimental
results, while the multiscale methodology has been verified in comparison with experimental soft body impact gas gun experiments available in the
literature. It has been demonstrated that the applied micromechanical models and the investigated failure criteria are able to accurately predict in-plane
failure modes of laminated composite structures under high velocity impact loads.

7901 | Prediction of web-core sandwich plate nonlinear stiffness from a representative volume element (18. Multiscale
Analysis)

Reinaldo Goncalves, Bruno (bruno.reinaldogoncalves@aalto.fi), Aalto University, Finland
Jelovica, Jasmin (jasmin.jelovica@aalto.fi), Aalto University, Finland
Romanoff, Jani (jani.romanoff@aalto.fi), Aalto University, Finland 

The demand for cost-efficient structures has extended the design frontiers towards lightweight solutions. As large structures become lighter, nonlinear
effects become more relevant and omitting these, even in the whole structure scale, might lead to safety issues. Nonlinear response assessment of plated
structures often relies on the Finite Element Method through 3D shell topologies. However, this often becomes unfeasible when large structures are
concerned due to the inherent computational cost and modelling efforts needed. Multiscale modelling can reduce the 3D to a 2D shell problem with
equivalent stiffness. This may be done by coupling the micro-structure-based composite stiffness to an equivalent single layer 2D FEM code. This paper
proposes a methodology for extracting the nonlinear constitutive relations of periodic sandwich plates. The idea is to determine a representative volume
element (RVE) to predict the nonlinear ABD stiffness coefficients consistent with the First-Order Laminated Plate Theory. This is achieved by performing
geometrically nonlinear finite element analyses of the volume element. A framework for choosing the RVE critical length according to the eigenvalue
buckling load is established. Initial local imperfections due to manufacturing are also considered in the analyses. A homogenization scheme, with
averaging of stress resultants and strains across the volume is defined with mathematical justifications. Appropriate loading and periodic boundary
conditions are chosen to determine each stiffness coefficient separately. The stress-strain curves that characterize the stiffness evolution are given for
axial, bending, axial-bending coupling and transverse shear components. The curves are compared in the linear range with their closed-form solutions
showing excellent agreement. The stiffness coefficients are then introduced to a global ESL plate model. The stress-strain relations are compared to the
3D shell solution as means of validation, showing good agreement. Overall, the paper introduces a method to extract the constitutive relations of all-steel
composites. By coupling this to a consistent multiscale approach, a method relevant for the design of large, complex structures can be achieved. This may
lead to time and cost savings without largely compromising the solution accuracy.

8066 | A multiscale approach to the effects of void geometry on the elastic properties of unidirectional fiber reinforced
composites at different temperature (18. Multiscale Analysis)

Xin Chang (changxin@mail.dlut.edu.cn), Dalian University of technology, China
Mingfa Ren (renmf@dlut.edu.cn), Dalian University of technology, China
Xu Guo (renmf@dlut.edu.cn), Dalian University of technology, China 

Voids are one of the most common types of manufacturing induced defects that has significant influence on material properties of the composite materials.
In this paper, the effective elastic constants of unidirectional fiber reinforced composites are obtained by a multiscale method. Representative volume
cells(RVC) on different scales: the fiber-matrix scale and the void scale, are established based on fibers distribution and void geometry. Finite element
method is employed to predict the elastic properties of unidirectional fiber reinforced composites. The results of the fiber-matrix RVC are compared with
the Halpin-Tsai equation and the results of the void RVC are compared with available experimental data. Good agreement are found in both results. A
parametric study indicates that the void content has different impact on different moduli. The in-plane properties are less affected than the out-of-plane
modulus. Results also show that the reduction of the elastic properties due to void content is influenced by temperature.

8162 | Numerical prediction of the uncertainties in the structural response of sandwich structures consisting of solid
foams (18. Multiscale Analysis)

Hohe, Jörg (joerg.hohe@iwm.fraunhofer.de), Fraunhofer-Institut für Werkstoffmechanik IWM, Germany
Beckmann, Carla (carla.beckmann@iwm.fraunhofer.de), Fraunhofer-Institut für Werkstoffmechanik IWM, Germany 

In modern sandwich construction, solid foams are important core materials. Their main advantage is their rather low specific weight in combination with a
reasonable stiffness and strength. Further benefits derive from their inherent good thermal and acoustic damping characteristics as well as from their
advantageous energy absorption properties. Compared to other materials such as honeycomb structures, solid foams have the advantage that they can
easily be processed to any desired shape. Their main disadvantage is their disordered random microstructure leading to distinct uncertainties in their
macroscopic material response.

The present study deals with a numerical scheme for prediction of the uncertainties in the effective material response, based on the known geometric and
topological uncertainty of the microstructure. For this purpose, a probabilistic homogenization scheme is proposed. In contrast to deterministic
approaches, where the average stress-strain behavior of statistically representative volume elements is analyzed, small scale, “testing volume elements”
are considered, since – especially for foams with large cell sizes – a statistically representative volume element might have edge lengths in the same
order of magnitude as the smallest characteristic length of the sandwich structure, i.e. the core thickness. As the smallest feasible testing volume
elements, the individual cells of a large-scale foam model are considered. The foam models are generated randomly by means of a Voronoï process in
Laguerre geometry, based on the statistical descriptors of the microstructure. The results of the testing volume element analyses are evaluated by
stochastic methods, considering the probability distributions of the effective properties as well as the correlation between the properties at neighboring
points of the effective material.

For transition to the structural level in the sense of an integrated computational materials engineering (ICME) type approach, a macroscopic structure is
considered. The material properties of its ranges consisting of solid foams are modelled in terms of a random field approach. The random field is
determined such that its statistical properties coincide with the results of the previous probabilistic homogenization analysis. Using a Monte-Carlo type
simulation with repeated generation of the random fields, the effect of the microstructural uncertainty of the foam material on the uncertainty of the
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structural response can be analyzed.

In an illustrative case study, a single edge clamped sandwich beam with a metal foam core is considered. The structure is loaded by a point force applied
to the free end. The core material is modeled as a random field with properties determined in the aforementioned probabilistic homogenization analysis of
the effective properties of aluminium foams. Whereas the material uncertainty is found to cause only minor scatter in the deformation of the beam,
significant uncertainties are observed in the strength of the considered structure, illustrating the necessity and the capability of the probabilistic multiscale
analysis procedure.

8598 | Non-linear multiscale strategy to analyze composite materials efficiently (18. Multiscale Analysis)

Otero, Fermin (fotero@cimne.upc.edu), Technical University of Catalonia (UPC), International center for Numerical Methods in Engineering (CIMNE),
Spain
Martinez, Xavier (x.martinez@upc.edu), Technical University of Catalonia (UPC), International center for Numerical Methods in Engineering (CIMNE),
Spain
Oller, Sergio (sergio.oller@upc.edu), Technical University of Catalonia (UPC), International center for Numerical Methods in Engineering (CIMNE), Spain 

The use of multiscale procedures is encouraged by the continuous increase of computational capacity, and also because the composite materials become
more complex, such as carbon nanotubes reinforced matrix, or the use of crimped woven micro-structures. Multi-scale methods based on homogenization
principles are gaining strength; as these allow obtaining the material performance taking into account its micro-structural configuration.
However, it is still a challenger performing a non-linear multiscale analysis of a real composite structure if it is not used a super-computer, which is not
available in most cases. 
This work proposes a strategy to conduct non-linear multiscale analysis in an efficient way, which has as objective a large reduction of the computational
cost of the analysis, facilitating its use by researchers and engineers without large computational means. 
The proposed method takes into account that, in general, in a large structure, material non-linear processes only take place in a localized region (or in a
reduced number of elements, if the analysis is performed with the FEM), and therefore, multiscale analysis is only required in the elements found in the
non-linear region. 
The strategy determines the elements that require a non-linear analysis by calculating the available limit elastic energy of the element for a given strain
estate, and comparing it with the elastic energy required for the actual load applied to the structure. The calculation of the limit elastic energy takes into
consideration the more critical point in the micro structure. The multiscale analysis is activated only in the specific elements where these two energies are
similar. The non-linear micro-structure parameters are stored also only for these elements.
The procedure is capable of taking into account changes in the strain state of the structure due to the non-linear process, which will require recalculating
the new limit elastic energy available. 
The validity of the strategy is shown with the analysis of several composite structures. The results obtained, and the computational times required to
conduct the simulation, prove the efficiency of the method. 

8626 | Effective Elastic Moduli of Fiber-reinforced Semi-crystalline Polymer Matrix Composites Filled with Nano-
particles (18. Multiscale Analysis)

Xu,Jiachu (txjch@jnu.edu.cn), Jinan University, China
Zhang,Hui (zhanghui05203@126.com), Jinan University, China
Liang,Sujiang (178045067@qq.com), Jinan University, China 

Improving the mechanical properties of polymer matrix composites by filling with nano-particles has been a major interest in recent years. The fiber-
reinforced semi-crystalline polymer matrix composites filled with nano-particles are composed of nanoparticles, polymer non-crystalline phase, polymer
crystalline phase, and fiber and therefore, have some hierarchical structural characteristics across several levels of matter inside. The size of the
nanoparticle ranges from a few nanometers to several decades nanometers, and the size of the polymer crystalline ranges from a few micrometers to
several decades micrometers while the size of the fiber is in the millimeter level. The size difference among the three groups is 2 to 4 orders of magnitude.
As for the crystalline polymer, its composition consists of a crystalline phase and non-crystalline phase. In nanoscale, nanoparticles are homogeneously
dispersed in the non-crystalline phase and crystalline phase of the composite; in mesoscale, the crystalline phase is dispersed uniformly throughout the
non-crystalline phase. Thus, the scale system contains two nanoscale subsystems, namely an equivalent particle composed of the nanoparticle and
crystalline phase and an equivalent matrix composed of the nanoparticle and non-crystalline. In macroscale, the composites are composed of the fiber
and mesoscale equivalent matrix, which is composed of the above two nanoscale subsystems. In this paper, fiber-reinforced semi-crystalline polymer
matrix composites filled with nano-particlesis considered as a periodical multi-scale structure, and then its periodic mesostructure on various scales is
analyzed. Based on the Mori-Tanaka methods and the multi-scale homogeneous theory a multi-scale model of the fiber-reinforced semi-crystalline
polymer matrix composites filled with nano-particles was established, and a method for predicting effective moduli of the composite filled with nano-
particles was presented. Numerical calculations were performed. Finally, the elastic modulus of a nano-silica/glass fiber/nylon 6 composite was obtained,
and the effects of the size of nanoparticle and the volume fraction on the elastic modulus of the composite were discussed. The results show that the
addition of a few nanoparticles can apparently increase the elastic modulus of fiber-reinforced composites. The predict method is suitable for the
calculation of the elastic modulus of the composite.

Key words: nano-particles, semi-crystalline polymer matrix composites, modulus tensor, multi-scale method

8645 | Effect of cooling rate on the nano-scaled oxide precipitation distribution of Mg-Ti complex deoxidation steel (18.
Multiscale Analysis)

Jian ZHANG (xiaojian529@gmail.com), Research Center for Energy Technology and Strategy, National Cheng Kung University, Taiwan
Cheng-Qian ZHANG (zhangcqj@tju.edu.cn), School of Electronic Information Engineering, Tian Jin University, China
Fei PAN (felixpen@sina.com), Department of Materials Science and Engineering, National Cheng Kung University, Taiwan
Hsin-Ying TSENG (happiness1121@gmail.com), Department of Materials Science and Engineering, National Cheng Kung University, Taiwan
Weng-Sing HWANG (wshwang@mail.ncku.edu.tw), Department of Materials Science and Engineering, National Cheng Kung University, Taiwan 

In this paper, the effect of cooling rate on the nano-scaled oxide precipitation distribution was investigated using Mg-Ti complex deoxidation steel. In the
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laboratory experiments, the liquid steel (1600℃) cooled at three cooling rate such as 20℃/s, 50℃/s and 200℃/s, while the composition, number and size
of nano-scaled oxide precipitation of as-cast steel have been observed. The volume fraction of the nano-scaled precipitation have been examined. It is
shown that cooling rate has a great effect on the size and distribution of precipitates. With the increase of cooling rate, the number of precipitates
increases and the size decreases. On the other hand, the precipitates distribution was more homogeneous when the cooling rate was increased.
Moreover, TiOx, MgO and TiN are the major nano-scaled oxide precipitation in the steel, which was effected by the cooling rate. When cooling rate
increase, the MgO particles were abundantly observed at the 700nm-1um size range, and the Ti-rich particles (TiOx or TiN) were more abundantly at the
<500nm size range. It has been proved that nano-scaled oxide can be precipitated during solidification by solute enrichment.

Keywords: nano-scaled oxide precipitation, complex deoxidation, cooling rate

8930 | HIERARCHICAL FINITE ELEMENT BASED MULTISCALE COMPUTATIONAL HOMOGENISATION OF COUPLED
HYGRO-MECHANICAL ANALYSIS FOR FIBRE-REINOFRCED POLYMERS (18. Multiscale Analysis)

Ullah, Zahur (Zahur.Ullah@glasgow.ac.uk), School of Engineering, University of Glasgow, United Kingdom
Kaczmarczyk, Lukasz (Lukasz.Kaczmarczyk@glasgow.ac.uk), School of Engineering, University of Glasgow, United Kingdom
Pearce, Chris J. (Chris.Pearce@glasgow.ac.uk), School of Engineering, University of Glasgow, United Kingdom 

Key words: Multiscale computational homogenisation, Hygro-mechanical analysis, Fibre reinforced polymer, Textile composites, Transverse isotropy.

Abstract

This paper presents a multiscale computational homogenisation of the coupled hygro-mechanical analysis of the fibre-reinforced polymers (FRPs). This is
ongoing research work for the development of a computational framework to predict the long-term durability of these materials for use in the construction
industry. Textile or woven composites, in which interlaced fibres are used as reinforcement, is a class of FRPs which provides full flexibility of design and
functionality due to the mature textile manufacturing industry and is commonly used in many engineering applications, including ships, aircrafts,
automobiles, civil structures and prosthetics [1]. During their service life textile composites are exposed to different hygrothermal environmental conditions
in addition to mechanical loading, which leads to matrix plasticisation and degradation of fibres/matrix interfaces [2]. Therefore, understanding of moisture
transport mechanisms and their effect on the mechanical performance of these materials are vital for predicting their long-term durability.

The heterogeneous microstructure of textile composites requires a detailed multiscale computational homogenisation. The use of multiscale
computational homogenisation results in the macroscopic constitutive behaviour of the structures based on its microscopically heterogeneous
representative volume element (RVE). A plain weave textile composite RVE is considered in this case, consisting of matrix and yarns embedded in the
matrix. These yarns are modeled with elliptical cross section and cubic spline paths. An automated parameterised RVE geometry along with material
properties, boundary conditions and meshes are generated in CUBIT with Python scrip, which allows rapid generation of different types of composites. 

The multiscale computational homogenisation framework is implemented in our group’s FE software, MoFEM (Mesh Oriented Finite Element Method). A
unified approach is used to impose the RVE boundary conditions, which allows convenient switching between displacement, traction and periodic
boundary conditions [3]. The effect of moisture concentration on Young’s modulus and moisture induced swelling are considered in the model. The final
resultant nonlinear discretised system of equations is solved using the Newton–Raphson method. Matrix and yarns are considered as isotropic and
transversely isotropic materials respectively. The required principal directions of the yarns for the transversely isotropic material model are calculated from
a computationally inexpensive potential flow analysis along these yarns. Furthermore, the computational framework utilises the flexibility of hierarchic
basis functions, which permits the use of arbitrary orders of approximation leading to very accurate results for relatively coarse meshes. Convergence
studies based on hierarchical finite element analysis is also performed to show the effectiveness of the developed approach. The developed code is
based on distributed memory parallel programming and is tested on high performance computer facilities. The implementation and performance of the
developed computational tool are demonstrated with numerical examples. 

REFERENCES

[1] T. W. Chua. Multi–scale modeling of textile composites. Master’s thesis, Department of Mechanical Engineering, Technische Universiteit Eindhoven,
January 2011.
[2] X. Tang, J. D. Whitcomb, Y. Li and H. –j. Sue. Micromechanics modeling of moisture diffusion in woven composites. Composites Science and
Technology, 65(6), 817–826, 2005. 
[3] Ł. Kaczmarczyk, C. J. Pearce, and N. Bićanić. Scale transition and enforcement of RVE boundary conditions in second-order computational
homogenization. International Journal for Numerical Methods in Engineering, 74(3):506–522, 2008.

9066 | Efficient multiple length/time-scale simulation of large composite structures (18. Multiscale Analysis)

Pinho, Silvestre T. (silvestre.pinho@imperial.ac.uk), Imperial College London, United Kingdom
Gigliotti, Luigi (l.gigliotti12@imperial.ac.uk), Imperial College London, United Kingdom 

Numerical simulation of the mechanical response of large composite components usually requires that different parts of the structure are modelled at
different length- and time-scales. However, the coupling of subdomains discretized with finite elements of different physical dimension/formulation can
introduce artificial stresses at the shared boundaries; as a result, in problems involving failure, the damage pattern might not be correctly replicated.
Moreover, due to the heterogeneous microstructure of composite materials, the feasibility of standard FE analyses based on 3D models is limited to small
components; 2D FE models with equivalent properties are preferable for larger components. 

This paper addresses the issues of (i) coupling areas of large composite structures discretized using different finite element types and (ii) using accurate
unit cell models to efficiently predict the performance of large aeronautical components. 

Firstly, a novel Mesh Superposition Technique (MST) for the progressive transition between differently-discretized subdomains is proposed and
implemented in an FE code. The interfaces between these subdomains are replaced by transition regions where the corresponding meshes are
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superposed. The MST is applied to the multiple length/time-scale analysis of a low-velocity impact of a projectile on a composite plate. Unlike when using
a sudden discretization-transition approach, the use of the MST eliminates the undesirable stress disturbances at the interface between differently-
discretized subdomains and, as a result, it correctly captures the impact-induced damage pattern at a lower computational cost. Finally, the MST is
coupled with an implicit/explicit co-simulation technique for a multiple time/length-scale analysis. The results indicate that, if the length-scale transition is
performed using the proposed MST instead of a sudden discretization-transition, the CPU time can be nearly halved. 

Secondly, a solid-to-shell numerical homogenization of periodic structures based on a novel set of Multiscale Periodic Boundary Conditions (MPBCs) is
presented. The MPBCs are prescribed at the boundaries of a 3D Unit Cell (UC) in which the structure is explicitly resolved at the lowest length-scale.
Hence, the 2D constitutive response can be directly evaluated, including shear-extension, bending-extension and bending-twisting coupling effects, thus
enabling the construction of an equivalent shell model. An equivalence framework for the analysis of periodic structures is proposed and the formulation of
the MPBCs is derived; furthermore, details on their FE implementation are provided, including details on their use within the context of a solid-to-shell
homogenization. The key-aspects of the proposed MPBCs are: (i) symmetries in the Unit Cell are exploited in the definition of reduced Unit Cells (rUCs),
(ii) no limitations on the deformed and undeformed shape of the UCs/rUCs are assumed, (iii) no a priori restrictions to the nonlinear behaviour at the
lowest length-scale are made (as long as there is no localization), (iv) the formulation is valid for large deformations and (v) any loading combination can
be prescribed to the UC/rUC, including bending and twisting. When applied to a generic asymmetric laminate, all terms of the fully-populated ABD matrix
are computed with negligible error, of the order of machine precision. The application of MPBCs and their potential are illustrated through practical
examples, e.g. determination of the 2D homogenised stiffness matrix of a periodic pin-reinforced sandwich structure using both a UC and a rUC and,
homogenisation and simulation of a large aeronautical component, otherwise infeasible with 3D FE models. 

The results of these analyses demonstrate the relevance of the proposed approaches for an efficient multiple length/time-scale simulation of large
composite components.

9090 | Effective size of RVE for finite element analysis of structures made of nonlinear random composites (18. Multiscale
Analysis)

T.H. Hoang (trung-hieu.hoang@devinci.fr), Departement de Mecanique Numerique et Modelisation, De Vinci Technology Lab., Ecole Superieure
d''''Ingenieurs Leonard de Vinci (ESILV), F-92916 Paris la Defense Cedex, France, France
M. Guerich (mohamed.guerich@devinci.fr), Departement de Mecanique Numerique et Modelisation, De Vinci Technology Lab., Ecole Superieure
d''''Ingenieurs Leonard de Vinci (ESILV), F-92916 Paris la Defense Cedex, France, France
J. Yvonnet (julien.yvonnet@u-pem.fr), Universite Paris-Est, Laboratoire Modelisation et Simulation MultiEchelle MSME UMR 8208 CNRS, 5 bd Descartes,
F-77454 Marne-la-Vallee, France, France 

In the present work, we propose to determine the size of a representative volume element (RVE) in the case of nonlinear random composites with either
elastoplastic or elasto viscoplastic phases. In such a case, the general form of the effective constitutive behavior is not known in advance and the
response must be evaluated either by direct numerical computations on the RVE, either by an appropriate approximation scheme. Previous
methodologies [1,2] for determining the size of RVE usually rely on analyzing the convergence of the RVE response computed numerically with respect to
its size. In the present work, we analyze the convergence of parameters related to an incremental homogenization scheme, with respect to (i) the size of
the RVE and (ii) to statistical convergence related to microstructure realizations. For that purpose, we combine an incremental homogenization method [3]
with a statistical convergence analysis of parameters related to the matrix phase only. The advantage is that the range of parameters to be identified is
much narrower than for a general empirical constitutive law. Once identified and the convergence analysis performed with respect to both size of RVE and
statistical realizations, the macroscopic constitutive law can be readily used for structure calculations. We illustrate the methodology by analyzing two-
dimensional microstructures with randomly distributed cylindrical elastic rigid fibers, embedded in a elastoplastic or elasto-viscoplastic matrix. For these
materials, the existence of an RVE is demonstrated for sizes of RVE corresponding to 17 − 18 and 14 − 15 times the diameter of the inclusions,
respectively.
References
[1] I.M. Gitman, H. Askes, and L.J. Sluys. Representative volume: Existence and size determination. Eng. Frac. Mech., 74(16):2518 – 2534, 2007.
[2] T. Kanit, S. Forest, I. Galliet, V. Mounoury, and D. Jeulin. Determination of
the size of the representative volume element for random composites: statistical
and numerical approach. Int. J. Solids Struct., 40(13-14):3647 – 3679, 2003.
[3] I. Doghri and A. Ouaar. Homogenization of two-phase elasto-plastic composite materials and structures, study of tangent operators, cyclic plasticity
and numerical algorithms. Int. J. Sol. Struct., 40:1681–1712, 2003. 

9153 | COMPUTATIONAL MODELLING OF THE PROGRESSIVE FAILURE IN HETEROGENEOUS ADHESIVES (18. Multiscale
Analysis)

Anita, Catapano (anita.catapano@bordeaux-inp.fr), Université de Bordeaux, I2M CNRS UMR 5295, France
Julien, Jumel (julien.jumel@u-bordeaux.fr), Université de Bordeaux, I2M CNRS UMR 5295, France 

In the last years the adhesives employed especially in the aeronautical field are characterised by a matrix (usually an epoxy resin) reinforced by particles
of glass, aluminium or more recently by carbon nano-tubs. The addition of stiffer particles to the matrix, with an easy fabrication process, can improve the
mechanical properties of the matrix with a slight increase of weight. This work represents a progression of a previous work of the authors [1] on the elastic
homogenisation of particulate-polymer composite adhesives. 
The aim of this work consists in finding the non-linear strength properties characterising this class of adhesives through a multi-scale numerical procedure:
the effective strength properties at the macro-scale are calculated through a finite element-based homogenisation procedure on a representative volume
element of the heterogeneous microstructure of the material. The non-linear strength behaviour of the material is then expressed as function of all of the
possible design variables characterising the micro-scale: the particles volume fraction, the porosities volume fraction, the particles size, the porosities size
as well as the particles distribution. 
Unlike periodic structures, such as cellular solids, particle-filled adhesives do not have a real repetitive unit that neatly reproduces the microstructure of
the composite. In these materials the particles, in fact, are more or less randomly distributed and the resulting microstructure is a matrix containing a
certain volume fraction of inclusions inordinately distributed. Another feature of the actual microstructure of the adhesive concerns the presence of a third
phase: the air. In fact, the porosities represent a certain percentage of the volume of the composite which primarily varies as a function of the
manufacturing process of the adhesive itself. Therefore, we will analyse the progressive failure at the micro-scale (the scale of the particles) on a
representative finite element model able to reproduce with a good level of accuracy the real microstructure of the adhesive by considering a random
distribution of both particles and porosities (that are generated by the fabrication process). The non-linear material behaviour of the matrix is modelled



08/05/15 15:14Conferências 5: Book of Abstracts

Page 160 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

using a damage model which is activated once the failure criterion of Christensen, able to take into account the different traction and compression strength
behaviour of isotropic materials, is satisfied. On the other hand the stiffer inclusions are made of an isotropic linear-elastic material. Finally, the
inclusion/matrix interface failure is obtained using a cohesive zone model describing the non-linear behaviour of the interface. The effect of volume
fraction and size of both particles and porosities upon the stability of crack propagation, on the fracture energy and on the adhesive strength has been
studied. The effectiveness of the proposed model is proved by comparing the results with those provided by analytical [2] and numerical [3] models
present in literature.

[1] Anita Catapano, Julien Jumel: On the effective elastic properties of particulate-polymer composites. Composites Part B: Engineering (submitted).
[2] L. Guoqiang, J. E. Helms, S. S. Pang, K. Schulz: Analytical modeling of tensile strength of particulate-filled composites. Polymer Composites 22 (5):
593603 (2001).
[3] Mohan G. Kulkarni, Philippe H. Geubelle, Karel Matouš: Multi-scale modeling of heterogeneous adhesives: Effect of particle decohesion. Mechanics of
Materials, 41: 573–583 (2009).

9184 | Computational analysis of damage in hybrid composite structure (18. Multiscale Analysis)

Had, Jiri (jiri.had@gmail.com), Czech Technical University in Prague, Czech Republic
Ruzicka, Milan (milan.ruzicka@fs.cvut.cz), Czech Technical University in Prague, Czech Republic 

A novel type of hybrid cell composite structure has been developed and used for many practical applications. Typical macroscopic sub-cells in the cross
section structure are formed by the stamping process of partially cured and axially-oriented high modulus carbon fibre bundles (about 4-6 mm in the
diameter). Each bundle is wrapped around by a thin layer of high strength fibres (oriented in ±45 or 89 degrees). This new material structure has its own
specific stiffness properties and specific damage behavior and failure modes respectively. Complex modeling of damage progression even in a few cells
would demands of tremendous computational performance. Therefore hierarchical modeling strategy is used to solve it. Modified Non-uniform
Transformation Field Analysis (NTFA) was proposed for this purpose. Original method was developed for materials exhibiting elasto-plastic behavior. The
method is based on assumption that field of plastic strain in each phase can be decomposed on finite set of fields, called plastic modes. Analyzed cell
composite structure is built from parts with mostly brittle micro-behavior. Modification is based on introducing damage modes instead of plastic modes.
Damage modes have chosen in specific material directions of unidirectional composites. Macroscopic state can be decomposed into sum of certain
contribution of building parts with their damage modes. Evolution of damage in every damage modes is based on experimental observation. In generally,
numerical models of damage modes consist of combination of plastic behavior with subsequent degradation mechanism. They have different behavior in
tensile and compressive loading. Each material damage mode can fail ultimately but even failed mode can contribute to macroscopic state in certain
directions. Moreover failed damage mode in compressive loading has still certain residual stiffness. Modified NTFA method was incorporated into FEM
code and verified in several four-point bending tests.

9330 | A Multi-Level Seismic Damage Model for Reinforced Concrete Structures. (18. Multiscale Analysis)

Apostolos Fafitis (fafitis@asu.edu), Arizona State University, United States America 

A Multi-Level Seismic Damage Model for Reinforced Concrete Structures.

Jianguang Yue(1), Jiang Qian(2), Dimitri E.Beskos(3), Apostolos Fafitis(4)
1. College of Civil Engineering, Nanjing Tech University, Nanjing 211800, China
2. State Key Laboratory of Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China
3. Department of Civil Engineering, University of Patras, 26500 Patras, Greece
4. Department of Civil Engineering, Arizona State University, Tempe, AZ 85287, USA

Keywords: multi-level seisimic damage model, multi-level performance limits, equivalent deformation principle, performance-based design; RC structures

ABSTRACT:
A multi-level seismic damage model for RC structures is proposed based on the equivalent deformation principle and the generalized force-deformation
relationship. According to the damage states of each level, a multi-level seismic damage performance is presented and its critical performance limit
indicators are specified. In order to build the correlations between the generalized damage model and the multi-level seismic damage performance, a
normalized corresponding parameter for each level is introduced into the damage model to specify the same damage limit values for each level. Those
corresponding parameters are obtained by statistical analysis of data from simulation of small scale test results of a 12-storey RC framed structure
subjected to 54 shake-table loading cases and also tests of 400 columns, and compared with some other damage models. The proposed multi-level
damage model was validated by test results of a full scale three-story RC structure subjected to lateral load in situ. The model provided a good evaluation
of the observed inherent damage mechanism. 

5504 | Influence of the nano- and biostructures on the optical features of the materials (19. Nano-Composites)

Kamanina, Natalia V. (nvkamanina@mail.ru), Vavilov State Optical Institute, Russian Federation 

Influence of the nano- and biostructures on the optical features of the materials

Natalia V. Kamanina (Dr.Sci., PhD)

Lab for Photophysics of media with nanoobjects, Vavilov State Optical Institute
Kadetskaya Liniya V.O., dom.5, korpus 2, St.- Petersburg, 199053, Russia, 
e-mail: nvkamanina@mail.ru

Structural, spectral, and nonlinear optical features of the organic materials are studied under the nano- and biostructurization condition. The main accent
is given to show the perspective of the different types of the nano- and boiobjects to modify the structural and photorefractive properties. Special role of
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the dipole moment as a macroscopic parameter of a medium accounts for a relationship between the photorefraction and the photoconductivity
characteristics and it can be considered as an indicator of following dynamic parameters changing. Moreover, some mechanical achievement of the
nanoobjects-containing network is observed and polarization plane rotation ability of the bioobjects-containing systems is shown. New results are
compared with that obtained before [1-3]. The presented results are correlated with the work partially supported by RFBR grant No.13-03-00044 (2013-
2015) as well as by FP7 Marie Curie Action, project “BIOMOLEC” (2011-2015).
[1] N.V. Kamanina, Physics-Uspekhi 48 (4),419,2005.
[2] N. V. Kamanina, A. Emandi, F. Kajzar, and A-J.Attias, Mol.Cryst.Liq.Cryst., 486,1,2008.
[3] N.V. Kamanina, et.all. J Mater Sci: Mater Electron, DOI 10.1007/s10854-012-0625-9

5507 | Conductivity and Optical Percolation in Polymer-Carbon Nanotube Composites (19. Nano-Composites)

pekcan önder (pekcan@khas.edu.tr), kadir has university, Turkey 

Abstract; Effect of Multiwalled Carbon Nanotube (MWCNT) addition on the electrical conductivities, optical transparencies and fluorescence emissions of
Poly(vinyl acetate-co-butyl acrylate) P(VAc-co-BuA)–MWCNT composite films were studied. 15 different composite films were prepared by mixing various
mass fractions of MWCNT in P(VAc-co-BuA)-water dispersions. Optical transmission, fluorescence emission and two point probe resistivity techniques
were used to determine the variations of the optical, fluorescence and electrical properties of composites, respectively. Transmitted photon intensity, Itr,
fluorescence emission intensity, Ifl and surface resistivity, Rs of the composite films were measured as a function of MWCNT mass fraction (M) at room
temperature. All the measured properties of the composites were decreased by increasing the content of MWCNT in the composite. Conductivity results
were attributed to the classical percolation theory, optical and fluorescence results were attributed to the site percolation theory. The conductivity, optical
and fluorescence percolation thresholds and critical exponents were determined as M� = 0.01, Mop = 0-0.005, Mfl = 0.016 and, β� =2.15, βop =0.404, βfl
=2.04, respectively.

5837 | Photocatalytic Activities and Structural Formation of Au-Pd Nano Alloys Embedded into Amphiphilic Graft
Copolymer (19. Nano-Composites)

Hazer B (bhazer2@yahoo.com), Bülent Ecevit University, Turkey
Kalaycı OA (ozlem_altunordu@yahoo.com.tr), Bülent Ecevit University, Turkey 

Au-Pd nanaoalloys were embedded into a series of polypropylene (PP)-g-polyethylene glycol (PEG) amfifilic graft copolymers with very good film
properties. Metal salts were coreduced to metal nanoparticles less than 10 nm into tetrahydrofurane solution of the graft copolymer. Chain length of
hydrophilic segments (PEG) were affected the size and organization of the nanoalloys obtained. the nanocrystal structure with the paralel lines as shown
in the picture with white arrows and the nanoparticles were observed as smaller than 10 nm. the surface of bimetallic nanoparticles held more Pd atoms
and surface plasmon bands disappeared. However, the fluorescence emission spectra of Au-Pd@PPEG are detected at 445, 450 nm. Photocatalytic
activities of the nanocomposite film were observed in the oxidation reaction of Rhodamine B. When a piece of nanocomposite film inserted into the
toluene solutions of Rhodamine B was UV-irradiated, oxidation reaction of Rhodamine B was much faster than that of pure Rhodamine B solutions.

6282 | analysis of FGM vibrating rectangular nanoplates in thermal environment (19. Nano-Composites)

Korosh Khorshidi (k_khorshidi@iust.ac.ir), Arak university, Iran
Ali Bakhsheshy (ali290.bakhsheshy@gmail.com), Arak University, Iran 

In the present study the free vibration analysis of functionally graded rectangular nanoplates in thermal environment is investigated. The modified coupled
stress theory based on the first order shear deformation theory has been used to obtain the natural frequencies of the nanoplate. Modified coupled stress
theory is a non-classical theory. In this theory material length scale parameter is applied to capture the size effect of the microstructures which the earlier
classical plate theories were not able to explain these effects. The functionally graded material properties are varied continuously and smoothly along the
thickness. The Poisson’s ratio of the FGM plate is assumed to be constant in the whole plate. In order to validate the present method, the natural
frequencies of the both functionally graded rectangular plate and rectangular nanoplates are compared with those are reported in the literature, separately.
Finally, the effect of various parameters such as; the power law index, the thickness to length scale parameter ratio, aspect ratio, thickness ratio on the
natural frequencies of plates in thermal environments with different temperatures are presented and discussed in detail.

6426 | Experimental investigation on solid particle erosion characteristics of epoxy/MWCNTs nanocomposites (19. Nano-
Composites)

Sabarinathan C (c.sabarinathan@gmail.com), Dept. of Mechanical Engineering, Hindusthan College of Engineering and Technology, Coimbatore, Tamil
Nadu, 641032., India
Muthu S (smuthu231155@gmail.com), Dept. of Mechanical Engineering, Dr. N.G.P. Institute of Technology, Coimbatore, Tamil Nadu, 641048, India
Channabasappa B H (c.sabarinathan@gmail.com), Ducom Instruments Pvt. Ltd, Bangalore, 560058, Karnataka, India 

The solid particle erosion behavior of Multiwall Carbon Nanotubes (MWCNTs) reinforced with pure epoxy was investigated experimentally. The erosion
tests were conducted using irregular silica sand particles (100±20µm) as an erodent with the impact velocity of 70m/s. The epoxy with 0.1, 0.5, 1.25, 2.5
and 5wt.% of MWCNTs were used in this study. The erosion rate of pure epoxy and epoxy/MWCNTs nanocomposites have been evaluated at various
impingement angles of 30º, 60º and 90º with the changes in erodent exposure time of 5min. The weight loss was considerably increased for all the
samples at 60º impingement angle and increasing exposure time. However, the 0.1, 0.5 & 1.25wt.% of MWCNTs nanocomposites possess good erosion
resistance and exhibit 25%, 30% and 73% better than pure epoxy respectively and also the weight fraction of 1.25wt.% MWCNTs nanocomposites shows
superior erosion resistance than pure epoxy. Moreover, the erosion loss rate of all nanocomposites considerably increases with the increasing of
nanotubes content until the content reaches 1.25wt.%. The morphology of eroded surface was examined by using field emission scanning electron
microscope (FESEM) and possible erosion mechanisms were discussed.

6888 | Nanoparticles impact on mechanical and physical behaviour of aluminium based nanocomposites. (19. Nano-
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Composites)

Trojanova Z (ztrojan@met.mff.cuni.cz), Charles University in Prague, Czech Republic
Riehemann W (werner.riehemann@tu-clausthal.de), Clausthal University of Technology, Germany
Drozd Z (zdenek.drozd@mff.cuni.cz), Charles University in Prague, Czech Republic
Kasakewitsch A (alla.kasakewitsch@tu-clausthal.de), Clausthal University of Technology, Germany 

Ultrafine grained nanocomposites (aluminium reinforced with boron nitride nanoparticles) were prepared by ball milling and hot extrusion. Resulting grain
size was 600. nm. The same procedure was used for the preparation of pure aluminium without nanoparticles. Mechanical properties were estimated in
tension at temperatures between room temperature and 300 °C at a constant initial strain rate. The yield stress and the maximum stress decrease with
increasing testing temperature. The influence of reinforcement on both characteristic stresses falls down with increasing temperature. The linear thermal
expansion was measured over a wide temperature range from room temperature up to 400 °C in as cast state and after small predeformation. Amplitude
dependence of internal friction was measured at room temperature after thermal cycling between ambient temperatures and increasing upper temperature
of the thermal cycle. Possible influence of BN nanoparticles on anelastic, plastic and thermal properties of ultrafine grained aluminium is discussed.

6894 | Manufacturability and Properties of Nanopaper Enhanced Fiber Reinforced Polymeric Composites (19. Nano-
Composites)

Jose M Castro (castro.38@osu.edu), The Ohio State University, United States America
L James Lee (lee.31@osu.edu), The Ohio State University, United States America
Ziwei Zhao (zhao.411@osu.edu), The Ohio State University, United States America 

Carbon nanofibers (CNF) nanopapers have shown great potential to improve the surface of fiber reinforced polymeric composites, including providing EMI
shielding and erosion resistance, at the sacrifice of processability or easiness of impregnation. During typical Resin Transfer Molding process (RTM), the
CNF nanopaper is incorporated into the fiber preform as a surface layer. In order to learn how resin flows through the fiber preform and nanopaper layer,
permeabilities of the fiber preform and nanopaper need to be measured. As is well known, measuring the permeability of fiber preforms is experimentally
challenging. Results usually exhibit large experimental variability. Measuring permeability of nanopapers is even more complicated. To improve the
accuracy of results, permeability of carbon nanofibers based nanopapers was measured using different experimental setups. In-plane permeability of
nanopaper was measured by both uni-directional micro-slit flow and radial flow approaches. Trans-plane permeability was measured as well, using a
trans-plane flow cell and a flow visualization mold. In this paper, we present results on the improvement of surface erosion as well as EMI shielding
efficiency, as well as the effect of the nanopaper on the flow in the composite. The methods to measure permeability are discussed and experimental
results provided. 

6974 | Mechanical Behavior of Three-dimensional Graphene Foam and its Polymer-filled Composites (19. Nano-
Composites)

Samda, Yarjan (yarjan.abdulsamad@kustar.ac.ae), Khalifa University, United Arab Emirates
Li, Yuanqing (yuanqing.li@kustar.ac.ae), Khalifa University, United Arab Emirates
Schiffer, Andreas (andreas.schiffer@kustar.ac.ae), Khalifa University, United Arab Emirates
Liao, Kin (kin.liao@kustar.ac.ae), Khalifa University, United Arab Emirates 

We have developed a simple method for fabricating three-dimensional (3D) graphene structures with better mechanical stability, electrical conductivity,
and controllability on shape and size. The method involves dip-coating of poly-urethane (PU) sponge with graphene oxide (GO) and selectively removing
the PU core by heating at 900°C in nitrogen atmosphere. Scanning electron microscopy (SEM), and in situ SEM were carried out to study the
morphology/failure modes of the GF structure under load-free condition and under compressive loads. The GF samples have good mechanical stability
where a compressive strength of 20 kPa was obtained for samples of density 8 mg.cm-3. The stress-strain curves for the GF samples were obtained
during compressive tests using a micro-force tester. These curves are similar to that of metal foams with an elastic region, plateau region, and a
densification region. The GF samples have shown an electrical conductivity of 100 S/m. In addition, we have fabricated GF composites by infiltrating the
GF with a range of polymers. The mechanical behavior of the composites will be presented.

6978 | Stochastic analysis of interfacial effects in polymeric nanocomposites (19. Nano-Composites)

Silani, Mohammad (mohammadsilani@gmail.com), Institute of Structural Mechanics, Bauhaus--University Weimar, Germany
Almasi, Ashkan (almasi.ashkan@gmail.com), Institute of Structural Mechanics, Bauhaus--University Weimar, Germany
Talebi, Hossein (talebi.hossein@gmail.com), School of Civil and Environmental Engineering, The University of New South Wales, Australia
Rabczuk, Timon (timon.rabczuk@uni-weimar.de), Institute of Structural Mechanics, Bauhaus--University Weimar, Germany 

Interfaces and interphases play an important role on the global properties of nanocomposites. The first few molecular layers close to solid surface which
are responsible for the adhesion between two materials are called interface. Far from solid surface, the properties of polymer is same as the bulk polymer
but the properties of the polymer near to the interface differ from the bulk polymer due to influence of the adhesion in interface. This intermediate area is
called interphase. Based on the property under consideration and the combination of polymer and solid surface, the thickness of interphase can vary from
a few nanometers to several micrometers.
There are some analytical micromechanical approaches to deal with the interface effects in the nanocomposites especially for the overall elastic
properties of the nanocomposites. But lack of exact deterministic values for the interfacial behaviours of polymeric nanocomposites limits the use of the
deterministic models. 
In this study, we use a combination of stochastic analysis and hierarchical multiscale method to investigate the effect of interfacial behaviours in the
polymeric nanocomposites. We use an equivalent model to model both interface and interphase regions in a finite element model. The numerical results
show that the interfacial area is significant when the thickness of equivalent model is thick enough which is in a very good agreement with analytical
predictions.

7022 | Structure and functional properties of zein based films added with nanoclays and nanocarbonate (19. Nano-
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Composites)

LOPES FILHO, J.F. (lopes@ibilce.unesp.br), UNESP, Brazil
TAVARES, L.L. (lu_tavar@yahoo.com.br), UNESP, Brazil
RIBEIRO, W.X. (wa_ribeiro@yahoo.com.br), UNESP, Brazil 

This study evaluated the structure and some functional properties of zein edible films added with modified clays and nanocarbonate. Modified clays
Cloisite® 15A and Cloisite® 30B were added in the filmogenic solution in the proportions of 1, 2 and 4% and nanocarbonate as 1, 2 and 3% (w/w) based
on the weight of zein. The films were formed by casting method. Oleic acid and glycerol were used as plasticizer agents. Structural characteristics were
analyzed by Scanning Electron Microscopy (SEM) and Optical Microscopy (MO). Functional properties evaluated included Water vapor permeability
(WVP), Water Solubility, color, opacity and mechanical properties . SEM images showed an heterogeneous microstructure with the additions of clays and
nanocarbonate. MO showed an even distribution of lipids globules in the protein matrix, for all films samples. Water vapor permeability of the films added
with both, clays and nanocarnonate, were not different from control samples. There were no statistical differences on water solubility of films added with
clays but it was increased as nanocarbonate concentrations increased. Color were affected by compounds addition increasing L* parameter. The clays did
not altered opacity, however it decreased with nanocarbonate addition. Nanocarbonate decreased tensile strength and increased elongation at a break. A
formation of a microcomposite was possible adding either clays or nanocarbonate.

7520 | Preparation and characterization of DNA/allophane composite hydrogels (19. Nano-Composites)

Masami Okamoto (okamoto@toyota-ti.ac.jp), Toyota Technological Institute, Japan
Yoko Matsuura (okamoto@toyota-ti.ac.jp), Toyota Technological Institute, Japan
Takuya Kawachi (okamoto@toyota-ti.ac.jp), Toyota Technological Institute, Japan 

Clay mineral surfaces have been important for the prebiotic organization and protection of nucleic acids The preparation and characterization of the
composite hydrogels based on double-stranded deoxyribonucleic acid (DNA) and natural allophane (AK70) were reported. To understand the propensity
of the natural allophane to adsorb the DNA molecules, the adsorption characteristics were assessed by using zeta potential measurement, Fourier
Transform Infrared Spectroscopy (FTIR) and electrophoresis analyses. The freeze-dried DNA/AK70 hydrogels were demonstrated that the DNA bundle
structure with a width of ~ 2 μm and a length of ~ 15-20 μm was wrapped around the clustered allophane particles as revealed by FE-SEM/EDX analysis.
The incorporation of AK70 in hydrogels induced the increase in the enthalpy of the helix-coil transition of DNA duplex due to the restricted molecular
motions of the DNA duplex facilitated by the interaction between the phosphate groups of DNA and the protonated Al-OH groups on the wall perforations
of the allophane.

7555 | Radar absorbing structures composed of the nano-composites dispersed with the carbon black and the carbon
nanotube (19. Nano-Composites)

Choi, Ilbeom (chib1020@kaist.ac.kr), KAIST, Korea, South
Lee, Dongyoung (missingnum@kaist.ac.kr), KAIST, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South 

The nano-composites composed of the E-glass/epoxy composites dispersed with carbonaceous conductive particles such as the carbon black and the
carbon nanotube (CNT) are usually adopted to the radar absorbing structures (RAS). It is because that the electromagnetic (EM) wave absorbing
performance of the nano-composite RAS is much dependent on the particle concentration of the nano-composites. 
In this study, the nano-composite RAS were designed by the optimum design method and the nano-composites in the optimum design window were
selected. The EM wave absorbing characteristics of the RAS were obtained by the numerical simulation with respect to type and concentration of nano-
composites and verified by the experimental measurements. Also, the effects of the nano-materials on the mechanical properties of the nano-composites
were measured. Finally, the optimum nano-composite RAS was suggested considering both the electromagnetic and mechanical performances.

7586 | Development and characterization of biocompatible magnetic nanoparticles based on magnetite (Fe3O4) and
ferrite (Fe2O4) and its application in the treatment by hyperthermia. (19. Nano-Composites)

Diaz-Bleis, Dianela (dianela86@hotmail.com), CINVESTAV, Mexico
Freile-Pelegrin, Yolanda (freile@mda.cinvestav.mx), CINVESTAV, Mexico
Alvarado-Gill, Juan J. (jjag09@yahoo.com), CINVESTAV, Mexico 

Composites of magnetic nanoparticles in a polymeric matrix are of great interest for both fundamental research and emerging applications, due to their
capacity to respond to external magnetic or electromagnetic field. In the biomedical field, magnetite (Fe3O4) and ferrite (Fe2O4) have shown promise as
tumors therapeutic agent using hyperthermia treatments. However, preparing suitable solubilized magnetic nanoparticles is challenging, primarily due to
aggregation and poor biocompatibility. Thus for use with biological purposes, methods for coating Fe3O4 nanoparticles with biocompatible stabilizers are
required. Algal polysaccharides such as agar are used extensively as gel-forming agents, thickeners, and stabilizers due to their low cost and high degree
of biocompatibility and biodegradability. Therefore, in this study, Gelidium robustum agar has been chosen as a natural biocompatible polymer to build the
matrix of cobalt ferrite (CoFe2O4) and magnetite (Fe3O4) nanoparticles, which were synthesized by the co-precipitation method in agar gel. After that,
agar gels were then dried and ground into powder, yielding agar-conjugated Fe3O4 and CoFe2O4 nanoparticles. The samples were characterized by X-
ray diffraction, and scanning electron microscopy (SEM). The nanoparticles were identified as cobalt ferrite (CoFe2O4) and magnetite (Fe3O4) and had a
well-defined crystalline structure with sizes in the range of 5-7 nm. The potential of these nanoparticles as hyperthermia agents in different phantoms is
also explored.

7596 | EXPERIMENTAL VALIDATION OF AN INNOVATIVE COMPOSITE CERAMIC MEMBRANE OF HIGH SELECTIVITY
CO2 SEPARATION FOR CLIMATE CHANGE MITIGATION (19. Nano-Composites)

Nwogu,Ngozi C (n.c.nwogu@rgu.ac.uk), Centre for Process Integration and Membrane Technology, School of Engineering, the Robert Gordon University,
Aberdeen, United Kingdom, United Kingdom
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Edward, Gobina (e.gobina@rgu.ac.uk), Centre for Process Integration and Membrane Technology, School of Engineering, the Robert Gordon University,
Aberdeen, United Kingdom, United Kingdom 

EXPERIMENTAL VALIDATION OF AN INNOVATIVE COMPOSITE CERAMIC MEMBRANE OF HIGH SELECTIVITY CO2 SEPARATION FOR CLIMATE
CHANGE MITIGATION

Carbon dioxide a major greenhouse gas responsible for global warming which is considered as the greatest environmental challenge the world is facing
account for about 80% of all greenhouse gases (GHG). The scuffles to control the GHG emissions include the recovery of CO2 from flue gas. This
concern has been improved due to recent advances in materials process engineering resulting in the innovation of novel materials possessing the thermal
and mechanical stability required for most gas separations. This paper looks at an experimental validation gas separation in a single gas permeation
experiment by means of a high selective membrane for CO2 recovery applications for climate change mitigation. Analysis of results obtained are in total
agreement with literature data. Further results show that CO2 permselectivity to that of N2 supported the theoretical Knudsen with a high selectivity factor
confirming a reasonable capture of CO2 to that of N2 as a major component of a flue gas stream.

7604 | Thermomechanical behavior of polymer nanocomposites considering reinforcement damage (19. Nano-Composites)

Nafar Dastgerdi, Jairan (jairan.nafardastgerdi@aalto.fi), Aalto University, Finland
Marquis, Gary (gary.marquis@aalto.fi), Aalto University, Finland 

In this paper, a thermo-elasto-plastic incremental constitutive equation of the reinforced nanocomposite considering the debonding of the reinforcement
and as well as the elastoplasticity using micromechanics principles is presented. The proposed model investigates the influence of the reinforcement
damage mode (the debonding of the inclusions from the matrix), aspect ratio, and volume fraction on the effective thermomechanical properties of
polymer nanocomposites. It is observed that the coefficient of thermal expansion depends on the volume fraction and the aspect ratio of the
reinforcement, and the considered damage mode. This coefficient is inversely proportional to the aspect ratio and volume fraction of the reinforcement
and it increases when the inclusions gradually turn into voids due to the reduction of reinforcement volume fraction. Based on the present model, analysis
of stress-strain response for nanoclay/polymer composites under uniaxial tension is carried out while considering interfacial debonding of inclusions and
elasto-plastic behavior of matrix.

7621 | A modified parallel electrodes method for fabricating highly aligned composite nanofibrous membranes (19. Nano-
Composites)

Jianghui Zhao (zhaojianghuia@163.com), Soochow University, China
Lan Xu (lanxu@suda.edu.cn), Soochow University, China
Hongying Liu (hongyingdzxy@126.com), Soochow University, China 

During the electrospinning process, the collected nanofibers are typically randomly oriented in the form of nonwoven mats. The randomly oriented
nanofibers lead to low molecular orientation and as a result materials with low mechanical properties are obtained. It is desirable to generate aligned
nanofibers to broaden the applications of electrospinning, such as tissue engineering, drug delivery, electrochemical sensors, reinforcements,
optoelectronic devices, and so on.
A modified parallel electrodes method (MPEM) was presented to improve the diameter distribution and the degree of alignment of electrospun composite
nanofibers. Compared with the parallel electrodes method (PEM), a positively charged ring was placed between the needle and the parallel electrodes
collector in the electrospinning process. The effectiveness of the MPEM was demonstrated by measuring the diameter distribution and the degree of
alignment of electrospun composite nanofibers and comparison of them with those obtained from the PEM. The results showed that the MPEM could
decrease the diameter of composite nanofibers and enhance the uniformity of electrospun composite nanofiber diameter distribution, and it could improve
the degree of alignment of electrospun composite nanofibers two times more than the PEM.

7720 | Interfacial Phenomena in Structural Polymeric Nano-clay Synthetic fibre-reinforced Cementitious Composites (19.
Nano-Composites)

Lee, Su-Jin (jpwon111@msn.com), Konkuk University, Korea, South
Won, Jong-Pil (jpwon@konkuk.ac.kr), Konkuk University, Korea, South 

Fibre-reinforced materials have been used to improve brittleness due to the low tensile strength of cementitious composites. Such fibres require high
tensile strength and modulus of elasticity to improve the tensile properties of cementitious composites. For this reason, steel fibre has been primarily used.
However, steel fibre is also susceptible to corrosion. Recently, studies have focused on a substitute for steel fibre using a non-corrosive material with low
specific gravity for the structural synthetic fibre component. Structural synthetic fibre has disadvantages, including rapid stress reduction and displacement
after the peak load.
Fibre-reinforced materials exhibit bridging effects at the initial cracking of the cementitious matrix after the peak load. This mechanism is caused by the
pull-out resistance of the fibre. However, structural synthetic fibres that elongated or fractured without pull-out in a cementitious matrix could not function
properly due to their low tensile strength and modulus of elasticity. In this study, structural synthetic fibre, which elongates without pull-out, was enhanced
with cementitious materials to improve tensile properties. Additionally, the toughness of the cementitious composite was maintained under elongation.
Addition of a nanoscale material improved the bond properties of the structural synthetic fibre, thereby enhancing the material properties of the polymer
through changes in the surface morphology and three-dimensional (3D) fibre structure. The bond properties of the structural nano-synthetic fibre were
investigated by analysing the surface morphology, 3D structure, and number of fibres according to JCI SF-8.

7784 | Process Intensification (PI) of Microbial Gas Absorption by Biocomposite Materials (19. Nano-Composites)

Flickinger, Michael C. (michael_flickinger@ncsu.edu), North Carolina State University, United States America
Schulte, Mark J. (mjschulte@ncsu.edu), North Carolina State University, United States America 
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Bioprocesses that use living cells to absorb gases and convert them into useful products require significant energy input to disperse poorly soluble gases
in large volumes of water in bioreactors. However, engineering nano-structured composite structures, may enable more energy and resource efficient
approaches to bioconversion of gases. Single carbon gases (CO, CO2, CH4) can be assimilated by highly concentrated microorganisms embedded in
nano porous composite polymer materials known as biocomposites for recycling carbon emissions or gasification products into fuels or chemicals. These
composite nano porous structures are formed during drying which can also stabilize and preserve the embedded cells in a desiccated state. These cells
can be heterotrophic or photoreactive bacteria, cyanobacteria or algae engineered for assimilation of gaseous carbon compounds with synthesis of lipids,
oils, alcohols or alkanes. Critical to engineering biocomposite microstructures is control of cell deposition, nano porosity surrounding the cells, the rate of
water removal, and the final water activity of the stored cells. Biocomposite porosity is monitored using SEM, confocal microscopy or directly measured by
tracer diffusivity or gas flux. Our investigation is a new composite nano-structured materials approach to increasing the rate of large scale microbial gas
absorbers using novel structures formed on or within papers or nonwoven fabrics. We are investigating biocomposite falling film gas-absorber designs
using as a model system carbon monoxide (CO) absorption by the anaerobic microorganism Clostridium ljungdahlii OTA1 that assimilates CO and H2 and
produces ethanol and acetate. Biocomposites are fabricated by mixing concentrated cell paste with excipients to aid in drying, porosity, adhesion and
applied to papers or nonwoven materials by aerosol deposition followed by drying under controlled conditions in an anaerobic atmosphere. When
rehydrated and placed in the gas-phase, the paper wicks the liquid phase into the pore space behind the cell coating allowing the biocomposite to be
dispersed in a tangential gas stream without the cells becoming dehydrated. Absorbed CO can be assimilated by C. ljungdahlii without outgrowth from the
composite structure and the products, ethanol and acetate, secreted into the pore liquid accumulate in the low volume bulk liquid phase. CO uptake by the
biocomposite remains high as liquid volume is reduced and power input to move the liquid phase is also significantly reduced. Composite material’s gas
transport and reactor modeling approaches are also being investigated for extension to other microorganisms. Modeling of this system could enable
design of highly reactive gas-absorbing biocomposite materials with low power input and low water usage for recycling of gas-phase pollutants (e.g. CO2,
CH4) or conversion of methane into fuels and chemicals.

7889 | Microfibrillar composites of PCL matrix and layered silicates (19. Nano-Composites)

Kelnar, Ivan (kelnar@imc.cas.cz), Institute of Macromolecular Chemistry ASCR, v.v.i., Czech Republic
Kratochvíl, Jaroslav (jakr@imc.cas.cz), Institute of Macromolecular Chemistry ASCR, v.v.i., Czech Republic 

Microfibrillar composites (MFCs) are advanced materials with in-situ formed reinforcement. They can be easily prepared by cold- or melt-drawing of
immiscible polymer blends and subsequent conventional processing. Reinforcement is caused by fibrils of dispersed rigid semicrystalline polymer, such as
PA6 and PET, of melting point sufficiently exceeding processing temperature of the matrix. Advantage of MFC is good dispersion and adhesion of fibrils,
which is usually a problem in composites containing polymeric and organic fibers. Relatively low parameters of polymeric fibres can be improved by
simultaneous application of nanofillers as we have demonstrated with high density polyethylene/polyamide 6 MFC.
Promising materials include not yet studied biodegradable MFC based on suitable combination of linear polyesters with significant difference in melting
points and, thus, processing temperatures. 
Polycaprolactone (PCL) selected as the matrix is an attractive biodegradable material, however, with applications limited by low glass transition
temperature and less stable crystalline structure. In this work, a combination of PCL, polylactic acid (PLA) reinforcing fibrils, and organophilized
montmorillonite (oMMT) is studied. Although PLA with different rheological parameters was applied, melt drawing of PCL/PLA 80/20 blends was not
possible. On the other hand, application of oMMT with various addition protocols led to successful drawing thanks to achievement of favourable viscosity
ratio of modified components. The fibril formation was confirmed by SEM observations and especially by markedly improved mechanical parameters,
namely yield strength and modulus. The modulus enhancement corresponds to contribution of both polymer fibrils and oMMT reinforcement. Moreover,
oMMT addition brings certain synergy which consists in enabling the fibril formation, their reinforcement, and influencing crystallinity and interface
parameters. Due to relatively favourable and similar values of wetting coefficients of both polymeric components, we consider oMMT to be predominantly
present inside both phases and just scarcely at the interface, as is has been confirmed by TEM observations. As a result, glass transition temperature of
both components of MFC was affected by oMMT similarly to corresponding PCL and PLA nanocomposites. Of importance is simultaneous increase in Tg
of PLA phase (i.e., fibrils) and thus dimensional stability at elevated temperatures. Moreover, significantly higher crystallinity of PCL phase in the MFC
system was also found. Due to the fact that modulus of undrawn sample is higher in comparison with predicted values using spherical particles model,
formation of elongated PLA particles with low aspect ratio (AR) <5 is also anticipated in the course of mixing in a twin screw extruder. The significantly
improved mechanical parameters of the related MFCs due to the subsequent melt drawing correspond to formation of fibrils with AR exceeding 15;
another further important factor is drawing-induced reinforcement of oMMT containing fibrils. Experimental values of stiffness correspond to the Halpin-
Tsai model showing significant dependence of modulus on AR in the range 0-25. The results indicate that the nanofiller-modified PCL/PLA microfibrillar
composites represent a biodegradable material with significantly broader range of applications.
This work was supported by Czech Science Foundation (Grant No 13-15255S)

7895 | An effect of epoxy laminate composites modified using metallic powders (19. Nano-Composites)

Kita, Paweł (pkita@agh.edu.pl), AGH University of Science and Technology, Poland
Pociecha, Daniel (danpoc@agh.edu.pl), AGH University of Science and Technology, Poland
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This paper presents the results of epoxy laminate composites examinations. Laminates were reinforced with glass, carbon, basalt and aramid fiber mat,
and also was modified using metallic powders with different granulations and content. The investigations contents static tension, dynamic tension and
fatigue tests. Flammability test, Charpy and impact resistance tests was also performed. The results were compared to numerical simulation results, and
were used to verification of mathematical models.

7902 | Novel Colloidal Processing Routes to Layered Hydroxide Filler-Based Nano-Composites (19. Nano-Composites)
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Organic coatings for large scale industrial applications like coil or automotive coatings are facing increasing economic constraints. Thus modern
automotive OEM coatings often comprise less individually applied coating layers in order to shorten the process and to save energy used for thermal
crosslinking [1]. On the other hand, in the context of electro-mobility and aviation, lightweight construction is expected to be increasingly based on
numerous different materials comprising aluminium and magnesium based alloys besides carbon-fibre-reinforced plastics [2]. Protection of the metallic
substrates against mechanical impact and corrosion therefore will become a major technical concern in the development of coating materials. 
Layered particle based nano-composites recently have been shown to impart stone impact resistance to automotive coatings by making use of polymer
intercalated layered double hydroxide (LDH) platelets in a variety of different film morphologies [3]. However the LDH particles used were obtained via
coprecipitation of the metal salts in the presence of small organic anions in order to render the LDH particles organophilic and to facilitate the intercalation
of carboxylate group bearing matrix polymers. Thus anion exchange in the course of colloidal processing and during film formation leads to the release of
ionic species which deteriorate the coatings barrier function. 
In order to circumvent objectionable counter ions involved in the synthesis and/or the coatings formulation novel preparation routes for layered hydroxide
based hybrid phases are proposed comprising the polyol route [4], the in-situ synthesis in the presence of polymers as well as bola-amphiphiles [5] and/or
the use of volatile anions. The impact of both the process conditions as well as the chosen system with regard to the metal hydroxide framework and the
organic counter ions on the obtained hybrid phases as well as the morphology and properties of corresponding organic coatings are presented and
discussed. 

[1] W. Kreis, The future of automotive colour schemes, an international glance upon current and future painting processes, technologies and colour trends.
Strategies in Car Body Painting, Automotive Circle International Conference, Berlin, June 10, 2010. 
[2] E. Ghassemieh (2011), Materials in Automotive Application, State of the Art and Prospects. New Trends and Developments in Automotive Industry,
Prof. M. Chiaberge (Ed.), InTech Europe, ISBN: 978-953-307-999-8. 
[3] A.-L. Troutier-Thuilliez et.al., Exfoliation and liquid crystal phase formation of layered double hydroxide into waterborne polyurethane coatings. Soft
Matter 7 (2011) 4242. 
[4] V. Prevot et.al., Hydrolysis in Polyol: New Route for Hybrid-Layered Double Hydroxides Preparation. Chem. Mater. 17 (2005) 6695. 
[5] T. Lohmeier et.al., Ordered liquids and hydrogels from alkenyl succinic ester terminated bola- amphiphiles for large-scale applications. Soft Matter 10
(2014) 6237.

7945 | Development and research of nanostructured multilayer composite coatings for tungsten-free carbide with
extended area of technological applications (19. Nano-Composites)
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Vereschaka, Anatoly S. (dr_averes@rambler.ru), MSTU STANKIN, Russian Federation
Sedych, Mikhail I. (sedykhmi@mail.ru), MSTU STANKIN, Russian Federation 

The paper discusses the aspects of the development of nanostructured multilayer composite coatings (NMCC) formed using processes the filtered
cathodic vacuum arc deposition (FCVAD). These coating are applied to tungsten-free carbides (cermets) of types TiC- (Ni,Mo) and TiCN- (Ni,Mo) in order
to expand their technological applications. The multi-layered coatings are applied to improve the physical and mechanical properties of the working
surfaces of the tool. This allows to functionally control contact processes when cutting and it is shown that, despite, the high hardness, thermal stability
and resistance to scaling, low tendency to diffuse from the material being processed, the tool has a relatively low fracture toughness and bending strength,
and low thermal conductivity. Therefore, cutting tools made of tungsten-free carbide have a limited range of technological applications for interrupted
cutting, machining of hard-to-cut steels and alloys. Considering the possibility of a functional control of contact processes when cutting using multilayered
coatings on tools, one can achieve a good balanced between hardness and toughness. Three-component architecture of nano-structured multilayer
composite coatings was developed using methods of selecting functions and parameters of tungsten-free carbide tools made. The developed
compositions of NMCC have improved cutting tool properties of tungsten-free carbide and significantly expand the area of their technological application
in milling of hardened steels and hart-to-cut alloys.

7951 | Electronic-energy spectrum and atomic structure of aluminum-silicon nanocomposite films (19. Nano-Composites)

V.A. Terekhov (terekhov@phys.vsu.ru), Voronezh State University, Russian Federation
S.K. Lazarouk (serg@nano.bsuir.edu.by), Belarusian state University of Informatics and Radioelectronics, Belarous
D.S. Usoltseva (ftt@phys.vsu.ru), Voronezh State University, Russian Federation
S.Yu. Turishchev (tsu@phys.vsu.ru), Voronezh State University, Russian Federation
A.A. Leshok (serg@nano.bsuir.edu.by), Belarusian state University of Informatics and Radioelectronics, Belarous
P.S. Katsuba (serg@nano.bsuir.edu.by), Belarusian state University of Informatics and Radioelectronics, Belarous
E.P. Domashevskaya (ftt@phys.vsu.ru), Voronezh State University, Russian Federation 

Nanostructured silicon revealing substantial luminescence can be obtained using nanocomposites fabricated by composite aluminum-silicon target
magnetron sputtering. Lithium-ion batteries with nanostructured silicon anode, obtained by etching aluminum from Al-Si nanocomposites, are stable after
a large number of charging cycles and of higher capacity then the common graphite anode batteries.
This work reveals the study of nanocomposite 0.5 micron-thick Al+Si films, obtained by magnetron sputtering of composite target on the silicon
monocrystalline substrates (111). The first target consists 45 at. percent of Si and 55 at. percent of Al, and the second one is composed of 30 at. percent
of Si and 70 at. percent of Al. Selective removal of aluminum was carried out in phosphoric acid at 50 C.
X-ray diffractometric studies of initial Al-Si composite film allowed to discover a broadening of aluminum and silicon reflections. The pure aluminium
reflection disappears after etching the aluminium. The average size of silicon nanocrystals, calculated by the broadening of silicon reflection (220), is
about 25 and 20 nm for the samples of series 1 and 2 respectively and does not change after removal of Al.
According to scanning electronic microscopy, the 30-40 nm granules are visible on the surface of the initial 1st series sample. The silicon sponge-like
structure with the mean size of elements about 25-30 nm is observed after removing aluminium from the nanocomposite.
The study of silicon valence band electronic states was performed by analyzing the Al-Si nanocomposites X-ray emission Si L2,3 spectra. The depth of
analysis was about 60 nm, i.e. the layer of about 2-3 granules was studied.
It was found that the shape of emission spectrum, and hence the density of silicon valence electronic states, almost coincides with the reference c-Si
spectrum. This fact confirms the results of diffractometric studies.
However, in case of initial composite (silicon nanocrystals are situated in aluminum matrix), there is a noticeable difference between the composite Si L2,3
spectrum and the single crystalline silicon L2,3 spectra in the energy region corresponding to transitions from the lower part of valence band to the core
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L2,3 level (82-92 eV). In particular, the Auger processes-caused spectrum broadening disappears, and the width of the valence band is reduced. Intensity
becomes linearly dependent on energy near the bottom of the valence band.
Such dependence can be caused by rearrangement of the valence electrons wave functions in silicon nanocrystals located in aluminum matrix and not
interacting with each other. That’s why the quantum effects-caused narrowing of the valence band and the electronic states localization near the bottom of
the valence band occurs. This effect causes the spectrum linearity in this area.
The silicon nanocrystals start interacting with each other after removing the aluminium and the form of Si L2,3 spectrum becomes similar to the crystalline
silicon spectrum.
The synchrotron studies of the conduction band electronic states density were carried out by the means of X-ray Absorption Near-Edge Structure
(XANES) spectroscopy to analyze the surface layers of Al-Si nanocomposites and resulting nanocrystalline silicon. The depth of analysis was about 5 nm.
XANES Si L2,3 spectra of the initial sample could not be registered due to unsufficient concentration of silicon on the films’ surface. Analysis of the
XANES Si L2,3 spectra for the removed aluminium samples shows that the surface of silicon nanoparticles is covered with a layer of amorphous silicon.
Besides, the density of states tails are found in spectra, occuring in the band gap close to the bottom of the conduction band. These tails are more
substantial then ones showed in the case of amorphous silicon.

7987 | Thermal, mechanical and morphological properties of nanosized silica/polyethylene and POSS/polyethylene
nanocomposites (19. Nano-Composites)

Niemczyk, Arkadiusz (aniemczyk@uni.opole.pl), Opole University, Faculty of Chemistry, Department of Chemical Technology and Polymer Chemistry,
Poland
Dziubek, Katarzyna (katarzyna.dziubek@uni.opole.pl), Opole University, Faculty of Chemistry, Department of Chemical Technology and Polymer
Chemistry, Poland
Czaja, Krystyna (Krystyna.Czaja@uni.opole.pl), Opole University, Faculty of Chemistry, Department of Chemical Technology and Polymer Chemistry,
Poland 

Key words: Nanocomposite; Polymer; Polyhedral Oligomeric Silsesquioxane (POSS); Silica; Sol-gel method

In recent years, the organic–inorganic hybrid nanocomposites have attracted much attention from researchers in the polymer science, because of their
interesting and unique properties. Especially the application of silicon compounds as a fillers in polymer composites provides opportunity to develop new
classes of advanced materials. 
One of the most important fillers in polymer composites is nanosized silica. The widely used route for synthesizing silica nanoparticles is sol-gel method,
that allows to obtained monodispersed with narrow-size distribution nanoparticles at mild conditions. Furthermore, their surface properties can be varied
by controlling of substrates used and reaction conditions [1,2]. 
On the other hand, polymer nanocomposites with polyhedral oligomeric silsesquioxanes (POSS) have also evoked much interest recently. POSS
molecules consist of an inorganic cage of silicon and oxygen surrounded by organic groups covalently bonded to the silicon atoms. The structure of POSS
compounds provides enormous opportunities of the unlimited surface modification and the relatively excellent compatibility with organic/polymeric
materials. Moreover polymer nanocomposites with POSS as a fillers have shown enhanced properties such as increased thermal stability, and improved
mechanical stiffness in comparison with the corresponding neat polymers [3,4].
This work focuses on the comparative study of the thermal, morphological and mechanical properties of polymeric composites manufactures with
polyethylene and the nanosized silica produced by sol-gel method and the different POSS compounds as filler. The preparation of composite samples was
performed by melt-blending with using a two screw laboratory mini-extruder. The properties of nanonomposites obtained were investigated by DSC, TGA,
PALS, SEM and EDS techniques. The influence of the kind of silicon-nanofiller on the mechanical properties, such as elongation at break, impact strength
and hardness of nanocomposites was also determined. 

References:
[1] I.A. Rahman, V. Padavettan, J. Nanomater. 2012 (2012) 1-15.
[2] H. Zou, S. Wu, J. Shen, Chem. Rev. 108 (2008) 3893-3957.
[3] S.-W. Kuo, F.-C. Chan, Prog. Polym. Sci. 36 (2011) 1649-1696.
[4] F.X. Perrin, D. M. Panaitescu, A.N. Frone, C. Radovici, C.Nicolae, Polymer 54 (2013) 2347-2354.
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Organic–inorganic hybrid nanocomposite materials – a new generation of high performance materials, have attracted a great deal of attention recently.
They combine the advantages of the inorganic materials (rigidity, high stability) and the organic polymers (flexibility, dielectric properties, and
processability) [1]. In particular, the use of polyhedral oligomeric silsesquioxane (POSS) nanoparticles as modifiers of organic polymers provide new
opportunities. Because of the tailorability of structure of POSS molecules, through the proper selection of organofunctional substituents in inorganic
silicon-oxygen cage, they can be tailored to suit specific needs [1,2]. The incorporation of POSS into polymer chains has provided improvements in
polymer properties, such as increased glass transition temperature, thermal stability, oxidation resistance, reductions in flammability, and mechanical
strength [3]. 
This work focuses on properties of POSS/polyethylene hybrid materials obtained by low-pressure copolymerization of ethylene with
alkenylsilsesquioxanes, that differ in kind of non-reactive groups and structure of vinyl-terminated substituent. Polymer structure characteristics of the
copolymers were studied using FTIR and NMR techniques. The morphology of materials obtained was determined by SEM techniques and the thermal
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properties were evaluated with DSC and TGA analysis. The effect of the ethylene/POSS copolymers structure on the properties of these organic-inorganic
materials were investigated.

References:
[1] F. Wang, X. Lu, C. He, J. Mater. Chem. 21 (2011) 2775-2782.
[2] E. Ayandele, B. Sarkar, P.Alexandridis, Nanomaterials 2 (2012) 445-475. 
[3] D. Gnanasekaran, K. Madhavan, B.S.R. Reddy, J. Sci. Ind. Res. 68 (2009) 437-464.

Paweł Groch is a recipient of Ph.D. fellowship from a project funded by European Social Fund.
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Direct irradiation of materials by ultrafast laser pulses often results in the material surface modifications. Such modification is associated with the formation
of structures, which are characterized by different length scales, that is forming multimodal surface roughness. Subsequent chemical functionalization of
fabricated textures may be employed for tailoring the surface properties with unique functional properties.
Microstructuring by ultrafast laser pulses such as femtosecond and nanosecond is specifically attractive for the wide range for industrial applications since
it is simple, well reproducible, easily adaptable and scalable through parallel. At the same time the surface textures obtained by femtosecond laser
treatment differ significantly from those produced by using nanosecond laser pulses. As a result the surface composition of multicomponent materials and
their mechanical and chemical stability may be significantly different for femto- and nano- laser treatment.
In this presentation we will discuss the peculiarities of surface texture, composition and durability of superhydrophobic coatings fabricated on the surface
of different materials by nanosecond laser irradiation.
Superhydrophobic surfaces have attracted significant attention of the scientific community as well as the industrial world owing to very wide area of their
applications. Nowadays due to unique functional properties these coating are actively used to protect engineering materials against corrosion, icing,
biofouling, pollutions etc. However, poor mechanical stability of superhydrophobic coatings hinders their application in hazardous conditions of
exploitation. Thus, great efforts have been made in designing durable superhydrophobic surfaces which demonstrate long-term chemical and mechanical
stability.
In this presentation it will be shown that appropriate choice of laser treatment regime and chemical pretreatment and functionalization allows one to
prepare superhydrophobic surfaces with very high contact angles and low hysteresis. Besides we will demonstrate the impact of different mechanical
loads and long-term contact with aqueous media on the evolution of superhydrophobic properties of fabricated coatings. It will be shown that the
appropriate choice of laser treatment regime allows fabricating the coatings robust to abrasive wear and cavitation.

8042 | Multi-walled carbon nanotubes based composite membranes for electrical applications (19. Nano-Composites)
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Multiwalled Carbon nanotubes (MWCNTs) have been observed in 1952. The interest in their use has been focused in the last two decades due to their
relevant properties that make them suitable in a wide number of technological fields. In fact, the application as fibres or fillers in polymeric matrices for the
preparation of nanocomposite materials could open new research paths. In particular, the high performances as conducible materials could be used to
create new electrical sensors. The possibility to choose a polymer as binder could avoid deformation phenomena and increase the mechanical strength of
these composites. The aim of this study is to characterise the obtained MWCNTs based nanocomposites materials using PMMA (polymethyl methacrylate)
as binder. The synthesis of nanotubes has been carried out by Catalytic Chemical Vapour Deposition (CCVD) at 700°C, with a reaction time of 20 min.
The catalyst used is a cobalt iron based supported material, the purity of obtained product is ca. 94 wt %. The thermal analysis points out a high
graphitisation of MWCNTs with no carbon amorphous presence. The conductibility tests have been performed after preparation of nanotubes pellets with
ca. 2 cm of diameter. The PMMA is introduced in low percentages as fixative. Two percentage values of PMMA are used to characterise the obtained
material. Surface and volume measurements have been carried out to define the better pellet preparation and they have highlighted the high
performances of theses samples. As a conclusion, the nanocomposites could be used as safety sensors in domestic and industrial contests.
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Nanocomposites reinforced with carbon nanotubes (CNTs) have attracted growing attention from the research community.. The biggest challenge for the
production of these composites is the development of processes that promote a dense and uniform dispersion of CNTs, undamaged and well bonded to
the matrices, to accomplish its full reinforcement potential and achieve an effective load transfer. The production process of the nanocomposites has a
great influence on the dispersion of the reinforcement in the matrix. 
This research is focused on evaluation of two different processes for production of aluminum matrix composites reinforced with CNT; hot extrusion vs. hot-
pressing. CNTs used in this work (from composites Fibermax) are mostly multi-walled CNT. Powders of aluminum (from Goodfellow) were mixed with the
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CNT using an ultrasonicator for 15 minutes in isopropanol. Hot extrusion of the mixture was performed at 450 ° C with a load rate of 2 kN/s while the hot
pressing was conducted by pressing at 300 MPa and sintering at 640° C for 90 min. Microstructural characterization of CNT/Al nanocomposites was
performed by scanning and transmission electron microscopy (SEM and TEM), electron backscattered diffraction (EBSD) and high resolution transmission
electron microscopy (HRTEM). Mechanical properties of the nanocomposites were evaluated by microhardness and tensile tests. The hardness was
evaluated by Vickers microhardness using a 98 mN load; ten tests were performed on each sample. The tensile tests were performed at a rate of 0.2
mm/s; three specimens were tested for each condition.
Microstructural characterization by SEM images of the nanocomposites reveals that the CNTs are mainly observed in clusters at grain boundary junctions.
However, the composites produced by hot extrusion show less porosity and smaller CNT clusters in comparison to the hot-pressed ones. TEM
observations revealed that, in addition to these clusters, is also possible to identify individual CNT well dispersed inside the Al grains, for both
nanocomposites. Nevertheless, it is possible to identify more individual CNT in hot extruded samples meaning that the dispersion was improved by this
process. The formation of Al4C3 phase due to the reaction between the CNT and Al was also detected by HRTEM observations. The texture of the
nanocomposites was evaluated by EBSD. While the nanocomposites produced by hot pressing did not present any preferential crystallographic
orientation, the ones produced by hot extrusion exhibited a strong <111> texture. Mechanical characterization reveal that the nanocomposites produced
by hot extrusion and hot pressing have an increase of 20 and 50% in hardness and 50 and 200% in tensile strength, respectively. These results were not
expected since the SEM and TEM microstructural characterization indicated a dispersion more efficient and a denser sample for the hot extruded
nanocomposites. HRTEM images of the nanocomposites produced by hot extrusion show CNT shorter and with a different shape, suggesting that this
process can induce damage that hinders its strengthening effect. The increase in the number of defects in the CNT appears to be responsible for the
reduced mechanical properties of these nanocomposites, when compared with those produced by hot-pressing. Although the extrusion process promote a
better dispersion of the CNT through the Al matrix, this process needs to be improved to reduce the damage of the CNT structure and achieve the
expected strengthening effect. 

This research is sponsored by FEDER funds through the program COMPETE – Programa Operacional Factores de Competitividade – and by national
funds through FCT – Fundação para a Ciência e a Tecnologia –, under the project PEst-C/EME/UI0285/2013 and the project PTDC/EME-
TME/122472/2010.
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Composites based on hydroxyapatite are an attractive materials for practical application in biomodelling surgery as scaffold for implants and cements in
dentistry. There are several investigations in which such composites are produced by different methods. Some of them represent hydroxyapatite as solid
solutions of substitutions, where the positions of calcium atoms are occupied by other metal atoms. Such composites have an elemental composition that
resembles bone’s tissue and thus have a similar properties with it. 
It is known that metal ions (Na, Mg, Zn, Cu, Fe, Sr), incorporated in the hydroxyapatite (HAP) tier of bone tissue plays an important role in osteogenesis
and also affect the mechanical and optical properties of biogenic HAP. Deliberate injection of metal ions in synthetic hydroxyapatite lattice can lead,
besides better biocompatibility, to the changes in structural properties of these materials. Among other impurities zinc, copper and magnesium are actively
also involved in process of ontogenesis. However, the problems concerned with the study of the structure and physicochemical properties of modified
hydroxyapatite depending on the concentration of dopants and their influence on the phase composition of HAP have been studied rather incompletely.
The aim of this work is to determine the influence of metal ions Zn, Cu and Mg on the phase composition and structure of calcium-deficient
hydroxyapatite. 
Calcium-deficient hydroxyapatite (CDHAP) was prepared by chemical precipitation route. The solution of 0.3 М ammonium diphosphate was added to the
solution of calcium nitrate dropwise and pH was adjusted to 9.5 by adding of 25 % ammonia solution. Copper-, zinc- and magnesium substituted HAP
(Me-HAP) were prepared in the same process with addition of 3 M metal salts solutions: copper, zinc and magnesium nitrates with three different
concentrations of metal in final sample 1,3,5 at.pct. In all cases pH = 10.5 was attained by adding of 25 % solution ammonia solution. The samples
synthesis was monitored by measuring of pH values during the reaction using pH-meter/ionometer IPL-111—1 by «Multitest» as well as acid addition rate
to the solution and also by the stirring rate. After 24 hours the samples were filtered, washed with distilled water, and annealed. The annealing
temperature is conforming to the maximum vacancies content in the cation sublattice of CDHAP.
According to the results of X-ray analysis, it was found that all Zn-HAP, Mg-HAP and Cu- HAP samples (for the 1 %and 3 % of substitution) comprise a
single phase — calcium hydroxyapatite. Meanwhile, in the sample obtained with a higher content of copper Cu- HAP (5 %) have an additional lines of the
second phase Ca19Cu2H2 (PO4)14 that are detected along with the main phase HAP. The behavior of Zn, Cu and Mg under replacing of calcium atoms
in the HAP lattice can be explained by a significant difference in their electronic structure. Atomic structure of copper Cu 3d 10 4s 1 allows one to have as
the divalent state in Cu-HAP phase as monovalent state in Ca19Cu2H2(PO4)14 phase. 
It was discovered with the usage of photoluminescence and microhardness measurements that incorporation of metal atoms in calcium-deficient
hydroxyapatite changes the intensity of PL and hardness of the samples in different ways. The common is that all composites have a wide PL band with
maximum in the area 2,6 eV with different fine structure depending on metal (Zn, Cu, Mg).

8092 | Structure and elastic properties of modified polycarbonate (PC) / acrylonitrile-butadiene-styrene (ABS)
copolymer blend composites with organically modified nanoclay (19. Nano-Composites)

Merijs Meri, R. (remo.merijs-meri@rtu.lv), Riga Technical University, Institute of Polymer Materials, Latvia
Zicans, J. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Latvia
Ivanova, T. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Latvia
Berzina, R. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Latvia
Maksimov, R. (maksimov@pmi.lv), University of Latvia, Institute of Polymer Mechanics, Latvia 

Over the last few years, due to their considerably enhanced properties, polymer nanocomposites have gain increasing popularity in many application
areas, even in spite of their considerably higher price. One of the most important challenges at the development of commercially viable effective polymer
nanocomposites is ensuring of nanosize dispersion of the used filler throughout the bulk polymer matrix at sufficiently high level of interfacial adhesion
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between the system’s ingredients. Purposeful modification of nanofiller and functionalization of polymer matrix both have been successfully used for
increasing effectiveness of polymer nanocomposites. In the same time the research of interfacial modification of polymer nanocomposites is restricted to
limited amount of polymer-nanofiller combinations. Besides it comparatively few researches consider modification of polymer blends with purposefully
selected nanofillers in spite of the fact that polymer blends are increasingly used to replace individual polymers in many of everyday applications. 
On this score the current research is devoted to investigation of structure and elastic properties of polycarbonate-acrylonitrile-butadiene-styrene blends
(PC/ABS) nanocomposites with organically modified layered silicates (OMLS). OMLS has been selected as perspective modifiers of PC/ABS blends by
considering plate-like shape of the nanofillers, allowing considerably improve elastic as well as thermal and barrier characteristics of the materials
primarily depending on the level of orientation within the polymer matrix. The nanocomposites have been developed on the bases of PC blend with 10 wt.
% of ABS. Concentration of OMLS has been changed in between 0 and 2 wt. %. Twin-screw extrusion has been used for manufacturing of the respective
nanocomposites. For the sake of better compatibility between the organic polymer blend matrix and the inorganic nanofiller certain amount of specific
hydrocarbon compatibilization agent (CA) has been added. The effects of OMLS and CA on the structural, calorimetric, as well as elastic properties of the
aforementioned nanocomposite compositions have been investigated. 
As a result of tensile stress-strain as well as dynamic mechanical investigations, it has been revealed that addition of nanoclay to PC+10wt.%ABS matrix
allows increase quasistatic tensile modulus, dynamic storage modulus and yield strength of the nanocomposites. Besides it greater properties increment
in respect to the neat polymer blend matrix is observed at 1.5 wt.%. of OMLS. It is worth mentioning that by modifying manufacturing technology as well
as by treating the PC/ABS based systems with CA it is possibly further increase mechanical characteristics of the investigated composites. Growth in
mechanical properties of the investigated nanocomposites is justified by intercalation of polymer macromolecules within the interlaminar space of the
OMLS galleries as it can be revealed from the corresponding x-ray diffraction patterns. Another reason for improved elastic characteristics of the
investigated nanocomposites is effect of OMLS on the amorphous regions of the polymeric phases, predominantly ABS phase, as testified by
corresponding relaxation processes measurements by means of dynamic mechanical thermal analysis. It is interesting to note that addition of OMLS to
the polymer blend matrix to a certain extent can be viewed as a mean of increasing compatibility between both polymeric phases by considering
approaching glass transition temperatures of PC and ABS phases.

8144 | Formation of porous silicon nanocomposites with deposited Sn and In by sol-gel method and their optical
properties . (19. Nano-Composites)

Lenshin, Aleksandr L. (lenshinas@phys.vsu.ru), Voronezh State University, Russian Federation
Kashkarov, Vladimir M. (kash@phys.vsu.ru), Voronezh State University, Russian Federation
Seredin, Pavel V. (paul@phys.vsu.ru), Voronezh State University, Russian Federation
Minakov, Dmitryi L. (minakov@gmail.com), Voronezh State University, Russian Federation
Domashevskaya Evelina P. (ftt@phys.vsu.ru), Voronezh State University, Russian Federation
Kononova Irina E. (iegrachova@mail.ru), Saint-Petersburg Electrotechnical University "LETI", Russian Federation
Moshnikov Vyacheslav A. (vamoshnikov@mail.ru), Saint-Petersburg Electrotechnical University "LETI", Russian Federation 

Design of multifunctional composite materials with a high sensitivity and selectivity in combination with the routine silicon technology is of a great interest
both for researchers and practical applications. The main problem concerned with a wide application of the structures based on porous silicon is their
degradation with time. 
Formation of the nanostructured Sn and In obtained by sol-gel technique on por-Si substrates and their optical characteristics were studied after a long-
term exposure in the atmosphere. Por-Si was obtained in the usual manner by electrochemical etching in HF alcoholic solution. Metal deposition was
performed as sol deposition of metal chloride and TEOS in such a way that metal-oxide layer on porous silicon was composed of ~ 90 mol. % of metal
oxide and 10 mol. % of SiO2. SEM images of the surface and elemental analysis were made by Auger-spectroscopy. Chemical composition and optical
properties were investigated by IR spectroscopy and photoluminescence (PL). PL spectra were obtained under laser excitation with l = 337 nm. All of the
samples were stored in atmosphere for 6 months. 
IR spectral bands at 804 and 906 cm-1 characteristic of Si-H bonds were observed as rather intensive that means hydrogen preserved in the pores
covered with metal-oxide films. In addition, deposition of metals by this method leads to a change in the band shape of the IR spectrum at 1030-1260 cm-
1, corresponding to silicon-oxygen bonds.
As shown in [1], sample composites exhibit an increased selectivity for various gases as compared with the original porous silicon and tin dioxide obtained
by the same method on a silicon substrate.
The main PL peak both for original por-Si and that one with the deposited metals was arranged at 560 nm. It is important that PL intensity in por-Si with
metals was equal to the value for originally annealed por-Si. This provides new possibilities for creating multifuctional electronics devices.
This work was partially supported by a grant of the President of the Russian Federation (MK-4535.2014.2), Russian Federation Government Assignment
and by Russian Federation Government Assignment for Higher Education Institutions (Projects №740, Task № 3.130.2014/K).
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Cellulose at the nanoparticle scale has been studied as a reinforcement for biodegradable matrices to improve film properties. The goal has been to
investigate the properties of corn starch films reinforced with highly crystalline rod-like nanostructures obtained from cellulose, called cellulose
nanowhiskers (CNWs) or cellulose nanocrystals (CNCs) and long flexible micro and nanofibres consisting of alternating crystalline and amorphous
cellulose chains called cellulose nanofibers (CNNs) both obtained from eucalyptus. Eucalyptus kraft wood pulp with high a-cellulose content (96–98%)
was gently supplied by Bahia Pulp Company (Brazil) and cellulose micro/nanofibres were obtained from mechanical procedures and ‘whiskers” from
chemical procedures. Bionanocomposites based on corn starch and cellulose nanofibers (CNNs) and cellulose nanocrystals (CNCs) were prepared by
dispersing the CNNs and CNWs in poly(ethylene glycol) (PEG) plasticizer subsequently incorporating the CNNs/PEG and CNCs/PEG suspensions in the
matrix. The thin films composed of corn starch/ cellulose nanocrystals and corn starch/cellulose nanofibers were characterized using color spectroscopy,
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scanning electron microscopy (SEM) and mechanical properties. The present work contributes to the widespread use of different methods for the
production of cellulose reinforcements from Eucalyptus, which after apply in corn starch matrix originate corn starch films with distinct morphological and
structural characteristics that can be used to engineer polymeric composites for different applications.

8199 | Si(100) Based Nanocomposite Ultra-Thin Al2O3/por-Si Films Obtained Using the Methods of Ion Plasma
Diffusion (19. Nano-Composites)
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Presenly, silicon is a major material in micro- and nanotechonologies. Basically, size scaling of functional silicium-based elements is only hampered by the
development of the design of a qualitative insulator layer. Aluminium oxide, which has a high thermal stability, a dielectric constant of ~ 11 and the widest
optical transparent area in the range of 200-5000 nm, has recently been used in the same way. However, it is impossible to design effective optical silicon-
based electrical devices, since it is a nondirect gap semiconductor with a very poor radiative capacity and electrical energy cannot be transformed into a
visible light in silicon-based devices. Electrical properties can be modified resulting in nanostructures which are divided in space, minimum-size silicon
areas of a few nanometers. Besides, the fact that the properties of porous materials are easy to modify and combine with the technological properties of
silicon microelectronics raises hopes for developing more electrical and por-Si based optical devices with a low, medium and high porosity as well as
macroporous regular structures. Therefore the objective of the paper is to obtain silicon-based nanocomposite ultra-thin Al2O3/por-Si films as well as to
study their morphology, structural and optical properties.
A porous silicon layer is obtained by means of electrochemical etching of p-type monocrystal silicon plates (111) with a specified resistance of the plate of
10 Оhm*cm in an alcoholic solution of hydrofluoric acid using the standard methods. The thickness of a porous layer was about 200 nm. Ultra-thin
nanocomposite Al2O3/por-Si/Si films were then obtained by means of ion plasma diffusion. For that, a 99% aluminium target was bombarded by oxygen
ions in a pure oxygen plasma without adding argon. X-ray diffraction, infrared, ultraviolet and photoluminescence spectroscopy as well as atom force
microscopy were used to prove that the obtained nanocomposite films are good at transmitting optical radiation in an infrared, visible and ultraviolet range.
The calculated dispersion of the refraction coefficient of Al2O3/por-Si composite film grown using silicon showed that the structures obtained in such a
manner have a forbidden band of ~5.5 eV in width and can potentially contribute to the design of promising MIS structures followed by the integration with
AIIIBV semiconductors. 

The work has been carried out with the support of the Ministry of Science of Russia as part of 2014-2015 state scientific tasks for higher education
institutions. (Project №740, Task №3.130.2014/K) as well as the grants of the Russian Fund of Fundamental Research: 14-32-50159 mol_nr, 14-32-50289
mol_nr and the Russian Federation Presidential Grant MK-4535.2014.
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The aplication of macroporous titania covers different technological fields like: catalysis, batteries, solar cells and biomaterials. In this work, titania was
incorporated in latex spheres template whose diameter is approximately 2.9 micrometers. This template has been prepared by evaporation induced self-
assembly method (EISA). It has been used commercial latex spheres dispersion whose concentration was varied from 1% to 3% (V/Vo) to modify the
number of latex spheres layers coated on glass substrate. The temperature of dispersion was also changed from 50 oC to 80 oC in order to analyze which
temperature would be more suitable to obtain well defined self assemblies. The samples were infiltrated by a mesoporous titania solution constituted by a
ternary system: 1-Butanol, triblock copolymer (P-123) and chloridic acid (HCl) using titanium ethoxide as inorganic precursor. This solution was spread in
latex spheres template forming a thin coating. This composite was heat treated at different temperatures (300 oC - 600 oC). The samples has been
characterized by scanning electron microscopy (SEM) in terms of surface morphology and topography showing that there is the presence of huge pores (
> 1micrometer) associated to the presence of latex spheres template. Other characterization techniques like X-ray diffraction (XRD), atomic force
microscopy (AFM) and optical absorption show that this new pore architecture changes the physical-chemical properties of bulk titania which could be
very worthy for devices involving high surface area like catalizers, sensors and solar cells. The main contribution of this work is to show the availability to
fabricate macroporous titania with micrometric latex spheres in a controlled route to be applied in industrial scale.
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This research started from the intention to exploit the possibility to achieve some new materials in the context of Nanotechnology Constructions. (1, 2)
Currently, there is a very strong interest in using nano-sized metals (i.e., metal clusters ontaining from 100 to 100,000 atoms) as advanced additives in
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plastics functionalization, and considerable research activities are being done in this novel field of composite science. The embedding of nanoscopic metal
structures into polymeric matrices represents the most simple way to take advantage of some of these novel physical characteristics. .[3, 4].
Experimental work has shown that virtually all types and classes of nanocomposite materials lead to new and improved properties, when compared to
their macrocomposite counterparts: they tend to drastically improve the electrical conductivity, specifically the ionic conductivity, and thermal conductivity
of the original material as well as the mechanical properties, e. g., strength, modulus, and dimensional stability.
Therefore, nanocomposites promise new applications in many fields such as echanically reinforced lightweight components, nonlinear optics, battery
cathodes and solid state ionics, nanowires, sensors, and many others. Much effort is going on to develop more efficient combinations of materials and to
impart multifunctionalities to the nanocomposites.
We study the influence of the addition of small amounts of magnetorheological fluids / nanofluids in resins, some specific properties of these fluids and the
possibility to produce a new category of magnetisable nanocomposite materials. 
Magnetic suspensions are complex fluids with remarcable property of changing their rheological properties, under the influence of an external magnetic
field \. There are two classes of magnetic suspensions: magnetic nanofluids and magnetorheological fluids. (5, 1)
It is important to understand how the magnetorheological fluids / nanofluids interacts with the host material, both at the level of induced changes in
processing variables and final property changes in the resulting composites. 
The target of these investigations is to obtain new materials having magnetic and mechanical controllable properties.
The research was focused on the compatibility between the various types magnetorheological fluids / nanofluids and resins. (6, 7)
The polymerisation process of nanocomposites was investigated under the influence of applied magnetic field. 
Results of investigations presented in this paper refer to the microstructure of the samples (optical and/or electronic microscopy), and to the mechanical
properties corresponding to different preparation methods.
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The graphene gold rush started about a decade ago and resulted in many publications and a high expectation of favorable use in everyday life
applications.[1] Carbon nano based composites comprising those of carbon nano tubes (CNT) and graphene precursors have reported desirable
extensions of mechanical, electrical and or thermal properties of the matrix polymer.[2–5] The larger part of the studies and hence of the composites may
be of academic interest only as preparation is not possible at an acceptable cost level. Here, we want to report on carbon nano composites that may be
commercially attractive on account of their ease of synthesis and use of low cost components. The in-situ polymerization procedure yields carbon
composites with various types of CNTs and modified graphite/graphene e.g. expanded or exfoliated material as fillers.
Various carbon fillers were used to prepare composites, which were fully-characterized in terms of mechanical, electrical and thermal properties as well as
to their rheological behavior. Superior properties can be reached, showing that the simple procedure using simple equipment is a viable route. 

[1] A. K. Geim, K. S. Novoselov, Nat. Mater. 2007, 6, 183–91.
[2] J. R. Potts, D. R. Dreyer, C. W. Bielawski, R. S. Ruoff, Polymer. 2011, 52, 5–25.
[3] T. Ramanathan, a a Abdala, S. Stankovich, D. a Dikin, M. Herrera-Alonso, R. D. Piner, D. H. Adamson, H. C. Schniepp, X. Chen, R. S. Ruoff, et al.,
Nat. Nanotechnol. 2008, 3, 327–31.
[4] Z. Xu, C. Gao, Macromolecules 2010, 43, 6716–6723.
[5] F.-L. Jin, S.-J. Park, Carbon Lett. 2011, 12, 57–69. 
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Abstract: 

In this study, hardystonite powder (Ca2ZnSi2O7) was synthesized by mechanical activation method as a solid state process. Hardystonite was composed
of nano-crystalline structure with approximately diameter 40 nm. Specimens were composed of a blend of pure Calcite (CaCO3) (98% purity, Merck),
silica amorphous (SiO2) (98% purity, Merck) powder and pure zinc oxide (ZnO) with 50 % wt., 30 %wt and 20 %wt., respectively. These powders were
milled by high energy ball mill using ball-to- powder ratio 10:1 and rotation speed of 600 rpm for 5 and 10 h. Then, the mixture mechanical activated has
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been pressed under 20 MPa. The samples pressed have been heated at 1100 ºC for 3 h in muffle furnace at air atmosphere. X-ray diffraction (XRD),
scanning electron microscopy (SEM) and BET performed on the samples to characterize. According to XRD results, the sample milled for 10 h just
indicated the hardystonite phase, while the sample milled for 5 h illustrate hardystonite phase along with several phases. In fact, our study indicated that
hardystonite powder was composed of nano-crystalline structure, about 40 nm, can be prepared by mechanical activation to use as a new biomaterials for
orthopaedic purposes.
Keyword: Hardystonite, Nano crystalline, Ball milling, Mechanical Activation, Synthesis 

8542 | Investigation of electrical transport properties of poly(methyl methacrylate) infiltrated in long aligned carbon
nanotubes mat (19. Nano-Composites)
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Electrical transport properties of poly(methyl methacrylate) [PMMA] infiltrated in long aligned carbon nanotubes(CNTs) has been investigated.
Investigation shows that the conduction mechanism in the parallel and perpendicular direction of PMMA in filtrated aligned CNTs mats are different.
Magneto resistance (MR) study also suggests the anisotropy behavior of the PMMA infiltrated aligned CNTs mat. Though MR is negative, upturn in MR
has been observed when magnetic field is decreased further. This is due to the interplay between weaklocalization and electron-electron interaction.

8544 | Sulfur Doped Graphene/Polystyrene Nanocomposites for Electromagnetic Interference Shielding (19. Nano-
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Here, we present a simple and straightforward method to improve not only electrical conductivity and permittivity but also electromagnetic interference
(EMI) shielding effectiveness of reduced graphene oxide (rGO)/polystyrene (PS) nanocomposites through sulfur doping. Sulfur-doped reduced graphene
oxide (SrGO) with thiophene-like structure, synthesized through a simple heating process of a mixture of graphene oxide and sulfur powder, had almost
three times larger electrical conductivity (1095 S m−1) than undoped rGO (395 S m−1). The SrGO/PS nanocomposite showed not only 150% larger
electrical conductivity and 60% larger dielectric properties, but also 22% larger EMI shielding effectiveness (24.5 dB) at 18 GHz than rGO/PS
nanocomposite at the same loading level of 7.5 vol%. Considering the simplicity and effectiveness, sulfur doping of graphene is expected to be used as a
versatile method to improve EMI shielding efficiency of graphene/polymer nanocomposites.

8554 | Influence of micro- and nano-particles on the mechanical and physical properties of pure copper (19. Nano-
Composites)
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Trojanova, Zuzanka (ztrojan@met.mff.cuni.cz), Charles University in Prague, Czech Republic
Džugan, J. (jdzugan@comtesfht.cz), 3COMTES FHT, Czech Republic 

Pure copper was reinforced with alumina micro- and nano-particles by powder metallurgy method. The vol.% used for fabricating microcomposites was 5,
10 and 20 % of alumina microparticles, and for nanocomposites it was 1, 3, 5 vol.% of alumina. The powders were blended using turbula mixer and were
compacted under a pressure of 500MPa, followed by firing in the furnace at 900°C in an argon atmosphere. Specimens were deformed in tension and in
compression at temperatures between room temperature and 300 °C at a constant crosshead speed giving an initial strain rate in the order of 10-3.s-1.
The true stress-true strain curves were determined. The characteristic stresses are significantly influenced by the test temperature. Internal friction of the
micro- and nano-composites was measured in free-free flexural mode at room temperature and also after thermal cycling between room temperature and
increasing upper temperature. The thermal expansion of these micro- and nano-composites was measured from ambient temperature to 700°C. The
acoustic measurements show that the specimens possess appreciable elastic modulus as well as damping. The thermal cycling response is characterised
by thermal stresses that can be relaxed by anelastic as well as microplastic strain. Micro- and nano-particles influence the mechanical and physical
properties in a different way. Possible mechanisms are discussed. 
Keywords: Microcomposite; Nanocomposite; Internal Friction; Thermal expansion

8569 | Facile fabrication of graphene nanoribbon/silicone rubber nanocomposite as a conductive elastomer (19. Nano-
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The graphene and its derivatives have received intense interest in the last few decades due to its unique structure and excellent properties. As a newly-
emerged candidate of the graphene family, the graphene nanoribbon (GNR) showed great promise in composite applications. In this work, we have
prepared the GNR through unzipping the carbon nanotubes and incorporated it in fabricating the silicone rubber (SR) nanocomposite. The electrical
properties of the fabricated SR/GNR nanocomposite were studied afterwards. The results showed that with the help of an ionic liquid, 1-butyl-3-
methylimidazolium chloride, the GNR dispersed very well in the SR. The prepared SR/GNR nanocomposite with the GNR loading of 12 wt% had very
excellent mechanical strength compared to the pure SR. The resistance of the prepared SR/GNR 12 wt% nanocomposite had a nearly linear dependence
to the applied strain when the strain was below 50%. The SR/GNR nanocomposite has potential to be used as the conductive elastomer or the strain
sensor in the smart textile industry.

8595 | A nonlocal finite element approach for capturing size effects in nanocomposites (19. Nano-Composites)
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Keywords: Nonlocal integral elasticity, long-range interactions, size effects, finite element implementation, nanocomposites.

Classical continuum mechanics theory yields a local (length-scale invariant) continuum description of the problem fields assuming the length-scales to be
much larger than the inter-atomic distances. If we look at the stress field for example, the stress at a point is considered to depend uniquely upon the
strain at that point. Consequently, the classical (local) theory fails to capture phenomena where nano-scale interactions influence the problem outcome, for
example at crack-tips, or in presence of defects, or for describing size effects, wave dispersion and so forth. In contrast, atomistic models are inherently
nonlocal, i.e. they are able to take into account the interactions between neighboring atoms within a certain influence distance. Nevertheless, the latter
models are often unfeasible to cope with real engineering problems because of computational burdens.
To fill the gap between atomistic models and classical continuum mechanics theory, a variety of approaches have been long studied as extensions of the
classical continuum field theories for applications in microscopic space and time scale, such as microcontinuum field theories, Mindlin microstructure
theory, micropolar elasticity, Cosserat continuum theory, peridynamic theory, nonlocal theories following either an integral formulation or a higher-order
gradient one. Such theories incorporate nonlocal effects into an enriched continuum field theory so as to describe microscale effects at a macroscale.
The present study adopts an elasticity model of integral type, known as strain-difference-based model [1], and promotes a nonlocal finite element method
to deal with mechanical problems of engineering interest. The method named NL-FEM, where NL stands for nonlocal, was conceived in [2] implemented
with reference to the strain-different model in [3] and, very recently, deeply rephrased by the authors. In its present formulation the NL-FEM seems indeed
very effective from both a theoretical and computational point of view.
The main aim of the present contribution is to investigate the applicability of the NL-FEM on nanocomposite structures where long-range interactions,
length-scale issues and size effects play a major role. A few case-studies are analyzed and the obtained numerical results are critically commented.

References
[1] Polizzotto C, Fuschi P, Pisano AA. A strain-difference-based nonlocal elasticity model. Int. J. Solids Struct. (2004);41:2383-2401.
[2] Polizzotto C, Nonlocal elasticity and related variational principles. Int. J. Solids and Struct.(2001). 38:7359-7380.
[3] Pisano AA, Sofi A, Fuschi P. Finite element solutions for nonhomogeneous nonlocal elastic problems, Mech. Res. Commun. (2009);36:755-761.
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Biodegradable polymers such as polylactic acid (PLA) have been studied for being used on a temporary approach of the natural ligament replacement,
combined with Tissue Engineering techniques, instead of the permanent approach. These approach aims to recover damaged natural ligament remaining
from a rupture, by using a biodegradable scaffold that allows the growing of the new tissue, promoting the regeneration. Biodegradable scaffold should
degrade during the recovery period of the ligament maintaining essential mechanical properties and loosing molecular weight until scaffold is no longer
required. 
PLA degrades chemically mainly by hydrolytic degradation into lactic acid which is broken down into water and carbon dioxide via the citric acid cycle,
been eliminated from the body in carbon dioxide and water form. Water diffusion from degradation media promotes ester bond chain-scission and
crosslinking, leaving chains shorten and the polymer brittleness. This mechanism can be affected by factors like the polymer molecular structure, ester
group density, degradation media, temperature and mechanical loads. Hydrolysis can be modeled by the Michaelis–Menten scheme, concerning the
formation of carboxyl end groups, ester concentration and water concentration. 
Attending to some previous results for ligaments replacement, there is the need to mechanically reinforce some of these biodegradable polymers
scaffolds, avoiding plastic deformation which is one of the main causes for device failure. Aiming improvement of PLA mechanical properties, the inclusion
of carbon nanofillers into PLA matrix, in particular, functionalized carbon nanotubes (CNT-COOH) have been developed, due to their strong sp2 carbon-
carbon bondings and their geometric arrangement that enhance mechanical properties of the polymer matrix.
Hydrolytic degradation was studied for PLA and PLA/CNT-COOH nanocomposites, namely molecular weight and tensile strength evolutions through
degradation time which are relevant concerning the ligament replacement application described.
PLA (4% D-lactide, L-lactide 96%, Mw ~ 170,000 gmol-1, Natureworks™ LLC, USA) and the nanocomposites were produced by melt blending followed by
compression molding in a hot press. Small weight percentages of CNT-COOH (Nanocyl™, Belgium) were added to PLA, namely 0.2, 0.3, 0.5, 0.7 and 1%
for PLA/CNT.COOH nanocomposites. The specimens were placed in cell culture flasks (BD Sciences™, USA) with 500mL of PBS (phosphate buffered
solution), the saline solution to degrade, into a water tank at a temperature of 37ºC for stages of 4, 8, 12 and 16 weeks. The degradation conditions were
defined for mimicking human body primarily physiological conditions. For each degradation stage quasi-static mechanical tests were performed according
to standard D882 along with DMA tests and fatigue tests. Also GPC analysis for molecular weight determination, pH and mass measurement of the
specimens were done. 
Without the degradation effect nanocomposites PLA/CNT-COOH exhibited a higher mechanical strength of PLA, up to 8 to 20%. Through mechanical
analysis of the nanocomposites it is found that up to 16 weeks degradation, the tensile strength is reduced by about 21% for PLA and 21 to 37% for
PLA/CNT-COOH nanocomposites. Relatively to molecular weight, this reduces to 15% for PLA and 7 to 15% for PLA/CNT-COOH. After 16 weeks, the
Young's modulus of all nanocomposites is higher than that of PLA as well as toughness, being nanocomposites mechanical properties not considerably
affected during degradation. DMA storage modulus results confirms tensile tests ones and for fatigue tests was verified that PLA/CNT-COOH
nanocomposites in general have higher resistance to fatigue than PLA. The pH value of the PBS remained constant, registering slight reductions of only
4% only in 16 weeks stage.

8684 | Biodegradable polymer composites containing cellulose nanocrystals: preparation and property
characterization. (19. Nano-Composites)
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Homogeneous dispersion of cellulose nanocrystals (CNC) in polymer matrices is difficult to achieve by means of traditional melt processing techniques
owing to the high tendency of CNC to form aggregates. Proper dispersion and distribution of nanoparticles in the polymer matrix are the prerequisite for
obtaining polymer nanocomposites with improved physical and mechanical properties. In order to increase the dispersion of cellulose nanoparticles in
non-aqueous polymer solution or suspension, several strategies have been adopted including the use of surfactants and chemical modification of the
particle surface. In this communication we report on the preparation, functionalisation and characterization of various nanocomposites with biodegradable
polyester matrix – such as polylactide (PLA), polyhydroxyalcanoates (PHB, PHBV) and polybutilensuccinate (PBS)- obtained by dispersion of CNC in
PVAc acqueous emulsion (or PEG solution) as well as by mixing in organic solvents, followed by melt blending with bulk polyesters. Owing to the
miscibility of the components and the biodegradability of their blends, the nanocomposites are expected to display a wide application potential as
ecocompatible systems with tunable properties.
Cellulose nanofibres were prepared by acid hydrolysis of commercial microcrystalline cellulose. CNC was functionalized with glycidyl methacrylate (CNC-
GMA) and grafting percentage was determined by FT-IR analysis. 
The morphology of nanocellulose and composites was characterized by TEM (Philips CM12) and SEM microscopy (JEOL JSM-5600LV). AFM analysis
(Agilent Technologies 5500) was carried out in contact mode in air. Thermogravimetric analysis (Q500 TA Instruments) of plain components and
composites was carried out from 50 to 600 °C at 5 or 10 °C min-1 under both nitrogen and air. Differential scanning calorimetry (Perkin-Elmer Pyris
Diamond DSC) was employed to study the phase transition behaviour at a heating/cooling rate of 10 °C/min. Tensile mechanical tests were performed on
dumb-bell shaped specimens at room temperature by an Instron machine (model 4505) operating at a cross-head speed of 10 mm/min, according to
ASTM D638.
The results of morphological analyses indicated that at lower CNC content (1-3 wt%) the cellulose nanoparticles were almost homogeneously dispersed
inside the polyester matrix with limited formation of agglomerates. These agglomerates increased as the CNC content increased. An improved dispersion
of nanofibres into PLA matrix was obtained for nanocomposites containing either functionalized components (PLA-GMA, CNC-GMA) or nanocellulose
dispersed in PVAc, as compared to unmodified PLA/CNC composites. Thermal analyses demonstrated that glass transition, melting temperature and
crystallinity of PLA were affected by the PVAc amount. Nanocomposites with PVAc dispersed CNCs exhibited higher thermal resistance than other
composites. The filler effectiveness (CFE) was evaluated for all samples on the basis of storage moduli: CNC-GMA and PVAc dispersed CNCs (3 wt%)
resulted the most effective fillers.
The results of tensile mechanical tests showed that the addition of cellulose nanofibres into PLA (or PHB) increased the elastic modulus of
nanocomposites due to the higher modulus of CNC. Samples with CNC content ≥ 3 wt% did not show further improvement of elastic modulus, probably
due to agglomeration phenomena of nanocrystals. The functionalization of components contributes to a significant increase of both elastic modulus and
tensile strength. For the same concentration of CNC (3 wt%) the highest values of tensile parameters were recorded for PLA/PVAc/CNC composites,
likely due to a better dispersion of CNC in PVAc followed by mixing with PLA (or PHB). 

8721 | Investigation of the Transfer Print Quality Analysis Program on Nano Hybrid Coated Nonwoven Surfaces (19.
Nano-Composites)

Filiz Akın (akin_f@ibu.edu.tr), Abant Izzet Baysal University, Turkey
İlker Yıldız (ilkeryildiz@ibu.edu.tr), Abant Izzet Baysal University, Turkey
Nigar Merdan (nmerdan@ticaret.edu.tr), Istanbul Commerce University, Turkey 

In this study, polyester and polyester/viscose nonwoven surfaces were coated by the application of nano hybrid process. The coated materials have the
properties as transferring water drops outside from the inside of the fabric as well as not transferring the water drops from outside to inside of the fabric.
The coated textile surfaces were colored by use of transfer printing technique of which being ecological printing technique. The transfer printing procedure
was applied in different temperature and time and print quality was evaluated by use of print quality analysis program. The color intensity and color
fastness to crocking properties of the samples were also studied. 

Key words: Nano Hybrid Coating, Nonwoven Fabric, Print Quality Analysis Program.
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In this paper, the low-frequency nonlinear oscillations and energy localization of Single-Walled Carbon Nanotubes (SWNTs) are analysed. The SWNTs
dynamics is studied in the framework of the Sanders-Koiter nonlinear shell theory. The circumferential flexure vibration modes (CFMs) are considered.
Simply supported, clamped and free boundary conditions are analysed. Two different approaches are compared, based on numerical and analytical
models. The numerical model uses a double mixed series expansion for the displacement fields based on the Chebyshev polynomials and harmonic
functions. The Lagrange equations are considered to obtain a set of nonlinear ordinary differential equations of motion which are then solved using the
implicit Runge-Kutta numerical method. The analytical model considers a reduced form of the shell theory assuming small circumferential and tangential
shear deformations. The Galerkin procedure is used to get the nonlinear ordinary differential equations of motion, which are then solved using the multiple
scales analytical method. 
The natural frequencies of the SWNTs obtained by considering the analytical and numerical approaches are compared for different boundary conditions. A
convergence analysis in the nonlinear field is carried out for the numerical method in order to select the correct number of the axisymmetric and
asymmetric modes providing the actual localization threshold. The effect of the aspect ratio on the analytical and numerical values of the localization
threshold for SWNTs with different boundary conditions is investigated in the nonlinear field.
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In this paper, we discuss the mechanical behavior including impact resilience, flexural resistance and compression resistance of a novel construction of
composite plate. The used materials are fabricated by a novel approach which are plastics (polypropylene, polystyrene and polycarbonate) encapsulated
by few layers of graphene sheets, instead of conventional direct feeding or compounding process in the pellet preparations. These composites are with
features of light, cost-effective, tough, processing friendly. eco-friendly and less toxic and recyclable. The composite plates were fabricated by both
extrusion and hot-pressing processes. The results show that the graphene sheets enhance the mechanical properties of tensile strength, flexural strength,
and impact strength of the plastic/graphene composite plates. The higher feeding amount of graphene sheets caused an increment in rigidity and Young
modulus; however, it reduces elongation. Optimal feeding amount of graphene for Increment of flexural strength and impact strength is 0.2-0.4 wt%,
however it depend on material and processing parameters (pressure, temperature and time). The extrusion process reveals more stable results in
physical properties; whereas a precise manufacture control is needed for hot-pressing process. Nevertheless, a honey-comb structure can be formed by
hot-pressing which can be applied in many applications. We also set up a model for describing the behavior of these plates related to their impact
resilience, flexural resistance and compression resistance. However, although we had found some trends, it still a long way to go.

8852 | Laser-Induced Fabrication of Hollow Platinum Nanospheres with Enhanced Catalytic Performances (19. Nano-
Composites)
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Noble metal nanostructures have attracted considerable attention from researchers scientifically as well as industrially because of their novel optical,
physical, and chemical properties, which are substantially different from the respective properties of bulk-scale noble metals. Hollow noble-metal
nanoparticles have shown a range of interesting properties compared to their solid counterparts. In the particular, hollow-structured platinum nanoparticles
have high surface-to-volume ratios and low densities to exhibit a large enhancement in their catalytic activity. Reactions occurring in the cavities of hollow
nanoparticles could be facilitated by two main factors: theincreased concentration of reaction intermediates within the cavity of the hollow nanocatalyst
and the possibility of catalytically more active sites within the inner surface of the hollow nanocatalyst. Therefore, the rates of the reactions in cavities
increase due to the nanocage effect, otherwise known as the confinement effect. However, it is quite difficult to produce complete metal nanoshells. Laser-
induced fabrication is the simplest and cleanest technique among diverse synthetic methods.
The simple irradiation of 355 nm nanosecond laser pulses to SiO2@Pt core-shell nanospheres at fluence of 2.7 mJ cm-2during the preparation process of
hollow platinum nanospheres has been found to enhance the catalytic performances of platinum nanocatalysts on a large scale. Laser irradiation has
transformed platinum nanoclusters topped on silica nanospheres into well-defined platinum nanoshells having uniform and smooth surfaces; the thickness
of platinum nanoshells has been tuned easily by adjusting the irradiation time only. Laser irradiation increases the catalytic performances of hollow
platinum nanospheres in the degradation of rhodamine B in the presence of KBH4 by five times via lowering the energy barrier. The energetically more
favorable formation of the activated complexes in the nanocavity surfaces is suggested to reduce the activation energy substantially. The restructuring of
surface atoms induced by photothermal annealing during laser irradiation has rendered the metallic surfaces much easier to chemisorb reactants and to
facilitate electron relays, enhancing the catalytic performances of platinum nanocatalysts extensively.

8853 | Ag/Au@silica nanocomposites with enhanced catalytic performances (19. Nano-Composites)

Lee, Jaewon (vvodnjs2@snu.ac.kr), Seoul National University, Korea, South
Jang, Du-jeon (djjang@snu.ac.kr), Seoul National University, Korea, South 

Noble-metal nanostructures with different sizes and shapes have been studied extensively because they can be possibly used in diverse applications
such as catalysis, devices, transistors, and optoelectronics. Among the nanostructures of noble metals, gold and silver nanoparticles have attracted
widespread interest in the field of nanocatalysis as gold and silver exhibit unique catalytic activity for important chemical reactions such as selective
reduction and oxidation reactions. Bimetallic hollow nanoparticles possess structurally tunable features such as shell thickness, chemical composition,
and interior cavity size, leading to relative high surface-to-volume ratios and low densities compared their solid nanomaterials. SiO2, known as a porous
material, has been reported to coat metallic nanoparticles, forming core-shell nanostructures. Silica coating to improve the durability of precious-metal
nanocatalysts has been studied by several research groups. The waste water produced in textile and dye industry has a very bad effect on the
environment, due to their large discharge volume and toxic composition. With the development of dye industry, the studies on the treatment of waste water
containing dyestuffs have become increasingly important. The decomposition of these organic pollutants via catalytic oxidation or reduction using
nanocatalysts is considered to be the most efficient green method for the management of organic waste. In this work, we have synthesized silver
nanocubes and coated them with SiO2 via the modified stÖber method to enhance the stability of metallic nanocatalysts. Moreover, as temperature is
increased and NaBH4(s) is added into a colloidal solution of SiO2-coated silver nanoparticles, the amount and the sizes of pores in the coated SiO2
increase, enabling metallic ions and organic molecules to penetrate through the SiO2 shells more efficiently. Then, SiO2-coated silver nanocubes have
been transformed into SiO2-coated Ag/Au composite nanoboxes easily via galvanic replacement reaction to increase the catalytic efficiency of the core
metallic nanostructures. The coating of core metallic nanomaterials with SiO2 has been also utilized usefully in the field of catalysis as the coating blocks
the dissoulution and aggregation of nanopaticles to sustain the catalytic acitivity of metallic nanomaterials. Finally, produced nanosturstures having high
catalytic performance can be recycled consecutively as aggregation and dissolution that tend to decrease catalytic activity hardly take place during the
decomposition of an organic dye. The catalytic activity of SiO2-coated Ag/Au composite nanoboxes has been measured by monitoring the absorption
spectral changes of 4-nitrophenol in the presence of NaBH4, revealing that hollow-morphological nanoparticles have highly enhanced catalytic activities
and that catalytic activity of the SiO2-coated nanocatalysts can remain almost invariable in spite of consecutive reuse.

8863 | Fabrication of Au@SiO2 Core-Shell Nanowires by Laser-Induced Nanowelding of Linearly Assembled and Silica-
Coated Gold Nanorods (19. Nano-Composites)

Choi, Dayeon (dayeon@snu.ac.kr), Seoul National University, Korea, South
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Noble-metal nanoparticles have attracted much attention in the field of catalysis, optoelectronics, and biological and chemical sensing especially due to
their tunable optical properties originating from their surface-plasmon resonance (SPR). Gold nanorods (NRs) exhibit rich SPR-derived properties, which
have made them useful for many interesting applications such as optical and optoelectronic devices, sensors, and biomedical technologies. In particular,
gold NRs possess two distinctive, transverse and longitudinal, SPR modes, the latter one of which exhibits a strong peak tunable from the visible to the
near-infrared region with increasing aspect ratios. Laser irradiation can melt or reshape metal nanoparticles without causing any significant perturbations
in the surrounding media. Because laser irradiation can heat contacting regions selectively, the laser-induced transformation of metal nanoparticles has
provided a controlled mean to modify the shapes of the nanoparticles precisely. 
In this work, Au@SiO2 core-shell nanowires have been fabricated at room temperature simply by irradiating infrared nanosecond pulses to linearly self-
assembled and silica-coated gold nanorods just for 5 min. Gold nanorods have been self-assembled linearly by adding isopropanol in the absence of any
assembling agents to form gold nanochains. Isopropanol-mediated linear assembly takes place as CTAB monolayer molecules on the end surfaces of
gold nanorods tend to form a bilayer for the enhancement of colloidal stability. Then, the end-to-end assembled gold nanorods have been directly
encapsulated with uniform silica shells having tunable thickness to produce silica-coated gold nanochains. It has been found that isopropanol can not only
induce the linear assembly of gold NRs but also provide co-solvent environment, which is important to direct silica coating on CTAB-stabilized gold
nanochains. The thickness of a silica shell has been controlled by adjusting the supplied amount of ammonia hydroxide. The irradiation of the
nanostructures loaded on a TEM grid with nanosecond laser pulses of 1064 nm at fluence of 0.38 mJ/cm2 has produced Au@SiO2 core-shell nanowires.
Laser pulses, selectively absorbed by the hybridized surface-plasmon resonances of linearly assembled gold nanorods in silica shells, are thermalized to
heat selectively the contacting surfaces of the gold nanorods, which then fuse and weld together. This is a novel and straightforward synthetic approach
for the production of silica-coated gold nanowires having strong near-infrared absorption, high stability, and easily functionalizable surface.

8894 | Experimental and theoretical investigation of anisotropy of the mechanical properties of reinforced elastomeric
nanocomposites (19. Nano-Composites)

Komar, Lyudmila A. (komar@icmm.ru), Institute of continuous media mechanics UB RAS, Russian Federation
Shadrin, Vladimir V. (shadrin@icmm.ru), Institute of continuous media mechanics UB RAS, Russian Federation
Mokhireva, Kseniya A. (lyadovaka@icmm.ru), Institute of continuous media mechanics UB RAS, Russian Federation 

The study of the mechanical properties of anisotropic elastomeric composites reinforced by nanoparticles of different types indicates that they differ in
both the strength properties and the degree of softening. The samples were subjected to uniaxial loading acting in two orthogonally related directions. The
anisotropic properties of composites appeared most vividly in the samples exhibiting a high degree of hysteresis in the first cycles of deformation. The
results of numerical simulation obtained for the loaded fragment of a filled elastomer show that such difference becomes possible because of the
elastoplastic behavior of an interfacial layer in which residual strains are accumulated differently under loading that acts in different directions. The study is
supported by the RFBR (grants 13-01-96016-a and 14-08-96013-a) and the Ministry of Education of Perm Krai (agreement C-26/627).

8906 | Organic semiconducting/ferroelectric blend memristors fabricated by temperature controlled spin coating (19.
Nano-Composites)

Hu, Jinghang (gawdon@163.com), Fudan University, China
Zhu, Guodong (gdzhu@fudan.edu.cn), Fudan University, China 

Organic semiconducting/ferroelectric blend films attracted much attention due to their electrical bistability and rectification properties and thereof the
potential in resistive memory devices. During film deposition from the blend solution, spinodal decomposition induced phase separation, resulting in
discrete semiconducting phase whose electrical property could be modulated by the continuous ferroelectric phase. However, blend films processed by
common spin coating method showed extremely rough surface, even comparable to the film thickness, which caused large electrical leakage and thus
compromised the resistive switching performance. To improve film roughness and thus increase the productivity of these resistive devices, we developed
temperature controlled spin coating technique to carefully adjust the phase separation process. Poly(methyl metacrylate)(PMMA) was also introduced into
such blend films as additive in order to improve their electrical stability and fatigue endurance. Here we reported our experimental results from the blend
films of ferroelectric poly(vinylidene fluoride-trifluoroethylene (P(VDF-TrFE)) and semiconducting poly(3-hexylthiophene) (P3HT). By temperature control
during film deposition, it is convenient to efficiently fabricate ferroelectric/semiconducting blend films with good electrical bistability.

8919 | Effect of Water Absorption and Sorptivity on the Durability of CNTs modified mortars (19. Nano-Composites)

Alafogianni, P. (pan.alafogianni@gmail.com), Department of Materials Science and Engineering, University of Ioannina, Greece
Matikas, T.E. (matikas@cc.uoi.gr), Department of Materials Science and Engineering, University of Ioannina, Greece
Barkoula, N.-M. (nbarkoul@cc.uoi.gr), Department of Materials Science and Engineering, University of Ioannina, Greece 

The modification of cement-based materials with carbon nano-inclusions is expected to lead to the development of innovative products possessing multi-
functionality and smartness. Target properties of a cement-based multifunctional material are: exceptional mechanical properties which would enable a
highly resistant lightweight structure, electrical and thermal conductivity, and piezo-electric characteristics. Carbon Nanotubes (CNTs) are promising fillers
due to their unique properties such as great mechanical, electrical and thermal properties along with extremely high aspect ratios up to 108, as well as
large specific surface area [1-2]. The beneficial effects of CNTs on the hydration process of CNTs filled cement composites and the hydration products,
pore structures and transport of water in the composites has been recently reviewed [2]. It was shown that the addition of CNTs was able to reduce the
porosity of Portland cement paste, most notably by lowering the amount of mesopores and resulted in a denser microstructure due to the interactions
between CNTs and hydration products of cement pastes [2].
The durability of cement-based materials strongly depends on their transport properties. Transport properties define the rate of ingress of deleterious
species (e.g., water, chlorides, and sulfate) from the service environment into the cement-based structures and components throughout their service life
[3]. An understanding of moisture transport in CNTs modified mortars is important to estimate their service life. Recent studies indicated that CNTs-
reinforced cement-based composites exhibited improved transport properties relative to the conventional cement-based composites linked to the porous
structure of the modified materials [3]. 
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In this paper, the effect of CNTs addition on the sorptivity and water absorption properties of nanomodified mortars is being studied. The water sorptivity
test was carried out to determine the rate of absorption of water and study the effect of CNTs on the development of the capillary pores and the capillary
water suction of the nano-modified mortars. For this purpose varying amounts of CNTs (0.1-1 wt % cement), surfactants and/or plasticizers were
incorporated in water using a sonicator. After the sonication, cement and sand were added using a mortar mixer. For comparison purposes, specimens
without CNTs were prepared. The effect of the CNTs addition on the water penetration is critically assessed. The durability of the nanomodified mortars is
evaluated on the basis of the reduction of the compressive strength.
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8932 | Sandwich-structured film: an approach to enhance breakdown strength and energy density in polymer-based
nanocomposite (19. Nano-Composites)

Hu Penghao (penghaohu@gmail.com), Department of Polymer Science & Engineering, University of Science & Technology Beijing, Beijing, 100083,
China 

A novel sandwich-structured multilayers nanocomposite added with different aspect ratio BTO particles for the storage of electrostatic energy was
fabricated employing layer-by-layer casting process. In the sandwich-structured composite PVDF-based film, the outer layer with BTO nanoparticles
increased the electric displacement while the central layer with BTO nanofibers maintained the high breakdown strength. Comparing with the single layer
films, the extractable energy density was highly enhanced in the sandwich-structured film and further improvement was obtained by preparing the film with
suitable thickness in each layer. The maximal Udis reaches upto 9.72 J•cm-3 at 453 kV•mm-1 in the nanocomposite film with 2 vol% BTO-nf inner layer
and 10 vol% BTO-np outer layers. The novel sandwich structure is much promising in developing nanocomposite film with high energy density.

8939 | Synthesis of MnO2/graphene Nanocomposite Electrode by Two-steps Electrodeposition for Energy Storage
Application (19. Nano-Composites)

Abd El-Moneim, Ahmed (ahmed.abdelmoneim@ejust.edu.eg), Egypt-Japan University of Science and Technology, Egypt 

MnO2/graphene nano-composite electrode was developed via cathodic deposition of nanostructured MnO2 film on electrophoretically reduced graphene
oxide (EPD-rGO) film. The electrodeposited MnO2, EPD-rGO and MnO2/EPD-rGO electrodes were characterized and investigated for supercapacitor
application using scanning electron microscopy, transmission electron microscopy, X-ray diffraction, fourier transform infrared spectroscopy, cyclic
voltammetry, galvanostatic charge/discharge, and electrochemical impedance spectroscopy. The electrophoretic deposition enables the development of
rGO film composed of overlapped platelets of defective graphene sheets. The MnO2/ EPD-rGO composite electrode shows better specific capacitance
and rate capability than MnO2 electrode; it exhibits specific capacitance of 822 Fg-1 and better cyclic stability at a current density of 1 mA cm-2. The large
surface area and defective nature of EPD-rGO film in conjunction with an efficient utilization of MnO2 nanoparticles facilitated rapid ion transport and
electrochemical cyclic stability, and hence offering the potential of the unique capacitive behavior. The obtained results indicate electrophoretic deposition
could set a facile base for providing graphene-based materials, at room temperature without using harsh and toxic chemicals or high synthesis
temperature

8947 | Pt dispersion and structure of alumina-platinum composites obtained by thermal oxidation of Al-Pt thin layers.
(19. Nano-Composites)

Kazimierz Reszka (kazimierz.reszka@tu.koszalin.pl), Institute of Mechatronics, Nanotechnology and Vacuum Technique,Koszalin University of
Technology, Poland
Jerzy Morgiel (nmmorgie@imim-pan.krakow.pl), Institute of Metallurgy and Materials Science, Polish Academy of Science, Kraków, Poland
Mieczyslaw Szczypinski (mieczyslaw.szczypinski@onet.eu), TERMEX Ltd., Poland 

The large surface coatings play an increasingly important role as a support for active materials in the production of catalytic and inhibiting systems. The
work was focused on the new technology designed to oxide-metal composites obtained as a result of high- temperature oxidation of the nanofilms
deposited by PVD metod on the metal support. Two magnerton sources made possible to obtain Pt/Al and Al/Pt nanolaminates as well as Pt+Al
composites. The layer systems were subjected to oxidation under Ar+O2 for 48 hours at 860oC. The surface structure, microstructure and platinum
distribution within the oxide films were studied by Scanning Electron Microscope (SEM) and Transmission Electron Microscope (TEM). The focused jon
beam was used for the preparation of samples for TEM observations. The surface examination by SEM has shown that the support of the oxidised
laminates was covered by the fine structure of the tiles and whiskers with anisotropic orientation of growth. On the contrary, oxidation of composite layers
provided for the growth of chaoticaly oriented and mutually penetrable whiskers and small crystals. The structure of nanolayers examined by TEM has
shown that growth of oxide crystals had effectively dispergated Pt films and particles. Comparizon of the oxide films produced by sputtering the foil with
Pt/Al system with the oxide films obtained by sputtering the support with Pt+Al composite nanofilms revealed that the last one were better developed. The
reason for this is partly occlusion of Pt particles by Al particles that results in effective fragmentation of Pt nanofilm in the process of oxidation. In
conclusion our data indicated that Pt clusters located between the Al particles and after oxide whiskers are subjected to dispersion towards the surface. It
results from stresses and nanocraks in whole volume of composite nanofilm and influence on increasing its activity.

8962 | Enhancement of Tribological and Mechanical Properties of Tungsten Carbide Nano Composite Using Spark
Plasma Sintering Technique (19. Nano-Composites)
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Ali Nasser (ali.hassan@ejust.edu.eg), Egypt Japan University of Science and technology (EJUST), Egypt
Ahmed A. Moniem (ahmed.abdelmoniem@ejust.edu.eg), Egypt Japan University of Science and technology (EJUST), Egypt
Mohamed A. Kassem (m.akareem11@gmail.com), Kyoto University, Department of Materials Science and Engineering, Japan
Hiroyuki Nakamura (m.akareem11@gmail.com), Kyoto University, Department of Materials Science and Engineering, Japan 

Tungsten carbide is a well known hard material, but, it needs special contributions to overcome the shortage of fraction toughness and strength. This work
comes to investigate the effect of spark plasma sintering technique in the modification of both mechanical and tribological properties of WC/TZ-Y3 nano
composite, taking into consideration particle size reduction due to mechanical milling. . Initial powders were mechanically milled for 72 and 432 ks to
obtain different sets of particle sizes prior to sintering. The milled composites were then processed via spark plasma sintering (SPS) in the temperature of
1773 K for 3600 s. The experimental results indicate that high hardness values and high elastic modulus can be obtained with both sets of particle size
when sintered at 1773 K using SPS technique. However, only the finer particles can maintain these properties at 1773 K sintering temperature with the
traditional pressure less sintering. Nanoindentation testing showed that hardness values up to 25.34 GPa can be obtained for finer composite when the
final density is increased to 84% of the theoretical density.

8978 | EFFECT OF INTERFACE CONNECTIVITY ON THE MECHANICAL PROPERTIES OF NANOCOMPOSITES (19. Nano-
Composites)

Karl Jacob (karl.jacob@ptfe.gatech.edu), Georgia Institute of Technology, United States America 

Nanoparticle reinforced composites are becoming an important research topic. Unlike in composites with micro- or larger sized reinforcements, effects of
nanoparticles are found to be more unpredictable, sometimes enhancing the properties while other times diminishing them. An overview of the
experimental results on the mechanical properties of nanoscale reinforcement will be provided in this talk. For nanoparticle reinforcements, the interface
provide a larger share of influence from particle-matrix interactions, compared larger particles. The effect of interface structure on the mechanical
behaviour of nanoparticle reinforced composites is studied using, for alumina (Al2O3) and magnetite (Fe3O4) nanoparticles embedded in poly(methyl
methacrylate) (PMMA) and polystyrene (PS) matrices. The structure and density of the interface of these systems are characterized using the results from
thermal gravimetric analysis (TGA) and scanning electron microscopy (SEM). Fourier Transform Infrared Spectroscopy (FT-IR) is used to calculate the
nature of bonding between polymer and nanoparticle surfaces and the density of the interface for two PMMA-based nanocomposite systems. Tensile
testing, dynamic mechanical analysis (DMA), and nanoindentation tests are used to characterize mechanical properties and its dependence of the
strength of interface connectivity (and the number of anchoring points) was evaluated.

8990 | Sulphone Containing Epoxy Nano-Hybrid Anti-corrosive and Anti-bacterial Coatings (19. Nano-Composites)

Dhanapal, Duraibabu (duraibb@gmail.com), Anna University, India
Muthukauppan, Alagar (mkalagar@yahoo.com), Anna University, India
Srinivasan, Ananda Kumar (srinivanand@annauniv.edu), Anna University, India 

The scope of the present work is to synthesize 1,4’-bis (4-amine-phenoxy) benzene epoxy resin (TGBAPSB) via 1,4’-bis (4-amine-phenoxy)sulphone
benzene (BAPSB) and epichlorohydrin. The molecular structure of TGBAPSB epoxy resin was confirmed by FTIR and NMR spectroscopy and molecular
weight was determined by GPC and epoxy equivalent weight (EEW) by titration method. Amine functionalized (POSS) was synthesized and structural has
been confirmed by FT-IR, and 29SiNMR spectral studies. The TGBAPSB epoxy resin was further reinforced with varying weight percentages (2.5 and 5wt
%) of POSS and cured with polyamidoimidazoline (Aradur 140). The surface morphological images were taken by TEM and SEM. The anti-corrosive
properties of the TGBAPSB epoxy/POSS hybrid coatings investigated by electrochemical impedance (EIS) indicate that the coating film had good
corrosion resistance. Furthermore, the antimicrobial test indicated that TGBAPSB/POSS coating had strong antimicrobial activity against high
concentration of Escherichia coli (Gram-negative) bacteria. The results showed improved antibacterial and anticorrosive properties for TGBAPSB /POSS
nano-hybrid coatings

8996 | Localized surface plasmon resonance for Quantum Dot-gold nanoparticle hybrid (19. Nano-Composites)

Qianqian, Huang/Dr (hqqstudy@126.com), School of Electronic Science and Engineering, Southeast University, Nanjing, China, China
Jing, Chen/Dr (chenjing@seu.edu.cn), School of Electronic Science and Engineering, Southeast University, Nanjing, China, China
Jian, Zhao/Mr (230149642@seu.edu.cn), School of Electronic Science and Engineering, Southeast University, Nanjing, China, China
Jiangyong, Pan/Dr (1287033997@qq.com), School of Electronic Science and Engineering, Southeast University, Nanjing, China, China
Wei, Lei/Prof (lw@seu.edu.cn), School of Electronic Science and Engineering, Southeast University, Nanjing, China, China 

Recently, the quantum dots (QDs)-metal coupling structure has become research focus because of the complex interplay of enhancing and quenching
physicochemical processes due to the surface plasmons (SPs).In this paper, we have synthesizedCdSe/ZnS quantum dot(QD)-gold nanoparticle(Au NPs)
hybrid in aqueous solution via bi-functionallinkermercaptoacetic acid (MPA).The localized surface plasmon resonance (LSPR) effect of QD-Au NPs has
been demonstrated by increased fluorescence intensity and reduced exciton lifetime carried out by time-resolved PL measurement. The absorption peaks
of CdSe/ZnS QDs and Au are both located at 520 nm. It is investigated that PL intensity of QD-Au hybrid can be affected by the amounts of Au and pH
value of hybrid solution. The phenomenon of fluorescence enhancement can be maximized under the optimized pH value of 9.5. LSPR enhanced QD-Au
hybrid will be beneficial for the potential applications in the area of biological imaging and detection.

8997 | Carbon nanotube coated glass fiber using ionic interaction and their thermoplastic composites (19. Nano-
Composites)

Jung, Byung Mun (bmjung@kims.re.kr), Korea Institute of Materials Science, Korea, South
Yoon, Soon Ho (shyoon@kims.re.kr), Korea Institute of Materials Science, Korea, South
Jang, Hongkyu (hongkyu@kims.re.kr), Korea Institute of Materials Science, Korea, South
Kim, Kyung Duk (kimkd@kims.re.kr), Korea Institute of Materials Science, Korea, South 

Thermoplastic matrix composites have attracted much attention due to rapid process speed for mass production. But, thermoplastic composites have
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lower mechanical properties than thermosetting composites. Some researches using nano- or mirco- particles for reinforcing thermoplastic resin are
published. However, the particles increase viscosity of resin and cause the lowering of processabiliy as a result. We used the particle coating method to
overcome these problems. 
The thermal gradient control is also important process in manufacture of thermoplastic composites. Thermal heat from exterior make thermal gradient in
process. Therefore, composites integrity becomes worse due to lower resin fluidity at the inside. To solve this problem, the direct heating from interior of
composites is needed.
In this study, glass fabric was coated by carbon nanotube (CNT). The CNTs were used reinforcement for mechanical properties and heating element for
composite processing. CNT and surfactant solution were used to coating and the fabric was coated by hydrophobic interaction between fiber and CNT.
The composites were fabricated by laminated molding of coated fabric and polypropylene film. Mechanical and electrical properties of composites were
investigated.

9006 | NANOCOMPOSITE BIOMATERIALS FOR COMPAUND BIOLOGICAL TISSUE (19. Nano-Composites)

Gerasimenko Alexandr Y. (leo852@inbox.ru), National Research University of Electronic Technology “MIET”, Russian Federation
Ichkitidze Levan P. (leo852@inbox.ru), NationSelishcheval Research University of Electronic Technology “MIET”, Russian Federation
Podgaetsky Vitali M. (leo852@inbox.ru), National Research University of Electronic Technology “MIET”, Russian Federation
Selishchev Sergei V. (leo852@inbox.ru), National Research University of Electronic Technology “MIET”, Russian Federation 

Laser welding of biological tissues has a number of advantages as compared with conventional surgical techniques, namely, non-contact removal of
biological tissues, minimal level of injuries, prevention of cicatrization after healing of scar biotissues etc. Various solders based on biomaterials including
such a protein as albumin have been used to improve mechanical properties of laser welds. However, laser welds are less strong than the joints made
using surgical suture materials (thread, metal staple etc.). In this respect, the study aims at the laser solder (LS) based on the nanocomposite biomaterial
for compound biological tissues. LS consist the bovine serum albumin (BSA, matrix) and carbon nanotubes (CNT, filler). 
In our experiments we used LS based on the aqueous dispersion: 25 wt.% BSA+0.2 wt.% single-walled CNT (SWCNT) and 25 wt.% BSA+0.2 wt.% multi-
walled CNT (MWCNT). SWCNT had the external diameter ~1 nm, the length <1 µm and the high purification rate of SWCNT-99А [1], while MWCNT had
the external diameter ~30-80 nm, the length >20 µm, being of Taunite-MD type and manufactured by "Taunite" company [2]. 
Laser welding tests were carried out on dissected pig skin and bovine cartilage. The thin layer of LS was placed on the surface of the biological tissues to
be joined and then the junction was exposed to laser irradiation with the following parameters of continuous irradiation mode: power ~1 W/cm2,
wavelength 970 nm. Laser welding process lasted for 5-20 s. After that we measured the tensile strength of the welded joint, �, and the tensile strength of
the uncut region of the tissues, �s. As a result, welded joints obtained using LS based on the aqueous dispersion 25 wt.% BSA+0.2 wt.% SWCNT were
characterized by �s �15 ± 5 MPa, �/�s � 10 % for pig skin and �s �6±2 MPa, �/�s � 20 % for bovine cartilage. In case of MWCNT dispersion-based LS
the values of �/�s were lower by 20-30 % compared with SWCNT-based LS. 
In many cases the welded joints are not strong enough at the early periods after the operation. To avoid it the surgical mesh of polypropylene of the
PROLENE type manufactured by Ethicon was used in addition to LS. The surgical mesh overlaped the junction of tissues by 2-3 mm leading to the value
�/�s~25-35 % for both types of alloys containing either SWCNT or MWCNT.
Thus, the laser solders based on CNT (SWCNT or MWCNT) allow to increase the level of laser weld strength (� ~ 2–4 МPа , �/�s � 20–35 %) by 1-2
orders of magnitude compared with LS based on pure BSA. These results demonstrate the potential of laser solders based on composite materials with
carbon nanotubes for welding of biological tissues.
This work has been supported by Russian Federation Ministry of Education (No. 14.575.21.0089)

1.A.V.Krestinin, A.P. Kharitonov, Yu.M. Shul’ga, and et al. Nanotechnologies in Russia, 2009, v. 4 (1-2), pp. 60-78.
2. www.nanotam@yandex.ru

9021 | Microscopy Aspects of Cellulose Nanocrystal Composites (19. Nano-Composites)

Shahbazian-Yassar (reza@mtu.edu), Michigan Technological University, United States America 

Cellulose nanocrystals are new emerging biomaterials that are considered to posses extremely high mechanical properties. However, the effects of
resources on the mechanical properties of cellulose nanocrystals are rarely studied. Differences in hydrogen bonding patterns result in two allomorphs in
native cellulose (Iα and Iβ). In turn, Iα and Iβ have distinct crystallographic structures and are composed of one chain triclinic and two chain monoclinic
unit cells, respectively. The objective of this study is to quantify the transverse mechanical properties of cellulose I nanocrystals (CNCs) prepared from
tunicate (Iα-rich) and cotton (Iβ-rich) using acid hydrolysis. Atomic force microscopy (AFM) were performed under peak force mode on individual CNCs.
The transverse elastic modulus (ET) was also calculated by comparing the experimental AFM indentation results with 3-dimensional FEA analysis of CNC
indentations. We observed that tunicate and cotton CNCs have different nanomechanical (ET and adhesion) properties. These properties are dictated by
the localization of Iα and Iβ and Iα/ Iβ ratio along their chains, and the single crystal morphology (aspect ratio and diameter).

9023 | Flexible field emission lamps made using BaO nanowires emitters (19. Nano-Composites)

Cui, Yunkang (njcyk@163.com), Nanjing Institute of technology, China
Chen, Jing (chenjing@seu.edu.cn), Southeast University, China
Zhang, Xiaobing (bell@seu.edu.cn), Southeast University, China
Lei, Wei (lw@seu.edu.cn), Southeast University, China
Yunsong Di (diyunsong@njnu.edu.cn), Southeast University, China 

BaO nanowires were synthesized on ITO glass substrates by hydrothermal process. The morphology and composition of BaO nanowires were
characterized by field emission scanning electron microscopy. The BaO nanowires show superior field emission properties, which exhibited a low turn-on
field (~1.24 V/μm), a low threshold field (~3.18 V/μm), and a high field enhancement factor (β=2458). Flexible field emission lamp was made using the
BaO nanowire emitters. Our flexible field emission lamp using BaO nanowire emitters generate very uniform and bright emission patterns under convex
bending conditions. These results demonstrate that BaO nanowires emitters could be important candidates for flexible field emission devices in the future.

9031 | Adjusting the acid strength of sulfonated polystyrene in confined nanospace of silica hollow nanospheres (19.
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Nano-Composites)

Qihua Yang (yangqh@dicp.ac.cn), Dalian Institute of Chemical Physics, Chinese Academy of Sciences, China 

Tightening environmental legislation is driving the chemical industries to develop efficient solid acid catalysts to replace conventional mineral acids.
Polystyrene sulfonic acid resins as one of the most important solid acid catalysts have been wildly studied. However, the influence of the morphology on
their acid strength closely related to catalytic activity has seldom been reported. Herein, we report for the first time the fabrication of a novel hybrid solid
acid with a double-shell nanostructure (DSNs) via sulfonation of PS@SiO2 yolk-shell nanospheres. It was found that the transformation from yolk-shell to
double-shell nanospheres is derived by the self-assembly of PS-SO3H in the confined nanospace of silica hollow nanospheres during the sulfonation
process. The reversible morphology transformation from double-shell hollow nanospheres to hollow nanospheres could be observed, which is mainly
driven by the formation and breakage of hydrogen bond interactions among adjacent sulfonic acid groups within the confined nanospace of silica hollow
nanospheres. As a result, the acid strength of PS-SO3H can be reversibly enhanced and decreased by expansion and aggregation of PS-SO3H within the
confined nanospace, which is confirmed by 31P MAS NMR, ammonia adsorption calorimetry and TEM characterizations. In a series of important acid-
catalyzed reactions, such as esterification of fatty acid, Friedel-Crafts alkylation of toluene and cumene hydroperoxide (CHP) cleavage, the solid catalyst
exhibits much higher activity than Amberlyst-15, and in some cases even higher than liquid acid, H2SO4, under similar reaction conditions. Our findings
may offer a new approach to fabricate highly efficient solid acid catalysts for green chemical processes.

9032 | Nanoscale wrinkling of graphene on substrates with asperities (19. Nano-Composites)

Yuli Chen (yulichen@buaa.edu.cn), Beihang University, China
Yanguang Zhou (yanguang.zhou@rwth-aachen.de), RWTH Aachen University, Germany 

As a two-dimensional crystal, the freestanding graphene sheet tends to corrugate and thus can hardly display its extraordinary properties in materials or
devices. So graphene sheets are often used with substrate materials as coating layers. However, the substrate is rarely perfectly-flat, but has nanoscale
and even microscale asperities. Whether or not the graphene sheet can conform fully to a substrate with nanoscale and microscale asperities is essential
for the performance of the graphene-based devices, because the wrinkling morphology of graphene impacts significantly on its electronic and mechanical
properties.
In this paper, a theoretical model is developed to predict the morphology of a monolayer graphene sheet attaching to the substrate with nanoscale and
microscale non-developable asperities by an energy-based analysis [1]. The final graphene morphology is revealed to result from the competition between
two energy terms: the adhesion energy between graphene and substrate, and the strain energy stored in the graphene due to the deformations. Thus, by
accounting for these two parts of energy, the critical condition to predict the morphology conversion from full conformation to wrinkling is established,
which agrees well with the results of molecular dynamics simulations. The following conclusions are achieved.
(1) The full-conformation/wrinkling criterion can be expressed as a function of the graphene size and radius of substrate curvature, which are thus the two
dominating parameters on the morphology of graphene.
(2) Using this criterion, for a spherical substrate asperity with a given curvature, the maximum radius of fully conformed graphene sheet can be easily
attained, and the graphene sheet wrinkles if it larger than the maximum size. This is very helpful for the decision on the sheet size in electronic eye
cameras [2], as well as the size of coating graphene sheets on the AFM tip [3]. One the other hand, for a graphene sheet with a given radius, the
minimum radius of substrate curvature can also be easily obtained by the full-conformation/wrinkling criterion.
(3) It is amazing to find that the two dominate parameters can be reduced into one, the cone angle of the dome-shaped substrate asperity, which is
determined by the curvature and area of the substrate asperities. A critical cone angle of 57.68 degrees is obtained for silicon dioxide substrate. Graphene
sheet conforms to the substrate fully and smoothly when the cone angle less than the critical value, while wrinkles appear in the graphene when it larger
than the critical value. Therefore, the final morphology of the adsorbed graphene sheets is dominated only by the cone angle of the asperities.
This work can be used to make active and precise prediction and control on the graphene conformation to substrates with asperities and substrates with
spherical surfaces, which could provide guidance to fabricate high quality nanostructured coatings. Besides, the critical state between wrinkling and full
conformation can be utilized to design new nanoelectronic devices, such as nano-sensors and nano-switches.

References
[1] Y. Zhou, Y. Chen, B. Liu, S. Wang, Z. Yang and M. Hu. Mechanics of nanoscale wrinkling of graphene on a non-developable surface, Carbon, 2015.
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9034 | The structure and surface defects of the SnO2 - SiO2 nanocomposites obtained by the sol-gel method (19. Nano-
Composites)

Varlamova T.V. (varl2003@mail.ru), South Ural State University, Lenin av., 76, Chelyabinsk 454080 Russia, Russian Federation
Roginskaya Y.E. (rogin-yulia@yandex.ru), L.Ya. Karpov Institute of Physical Chemistry, Obukha s.-str.3-1/12, Moscow 105064 Russia , Russian
Federation
Politova E.D. (politova@cc.nifhi.ac.ru), L.Ya. Karpov Institute of Physical Chemistry, Obukha s.-str.3-1/12, Moscow 105064 Russia , Russian Federation
Kozlova N.V. (kozlova@cc.nifhi.ac.ru), L.Ya. Karpov Institute of Physical Chemistry, Obukha s.-str.3-1/12, Moscow 105064 Russia , Russian Federation 

SnO2 - SiO2 nanocomposites (NCs) have been synthesized using the sol-gel method by means of direct mixing of the tin oxide precursor SnCl2 · 2H2O
solution and tetraethyloxysilane (TEOS) in relations Sn:Si = 25:75, 50:50, 75:25 and 90:10 (at.%). Depending on the type of the SnCl2 · 2H2O solvent
(isopropyl alcohol (i-PrOH) or HCl) gelation occurred, respectively, for 8 to 12 days, or just during draining in air at 23°C. In 50 SnI xerogel (dissolved in i-
PrOH) after heat treatment at 80°C highly dispersed hydrated tin oxide {SnO2 • Sn (OH)4} (HTO) and amorphous silica hydrogel have been observed by
XRD data and FT-IR. Solid phases of silica hydrogel and HTO were preserved up to 400°C, while they transformed to dehydrated oxides at 700°C. 
The facts of phase interference have been revealed in mixed oxides. 1. The size of the HTO nanocrystallites depends on the ratio of Sn: Si (6 nm for
90SnI, 3 nm for 50SnI and <1 nm for 25SnI treated at 350°C). This means that silica gel acts dispersing on the HTO crystallites. 2. The IR spectrum (200
cm-1 - 4000 cm-1) obtained from the 50SnI and 90SnI xerogels heated at 350°C and 700°C, exhibited the vibrations of the Sn - O – Si bonds at 625 cm-1.
3. The form of the xerogel particles indicates that the larger particles (300 nm) compose of secondary particles (L ~ 30 - 50 nm) and both of them repeat
the structure of primary small particles (L ~ 5 -7 nm) - these structures are characteristic of percolation systems, reproducing the geometry of the primary
element in the surrounding space. The observed regularities in the formation of mixed (SnO2 • xH2O - SiO2 • yH2O) xerogel particles are similar to the
hierarchy character demonstrated by silica particles at their growth [1]. 
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These facts allowed us to conclude that the growth of the SnO2 crystallites occurred in the matrix (a net) of hydrogel SiO2 which played a role of template
in the formation of the SnO2 crystallites. 
Nanosized products of tin chloride and TEOS hydrolysis interact in gels in forms of oligomers and polymers while in solids (xerogels) the interaction takes
place at SnO2 crystallite boundaries and overlying net of silica gel. 
For the first time, absorption bands caused by vibrations of the bonds with surface oxygen vacancies (OVs) in various positions have been observed in
the FT-IR spectra obtained from the NCs SnO2 - SiO2. The size of the nanocrystallites in the SnO2-x located within the range of 3.5 - 8 nm and the
density of OVs in samples with x ≥0,06 comprise the conditions for these vibrations appearance. The modes at 580 cm-1, 300 cm-1 and 250 cm-1
correspond to the OVs "in plane" [2], OVs "bridging" [3] and OVs “subbridging" [4] positions, respectively. They are indicative of the presence and amount
of surface defects (oxygen vacancies) in the NC materials based on SnO2. 
References
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9040 | Synthesis and characterization of chitosan coated MnFe2O4 nanocomposites (19. Nano-Composites)

Wang, Zhoucheng (zcwang@xmu.edu.cn), Xiamen University, China 

Chitosan coated MnFe2O4 nanocomposites (CCMNCs) were successfully synthesized by a simple method. The composition of CCMNCs was studied by
X-ray powder diffraction (XRD), and the result indicated that indicating the crystal structure of MnFe2O4 nanoparticles wasn’t influenced by coated
chitosan. The magnetic properties measured by Superconducting Quantum Interference Device (SQUID) magnetometer revealed the
superparamagnetism of both CCMNCs and MnFe2O4 nanoparticles. Transmission electron microscope (TEM) micrographs of MnFe2O4 nanoparticles
and CCMNCs showed the MnFe2O4 nanoparticles were well composited by chitosan, and the composites were around 300 nm. The Raman spectra of
MnFe2O4 nanoparticles, chitosan and CCMNCs were first obtained to analyse the bond making of CCMNCs, indicating Fe(III) and Mn(II) of MnFe2O4
nanoparticles were chelated by functional group of chitosan.

9047 | Bridging nano- to macro-mechanical properties of an aerospace-grade mono-component epoxy reinforced with
carbon nanotubes (19. Nano-Composites)

Laurenzi, S. (susanna.laurenzi@uniroma1.it), Sapienza University of Rome, Italy
Santonicola, M. G. (mariagabriella.santonicola@uniroma1.it), Sapienza University of Rome, Italy
Simone, A. (antonia.simone@thaleasleniaspace.com), ThalesAlenia Space Italy, Italy
Materazzi, S. (stefano.materazzi@uniroma1.it), Sapienza University of Rome, Italy 

The use of carbon nanoparticles as fillers of composite materials is investigated as possible solution for a large number of challenges in the aerospace
field, ranging from advanced structures with multiple functionalities to electromagnetic shielding and sensing. In particular, the current trend is to create
multifunctional composite structures to carry out tasks generally performed by several elements, with the additional critical objective of replacing heavy
assembled systems with lightweight composite structures. Multi-walled carbon nanotubes (MWCNTs) are well known as reinforcing nanoparticles that
enhance the mechanical properties of neat resins, particularly epoxy resin. Different methods and approaches can be found in the literature to fabricate
composite structures reinforced by MWCNTs, mostly involving two-component epoxy resin systems. For all applications, a good dispersion of the
nanoparticles in the polymer matrix is crucial to obtain the expected results. Unlike two-component resins, mono-component systems show a strong
temperature dependent viscosity, but have the limit that, due to the premixed amine curing elements, crosslinking reactions occur if too much heat is
transferred to the resin. 
In this study we present an investigation of the mechanical and thermal properties, from the nano- to the macro-scale, of an aerospace-grade mono-
component epoxy system (RTM6) reinforced with different weight percentage of multi-walled carbon nanotubes. The nanoindentation technique was used
to determine the hardness and the modulus at the nanoscale of the MWCNT-reinforced epoxy system, whereas tensile tests were performed to determine
the ultimate strain and the elastic modulus at the macro-scale. In addition, the thermal properties of the composite systems were investigated by
measuring the thermal expansion coefficient so to determine the effects of the MWCNTs on the dimensional stability of the RTM6 composite structures.

9057 | Structure and optical properties of thin poly(p-xylylene) - silver nanocomposite films prepared by low-
temperature vapor deposition polymerization (19. Nano-Composites)

Streltsov, Dmitry R. (streltsov.dmitry@gmail.com), Enikolopov Institute of Synthetic Polymer Materials, Russian Academy of Sciences, Russian Federation
Mailyan, Karen A. (K.Mailyan@gmail.com), Institute for Theoretical and Applied Electromagnetics, Russian Academy of Sciences , Russian Federation
Gusev, Alexey V. (4839356@mail.ru), Institute for Theoretical and Applied Electromagnetics, Russian Academy of Sciences, Russian Federation
Pebalk, Andrey V. (apebalk@cc.nifhi.ac.ru), Karpov Institute of Physical Chemistry, Russian Federation
Odarchenko, Yaroslav I. (yaroslav.odarchenko@gmail.com), Institut de Science des Matériaux de Mulhouse (IS2M), France
Ivanov, Dimitri A. (dimitri.ivanov@hotmail.fr), Institut de Science des Matériaux de Mulhouse (IS2M), France
Chvalun, Sergei N. (chvalun@cc.nifhi.ac.ru), National Research Centre “Kurchatov Institute”, Russian Federation 

Low–temperature vapor deposition polymerization is a promising method for preparation of polymer – metal (semiconductor) nanocomposite films with
high filler contents and uniform spatial distribution of inorganic particles in the polymer matrix. In this study, the crystalline structure and surface
morphology of thin poly(p-xylylene) – silver nanocomposite films with Ag concentration up to 12 vol.% were addressed as a function of temperature in the
range from room temperature up to +250 C by grazing–incidence X–ray diffraction, transmission electron and scanning force microscopy.

It was found that the predominant crystalline modification of PPX in the studied films is alpha–form, whereas beta–form prevails in thick PPX films
deposited at liquid nitrogen temperature. The planar texture was observed in thin films with silver concentration from 0 to 12 vol.%, and it was found to
improve on annealing. An irreversible alpha to beta1 phase transition occurs upon heating to +200 C. Based on GIXD and SPM data, one can conclude
that thermal treatments can be used to control the crystalline structure of the polymer matrix, as well as the size and spatial distribution of the silver
nanoparticles.
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The optical properties of the synthesized PPX – Ag thin films were studied by UV–vis and IR–spectroscopy. All samples demonstrate surface plasmon
resonance (SPR) with the peak wavelength within the range of 435 – 445 nm. A prolonged aging results in a redshift of the SPR maximum. This effect can
be associated with growth of the silver nanoparticles size caused by aggregation. The main difference in IR spectra of PPX – Ag nanocomposite thin films
and pure PPX thin films is the appearance of a new strong band in the spectral range of 1378 – 1389 cm-1 with intensity increasing with silver content.
This band can be assigned to symmetric stretching of carboxylate groups anchored by their two oxygen atoms to silver. The intensity of the band is
significantly enhanced due to the surface–enhanced infrared adsorption effect. A long–term storage under ambient conditions results in a redshift and a
decrease of the band intensity, which can be explained by slow aggregation of the silver nanoparticles.

This work was supported by the Council of the President of the Russian Federation for Support of Young Scientists (Grant No. MK-1156.2014.3).

9072 | The effect of different current types on the microstructure and tribological properties of Ni/Al2O3 composite
coatings obtained by electrochemical methods (19. Nano-Composites)

Kucharska, Beata (bhkucharska@gmail.com), Warsaw University of Technology, Poland
Krawczynska, Agnieszka (A.Krawczynska@inmat.pw.edu.pl), Warsaw University of Technology, Poland
Poplawski, Karol (karol.poplawski@wp.pl), Warsaw University of Technology, Poland
Sobiecki, Jerzy R. (jrs@inmat.pw.edu.pl), Warsaw University of Technology, Poland 

The paper describes an investigation of the nickel and nickel-alumina coatings. The layers was obtained from Watts bath with presence of nickel grain
growth inhibitors by direct (DC), pulse (PC) and pulsed reverse (PRC) current plating. The study included the composite coatings of microcrystalline and
nanocrystalline Ni matrix and nanometric Al2O3 particles. In order to ensure uniform co-embedding of disperse phase particles with nickel matrix and
producing a stable suspension, the mechanical agitation was also used. The effect of the electroplating techniques on the microstructure (SEM, TEM,
XRD) and tribological properties of Ni/Al2O3 composite coatings was investigated. The SEM studies on the worn surfaces were also conducted. The
examined coatings exhibited different values of the friction coefficients depending on the applied plating current. Scanning electron microscopy studies of
the worn surface reveal different delamination process of all examined coatings.
The completed studies have shown that the type of current significantly affects the structure of nickel and composite coatings, as well as its tribological
properties.

9074 | Thermomechanical behaviour of epoxy matrix reinforced by titaniun oxide nanotubes (19. Nano-Composites)

Albuquerque, Ederson L. F. (ederson6@terra.com.br), CEFET/RJ, Brazil
Souza, Juliana P. B. (juliana_basilio@cefet-rj.br), CEFET/RJ, Brazil
Barros, Silvio R. (silvio.debarros@gmail.com), CEFET/RJ, Brazil 

Composite materials based on polymeric matrices have today an increase in the use under adverse conditions. These materials must provide so especial
thermal and mechanical properties combined with a low specific weight and high degradation resistance.
Polymer composites industry is currently placing emphasis on protective coatings, structural applications and reparability as part of the incorporation of
such material in oil production systems. Epoxy matrices are the most used material for such applications. Some of the characteristics of epoxy resins are
high chemical and corrosion resistance, good mechanical and thermal properties, outstanding adhesion to various substrates, low shrinkage upon cure,
good electrical insulating properties, and the ability to be processed under a variety of conditions. Depending on the specific needs for certain physical
and mechanical properties, combinations of choices of epoxy resin and curing agents can usually be formulated to meet the market demands. However, in
terms of structural applications, epoxy resins are usually brittle and temperature sensitive. In fact, temperature is a key factor concerning for this material
application. 
However, the polymer matrix must support high mechanical loads; it is usually reinforced with fillers. The addition of different fillers favorably stiffens the
material and may also increase the strength under load conditions previously determinate.
The modification of polymer properties through the addition of nanoparticles has lead to the development of the so-called nanocomposites. Polymer
nanocomposites are usually defined as a combination of a polymer matrix and nano-sized particles. The possibilities to improve mechanical or thermal
properties, developing a new material, by nanoparticles, have found applications in both academia and industry. Were performed several experimental
and theoretical studies about micro and nanocomposites mechanical properties but there have been few studies on the thermo-mechanical properties of
these materials. Nanoparticles embedded in polymer matrix have attracted increasing interest because of the unique mechanical, optical, electrical and
magnetic properties displayed by nanocomposites. Due to nanometer size of these particles, their physicochemical characteristics differ significantly from
those of molecular and bulk materials. 
However, the nanocomposite properties can only be achieved, if the nanoparticles are well dispersed in through the polymer matrix. It is reported that a
considerable amount of improvement in mechanical properties can be achieved using very low amount of nanopartcicles loadings.
Titanium dioxide nanocomposites are highly used for high mechanical, electrical, thermal and insulating properties. In other hand, nanocomposites based
on thermosetting polymers reinforced with TiO2 are not well studied. The thermomechanical behavior and the mechanical properties of this kind of
nanocomposites have been studied more extensively in the past decade with a focus in characterization of this material. 
So many studies focused on the mechanical performance and the thermomechanical behavior of TiO2/epoxy nanocomposites. The addition of 1% by
weight of the nanofiller presented the best results for tensile modulus, flexural modulus, glass transition temperature and thermal stability.
The effect of TiO2 nanotubes thermomechanical properties of epoxy based nanocomposites was studied in this work. Mass fractions varying from 1% to 5
% by weight of titanium oxide nanotubes produced different nanocomposites. Their thermomechanical behavior was analyzed by differential scanning
calorimetry, dynamical mechanical analysis and thermogravimetry. The results provided the better amount of filler it is necessary to produce a
nanocomposite thermomechanically superior than the neat epoxy, and compromised with the cost of the possible application of this composite on industry

9107 | Mechanical and thermal properties of multi-walled carbon nanotube reinforced polymer composites: A molecular
dynamics approach (19. Nano-Composites)

Sharma, Sumit (sumit_sharma1772@yahoo.com), Lovely Professional University, India
Chandra, Rakesh (chandrar@nitj.ac.in), Dr B R Ambedkar National Institute of Technology Jalandhar, India
Kumar, Pramod (kushwahapramod@nitj.ac.in), Dr B R Ambedkar National Institute of Technology Jalandhar, India
Kumar, Navin (nkumar@iitrpr.ac.in), Indian Institute of Technology, (IIT) Ropar, India 
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Present study is aimed to examine through molecular dynamics (MD) simulation, the mechanical and thermal properties of multi-walled carbon nanotubes-
polycarbonate (MWCNT-PC) composite. MWCNT compositions in PC were varied by weight from 0.5% to 10% and also by volume from 2% to 16%.
Forcite module in Materials Studio 5.5 was used for finding mechanical properties. A marked increase in the elastic modulus (up to 89%) has been
observed even with the addition of small quantity (up to 2 wt %) of MWCNTs. Also upon addition of about 2 volume % of MWCNTs, the elastic modulus
increases by almost 10%. This supplements the experimental investigation of these composites using nano-indentation techniques by Kumar et al [11].
Armchair MWCNT-PC composites exhibit highest values of moduli in comparison to zigzag and chiral MWCNT reinforced PC composites. To find thermal
conductivity, MD simulations were performed with MWCNT volume fraction (Vf) varying from 0-0.16 and aspect ratio (l/d) was kept fixed at 10. Results
were compared with other models. Because of the large band gap in chiral MWCNTs, the composites reinforced with these tubes display poor thermal
conductivity. Longer CNTs with larger tubular diameter and more walls led to higher thermal conductivities in the composites.

9108 | Layered transition metal dichalcogenides and reduced graphene oxide hybrids for enhanced field emission
applications (19. Nano-Composites)

Satyajit Ratha (satyajitrath89@gmail.com), Indian Institute of Technology Bhubaneswar, India
Chandra Sekhar Rout (csrout@iitbbs.ac.in), Indian Institute of Technology Bhubaneswar, India 

Graphene and analogous layered materials such as MoS2, WS2, SnS2 etc. have received tremendous attention from researchers owing to their potential
applications in energy storage, energy conversion, catalytic activity and sensing devices. Field electron emission is the ejection of electrons by quantum
mechanical tunneling from a conducting/semiconducting emitter upon application of a very high field. In view of their applicability as cold cathodes,
metallic emitters are known for their inherent tendency to deliver high current densities whereas semiconductors are known for stable operation in the
saturation regime. Reports on various semiconducting field emitters exhibit comparatively lower current densities though (due to limited conductivity),
hence researchers are trying to explore field emission characteristics from other superior semiconducting field emitters. Recently efforts have been put
forward by various groups for improving the electrical conductivity by preparing metal-semiconductor composites. Researchers are now interested in
exploring the field emission properties of 2D nanostructures since their planar structure is ideal for flat, planar device technology such as electron sources
in displays. We have studied field emission studies on WS2 and a WS2-RGO composite. The study revealed that WS2-RGO nanocomposites show
superior field emission performance in comparison with their semiconducting counterparts. The turn on field required to draw a field emission current
density of 1μA/cm2 is found to be 3.5, 2.3 and 2 V/μm for WS2, RGO and the WS2-RGO composite respectively. First-principles density functional
calculations suggest that the enhanced field emission may also be due to an overalp of the electronic structures of WS2 and RGO, where graphene-like
states are dumped in the region of the WS2 fundamental gap. Similarly, the p-doping in graphene with SnS2 exhibits superior field emission performance
as compared with pristine SnS2 nanosheets. The turn on field for SnS2 nanosheets is 4.8 V/µm, whereas for the SnS2/RGO nanocomposite it is 2.65 V/
µm. The enhancement in field emission properties in the SnS2/RGO composite is attributed to increasing emitting sites due to increased surface
protrusions and lowering of work function of the composite due to p-doping as seen from the DFT calculations. Furthermore, the density functional
calculations for a SnS2/graphene composite suggest that a reduction in the SnS2 work function of 1.47 eV, due to p-type doping of the graphene
substrate, could also be contributing towards the enhanced field emission properties of the nanocomposite.

9110 | Fabrication and investigation of mechanical and physical properties ofnanostructured Al-4.5%wt Cu/ WC
composite by mechanical alloying (19. Nano-Composites)

Bernoosi, Samaneh (s.bernoosi64@gmail.com), Sahand university of technology, Iran
Azari khosroshahi, Rasoul (rakhosroshahi@sut.ac.ir), Sahand university of technology, Iran 

Aluminum matrix composite have high potential for use in aerospace industries. Aluminum and Copper elemental powders were subjected to mechanical
alloying (MA) to produce Al-4.5%wt Cu powder alloy. The morphological and micro structural changes during mechanical alloying process were studied.
The MA was performed in attrition ball mill under argon atmosphere. The obtained powders were characterized by scanning electron microscopy, X-ray
diffraction aiming to explore if the copper is present in solid solution or as small particles after milling. After producing the matrix, nano-particle of WC were
added to Al-Cu alloy in different weight fraction to explore the role of reinforcement nano-particles on the properties of nano-composite. The result showed
good dispersion of WC in nano-composite and formation of solid solution of Al-4.5%Cu via MA . Besides the composite performance in mechanical
evaluation such as compression test labeled remarkable as the reinforcement fraction increased. Samples showed good wear resistance as the WC
content increased.

9113 | Outstanding composites of the photovoltaic perovskite and carbon nanostructures (19. Nano-Composites)

Forró, László (laszlo.forro@epfl.ch), Ecole Polytechnique Fédérale de Lausanne, Switzerland 

In the last few years, the organolead halide perovskite CH3NH3PbI3 and its derivatives have been found to be very efficient light harvesters and
ambipolar semiconductors revolutionizing the field of solid-state solar cells. Its low temperature fabrication process allowed to design simpler solar cell
structures (i.e. from mesoscopic to planar junctions) which yielded efficiencies approaching 20%. 
We have shown that one can synthesize nanowires of this photovoltaic perovskite (Horváth et al, in Nano Letters DOI: 10.1021/nl5020684) which in
association with carbon nanostructures (carbon nanotubes and graphene) makes outstanding composites with rapid and strong photoresponse. They can
serve as conducting electrodes and as central components of sensors, detectors. The demonstration of the performance of several devices based on
these composite structures will be given. 
Acknowledgment: This work is done in collaboration with Endre Horvath, Massimo Spina, Andrea Pisoni, and Laurent Bernard.

9117 | Volatile organic compounds (VOCs) conversion over Pt/γ-Al2O3 catalyst (19. Nano-Composites)

Kajama, Mohammed (mohd_nasiru@yahoo.com), Robert Gordon University Aberdeen, United Kingdom
Nwogu, Ngozi (n.c.nwogu@rgu.ac.uk), Robert Gordon University Aberdeen, United Kingdom
Gobina Edward (e.gobina@rgu.ac.uk), Robert Gordon University Aberdeen, United Kingdom 
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The emission of volatile organic compounds (VOCs) such as acetone, propylene, ethanol, n-butane in air from numerous sources including petrochemical
and refining operations, food processing, pharmaceutical manufacturing, printing and a wide range of coating operations gives rise to deleterious health
and environmental effects. Total oxidation is an attractive method in controlling these emissions due to the great amounts of energy saved if moderate
temperature can be used. For wide application of catalytic combustion, thermally, mechanically and chemically stable catalysts are required. The
operating costs for catalytic combustion are lower than those for thermal combustion and catalytic combustion is also more flexible compared to other
means of VOC destruction. An innovation lies in the field of catalytic membrane reactors based on porous membranes which offer very attractive research
opportunities to academic and industrial scientists working on catalysis. 
In this work a catalytic membrane reactor has been developed and tested for VOC destruction utilizing a porous ceramic membrane over Pt/γ-Al2O3
catalyst for VOC destruction from air stream. A laboratory flow-through catalytic membrane has been used for the study. The influence parameters such
as platinum (Pt) loading, total gas flow rate, VOC concentration, oxygen content and conversion temperature were examined. 

9129 | Characterisation of composite mesoporous membranes using nitrogen isothermal measurements (19. Nano-
Composites)

Shehu, Habiba (h.shehu@rgu.ac.uk), Robert Gordon University, United Kingdom
Okon, Edidiong (e.p.okon@rgu.ac.uk), Robert Gordon University, United Kingdom
Gobina, Edward (e.gobina@rgu.ac.uk), Robert Gordon University, United Kingdom 

The use of composite inorganic membranes for environmental gas separations to achieve high selectivity for desired target gasses has grown. To fully
understand the transport mechanism of the silica membranes, single gas permeation measurements were carried out. In addition, the membrane was
charecterised by the BET method. The hysteresis indicated the membrane was mesoporous and the Barrett, Joyner, Halenda (BJH) desorption method
was used to determine the pore diameter of the membrane after first and second dip coating with silica elastomer which was 5.417 and 4.181 nm
respectively. Specific surface area of the membrane showed an increase with each dipping from 7.662 m2g-1 to 9.556 m2g-1. Single gas permeation test
with argon, helium, methane, nitrogen and carbon dioxide at a temperature of 293 K and 333 K and pressure ranging from 0.02 MPa to 0.1 MPa was
carried out. The molar flux of the gases through the membrane was in the range of 10-6 molm-2s-1 with an average linear regression coefficient of 0.972.
On the basis of the results obtained it can be concluded that the main mechanism governing the flow of gases through the modified mesoporous
membrane was Knudsen flow although there is evidence that another flow mechanism was involved in the movement of the gases across the membrane.
To achieve high selectivity of the target gases there is need for further modification of the membrane. Further permeation tests and characterisation will be
carried out at varying temperatures. There is minimal amount of literature on the ideal conditions of membranes to achieve optimal selectivity of methane
from carbon dioxide and inert gases. There is therefore the need for continuous research on the evaluation and characterisation of composite mesoporous
inorganic membrane and the possibility of the use of this membrane for recovery of methane will be competitive.

9138 | Nanomechanical Characterization of Carbon Reinforced Polymer Composites (19. Nano-Composites)

Minatchy/M (georges.minatchy@univ-ag.fr), UAG, Guadeloupe
Jean Baptiste/P (jeanbaptistepatrick26@yahoo.fr), UAG, Guadeloupe
beraud/M (mb@stationdebandol.com), station de bandol, France
Flory/A (ALFlory@dow.com), Dow Chemical/UAG, United States America
Romana/L (laurence.romana@univ-ag.fr), UAG, Guadeloupe 

Fiber reinforced polymer composites (FRPC) are increasingly used in aerospace, automotive, marine industries due to their excellent specific mechanical
properties compared to conventional materials. However, they are sensitive to environmental conditions such as humidity, temperature and UV irradiation.
These environmental factors could affect the performance of FRPC, particularly the fiber/matrix adherence, which is a key parameter for FRPC
mechanical properties.
In this work, we investigated the nanomechanical properties of fiber reinforced epoxy vinylester composites by means of nanoindentaion technic and
atomic force microscopy. The objectives were to (i) characterize the mechanical properties of the fibers, their matrix and composite, and to (ii) investigate
the evolution of the mechanical parameters as a function of the aging of the polymers. We characterized a sample aging naturally for 10 years. The first
goal was partially achieved as we were able to measure the hardness (H) and Young’s modulus (E) related to each compound (fiber, matrix and
composite). However, the values deduced from our measurements [fibers: [H=(3±1)GPa; E=(41±8)GPa], matrix : H=(50±10)MPa; E=(5±1)GPa] and
composite: H=(1.2±0.2)GPa; E=(12±4)GPa] are significantly different from those reported in literature suggesting that surrounding material influences the
mechanical properties of the separated compounds. 
The surface of the aging composite deteriorated as the polymer was partially removed leaving the carbon fibers at the surface. This deterioration was
limited to 10 µm depth from the surface. At deeper areas, the mechanical properties of each compound do not evolved. These results reveal that
carbon/epoxy composite is a stable material due to the chemical inertness of both constituents.

9157 | Synthesis and EMI properties Spinel Ferrite Nanoparticles and Polymer Nanocomposites Structures (19. Nano-
Composites)

Harun (h.bayrakdar@comu.edu.tr), COMU, Turkey 

Spinel ferrites-polymer composite structures serve as better EMI due to their dielectric and magnetic properties [1]. Ferrite materials display various
properties of the complex permeability and the complex permittivity and they are important in determining their high frequency characteristics.

9160 | The New Generation of Composites Based on Nanopowders (19. Nano-Composites)

Konstantinova, Tetyana (matscidep@aim.com), Donetsk Institute for Physics and Engineering named after O.O. Galkin NAS of Ukraine, Ukraine
Gorban, Oksana (oxanag1@ukr.net), Donetsk Institute for Physics and Engineering named after O.O. Galkin NAS of Ukraine, Ukraine
Danilenko, Igor (igord69@ukr.net), Donetsk Institute for Physics and Engineering named after O.O. Galkin NAS of Ukraine, Ukraine
Yashchishyn, Igor (matscidep@aim.com), Donetsk Institute for Physics and Engineering named after O.O. Galkin NAS of Ukraine, Ukraine
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Volkova, Galina (matscidep@aim.com), Donetsk Institute for Physics and Engineering named after O.O. Galkin NAS of Ukraine, Ukraine
Glazunova, Valentina (matscidep@aim.com), Donetsk Institute for Physics and Engineering named after O.O. Galkin NAS of Ukraine, Ukraine 

It is wellknown that mechanical mixing of such non-agglomerated nanopowder with matrix component does not exclude the nonuniform distribution of filler
particle phase. The main problem for nanocomposites manufacturing such as "ceramic-ceramic" is difficulty of creating a uniform distribution of the
hardening phase due to the properties of nanopowders forming hard agglomerates. Authors developed a technology of composite oxide nanopowders by
coprecipitation method using physical effects. The technology ensures the absence of nanopowders agglomeration and produces single-crystal particles
with a given size in the range 6..30 nm, with controlled phase and chemical composition. In addition, the technology allows entering low concentrations
dopants, and creating multicomponent and composite nanopowder systems. Control of the chemical composition is carried out with high precision and
achieve a high degree of homogeneity of initial components is provided by the introduction of dopants through solutions. It is shown that in one integrated
technology of oxide nanomaterials production through the use of physical and chemical methods of modification of cation sublattice of zirconia can create
functionally-oriented and multi-component composite system. The mechanisms of influence of physical and/or chemical modification methods on structure
and properties of nanoparticles are established. But particular importance, as shown by our study, doping of nanoparticles acquire in the creation of
composites. It is established that even a slight amount from 0.3 to 5 mol.%. of doping elements leads to a significant change in the nanopowders
properties and also substantially ceramics based on this nanopowders. Obtaining composites is considered for systems ZrO2-Y2O3-Al2O3 (ZYAl) and
ZrO2-Y2O3-Cr2O3 (ZYCr), where Cr2O3 and Al2O3 have very low solubility <0.3 mol.%. In ternary systems detected competition between components of
composites, leading to an increase in the concentration of the cation dopant on the surface of zirconia nanoparticles. Heating provides modification of
nanoparticles and granules surface by doping of cations, which allows subsequently forming uniformly finely distributed phase in the matrix 
Particles size and concentration of dopants is greatly affected on the structure and properties of the resulting composites. Our studies allow controlling the
structure, phase composition and properties of ceramic composites due to the effects caused by nanoparticles sizes. Possible mechanisms of inhibition of
cracks in the resulting nanocomposites estimated variation of the fracture toughness of composites and resistance to low temperature degradation in wet
aggressive environment are discussed. We proposed model what illustrated the structure evolution of system ZrYCr at heating of powder system. At
temperatures 600-800oC there is core-shell structure: core is ZY solid solution, shell is ZYCr solid solution. At 1000oC Cr2O3 nanoparticles precipitation
is observed. At 1200-1350oC we can see Cr2O3 nanoparticles agglomeration but increasing of fracture toughness in 1,3 times. Effect of alumina on
fracture toughness of zirconia/alumina composites is more high: the fracture toughness values increased sharply-in 1,8 times. For ZYAl composites
obtained by traditional mixing method only a slight increase in fracture toughness were observed. We have reason to believe that increasing in the fracture
toughness value for zirconia/alumina composites obtained from co-precipitated nanopowders is due to a formation of complex inter- intragranular structure
of alumina inclusions with effect of alumina segregation on zirconia grains boundaries during sintering. Nanoparticles of alumina on zirconia grains
boundaries and inside zirconia grains lead to enhancing of crack interaction with zirconia grains. The penetration of crack inside grains leads to crack
breaking and increasing the fracture toughness of zirconia ceramics.

9190 | Development and characterization of functionalized mullite fiber reinforced sulphone ether linked tetra glycidyl
epoxy matrices and nanocomposites (19. Nano-Composites)

Srinivasa, Ananda Kumar (srinivanand@gmail.com), Anna University, India
Dhanapal, Duraibabu (duraibb@gmail.com), Anna University, India
Palanivel, Saravanan (saranpava@gmail.com), St. Joseph College of Engineering, India 

The objective of the present work is to synthesize 1,4’-bis (4-amine-phenoxy) benzene epoxy resin (TGBAPSB) via 1,4’-bis (4-amine-
phenoxy)sulphonebenzene (BAPSB) and epichlorohydrin. The amine functionalized mullite fiber (F-MFl) was synthesized via the sol–gel method and its
surface was modified with 3-glycidoxypropyltrimethoxysilane and has been confirmed by FT-IR. The TGBAPSB epoxy resin was further reinforced with
varying weight percentages (1-5wt %) of F-MF and cured with diaminodiphenylmethane (DDM). Thermal and thermo-mechanical behaviour of TGBAPSB
epoxy matrices and nanocomposites were examined by TGA, DMA and DSC. The surface morphology of the epoxy nanocomposites was investigated by
XRD, SEM and AFM studies. Data obtained from the mechanical, thermal and thermo-mechanical, dielectric and water absorption studies indicate a
significant improvement in the resultant epoxy nanocomposites, which appear to be an ideal candidate for advanced high performance applications when
compared to those of neat epoxy matrix

9216 | The effect of titanium aluminides reinforcement particles on microstructure and properties changes of AMC’s (19.
Nano-Composites)

Adamiak, Marcin (marcin.adamiak@polsl.pl), Silesian University of Technology, Institute of Engineering Materials and Biomaterials, Poland 

Powder metallurgy (PM) combined with (MA) offers innumerable advantages over casting metallurgy, making possible to improve the existing properties
but also conferring new properties. Results presented in this paper were obtained in such processes. Experiment have been developed to improve the
characteristics of aluminium matrix composites, because of produced fine and uniform dispersions of reinforcements particles. Applying mechanical
alloying route of composite powders production, makes it possible to obtain diminution of reinforcing particles size as well as homogenous reinforcement
particles distribution. As was expected mechanical milling process has improved the reinforcement distributions throughout the whole particle. Extruded
composites are characterized by a very homogeneous distribution of intermetallic particles and the absence of any reaction and with good cohesion at the
matrix/particle interfaces Observed changes in the microstructure, influence on the mechanical properties of composite particles obtained.

9298 | Preparation and Properties of Poly(vinyl alcohol) Composite Nanofibres Containing Multi-Wall Carbon
Nanotubes Produced by Electro-Spinning Technique (19. Nano-Composites)

Ekrem, Mürsel (mekrem@konya.edu.tr), Necmettin Erbakan University Faculty of Engineering and Architecture, Turkey
Erdal,Mehmet O. (o_erdal@yahoo.com), Teacher, Turkey
Avcı, Ahmet (aavci@selcuk.edu.tr), Selçuk University Faculty of Engineering, Turkey 

In this study, polyvinyl alcohol (PVA) nano fibers and PVA nano mats with 1-3-5% by weight multi walled carbon nano tubes (MWCNT) were produced by
electro spinning method. The characteristics of PVA nano fibers and PVA nano fibers reinforced with MWCNT were investigated by using Fourier
transforms infrared spectroscopy (FT-IR), differential scanning calorimetry (DSC) and scanning electron microscopy (SEM). SEM results of PVA nano
mats with 1 % wt. MWCNT revealed that the fiber diameters ranged between 154-335 nm and they were linear, continuous, homogenous and free of
beads. But fiber diameters decreased and beads started to form by increase of MWCNT wt. ratio. DSC thermograms indicated that the addition of 1% wt.
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MWCNT increased glassy transition (Tg) to 85 C and melting temperature (Tm) to 225 C.

9348 | Fabrication and Characterization of Functionalized Silica-Epoxy Based Composite (19. Nano-Composites)

Jaewoo Nam (allakuk@hanmail.net), Changwon National University, Korea, South
Dong Sik Bae (dsbae7@changwon.ac.kr), Changwon National University, Korea, South 

Epoxy/silica composites samples were successfully fabricated by uniformly dispersing the produced silica into epoxy polymer mainly using a mechanical,
sonication, and solvent compounding methods. The tensile properties of silica-epoxy composite exhibited improved resin strength and fracture toughness
than those of the bare epoxy polymers at room temperature, respectively. Electrical properties and crosslink density of epoxy/silica composite were
noticeably improved by addition of silica. Functional silica-epoxy based composite were investigated by dynamic mechanical analysis(DMA), scanning
electron microscopy(SEM), atomic force microscopy(AFM), fourier transform infrared spectroscopy(FTIR), thermal gravimetric analysis(TGA), and
differential scanning calorimetry(DSC).

9349 | Fabrication and Characterization of Glass fiber-Epoxy Based Composite (19. Nano-Composites)

Jong Ju Jo (Jongjj@changwon.ac.kr), Changwon National University, Korea, South
Dong Sik Bae (dsbae7@changwon.ac.kr), Changwon National University, Korea, South 

Epoxy/glass fiber composites samples were successfully fabricated by uniformly dispersing the produced glass fiber into epoxy polymer mainly using a
mechanical, sonication, and solvent compounding methods. The tensile properties of glass fiber-epoxy composite exhibited improved resin strength and
fracture toughness than those of the bare epoxy polymers at room temperature, respectively. Electrical properties and crosslink density of epoxy/glass
fiber composite were noticeably improved by addition of glass fiber. Functional glass fiber-epoxy based composite were investigated by dynamic
mechanical analysis(DMA), scanning electron microscopy(SEM), atomic force microscopy(AFM), fourier transform infrared spectroscopy(FTIR), thermal
gravimetric analysis(TGA), and differential scanning calorimetry(DSC).

9358 | Influence of Granule Size on Thermal Characteristics of Protein Based Silica-Aerogel Composites (19. Nano-
Composites)

Mahesh Sachithanadam (mahesh2@e.ntu.edu.sg), Nanyang Technological University, Singapore
Sunil C.Joshi (MSCJoshi@ntu.edu.sg), Nanyang Technological University, Singapore 

Silica aerogels are light and highly porous nanomaterials offering excellent thermal insulation properties. Thermal conductivity of the silica aerogel
granules that are commercially available typically ranges from 0.013 to 0.024 W/m-K at 300K for the granules sizes ranging from 0.01 to 4.00mm. This
thermal conductivity range can be influenced by effectively controlling the granule sizes in a sample. This is especially crucial in applications where the
tolerance for thermal conductivity is +/- 0.002 W/m-K.
In order to enhance the applicability of the granules, binder-treated gelatin silica aerogel-sodium dodecyl sulfate (GSA-SDS) composites were specially
envisaged and developed. The influence of aerogel granules sizes on the thermal conductivity is investigated on GSA-SDS composites fabricated using
the aerogel granules of different sizes. The thermal conductivity of silica aerogel granules, �(λ�_a (d,T_m )), and of GSA-SDS composites, (λ_gsasds
(d,T_m )), was evaluated with several mass ratios of the composite mix for 1-D steady-state heat transfer at mean temperature (Tm= 300-370K) using
Lee’s Disc method. The experimental thermal conductivities of the silica aerogel granules were in range from 0.021 to 0.038W/m-K within the tolerance of
+0.0023/-0.0018W/m-K. Thermal conductivities of GSA-SDS composite blocks were in the range from 0.021 to 0.040W/m-K with the tolerance of
+0.0015/-0.0038W/m-K. A predictive model is developed to determine the optimal granule size and thermal conductivity of the granules based on
measured data from the experiments. The model, as a function of; a) the distribution of aerogel granule size based on two-term Gaussian function, b)
thermal conductivity factor (T_f) and, c) the mass ratio of the constituent materials exhibited exponential behavior according to the various granule sizes.
The predictive model for �(λ�_a (d,T_m )) based on the measured data showed R2 > 0.93 fit. The results indicate that the size of silica aerogel granules
does have effect on thermal characteristics of GSA-SDS composites. Smaller granules offer better insulation with little variation in thermal conductivity as
compared to larger granules.

9366 | Electric-field-induced resistance behavior in Al/a-C:Co/FTO sandwich structures (19. Nano-Composites)

Wang, Lin (wanglinn@shu.edu.cn), Shanghai University, China
Wang, Linjun (ljwang@shu.edu.cn), Shanghai University, China
Wu, Baiyu (feather1990@163.com), Shanghai University, China
Huang, jian (jianhuang@shu.edu.cn), Shanghai University, China 

For its sub-ns operation speed, low energy consumption, high endurance and proved excellent miniaturization potential, resistive random access memory
(RRAM) has been investigated intensively as a promising nonvolatile memory in recent years. Due to their diverse forms with electronic properties ranging
from metallic to insulating�carbon based materials seem to be ideal resistance-change materials. Resistive switching (RS) behavior has been observed
in carbon-based materials, including carbon nanotube (CNT), graphene oxide, fullerene, amorphous carbon (a-C) and carbon/organic composite. Different
switching mechanisms have been proposed, including thermo-chemical sp2 carbon chain forming/ruptureelectrochemical metallization and valence
change. Nowadays, few study of the RS property has been done on doped-carbon films. As we know, Co and C are immiscible and the metastable Co
carbides (Co2C and Co3C) can easily decompose into Co and C. Co-C composite films therefore form an interesting storage layer to be investigated.
In this work, we investigated the RS characteristics of α-C:Co films prepared by RF magnetron sputter deposition technique for nonvolatile memory
application. Commercial glasses capped by a 100 nm thick F-doped SnO2 (FTO) layer were used as substrate and simultaneously bottom electrode.
Before film deposition, the FTO layer was etched into 1 mm width strips as bottom electrodes. Amorphous Co-doped carbon (α-C:Co) films of 300 nm
were sputtered from a 4at % Co doped carbon target on the FTO-glass substrates. The substrate temperature was kept at 300 ℃ and the Ar pressure
was maintained at 0.65 Pa during the deposition. Electric-pulse-induced reliable and reproducible switching behavior of Al/α-C:Co/FTO were obtained.
The on/off ratio is over 10 with read voltage (1 V). The RS behavior is consistent and reproducible up to 300 cycles and 10000 s. Based on the observed
features, the clustering of existing sp2 sites with the sp3 matrix and the formation of conducting nanochannels in Co-C composite films are believe to
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related to the RS between HRS (high-resistance state) and LRS (low-resistance state). 

9424 | Synthesis and Tribological Properties of Copper-alumina Nanocomposites Prepared by Coprecipitation
Technique (19. Nano-Composites)

Fu Xuelong (308851010@qq.com), Nanjing University of Aeronautics & Astronautics, China
Tao Jie (taojie@nuaa.edu.cn), Nanjing University of Aeronautics & Astronautics, China 

Copper-alumina nanoparticles were synthesized by coprecipitation method to prepare the nanocomposites and investigate their mechanical
performances. The effects of calcination temperature on the average size of composite particles and the chemical composition after calcination were
analyzed. The sintering parameters including sintering temperature, hot pressure and packing time were optimized to fabricate the alumina nanoparticles
reinforced copper matrix composites (CMCs). The density, microhardness and tribological properties of CMCs reinforced with 1, 2, 3, 4 and 5wt% of
alumina nanoparticles were investigated respectively. The results showed that the optimized preparing parameters for the composites were: hot pressing
temperature of 900C�hot pressure of 27.5MPa and packing time of 2 hrs. The composites reinforced with 2wt% alumina nanoparticles had the lowest
wear rate, with the relative wear resistance of 3.13.

9473 | Preparation and Properties of poly (acrylamide-co-alginate)/gold nanocomposites for inactivation of bacteria (19.
Nano-Composites)

Zhang, Yanan (zyn3648@163.com), Nanjing University of Aeronautics and Astronautics, China
Lou, Zhichao (zyn3648@gmail.com), Nanjing University of Aeronautics and Astronautics, China
Hu, Yubing (huyubing@nuaa.edu.cn), Nanjing University of Aeronautics and Astronautics, China
Xiaodan Hu (huxiaodan@nuaa.edu.cn), Nanjing University of Aeronautics and Astronautics, China
Xiaohong Zhang (zhangxiaohong@nuaa.edu.cn), Nanjing University of Aeronautics and Astronautics, China
Haiqian Zhang (zhanghq@nuaa.edu.cn), Nanjing University of Aeronautics and Astronautics, China 

A facile and efficient approach to prepare uniform gold nanoparticles (Au NPs) in hybrid hydrogel consisting of acrylamide (AM) and alginate (SA) for
antibacterial applications is reported. In this study, reduction of gold ions by acrylamide and alginate (AM–SA) occurred before the polymerization and as-
obtained gold colloids are stabilized by AM–SA immediately in the absence of commonly used reducing agents and protective reagents. Via transmittance
electron microscopy results, we can conclude that the obtained gold nanoparticles in hydrogel are well dispersed. Furthermore, ultraviolet–visible
absorption spectroscopy. Fourier transform infrared and thermogravimetric analysis were used to characterize the structure and composition of the
synthetic nanocomposites. Our approach provides well-dispersed nanoparticles around 8 mm in size. It is important to underline that nanoparticle
aggregation was not observed during and after gel formation. The prepared Au NPs exhibited remarkable stability in the presence of high pH s, and a
range of salt concentrations. Importantly, the hydrogel/gold nanocomposites showed a non-compromised activity to inhibit the growth of a model
bacterium, Escherichia coli. With their excellent mechanical behavior, as well as the remained antibacterial activity, the nanocomposites should get various
potential applications in the fields of pharmaceutical science and tissue engineering.

7534 | FRACTURE PROPERTY DETERMINATION IN NATURAL FIBRE COMPOSITES (20. Natural Fibre Composites)

Campilho, Raul D.S.G. (raulcampilho@gmail.com), ISEP, Portugal
Moura, Daniel C. (daniel.c.moura@gmail.com), FEUP, Portugal 

Adhesive bonding has become more efficient in the last few decades due to the adhesive developments, granting higher peel and shear strengths, and
also increased ductility. As a result, bonded joints are replacing conventional methods. On the other hand, natural fibre composites have recently gained
interest and application due to the low cost and density. It is therefore essential to predict the fracture behavior of joints between these materials, to
assess the feasibility of joining during the fabrication process of components, of joining cured parts of a structure, or even for repairing. In this work, the
tensile fracture toughness (Gnc) of adhesive joints between natural fibre composites is studied, by bonding with a ductile adhesive and co-curing.
Conventional methods to obtain Gnc are used for the co-cured specimens, while for the adhesive within the bonded joint, the J-integral is considered, to
accurately account for the large adhesive plasticity. For the J-integral calculation, an optical measurement method is developed for the evaluation of crack
tip opening and adherends rotation at the crack tip during the test, supported by a Matlab sub-routine for the automated extraction of these quantities. As
output of this work, a comparative evaluation of the two bonding methods is carried out and fracture data in tension is provided for the subsequent
strength prediction of joints in natural fibre composites.

7551 | Behaviour of composite soil reinforced with curauá treated fibers for use in asphalt pavements (20. Natural Fibre
Composites)

Santiago, Gislene A. (gislene.santiago@yahoo.com.br), IFMG campus Ouro Preto, Brazil
Botaro, Vagner R. (vagner@ufscar.br), UFSCar campus Sorocaba, Brazil 

This paper discusses the geotechnical behaviour of two tropical soils reinforced with the random inclusion of the short and superficially treated curauá
fibers with EPS (Expanded polystyrene) for use in pavement structures. The vegetal fibers were mixed to the natural soils to evaluation the influence of
such materials on the improvement of the mechanical properties of the composites. In order to characterize the performance of these fibers, scanning
electron microscopy (SEM) and dynamic mechanical analysis (DMA) were employed. The characterization and classification soil tests were gradation,
Atterberg limits, mini-CBR (natural and after inundation), mini-MCV compaction and mini-Proctor compaction. The geotechnical behaviour of reinforced
and non-reinforced soil samples were analyzed by unconfined compression test (UCS) and diametral compression (Brazilian) test. The test results
indicated that the inclusion of fiber reinforcement within tropical soils caused a significant improvement on the mechanical properties of these soils, and it
was shown the curauá fibers potential as soil reinforcement for use in asphalt pavements structures.

7552 | Mechanical Properties of Tropical Soils reinforced with Treated Jute Fibers (20. Natural Fibre Composites)
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Santiago, Gislene A. (gislene.santiago@yahoo.com.br), IFMG campus Ouro Preto, Brazil
Botaro, Vagner R. (vagner@ufscar.br), UFSCar campus Sorocaba, Brazil 

Ecological concern has resulted in a renewed interest in natural materials for their recyclability, light weight and non pollution. Lignocellulosic natural fibers
such as curaua, sisal and jute are an interesting, environmentally friendly alternative to the use of artificial fibers as reinforcement in engineering
composites because of the benefits that these fibers provide over conventional reinforcement materials. However, the rapid absorption of water and
degradation of vegetal fibers can represent negative characteristics. Thus, a study of the effect of surface treatment on jute fibers in order to increase its
durability is necessary for these fibers can successfully replace synthetic fibers. In this context, the aim of this work was analyze the geotechnical behavior
of two tropical soils reinforced with the inclusion of short and superficially treated jute fibers with EPS (Expanded polystyrene) for use in asphalt pavement
structures. These fibers were mixed in the tropical soils in order to evaluation their influence on the mechanical properties improvements of the soils. A
series laboratory geotechnical tests were performed to determine the mechanical behavior response of the composites. The results demonstrated that the
addition of treated jute fibers presented significant improvements on the mechanical properties of these soils and showed its potential as soil
reinforcement for use in pavements structures.

7712 | NUMERICAL STUDY OF THE BEHAVIOUR OF NATURAL FIBRES COMPOSITES UNDER LOW-VELOCITY IMPACT
(20. Natural Fibre Composites)

Rubio-López, Ángel (anrubiol@ing.uc3m.es), University Carlos III of Madrid, Spain
Díaz-Álvarez, Antonio (andiaza@ing.uc3m.es), University Carlos III of Madrid, Spain
Olmedo, Álvaro (aolmedo@ing.uc3m.es), University Carlos III of Madrid, Spain
Santiste, Carlos (csantius@ing.uc3m.es), University Carlos III of Madrid, Spain 

Composite material are characterised by the combination of at least two materials, usually polymer matrix reinforced with carbon of glass fibres, with the
intention to get properties that cannot be achieved using the constituent materials separately. In the last years, numerous researchers have introduced
natural fibres as reinforcements to increase the biodegradability of composites. The works that have studied biocomposites made of natural fibres as jute,
hemp, linen or cotton have shown promising results related with their mechanical properties. Also natural matrixes are used to fill the fibres. PLA is the
most common one, which shows good mechanical behaviour.
The most of the research done on biocomposites are focused on their quasi-static behaviour, there are also several remarkable works that study their
impact behaviour. Impact properties of biocomposites are extremely important to find industrial applications e.g. in automobile structures, but these
properties are difficult to quantify. Impact testing of materials is performed to determine the amount of energy that can be absorbed during a suddenly
applied force. Impact testing is usually performed by Charpy or Izod test machines. Charpy and Izod tests, originally designed to determine ductile–brittle
transitions in metals, most often assume a pre-existing notch, which is not suitable for testing composite materials.
An alternative method is the drop-weight test, in which a known mass is dropped from a given height onto a flat, un-notched sample. The drop-weight test
is a more realistic test of what a structural component would experience in its service life. Drop-weight tests have proven to be valuable source of
information about the impact behaviour of woven composites, tape laminates, and sandwich beams. However, the use of these tests on biocomposites
has not received comparable attention in scientific literature. In this work, a drop-weight test was made on a biocomposite.
The development of theoretical models to predict the impact behaviour of composites has shown to be useful tool to get a better understanding the failure
modes and the energy absorption mechanisms. However, the modelling of biocomposite structures is an almost unexplored field. This work is focussed on
the development of the first numerical model to predict the low-velocity impact behaviour of biocomposite plates using finite element method (FEM). The
numerical model was validated with experimental data from drop-weight tests. Moreover, the FEM model was used to analyse the influence of impact
energy on the peak force and absorbed energy during impact.
Authors gratefully acknowledges the support of Spanish Ministry of Economy under the project DPI2014-43994-R.

7739 | ANALYSIS OF THE MANUFACTURING PARAMETERS ON THE MECHANICAL PROPERTIES OF NATURAL FIBRES
COMPOSITES (20. Natural Fibre Composites)

Rubio-López, Ángel (anrubiol@ing.uc3m.es), Department of Continuous Mechanics and Structures Theory, University Carlos III of Madrid, Spain
Díaz-Álvarez, Antonio (andiaza@ing.uc3m.es), Department of Mechanics, University Carlos III of Madrid, Spain
Olmedo, Álvaro (aolmedo@ing.uc3m.es), Department of Continuous Mechanics and Structures Theory, University Carlos III of Madrid, Spain
Santiuste, Carlos (csantius@ing.uc3m.es), Department of Continuous Mechanics and Structures Theory, University Carlos III of Madrid, Spain 

Composite materials are present everywhere in nature, for example, muscles are made of proteins girded by myoglobin and other components. This
nature configurations take the best from every component, so that, man-made composite materials are characterised by the combination of at least two
materials, usually polymer matrix reinforced with carbon or glass fibres, with the intention to get properties that cannot be achieved using the constituent
materials separately. During the last years, numerous researchers have introduced natural fibres as reinforcements and natural plastics as matrix to
increase the biodegradability of composites because friendly environmental materials are needed. In this work, biocomposite refers to a totally biomass
resource composite material. 
The works that have studied biocomposites made from natural fibres as jute, hemp, flax, kenaf or cotton have shown promising results related with their
mechanical properties. New fully biodegradable bioplastics derived from the biomass and processed to a final plastic as PLA (poly-lactic acid), PHB
(Polyhydroxybutyrate) or chitosan are being used to made new composite materials. The hydrophilic behaviour of biopolymers sets them as the better
option. The advantages of a biodegradable material are not only to reduce contamination, but also to obtain a renewable material, which could be reused
at the end of the product cycle life.
The applications of a biocomposite reach a high range of possibilities, from the automotive sector to boats. It´s mechanical properties call this material to
replace most of non-renewable materials as traditional fibre glass composites possibilities. Usually in bibliography, the quantity of filler part exceeds
reinforcement parts, being a typical value a 60-70% the matrix percentage. The typical temperature of fabrication during the compression moulding is
around 160-180 ºC, while the melting point of matrix usually rounds 150ºC. However, these are new materials and there is a lack of studies about the
influence of the main parameters of the manufacturing process.
In this work, the influence of temperature, pressure, percentage of reinforced volume and number of layers on the mechanical properties of biodegradable
composites made of natural fibres is studied. The influence of these parameters was studied for different fibres as flax, cotton and jute. PLA was used as
matrix.
Authors gratefully acknowledges the support of Spanish Ministry of Economy under the project DPI2014-43994-R.
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7742 | Effects of cellulose fiber content on physical properties of polyurethane based composites (20. Natural Fibre
Composites)

HADJADJ, Aomar (aomar.hadjadj@univ-reims.fr), University of Reims , France
JBARA, Omar (omar.jbara@univ-reims.fr), University of Reims, France
TARA, Ahmed (ahmed.tara@univ-reims.fr), University of Reims, France
GILLIOT, Mickael (mickael.gilliot@univ-reims.fr), University of Reims, France
MALEK, Fouad (fouad_malek@yahoo.fr), University of Oujda, Morocco
MAAFI, El-Miloud (elmiloud.maafi@etudiant.univ-reims.fr), University of Oujda, Morocco
TIGHZERT, Lan (lan.tighzert@univ-reims.fr), University of Oujda, France 

For the sake of environmental protection and public health, the utilization of natural fibers in industrial application composites provides challenges for
researcher to develop suitable techniques to produce good quality fibers for use as reinforcement for polymer composites. Cellulose fibers are renewable
resources with many advantages. They are abundant, inexpensive, light in weight, strong and non-abrasive, they can serve as an excellent reinforcing
agent for plastics such as PU to replace or to reduce utilization of synthetic fibers in different applications. 
Cellulose extracted from Alfa stems was used as reinforcement of polyurethane (PU) based composites. The dispersion of the fillers within the polymeric
matrix was investigated by scanning electron microscopy, and results showed a relatively homogeneous dispersion of the cellulose fibers and the
existence of agglomerates at high fiber content. Infrared spectroscopy clearly revealed the existence of hydrogen interactions between matrix and
reinforcement. We focused our attention on the changes in the mechanical and the electrical properties of the composite, when the thermoplastic matrix is
filled with cellulose fibers up to 30 % by weight. The mechanical properties show gradual changes, with a marked improvement in rigidity of the composite,
when the embedded fiber content increases. However, the cellulose concentration-dependence of the electrical properties of the composites, especially
resistivity and capacitance, show a percolation behavior beyond a critical concentration of 10% cellulose fibers [1]. These features are correlated with the
cellulose concentration-dependence of charging effect of the composite under electronic beam irradiation in a scanning electron microscope. The results
indicate that the leakage current and the trapped charge as well as the kinetics of charging process significantly change beyond the critical concentration
of 10 % cellulose fibers [2]. Poor dispersion of the fibers and their agglomeration when their concentration exceeds a threshold of 10% and their
consequences on dipole concentration may explain such cellulose concentration-dependence. 

1. Effects of Cellulose Fiber Content on Mechanical and Electrical Properties of Polyurethane Based Composites
A. Hadjadj, F. Malek, E. Maafi, L. Tighzert, O. Jbara and J.L.Dellis
J. Mat. Sci. Eng. A 3 (2013) 398–406.

2. Charging process of polyurethane based composites under electronic irradiation: Effects of cellulose fiber content
A. Hadjadj, O. Jbara, A. Tara, M. Gilliot and J.-L. Dellis
Appl. Phys. Lett. 103 (2013) 132906.

7772 | Experimental and Numerical Investigation of Paperboard Creasing (20. Natural Fibre Composites)

Li, Yujun (yujun.li@rwth-aachen.de), Institute of Applied Mechanics, RWTH Aachen University, Germany
Simon, Jaan W. (jaan.simon@rwth-aachen.de), Institute of Applied Mechanics, RWTH Aachen University, Germany
Stapleton, Scott (scott.stapleton@ifam.rwth-aachen.de), Institute of Applied Mechanics, RWTH Aachen University, Germany
Reese, Stefanie (stefanie.reese@rwth-aachen.de), Institute of Applied Mechanics, RWTH Aachen University, Germany 

Laminated paperboard is widely used in packaging products. It usually consists of multiple layers bonded to each other by starch or adhesion. The
indentation of fold lines (creasing) plays a crucial role during the folding process. It is important to control delamination and other damage effects to create
high quality commercial cartons. Thus, the aim of this study is to describe the material behavior of a laminated paperboard during the creasing process.
The paperboard was considered to be a laminate of three distinct layers, and each was modeled separately with an anisotropic elastic-plastic material
model while a cohesive zone approach described the opening behavior between layers. The initial yielding was given by Hill’s 48 yield criterion, while the
isotropic strain hardening was described by a power law hardening function. To calibrate the material parameters, a sequence of tensile, compression,
Double Cantilever Beam (DCB) and End Notched Flexure (ENF) tests were conducted for each layer in different directions to account for the material’s
anisotropy. Finally, the creasing process was investigated using a two-dimensional plane strain finite element model.

8036 | Properties and evaluation of structural changes of thermoplastic polymer composites with renewable plant
materials after accelerated weathering tests (20. Natural Fibre Composites)

Barton-Pudlik Joanna (jbarton@uni.opole.pl), Opole University, Poland
Czaja Krystyna (krystyna.czaja@uni.opole.pl), Opole University, Poland
Sacher-Majewska Beata (beata.sacher@uni.opole.pl), Opole Univeristy, Poland
Sobków Dariusz (dariusz.sobkow@uni.opole.pl), Opole University, Poland 

The range of application of composite materials with plant fillers, including construction materials, depends on, among others, resistance to atmospheric
factors. The scope of processes leading to disintegration and/or photolytic degradation of materials triggered by a complex of environmental conditions is
known as weathering. The susceptibility of polymer materials to degradation processes is a result of, among others, polymer’s structure and molecular
weight, material’s physicochemical properties, as well as the type and intensity of factors responsible for degradation. The synergistic activity of
atmospheric factors (temperature, humidity, UV radiation) may result in a change of color and/or changes in the material’s structure and, consequently, the
loss of desirable mechanical properties [1-3].
The aim of this paper was characterizing and comparing the structure and properties of polymer composites containing plant fillers of various types. The
following plant materials were used: pine wood flour, beech wood flour as well as wood flour from osier and pine needles (the last two had not been used
before for such proposes). The impact of mercerization of the fillers on the alteration of the composites’ properties was specified [4]. Furthermore, a
weatherometer was used in order to characterize and compare the properties of the composites under exposure to atmospheric factors. The weathering
process of the materials exposed to destructive factors was evaluated by analyzing the structural (ATR-FTIR, DSC), topographical (SEM), rheological
(MFR) and mechanical changes of the aged samples.
A thorough analysis has indicated that the introduction of a plant filler into polymer matrix increases its resistance to atmospheric factors. 
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8050 | Fungal biocorrosion as a reason of the changes in the structure of thermoplastic polymer composites reinforced
with plant fillers (20. Natural Fibre Composites)

Barton-Pudlik Joanna (jbarton@uni.opole.pl), Opole University, Poland
Czaja Krystyna (krystyna.czaja@uni.opole.pl), Opole University, Poland
Lipok Jacek (Jacek.Lipok@uni.opole.pl), Opole University, Poland 

Growing demand for composite materials that contain renewable plant resources has become visible over last years. The main reasons for this are
diminishing supplies of substrates of petrochemical origin, and commonly accepted concerns for the natural environment, especially important in the light
of serious difficulties in managing the wastes of polymers. Of a great meaning are growing prices of the limited resources of oil and gas, what
consequently leads to an increase in prices of commercial polymers. The major advantages of composites reinforced with plant fillers comprise their at
least partially renewable nature, relatively low price and widespread availability. Due to usually good functional properties, composites containing plant
fillers possess a wide range of applications in industrial and home construction, as well as, in car industry [1].
However, all materials that contained natural substances as components are characterized by varied susceptibility to destructive activity of biological
factors. Simultaneously, this particular property determines the potential scope of application of every product, which is made from such composites,
because the presence of plant resources shortens their lifespan, thus making them vulnerable to biocorrosion triggered by microorganisms, in case of our
research - filamentous fungi [2,3].
The omnipresence of microorganisms, a large diversity of species, as well as their high enzymatic activity, contribute to biocorrosion and biodegradation of
various materials and substances. A considerable threat to the lifespan of composites with plant fillers is often caused by filamentous fungi that in
favourable growth conditions (high humidity), may change the physical-chemical structure of composites on the way of biocorrosion [4].
This contribution presents the results of the study on the resistance of composite materials towards selected filamentous fungi (e.g. Aspergillus niger),
existed in compost and post-mushroom peat. The susceptibility of the tested materials to infestation and/or biocorrosion was determined on the basis of
macroscopic evaluation of area of growing mycelium, or on the basis of mycelium mass balance. Furthermore, the progress of degradation was evaluated
by analyzing the changes in structure (ATR-FTIR, DSC) and surface morphology (SEM) of the samples. 
The obtained results clearly show that renewable plant resources in composites (its type and share) was crucial to the process of its degradation under
the influence of filamentous fungi. Moreover, the conditions and environment of this process have become equally responsible for the pace of degradation.
The conditioning the samples in the compost caused major structural changes of tested composites and the progress of deterioration. That aspect has
been proven through changes in the crystallinity of samples and their structure, confirmed by analyzing IR spectra.

References
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Precast unidirectional slabs can be defined as structural elements with a ribbed section, consisting of longitudinal ribs, arranged in a single direction. They
can be formed by precast elements, called beams, normally interspersed with ceramic or EPS components, called tiles and a “concrete cover” laid in situ.
In this study, the substitution of ceramic and EPS components by short sisal fiber cement composites, used as an in fill material for semi-precast slabs,
was investigated experimentally. Strip of slabs were produced in full scale, with mean measurements of 0.5 m (width) x 2 m (length). The flexural behavior
of fill component was determined using three point test under displacement control. The slabs were characterized according to flexural strength. The sisal-
cement fill component show a multiple cracking with flexural hardening and a higher flexural strength (1.20 kN) than ceramic (1.1 kN) or EPS components
(0.7 kN). The flexural strength of the composite slab (sisal-cement component) was higher than EPS slab and reference slab (ceramic fill component) and
less density than later. These results indicate the feasibility of using short sisal fiber cement composite as a constructive element in the production of
slabs.

8274 | A comparison of the microstructure of wood-based carbon fibers activated by steam and disodium hydrogen
phosphate (20. Natural Fibre Composites)
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Trang, VU Thi (trangvfu87@gmail.com), Collage of Material Science and Technology, Beijing Forestry University, Vietnam
Zhao, Guangjie (zhaows@bjfu.edu.cn), Collage of Material Science and Technology, Beijing Forestry University, China 

Activated carbon fibers were prepared from liquefied wood through steam and disodium hydrogen phosphate activation with different temperatures. Their
crystal structure, pore structure, and surface chemistry structure were studied using analysis of X-ray diffraction, nitrogen adsorption-desorption isotherms,
and X-ray photoelectron spectroscopy, respectively. The results showed that the steam at the concentration of 3.0 ml/min had a more serious damage to
the crystal structure of fibers compared with the disodium hydrogen phosphate at the concentration of 5 wt%. Therefore, the BET specific surface area
and total pore volume of activated carbon fibers activated by steam were larger than those of activated carbon fibers activated by disodium hydrogen
phosphate. However, more mesopores were found in activated carbon fibers activated by disodium hydrogen phosphate. Meanwhile, the samples
activated by disodium hydrogen phosphate possessed more element oxygen and less of element carbon.

8669 | PRODUCTION OF CELLULOSE BASED BIOCOMPOSITES WITH HYDROXYAPATITE FOR MEDICAL
APPLICATIONS (20. Natural Fibre Composites)

Viana, Tânia (tania.viana@ipleiria.pt), Centre for Rapid and Sustainable Product Development, Polytechnic Institute of Leiria, Portugal
Malça, Cândida (candida@isec.pt), Centre for Rapid and Sustainable Product Development, Polytechnic Institute of Leiria and Polytechnic Institute of
Coimbra, ISEC, Portugal
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Mateua, Artur (artur.mateus@ipleiria.pt), Centre for Rapid and Sustainable Product Development, Polytechnic Institute of Leiria, Portugal
Mitchell, Geoffrey (geoffrey.mitchell@ipleiria.pt), Centre for Rapid and Sustainable Product Development, Polytechnic Institute of Leiria, Portugal 

Nowadays tissue engineering is assumed as an alternative and very promising approach for biological tissues regeneration. Three-dimensional (3D)
polymeric scaffolds are used as a support for biological cells transplantation, adhesion, proliferation, and differentiation or as a reservoir for different
molecules and cell mediators [1-5]. Scaffolds must be, therefore, biocompatible, bioactive and biodegradable to avoid tissue rejection and to promote
space for the new regenerated tissue [4].
Materials as blends of natural or synthetic polymers, as Poly(ε-caprolactone) (PCL), reinforced with ceramics such as hydroxyapatite (HA) have been
widely used for repair and regeneration of biological tissues, mainly bone tissue. HA is used as reinforcement of PCL matrix for improving the mechanical
and biological properties. The addition of natural biopolymers is pointed out as a way to enhance the control over the degradation of polymeric scaffolds
and improving additionally cell adhesion and proliferation [1 - 4]. Regardless of its origin, nanocellulose has great potential as a reinforcement element in
composite research areas, because of its exceptionally superior mechanical properties and biocompatibility. However, due to its hydrophilicity, proper
interface compatibilization between a hydrophobic polymer matrix and nanocellulose must be ensuring [6-8]. 
In this research work biocomposites of PCL, HA and carrot nanocellulose (NC) were prepared, in order to evaluate the influence of different NC contents
on the produced biocomposites.
Concerning to biocomposites processability, scaffolds can be produced by the conventional techniques, e.g. freeze-drying, thermally induced phase
separation, gas foaming and so on, but if the purpose is to produce complex free form geometries, such as the ones required for medical applications,
additive manufacturing techniques based on extrusion technology are the solution [2, 5]. With this purpose scaffolds of PCL/HA/NC were manufactured
using a BioExtruder equipment. 
Chemical, thermal, morphological, and mechanical compression tests were performed on the produced scaffolds to investigate the effect of different
nanocelulose contents and HA on the PCL matrix. 
[1] Aurelio Salerno, Maria Oliviero, Ernesto Di Maio, Paolo A. Netti, Cristina Rofani, Alessia Colosimo, Valentina Guida, Bruno Dallapiccola, Paolo Palma,
Emidio Procaccini, Anna C. Berardi, Francesco Velardi, Anna Teti, Salvatore Iannace, Design of novel three-phase PCL/TZ–HA biomaterials for use in
bone regeneration applications, J Mater Sci: Mater Med (2010) 21:2569–2581.
[2] Won-Young Choi, Hyoun-Ee Kim, Young-Hag Koh, Production, mechanical properties and in vitro biocompatibility of highly aligned porous poly(e-
caprolactone) (PCL)/hydroxyapatite (HA) scaffolds, J Porous Mater (2013) 20:701–708.
[3] Aurelio Salerno, Stefania Zeppetelli, Maria Oliviero, Edmondo Battista, Ernesto Di Maio, Salvatore Iannace and Paolo A Netti, Microstructure,
degradation and in vitro MG63 cells interactions of a new poly(e-caprolactone), zein, and hydroxyapatite composite for bone tissue engineering, Journal of
Bioactive and Compatible Polymers 2012, 27(3) 210–226.
[4] Neftaha Tazi, Ze Zhang, Younès Messaddeq, Luciana Almeida-Lopes, Lisinéia M Zanardi, Dennis Levinson and Mahmoud Rouabhia, Hydroxyapatite
bioactivated bacterial cellulose promotes osteoblast growth and the formation of bone nodules, AMB Express 2012, 2:61 (http://www.amb-
express.com/content/2/1/61)
[5] H. Chim, D. W. Hutmacher, A. M. Chou, A. L. Oliveira, R. L. Reis, T. C. Lim, J. -T. Schantz, A comparative analysis of scaffold material modifications for
load-bearing applications in bone tissue engineering, Int. J. Oral Maxillofac. Surg. 2006; 35: 928–934.
[6] A. Abdulkhani, J. Hosseinzadeh, A. Ashori, S. Dadashi, Z.Takzare: Preparation and characterization of modified cellulose nanofibers reinforced
polylactic acid nanocomposite, Polymer Testing, Vol. 35 (2014), pp. 73–79.
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The search for alternative raw materials for composites manufacture, which will mitigate the use of forest resources and add value to fibrous often
considered as waste, must be a constant in the research development of new products more sustainable and opens front to use raw material availability
and with great potential, such as sugarcane bagasse in Brazil. In these new panels, all the technological performance is related to the conformation and
aspects initially granulometric particle used, with a clear need for detailed classification of the fibrous raw material used. In this paper we report
classification percentage of bagasse particles suitable for new composite manufacture mixed with eucalyptus fibers, and illustrated morphological details
on the visual aspects and through the interpretation of images obtained under scanning electron microscopy (SEM).
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8717 | Prospects of using Amazon fibers as reinforcement in multilayer composites (20. Natural Fibre Composites)
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The research of the last decade have evaluated the application of fibrous raw materials of agricultural crop residues for composites manufacture in
different regions of the world, with satisfactory results, and the development of composite materials with natural fibers or waste agroindustrial arouses
interest in academic and industrial circles for questions and associated technological possibilities of being environmentally friendly and competitive
mechanical properties of materials, and can also contribute to greater sustainable development. In this context, this evaluation included the insertion of
curauá fibers (Pineapple erectifolius) and jute fibers (Corchorus capsularis) in the inner layer of low density particleboard from bagasse in order to
increase performance mechanical in properties panels. The panels were made of multilayer, similarly to the MDP panel and containing: (i) outer layers
(CE) and fine particle dose of 15% based on castor oil resin and (ii) the inner layer (CI), grain size coarser and 12% dosage of resin, which received the
addition of curauá and jute fibers in a percentage of 20%. Preliminary results indicate the necessity of prior particle size distributions in fiber alternatives to
better match the matrix of sugarcane bagasse, with the inclusion of jute fibers promoted significant increase in the values of MOR and MOE compared to
panels made with only sugarcane bagasse, this satisfactory performance which can guide the further research aiming adjustments in the production
process and the use of other fibrous matrices.

8732 | Mechanical properties of Napier Grass Fibre Reinforced Unsaturated Polyester Composites (20. Natural Fibre
Composites)
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M.S. Abdul Majid (shukry@unimap.edu.my), UniMAP, Malaysia
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Helmi E.A. (hilmi@sirim.my), AMREC, SIRIM, Malaysia
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This paper presents the investigation on the mechanical properties of Napier grass fibres reinforced polyester composites. The Napier fibres were
extracted from the grass internodes by the conventional water retting process. Extracted fibres were treated with 5%, 10%, 15%, and 20% sodium
hydroxide (aq. NaOH) solutions to remove the surface impurities from the fiber strands. The morphology of the fibres before and after alkali-treatment was
observed by field emission scanning electron microscopy. The results indicate that 10% alkali-treated Napier grass fibres yield the highest strength. The
Napier grass fibre is then used as reinforcement to produced polyester reinforced composite, where their tensile and flexural properties were studied. The
mechanical properties of composites produced are highly influenced by the interfacial adhesion between the matrix and the fibres. In general, the tensile
and flexural strengths of the Napier/polyester composites increased with increase of fibre volume fractions, up to a maximum or to an optimum value,
before starts to degrades . 

8754 | INFLUENCE OF RTM, HAND LAY-UP AND AUTOCLAVE MANUFACTURING PROCESSES IN VEGETABLE FIBRE-
REINFORCED COMPOSITE MECHANICAL PROPERTIES EXPOSED TO UV RADIATION (20. Natural Fibre Composites)

Furtado, Samuel (samuel.furtado@tecnico.ulisboa.pt), Instituto Superior Técnico, University of Lisbon, Portugal
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Dias, Ana P. (apsoares@tecnico.ulisboa.pt), Instituto Superior Técnico, University of Lisbon, Portugal
Araujo, Aurélio (aurelio.araujo@tecnico.ulisboa.pt), Instituto Superior Técnico, University of Lisbon, Portugal
Esteves, José (jesteves@fe.up.pt), Faculdade Engenharia, University of Porto, Portugal 

Vegetable fibres exhibit potential advantages when used as a substitute for glass fibres in composites. Glass fibre-reinforced composites are materials
widely used in applications such as blades for wind turbines, construction structures, boat hulls, automotive components, etc. In these applications the
composite parts are exposed to environmental factors such as light, heat and water. Therefore, the study of the exposure of such materials/parts to
environmental conditions such as varying temperature, humidity, ultraviolet (UV) radiation, etc. is of utmost importance, in order to assess the impact of
these important ageing factors on their mechanical behaviour [1, 2]. To replace glass fibres with vegetable ones as reinforcement in composite exterior
applications, the study of the influence of environmental conditions on their behaviour becomes crucial. Additionally, each manufacturing method can
sometimes result in different performances of finished composite parts, especially so when vegetable fibres are used, so a study of the influence of the
manufacturing process on the final properties of the composite is also important. 
In the present study, the influence of the manufacturing method on the mechanical behaviour of jute fibre reinforced composites when exposed to UV
degradation is assessed. The jute fibre-reinforced composites were obtained by three manufacturing processes: RTM, Hand Lay-up and Autoclave. The
composites were produced in two configurations (Random mat (JRa) and Bi-axial (JBi)). The UV degradation of the composites was performed using a
variation of ASTM standard (D2565-08) for accelerated tests, applying UVB (wavelength between 280 nm and 320 nm). The UVB was chosen because it
is the most harmful UV radiation to reach the earth surface, and most polymers have their bond dissociation energies close to its wavelength (290-400
nm) [3]. 
To account for the changes in the mechanical properties of the degraded jute fibre-reinforced composites, 4-point bending (ASTM D6272-02) and
experimental free vibration modal analysis tests were performed. The enhanced capacity of vegetable fibres to attenuate vibration is one of their most
important advantages. In this sense, the analysis of the changes that can occur in their damping factors (attenuation of vibration capacity) is very
important. For this purpose, the plates, suspended by wires, were excited by an instrumented hammer at different points, and from the recorded FRF’s the
natural frequencies and the damping factors identified by the Global Rational Fraction Polynomial (GRFP) method [4]. 
Additionally, to correlate the mechanical behaviour changes with the chemical modifications, two chemical analysis - Simultaneous Thermogravimetric and
Differential Thermal Analysis (TG – DTA) and Attenuated Total Reflectance Fourier Transform Infrared (ATR-FTIR) spectroscopy were performed.
The differences found between composites produced by the different methods confirm the fact that the manufacturing process and conditions will
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influence the composites’ mechanical and environmental performance. For instance, the composites produced by the method using higher curing process
temperatures (Autoclave processing) resisted better the degradation than the RTM ones, where lower curing temperatures were involved. 
It can be concluded that damping is more sensitive to degradation exposure levels (UV exposure) than elastic properties. The damping capacity of jute
fibre composites decreases with an increase of UV exposure.

8760 | Composites manufacture with alternatives products in Brazil (20. Natural Fibre Composites)
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In Brazil, there is growing demand for use of alternative resources fibrous face availability, low cost and ability to obtain products with higher added value
The agricultural and forest cultures are, also, characterized by the productin of high amount of biomass after-harvest or deriving of the industrial
processing, which may be allocated to the recycling, the incorporation and enrichment of the ground, the primary burning for the energy generation, and
others. 
Recently, research has been intensified concerning the manufacture and performance analysis of available low cost fibrous raw material panels,
compared to the wood-panels from forest species, with additional tendency of increased agricultural waste availability.
However, alternative sources of lignocellulose fibres in the MDF manufacturing process have been explored, namely by using agricultural and forestry
waste, in a policy of better preservation and management of the available natural resources
In the present work, the analysis of the potentiality of application of this kind of residues in composites is made, with emphasis in the biomasses from
sugarcane, bamboo and cement-wood, presenting initial results that indicate its viability of uses. Local experiences and the advances in the research on
the production and the quality of composites will be showed.

8811 | Bond behavior of flax-FRCM and PBO-FRCM composites applied on clay bricks: experimental and theoretical
study (20. Natural Fibre Composites)

Olivito R. (renato.olivito@unical.it), Civil Engineering Department - University of Calabria, Italy
Codispoti R. (rosamaria.codispoti@unical.it), Civil Engineering Department - University of Calabria, Italy
Cevallos O. (oscarcevallos@gmail.com), Civil Engineering Department - University of Calabria, Ecuador 

The application of composite materials as structural strengthening requires the use of special adhesives. The choice of the adhesive depends on several
factors, one in particular is related to the characteristics of the support (concrete, masonry or wood). Usually, the technical data sheet for the FRP-based
structural strengthening give specific instructions about the type of adhesive to be used depending on the type of work to be performed. There are many
types of natural and synthetic adhesives: the most suitable adhesives for composite materials are based on epoxy resin; adhesive-based on mortar are
currently the topic of several researches in order to ensure sustainability and to use renewable technologies also in the field of civil engineering. The well-
known problems of debonding, especially in the structural applications, depend precisely from the relationship between the adhesive and the mechanical
properties of the substrate. The bond failure of polymer matrix-based composites usually occurs with detachment of part of the surface, so called
"peeling". Consequence of this, the mechanical properties of the support play a role of primary importance, as said: the maximum adhesion stress is, with
good approximation, linearly proportional to the tensile strength of the support, and the fracture energy is, linearly proportional to the square root of the
tensile strength of the same support.
In this paper an experimental investigation dealing with the use of natural fibers applied to masonry substrate, was carried out in the Civil Engineering
Laboratory of the University of Calabria. The experimental investigation was organized in two parts: experimental tests and theoretical approach. For this
purpose, single-lap shear bond tests were carried out on typical masonry clay brick, with dimensions of 200x12x50 mm3, externally strengthened with
composite materials using special steel formworks. In particular two different composite materials were manufactured in order to strengthen the bricks: flax
fabric-reinforced cementitious matrix (flax-FRCM) and PBO fabric-reinforced cementitious matrix (PBO-FRCM). About the specimens characteristics, it still
does not exist a specific standard that gives recommendation about natural fibers-based composites, indicating geometric properties or special
configurations of the specimens or of test machine. Consequently to this, the typical configuration of tests used for masonry substrate reinforced with
GFRP or CFRP was made reference. Regarding the bond length for each specimen, two sizes equal to 50 mm and 100 mm were used, taking into
consideration the design procedure suggested by the standards. The results obtained were compared both from the point of view of the material used
(natural and synthetic) in terms of failure modes and adhesion strength, and from the mechanical properties point of view, in terms of the maximum load
capacity, fracture energy and bond stress. The interfacial bond stress–slip laws have been analyzed comparing the different specimens built and
composite materials used. At the end, a comparison between the experimental results achieved and that one proposed by Italian design code CNR 200
R1/2012 was performed, which currently represents the Italian normative reference on design and construction of externally bonded FRP systems for
strengthening existing structures, picking out some relevant aspects about design procedures.

8832 | A Study on the Structural Performance of Jute Fiber-Based Composite Tubes under Axial and Transverse
Loadings (20. Natural Fibre Composites)

Mache, Ashok (macheashok@gmail.com), Indian Institute of Science, Bangalore & Vishwakarma Institute of Information Technology, Pune, India
Deb, Anindya (adeb@cpdm.iisc.ernet.in), Indian Institute of Science, Bangalore , India 

Natural fiber-based composites such as jute-polyester composites have the potential to be more cost-effective and environment-friendly substitutes for
glass fiber-reinforced composites which are commonly found in many applications including automotive body structures. This paper focuses on the
behaviors of woven jute-polyester composite tubes of square and double-hat shaped sections subjected to axial quasi-static and impact loads. In order to
make an assessment of load carrying capacity of such tubes and the axial deformation that they can undergo, by theoretical or numerical means, the
mechanical properties of the laminates that the tube walls are made of would be necessary. Hence, mechanical characterization of jute-polyester
laminates of different fiber volume fractions is carried out in the form of determining tensile and compressive stress-strain curves till failure from coupon
tests. The basic material characterization of jute-polyester laminates is followed up with axial quasi-static testing of jute-polyester tubes of cross-sectional
shapes mentioned above and obtaining the load-displacement curves. It is noted that for each cross-sectional profile, tube laminates of two different ply
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counts were considered. Experiments were then conducted on similar components in an instrumented drop-weight impact testing device to investigate
crash performance characteristics such as mean crush load, absorbed energy and specific energy absorption. A comparison is made between the
performances of square and double-hat section tubes in quasi-static and impact tests. Additionally, the load-displacement behaviours of tubes of a given
sectional profile obtained through quasi-static and impact tests are compared. As many structural applications involve transverse loading of components,
the behavior of double-hat jute-polyester components under transverse impact loading is investigated. Finally, a comparative study is done between jute-
polyester and glass-polyester components of double-hat sectional profiles subjected to axial quasi-static and impact dynamic loading, as well as
transverse impact loading. The failure modes of jute-polyester and glass-polyester tubes under axial loading are discussed. At the end, it could be
concluded that double-hat section jute composites tubes perform in a similar manner as compared to their square section counterparts, and jute
composite tubes can be a structurally effective alternative to geometrically similar components made of well-established glass fiber composite material.

8864 | Low impact behaviour of hemps fibre reinforced epoxy composites (20. Natural Fibre Composites)

G. Caprino (caprino@unina.it), University of Naples Federico II, Italy
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In this study, the behaviour of hemp fibre epoxy composites subjected to a low-velocity impact loading using an instrumented falling weight impact
equipment, is presented.
Two types of hemp reinforcements were used: unidirectional with a weight of 340 g/m2 and bi-directional fabric with a weight 362 g/m2. Three types of
balanced laminates (0°/90°) were studied: 4 plies, 8 plies, 12 plies. 
The laminates were fabricated by RIFT process. The reached volumetric fibre percentage Vf was not too high. It assumed a value of 30% for the
unidirectional reinforcement and an average value of 28% for the bidirectional one. It is due to the fact that the hemp reinforcement presents a large mesh
that inhibit the possibility to have high values of Vf with RIFT process.

The impact behaviour was analysed carrying out tests impacting the square specimens, 100x100mm, cut from the laminates with a hemispherical tup
geometry with a diameter of 19.8 mm and a velocity of 4.0 m/s. Both penetration and indentation tests were performed at the aim to investigate about the
damage start and evolution.
The damage was observed by an optical microscope: an interesting compressed central zone of the laminate under the impact point was noted.
By the analysis of the results, it is possible to assert that natural fibre composite has a potential to be widely applied alternatively to a fibreglass
composites in sustainable energy impact absorption structures.

8927 | Preliminary investigations on Sisal Fibre Reinforced Aluminium Laminates (20. Natural Fibre Composites)
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Rubio, Juan CC (juan@ufmg.br), Federal University of Minas Gerais - UFMG, Brazil
Scarpa, Fabrizio (F.Scarpa@bristol.ac.uk), University of Bristol, United Kingdom 

Fibre Metal Laminates (FML) have been widely used to manufacture airframe components. Sisal fibre Reinforced Aluminium Laminates (SiRALs) have
been fabricated by cold pressing and evaluated under tensile testing. The results were compared with a commercial FML constituted of polyethylene core
and aluminium (PEFML) prepared via hot pressing. The pristine sisal fabric and the sisal laminate composites were also tested to better assess the
properties achieved by the SiRALs. A commercial sisal fabric provided acceptable mechanical properties for the fabrication of laminate composites, and
consequently, sisal fibre reinforced aluminium laminates (SiRALs). A delamination of the composite (core) was often observed during the tensile testing of
SiRALs, which can be attributed to the weak interfacial adhesion with the aluminium sheets. The polyethylene based fibre metal laminates (PEFML) did
not exhibit delamination, indicating a good interfacial adhesion. The SiRALs achieved superior mechanical properties compared to the PEFMLs, revealing
a promising sustainable material for many applications in engineering. A chemical treatment of the sisal fabrics and the aluminium sheets will be the scope
of future investigations in order to enhance the interfacial adhesion and the mechanical properties of the sandwich structures.

8989 | MECHANICAL CHARACTERIZATION OF REINFORCED COMPOSITES WITH UV-IRRADIATED BANANA FIBERS
(20. Natural Fibre Composites)

Di Benedetto, Ricardo M. (ricardomellob@gmail.com), Itajubá Federal University, Brazil
Gelfuso, Maria, V. (mvgelfuso@gmail.com), Itajubá Federal University, Brazil
Thomazini, D. (ielthom@gmail.com), Itajubá Federal University, Brazil 

Surface treatments in banana fibers (BFs) can generate significant superficial and structural changes enabling the production of mechanically stronger
composites. In this way, the objective of this study was to evaluate the mechanical properties of polyester composites reinforced with UV-irradiated (λmax
= 400 nm) banana fibers. Possible structural changes in the fibers and the consequent influence on their mechanical performance through tensile test on
fibers, based on ASTM C1557-03, were investigated. Thermal and surface characterizations for non- and irradiated fibers were performed by Differential
Thermal Analysis (TG/DTA/) and Scanning Electron Microscopy (SEM), to investigate the influence of UV irradiation on the BF surface. Polyester
composites were subjected to the impact test based on ASTM D6110-10 to evaluate the adhesion matrix/fiber. Mechanical characterization shows that
rupture stress and Young's modulus increased for treated fibers and the SEM showed an increase of surface area of the irradiated fibers, which can
improve the mechanical anchoring with the polymeric matrix.

9018 | Effect of Alkali Treatment on the Thermal Stability of Alkali Treated Water Hyacinth/Multi-walled Carbon
Nanotube/High Density Polyethylene Composite (20. Natural Fibre Composites)
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Wirawan, Riza (rwirawan@unj.ac.id), Department of Mechanical Engineering, Faculty of Engineering, Universitas Negeri Jakarta, Indonesia
Anggrainy, Rani (rani.anggrainy@gmail.com), Department of Mechanical Engineering, Faculty of Engineering, Universitas Negeri Jakarta, Indonesia
Dwiyati, Siska T (siska_td@yahoo.com), Department of Mechanical Engineering, Faculty of Engineering, Universitas Negeri Jakarta, Indonesia 

This article studies the effect of alkali treatment on the thermal stability of alkali treated waterhyacinth and multi-walled carbon nanotube (MWNT) filled
high density polyethylene (HDPE) composite. The composites were prepared by internal mixing process. The ratio of water-hyacinth fibre to HDPE was
fixed to 1: 4, while the content o f MWNT was 2 mass % of the composite. Thermal stability of the composites was determined by means of
thermogravimetric analysis. The composites were alkali treated at various alkali concentration (2, 4, 6, and 8 mass %, respectively). The results show that
thermal stability of the composites slightly increases with the increase of alkali concentration.

9030 | Effect of pressing parameters and chemical modifications of flax fabrics on microstructure and mechanical
properties of natural fiber-reinforced composites (20. Natural Fibre Composites)

Przybyszewski, Bartlomiej (bartlomiej.przybyszewski@tu-dresden.de), Institute of Lightweight Engineering and Polymer Technology, Technische
Universität Dresden, Germany
Czulak, Andrzej (andrzej.czulak@tu-dresden.de), Institute of Lightweight Engineering and Polymer Technology, Technische Universität Dresden, Germany
Gude, Maik (maik.gude@tu-dresden.de), Institute of Lightweight Engineering and Polymer Technology, Technische Universität Dresden, Germany
Lewandowska, Malgorzata (malew@inmat.pw.edu.pl), Faculty of Materials Science and Engineering, Warsaw University of Technology, Poland
Broda, Piotr (chuhro@gmail.com), Faculty of Materials Science and Engineering, Warsaw University of Technology, Poland 

Natural fiber-reinforced composites have been applied mainly in the automotive industry, replacing primarily glass fiber-reinforced plastics. Apart of the
obvious environmental issues, the major motivation for natural fiber application is the potential for weight saving, since natural fibers have lower density
than glass counterparts. However, the use of natural fibers implies several challenges, especially with regard to reproducibility of material properties,
aging or fire behavior. In this context, the fiber preparation and further processing of the natural fibers play a crucial role. For good composite quality, the
structure of the fiber bundles and the resulting fiber-matrix adhesion are of special importance. This requires specific solutions, depending on the types of
fiber and matrix used. 

A typical method for processing technical textiles is resin transfer molding (RTM) and its modifications. In this method fiber fabrics are placed in a mold,
which is then closed and clamped. Low-viscosity resin is pumped in under pressure, displacing the air and venting it at the edges, until the mold is filled.
RTM process is suitable for medium volume production. A competitive method to RTM has been developed at ILK TU DRESDEN, i.e. resin powder
molding (RPM) and thermoset sheet forming (TSF) based on pressing process. An unique feature of these processes is their high efficiency. Both
techniques work with a new formula of powdered, single-component epoxy resin (A.S.SET® Powder). A.S.SET® Powder is solid at room temperature and
liquefies when subjected to an increase in temperature before hardening in a short time. It is the first known thermoset material that can be processed like
thermoplastics. RPM and TSF are therefore distinguished by a rapid processing speed known from thermoplastic composite production. What is more, the
additional systems previously used to prepare, dose and inject thermoset resin components are no longer required.

In this paper, the effect of RPM and TSF processes parameters (temperature, time and pressing force) on microstructure and mechanical properties of
flax fiber reinforced plastics (FFRP) has been shown. The goal of the performed investigation was selecting the most favorable parameters of pressing to
manufacture natural fiber-reinforced composites characterized by high quality, good mechanical properties and low amount of defects in the structure.
Microscopic and computed tomography analysis have been carried out to describe the microstructure of produced samples and to assess their quality.
Mechanical properties of investigated materials have been determined in standard strength tests. In addition, different chemical modifications of surface of
flax fibers has been conducted to improve the adhesion between reinforcement and composite matrix and thus to increase the strength parameters. The
obtained results allowed to manufacture high quality natural fiber composites in highly efficient, one-step, automated RPM and TSF processes.

9037 | Improving the Strength and Service Life of Jute/Epoxy Laminar Composites for Structural Applications (20. Natural
Fibre Composites)

Michael Pinto (mpinto@umassd.edu), UMass Dartmouth, United States America
Vijaya Chlivendra (vchalivendra@umassd.edu), UMass Dartmouth, United States America
Yong K. Kim (ykim@umassd.edu), UMass Dartmouth, United States America
Armand F. Lewis (armlew@earthlink.net), UMass Dartmouth, United States America 

Natural fibers are lighter, less expensive, and less abrasive than synthetic fibers such as glass or carbon, and provide a resource that is both annually
renewable and biodegradable. This study will use surface treatments and Z-axis reinforcement technology to improve the strength and fracture properties
of natural fiber composites (NFCs), thus increasing its ability to bear loads. This enhancement of performance properties will expand applications of the
NFCs in industries such as automotive and housing construction industries, and will provide a more sustainable, environmentally friendly, and inexpensive
alternative over traditional glass or carbon fiber composite materials.

9078 | Study on mechanical properties and bio-degradability of matrix modified banana fiber/ Polyester composite (20.
Natural Fibre Composites)

Rai, Bhuvneshwar (bhuvan_4u15@yahoo.com), Shriram Institute for Industrial Research, Delhi, India
Kumar, Gulshan (dhamijagulshan@yahoo.com), G. G. I. P. University, Dwarka, Delhi, India
Diwan, R. K. (bhuvaneshwarrai1@gmail.com), Shriram Institute for Industrial Research, Delhi, India 

Composites comprise of two materials binder and reinforcing agent. The binder act as stress distributor and reinforcing agent as the load bearer. These
are used for structural and load bearing applications due to their high strength. Presently natural fibers are used in the composite preparation along with
the polymeric material as the matrix to overcome the problem associated with limited global petroleum feedstock and voluminous waste generated after
disposal of the composite material. The natural fiber used in composite gets biodegrade after use when disposed to the environment but the polymeric
materials are generally non-degradable and remains as such for long-time after disposal. The use of natural fiber and natural resin modified polymer or
plant based natural resin, as matrix in the composite preparation will reduce the waste accumulation after disposal.
In the present study Euphorbia coagulum, a natural resin, modified polyester-banana fiber composite were prepared. We had prepared composite by
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adding 40% banana fiber in unsaturated polyester resin and subsequently cross linked using methyl ethyl ketone peroxide and accelerator cobalt octoate.
40 % of Euphorbia coagulum was also added to the polyester resin to modify the matrix during the composite preparation. The physico-mechanical
properties such as water absorption, izod impact, flexural strength and flexural modulus of composites were characterized. The composites were also
characterized bio-degradation by estimating of CO2 generated. Results shows that the addition of Euphorbia coagulum decreases the water absorption by
20% whereas izod impact, flexural strength and flexural modulus increases by 8%, 25% and 8% respectively as compared to composite without
Euphorbia coagulum. The microbial growth of the Euphorbia coagulum modified polyester composite shows that due to the presence of coagulum in
coagulum modified composite the growth of the A. nigar was found on the cut as well as skin surface where as in case of polyester composite the growth
was only on the cut surface where banana fiber is exposed because polyester resin resists the growth of A. nigar. The bio-degradability study of the
Euphorbia coagulum modified polyester banana fiber composites shows that the bio-degradability of the Euphorbia coagulum modified polyester banana
fiber composite are around 40 % within the test duration 90 days in comparison to the reference material i.e. cellulose which degrades around 90% within
same duration. This shows that developed Euphorbia coagulum-polyester-banana fiber composite will get degraded when exposed to the land filling sites.

9087 | SURFACE PROPERTIES OF PAPERS COATED WITH THE STYRENE-ACRYLATE BASED COPOLYMERS (20. Natural
Fibre Composites)

OZDEMIR ALP, Mehlika (ozdemir.mehlika@gmail.com), Kocaeli University, Turkey
OZDEMIR, Mehmet (mehmet17ozdemir@hotmail.com), Kocaeli University, Turkey
AYTAC, Ayse (aaytac@gmail.com), Kocaeli University, Turkey
DENIZ, Veli (vdeniz41@gmail.com), Kocaeli University, Turkey 

The surface resistance of papers to the liquids is very critical and needs to be improved by different treatment techniques. Surface sizing is one of the
widely used methods of those treatment techniques. Surface sizing of the paper is simply defined as drying the surface partially, then wetting of paper with
sizing materials and re-drying of paper. Large amount styrene-acrylate based copolymers are used in paper industry for surface sizing. Surface sizing are
able to resistance to penetration of the liquid on the paper, improves the surface properties of the paper and the physical properties such as the internal
bonding. The surface prevents plucking and dusting, thus, it can be possible to control the penetration of the ink and water. Surface sizing also improved
paperboard folding and impact resistance. In addition, this sizing process is also help flame, bacteriological and oxidation resistances of the paper. 

In this study, styrene-2-ethyl hexyl acrylate copolymer based surface sizing materials were synthesized by emulsion polymerization. Four different
emulsifier (E-1, E-2, E-3 and E-4) and two different initiator (potassium per sulfate(K) and 2,2’-Azobis (2-methylpropionamidine) dihydrochloride (A)) were
used and twenty-four different copolymers were produced. Papers used in the study were prepared by using Estanit (GmbH) paper machine. Produced
papers were cut in 12x12 cm sizes for characterization tests. Coating process was performed by using Mathis SVA-IR-B 605 size press. Papers which
were surface coated were characterized by using contact angle measurements, mechanical tests, Cobb tests and SEM. Samples with coated copolymers
with initiator A had more hydrophobic surface than samples with coated copolymers with initiator K (θc > 90o). The lowest water penetration value was
obtained by Cobb for the emulsifier E-3 and initiator A. 

9106 | The use of Kenaf fiber reinforced polymer to confine the concrete cylinder (20. Natural Fibre Composites)

Mahjoub, Reza (r_mahjoob@yahoo.com), Faculty of Engineering, Khorramabad Branch, Islamic Azad University, Khorramabad, Iran, Iran
Yatim, Jamaludin Mohamad (jmyatim@yahoo.com), Faculty of civil Engineering, Universiti Teknologi Malaysia, Johor Bahru, Malaysia, Malaysia
Mohd Sam, Abdulrahman (abdulrahman_mohdsam@yahoo.com), Faculty of civil Engineering, Universiti Teknologi Malaysia, Johor Bahru, Malaysia,
Malaysia
Zulkarnain, Noor Azwa (jmyatim@gmail.com), Faculty of civil Engineering, Universiti Teknologi Malaysia, Johor Bahru, Malaysia, Malaysia
Raftari, Mehdi (raftari_m@yahoo.com), Faculty of Engineering, Khorramabad Branch, Islamic Azad University, Khorramabad, Iran, Iran 

Recently, Fiber Reinforced Polymer (FRP) wrapping technique has been used as an alternative to retrofit concrete members especially in columns. FRP
based on natural fibers are new materials used in wrapping technique and are an alternative to synthetic fibers. The ability of natural fibers based FRP
(bio-composites) as an element to wrap concrete columns was studied in this study. This research is a laboratory experiment conducted on the
performance of concrete columns subjected to axial compression loading. Many samples of plain concrete cylinders were prepared for testing which
consists of unwrapped samples, samples wrapped with glass FRP, and samples were wrapped with Kenaf FRP. Then, the results from tests and a
confinement theoretical model will be surveyed.

9127 | Structure and Properties of Novel 2D composites of Sericin- starch using cross- linkers. (20. Natural Fibre
Composites)

Devi Dipali Dr. (dipali.devi@gmail.com), Institute of Advanced study in science and technology, India 

Silk protein sericin / starch composite films were prepared by casting.This research were focused on the exploration of waste protein sericin blended with
starch for useful product. Two cross linking agents, namely glycerol and PEG wre used and casting was done to produce thin films. Surface analysis was
studied by SEM, showing a rough and porous surface in sericin- starch films, application of cross linkers rendered the surfaces intact and smooth.
Secondary structure determination by FT-IR and XRD showed the native structures of sericin and starch as well as the films, with a reduction in crystalline
β sheet conformations after the cross linking. Thermal properties of the films also showed better thermal stability of the cross linked films compared to the
non- cross linked one. This study reveals that cross linking of sericin with starch is possible with PEG and glycerol. The findings also showed PEG to be a
better cross linker than glycerol. This study provides insights into using sericin- starch composites as biomaterials in biomedical and allied fields and also
utilizations of waste materials.
Keywords- ASericin,Starch, Thin films, . Thermal properties, . Surface analysis, . casting, cross- linkers.

9131 | EFFECT OF DIFFERENT SURFACE TREATMENT METHODS on PHYSICAL PROPERTIES of BANANA FIBERS (20.
Natural Fibre Composites)

KOCAK E.DILARA (dkocak@marmara.edu.tr), Marmara University , Turkey
MERDAN NIGAR (nmerdan@ticaret.edu.tr), Istanbul Commerce University, Turkey
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MISTIK ILKER (imistik@marmara.edu.tr), Marmara University, Turkey
AKALIN MEHMET (makalin@marmara.edu.tr), Marmara University, Turkey
KAYAR MAHMUT (mkayar@marmara.edu.tr), Marmara University, Turkey 

Banana is one of the earliest and important fruit crops cultivated by man in Mediterranean zone. Banana is distributed in more than 120 countries, over an
area of 48 lakh hectares. Banana farming generated huge quantities of biomass all of which goes as waste due to non-availability of suitable technology
for its commercial utilization. 
Normally this biomass is used for animal feed and fuel. Banana fibre is a lignocellulose based fibre and it has excellent sound absorption and mechanical
properties. Therefore it is used in composites as reinforcement material in automotive industry 
After cultivation of banana fruits tons of banana fibre waste are remained from banana trees in Turkey.
In this study, Banana fibres were treated with 99% formic acid by using conventional (15, 20, 30 minutes, 600C) and microwave energy (1, 3and 5
minutes) methods. Elongation (%), tensile strength (MPa) and weight loss (%) properties of treated banana fibres were investigated. 

Keywords: Banana fibres, surface treatment, microwave energy, physical properties

9132 | Effect of Ecological Methods on Surface Treatments of Cotton-Polypropylene Waste Fiber Reinforced Polymer
Composites (20. Natural Fibre Composites)

MISTIK ILKER (imistik@marmara.edu.tr), Marmara University, Turkey
KAYAR MAHMUT (mkayar@marmara.edu.tr), Marmara University, Turkey
KOCAK E.DILARA (dkocak@marmara.edu.tr), Marmara University, Turkey 

Assortment is very important and sensitive process for the ready-made garment production companies however tons of fabrics are wasted during the
garment production every year. Generally waste fabrics are collected and sent to the waste fiber production companies to get waste fiber to be used for
the insulation and decoration purposes.
In this study, ready-made garment waste cotton and polypropylene fibers were used. Waste fabrics were collected from garment production companies.
And these fabrics were processed by Punteks and transformed into fiber form. Then surface treatment process was applied by using ultrasonic and
microwave methods to ready-made garment waste cotton fiber with NaOH, acetic and formic acids then treated cotton fiber mixed with ready-made
garment waste polypropylene fibers. Finally polymer composites were produced from these treated cotton/polypropylene blend by using thermoset
polyester resin as matrix. Waste fiber reinforced polyester composite structures were produced by using vacuum infusion method. Tensile strength and
charpy impact strength properties of treated waste cotton/polypropylene fiber blend reinforced thermoset polyester composites were investigated. Higher
tensile and charpy impact strength results were obtained from microwave treated cotton - polypropylene waste fiber reinforced composites. 

9159 | Fracture mechanics property of high strength concrete reinforced with basalt fibers (20. Natural Fibre Composites)

Guo Yihong (gyhhrb@126.com), Harbin Engineering University, China
Tong Lili (tonglili@hrbeu.edu.cn), Harbin Engineering University, China
Lu Yunlong (75489341@qq.com), Harbin Engineering University, China
Zhang Keyong (570308953@qq.com), Harbin Engineering University, China 

Basalt fiber is a new reinforced material for concrete, and is made of pure natural basalt ore by melting wiredrawing under high temperature. Basalt fiber,
a typical of silicate fiber, has higher cost performance, high tensile strength, corrosion resistance, high temperature resistance and high stability, so it is a
good substitute for other kinds of fiber. In addition, basalt fiber possesses extremely low coefficient of thermal conductivity, good sound insulation,
insulation, explosion protection and good flame retardant. Basalt fiber has a wide and optimistic application prospect in the field of civil engineering
because of the above advantages.
This paper presents the research on fracture mechanics property of high strength concrete reinforced with basalt fibers. The process of three-point
bending test for notch concrete beam, the load-displacement curves and the load-opening width curves are given. The fictitious crack model and the
fracture mechanics are applied to analyze the experimental results and study the basic mechanics and fracture behavior. To discuss the influence of
basalt fiber on the fracture behavior, and give the influence rule of basalt fiber on the fracture parameters including fracture energy, fracture toughness and
cracking subcritical extension. Based on the above research, this paper discusses the process and mechanism of fracture, and analyzes the mechanism
of reinforcing and toughening effect of basalt fiber�

9183 | SYNTHESIS OF MICROCELLULOSE (MCC) AND NANOCELLULOSE (NCC) FROM EUCALYPTUS KRAFT ssp
PULP (20. Natural Fibre Composites)

Zeni, M. (mzandrad@ucs.br), Caxias do Sul University, Brazil
Grisa, A.M.C. (amcgrisa@ucs.br), Caxias do Sul University, Brazil
Favero, D. (difavero@ucs.br), Caxias do Sul University, Brazil
Lanfredi, M. (mlanfredi@ucs.br), Caxias do Sul University, Brazil
Pacheco, K. (kpacheco@ucs.br), Caxias do Sul University, Brazil 

Natural fibers have been attracted significant interest due to its renewable nature, its vast source of raw material, besides having good mechanical
properties and low cost. The cellulose present in cell walls of plants can be purified and isolated, acting as a reinforcing agent in polymer composites, in
order to obtain lighter, resistant and biodegradable composites. The techniques of acid hydrolysis are methods used to isolate crystals of cellulose, using
different acids, resulting in different materials. In this study it was possible to verify the effect of the acid hydrolysis process, with hydrochloric acid (HCl)
and sulfuric acid (H2SO4), resulting in MCC and NCC by one hydrolysis step, and then were analyzed for its chemical and morphological characteristics,
presenting significant improvements on these properties. 
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Keywords: cellulose, composites, microcellulose, nanocelulose, hydrolysis, fibers.

9203 | Mechanical and water absorption behavior of surface modified banana/sisal fiber reinforced poly(lactic acid) bio-
composites (20. Natural Fibre Composites)

Balakrishnan, Asaithambi (asaithambi100@yahoo.com), Annamalai University, India
Gowrishanker, Ganesan (asaithambi100@yahoo.com), Annamalai University, India
Srinivasa, Ananda Kumar (srinivanand@gmail.com), Anna University, India 

The objective of this study is to investigate the effects of fiber surface treatment on tensile, flexural, impact and water absorption properties of neat PLA
and UT-BSF/PLA & AA-T-BSF/PLA bio-composites. Bio-composites were prepared by mixing 70% of biodegradable poly (lactic acid) (PLA) with 30%
weight short banana/sisal fibers (BSF). The chemical modification of BSF was done by sodium hydroxide (NaOH) followed by acrylic acid (AA) to augment
the compatibility. PLA and BSF in the combination of UT-BSF & PLA, AA-T-BSF &PLA and neat PLA were mixed in twin screw extruder and processed by
injection molding machine. Mechanical and water absorption properties of PLA and BSF composites were also examined. Scanning electron microscopy
(SEM) images of fractured surfaces of BSF and composites validate the enhancement in adhesion between BSF and PLA matrix. Results obtained by
water absorption analysis and SEM showed that addition of AA-T-BSF in PLA increased the mechanical properties of AA-T-BSF/PLA composites to a
greater extent than UT-BSF/PLA composites and neat PLA. The results obtained from the study are discussed in detail.

Keywords: poly (lactic acid), banana/sisal fibers, acrylic acid, Mechanical properties, water absorption properties

9230 | An Experimental Investigation into the Enhanced Mechanical Performance of A Hybrid Jute-Steel Composite (20.
Natural Fibre Composites)

Mache, Ashok (ashokmache@gmail.com), Indian Institute of Science, Bangalore, India
Deb, Anindya (adeb@cpdm.iisc.ernet.in), Indian Institute of Science, Bangalore, India
Venkatesh, Gude S. (venkatesh@cpdm.iisc.ernet.in), Visvesvaraya Technological University, Bangalore, India 

Although jute-polyester composites have been studied in the past, the effect of adding relatively inexpensive and recyclable steel wire-mesh (SWM) to
such composites on mechanical properties of the resulting hybrid composites does not appear to have been reported earlier. In the present work, a
comparative study has been carried out between jute-polyester and jute-SWM-polyester composite laminates with similar volume fractions of the polyester
resin. Initially 10-ply jute-polyester laminates were prepared using commercially available woven jute mats. By keeping the total number of plies as
constant, jute-SWM-polyester hybrid composites were made with 6 plies of woven jute mat and 4 plies of SWM. The volume fraction of polyester resin
was maintained in a range of approximately 60-70% by changing the thickness of laminates during fabrication using a compression molding setup. Key
mechanical properties such as stiffness modulus and strength under tensile, compressive and flexural conditions were determined experimentally using
coupon specimens in a UTM under quasi-static conditions. It has been found that jute-SWM-polyester hybrid composite has higher stiffness and tensile
strength as well as substantively higher flexural strength as compared to plain jute-polyester composite of same number of plies and similar volume
fraction of matrix. SEM (Scanning Electron Microscopy) images were used to gain insights into the failure mechanisms of hybrid composites in tensile
tests. The micrographs indicate that steel wires bond well with polyester-based matrix and fail by snapping under tensile load instead of being pulled out
of the matrix.

9352 | Numerical simulation of composite hemp fibers behavior Application to automotive part forming (20. Natural Fibre
Composites)

CHEROUAT, Abel A. (abel.cherouat@utt.fr), University of technology of Troyes, France
GONG, Xiao Lu, XL (xiao_lu.gong@utt.fr), University of technology of Troyes, France 

Hemp fibres are using as reinforcement for compounds based on polymer in different industrial manufacturing (aerospace and automotive) for their
interesting mechanical and ecological properties. The hemp fibres present a non-constant cross section and complex geometry that can have a high effect
on their mechanical properties. In this study, a micro-traction test coupled with a numerical imaging treatment and a finite elements method are used. The
mechanical tensile test allows to determinate the evolution of the traction load in function of the displacement until the fibre crack. The used fiber are
incorporate in plastic material is order to obtained PP/hemp reinforcement composite part. Static and dynamic tests are proposed in order to study the
simulation of green material behavior subjected to forming load.

9355 | Characterisation of hybrid flax carbon fibre composites (20. Natural Fibre Composites)

Theofanis Ampatzidis (t.ampatzidis@cranfield.ac.uk), Cranfield University, Greece
Hrushikesh Abhyankar (h.a.abhyankar@cranfield.ac.uk), Cranfield University, India 

Carbon fibre composites have found many applicaitons in the automotive and motorsports industry. The vibration characteristics of the composites can be
improved by using natural fibres like flax. They hybrid compoiste (flax-C fibre) should be able to damp vibrations effectively. In this study the mechanical
and damping properties of CF, (FF) and hybrid composites layups were examined. The hybrid layups consist of two different solutions: "sandwich"
(C3F6C3), in which six layers of FF were placed in the middle of the specimen, with three layers of CF were placed at each side of them, and "alternate"
(((C/F)3)s), in which alternate layers of CF and FF were used, with two of FF in the middle. The damping behaviour of the specimens was examined using
Centre Impedance Method (CIM) and the loss factor n of each specimen was measured. As expected, FF specimens showed greater damping
performance than CF. C3F6C3 and ((C/F)3)s damping behaviours were pretty close, with both of them performing significantly better than the CF. The
mechanical testing consisted of tensile and flexural testing, in which C3F6C3 behaved better than the ((C/F)3)s in both types of testing. In addition to this,
C3F6C3's flexural results were quite close to the CF ones. These results shows that C3F6C3 layup is a promising solution to achieve vibration damping
with an acceptable compromise in mechanical properties.

7526 | A non-intrusive automated procedure based on active thermography for defect localization in plane composite.
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(21. Non-destructive Inspection Techniques for Composite Materials and Structures)

Perez, Laetitia (laetitia.perez@univ-nantes.fr), LTN, IUT, University of Nantes, France
Lascoup, Bertrand (bertrand.lascoup@irt-jules-verne.fr), IRT Jules Verne, France
Autrique, Laurent (laurent.autrique@univ-angers.fr), LARIS, ISTIA, University of Angers, France 

This communication is focused on the implementation of a local pulsed thermography method in order to locate a defect in a plane composite. For such a
local approach, the investigated plane composite is periodically heated on a small surface (several square centimeters) and thermal waves propagation is
observed up to three thermal diffusion length on the same material surface (in reflexion). Both modulus and phase lag of the measured periodic signal are
modified by the defect neighborhood and the seek for the most effective area leads to the defect localization. The contrast between the composite thermal
behavior with or without defect is a relevant tracker of the defect proximity. Several criteria are proposed in order to quantify the contrast. Issued from
cartographies differences, they are based upon usual functional norms and do not induce the same sensitivity to defect neighborhood. A simplex method
is proposed for the automated procedure leading to the defect localization. Such method is based on an iterative process in order to explore the material
surface (using an infrared camera) considering the investigation of new points (potentially better candidates for the defect location). New point coordinates
are calculated from the previous points which are weighted considering the above mentioned criteria. Experimentations are performed according to the
following steps : heat flux calibration, reference measurements, heat source shifting for automated scan.

7633 | Non-destructive evaluation of satin woven fiber reinforced polymer matrix composites (21. Non-destructive Inspection
Techniques for Composite Materials and Structures)

Montesano, John (gmontesa@ryerson.ca), Ryerson University, Canada
Fawaz, Zouheir (zfawaz@ryerson.ca), Ryerson University, Canada
Bougherara, Habiba (habiba.bougherara@ryerson.ca), Ryerson University, Canada 

The aim of this study is to utilize infrared thermography to assess the critical damage states, and to capture the evolving damage processes, of 5HS and
8HS woven carbon fiber/epoxy composites subjected to uniaxial in-plane tensile quasi-static and fatigue loading. Quasi-static test results revealed that the
dominant damage mechanisms were matrix cracks contained within the weft yarns, which initiated at the thermally-detected material thermoelastic limit
and were confirmed through SEM observations. An established thermographic technique was also used to confirm the existence of a high cycle fatigue
limit, which may in fact be a characteristic of all fabric reinforced polymeric composites. Temperature profiles captured during cyclic testing directly
correlated with corresponding stiffness degradation profiles, providing support for thermography as an accurate fatigue damage metric. The infrared
camera was able to detect the evolution of weft yarn cracking during the initial stage, as well as the initiation and growth of interply delamination cracking
during the final stage of three-stage cyclic damage evolution. The reported results and observations provide an important step in the validation of
thermography as a powerful non-destructive tool for assessing the development of damage, as well as predicting the critical damage states of fiber
reinforced polymeric composite materials.

7674 | Identification of dynamic stiffness distribution of fatigue loaded polymer concrete through vibration
measurement (21. Non-destructive Inspection Techniques for Composite Materials and Structures)

Ahn, SangKeun (ask9156@hanyang.ac.kr), Hanyang University, Korea, South
Jeon, Eunbeom (jeoneb85@gmail.com), Hanyang University, Korea, South
Park, Junhong (parkj@hanyang.ac.kr), Hanyang University, Korea, South
Kim, Hak-sung (kima@hanyang.ac.kr), Hanyang University, Korea, South
Koh, Hyo-in (hikoh@krri.re.kr), Korea Railroad Research Institute, Korea, South 

Experimental methods to measure the stiffness distribution of the fatigue loaded polymer concrete was proposed. The fatigue life of the polymer concrete
which is a mixture of epoxy resin and aggregates was measured by increasing load cycles. To investigate the fatigue life change, frequency dependent
dynamic stiffness of the polymer concrete was obtained by measuring the transfer function of concrete. The sensitivity function of the dynamic stiffness
was also calculated. The dynamic stiffness distribution with location was derived using the frequency dependent stiffness and the sensitivity function. To
verify the proposed methods, the micrograph of the concrete cracks was observed by an optical microscope. Consequently, the durability of the polymer
concrete was validated in comparison with the cement concrete. The result of this study will be useful for identifying fatigue strength properties of
structures under dynamic loads.

7769 | Evaluation of residual strain field and temperature mapping in 3D printed layered polymer plates (21. Non-
destructive Inspection Techniques for Composite Materials and Structures)

Kousiatza, Charoula (chkousiatza@unipi.gr), University of Piraeus, Greece
Economidou, Sophia N. (sneconom@unipi.gr), University of Piraeus, Greece
Karalekas, Dimitris (dkara@unipi.gr), University of Piraeus, Greece 

The technological advancements have resulted in the generation of new manufacturing methods for the production of innovative and advanced
components. In our days, such a novel manufacture technology is the Additive/Rapid/Layered Manufacturing (AM/RM/LM) which has as basic operating
principle the deposition of layers one upon the other. A major benefit provided by AM techniques arises from the potentiality of building functional parts
with intricate design features and locally defined mechanical properties (high strength, stiffness, lower weight, etc.). Given the flexibility of the additive
process, these techniques can be used in the design and manufacturing of composite parts. 

Fused deposition modeling (FDM) is a layered manufacturing technology that produces parts of complex geometry by the layering of extruded materials,
such as Acrylonitrile-Butadiene-Styrene (ABS) thermoplastic. The ABS material is initially in the raw form of a flexible filament which is then partially
melted and extruded through a heated nozzle in a prescribed parallel road pattern onto a platform, layer by layer at chamber temperature. The deposited
material (individual roads) cools, solidifies, and bonds with the neighboring material. In FDM, as in other LM processes, the heating and rapid cooling
cycles of the work materials will aggravate non-uniform thermal gradients and cause stress build-up that consequently result in part distortions and
dimensional inaccuracy. Once the building process is completed, the FDM built part can be viewed as a laminate composite structure with anisotropic
material properties. The mechanical properties of FDM parts are not only controlled by the build material, but also influenced by the selected fabrication
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parameters. Analysis of past research suggests that quality of FDM parts relates to component strength, surface finish and dimensional accuracy and it
depends significantly on few primary control factors such as layer thickness, deposition direction of filament roads, road (raster) width, air gap sizes
between filaments and stacking sequence of the vertically deposited layers of bonded fibers.

This paper presents the work done on investigating residual strains accumulation in FDM-built structures as a function of part orientation on the building
platform. The developed residual strains at the end of the fabrication process were recorded using a series of optical sensors, with a short fiber Bragg
grating (FBG), embedded at various locations within the middle plane of thin plate specimens. In addition, temperature mapping of the fabricated
specimens during the deposition process was performed. An effort was put to compare the FBG-based findings to the ones using a full-field measurement
technique such as Digital Image Correlation (DIC). To assess the strain development without constraining effects from any adhesion to the building
platform surface, measurements were taken at free-standing state at the end of the fabrication process. It is demonstrated that the magnitude of the
solidification induced residual strains is significant and depends on the selected material deposition direction.

7781 | On the use of Laser-spot Thermography for the Nondestructive Inspection of Composites (21. Non-destructive
Inspection Techniques for Composite Materials and Structures)

Evola, Pietro (pietroevola@live.it), University of Palermo, Italy, Italy
Vandone, Ambra (ambra.vandone@gmail.com), Politecnico di Milano, Italy, Italy
Rizzo, Piervincenzo (pir3@pitt.edu), University of Pittsburgh, USA, United States America 

In the study presented in this paper we applied a fractal analysis to analyze raw thermal infrared images obtained using the nondestructive evaluation
method of the laser spot thermography, that aims at detecting the presence of surface defects. A laser was used to scan a test specimen through the
generation of single pulses. The temperature distribution produced by this thermoelastic source was measured by an infrared camera and processed with
an algorithm based on fractal analysis. The algorithm was first proven by analyzing simulated thermal images and then it was experimentally validated by
scanning the surface of a CFRP composite plate with impact-related defects. We found that the method allows for the detection of damage. Some of the
advantages of the proposed method with respect to existing approaches include automation in the defect detection process.

7782 | Dispersion analysis of Lamb waves in composite laminates based on Reverberation-ray theory (21. Non-destructive
Inspection Techniques for Composite Materials and Structures)

Ma, Zhaoyang (mazhaoyang@pku.edu.cn), Peking University, China
Chen, Jianlin (cjl@pku.edu.cn), Peking University, China
Zhou, Jie (zhoujieafan@gmail.com), Peking University, China
Yi, Jianlin (yijl1992@163.com), Peking University, China
Su, Xianyue (xyswsk@pku.edu.cn), Peking University, China 

On the basis of Reverberation-ray theory, this article presents the development of a new mode tracing method using which the dispersion curves of Lamb
waves in composite laminates can be calculated efficiently. The dispersion relations are built by Reverberation-ray formulas in three-dimensional
Cartesian coordinate, and the transcendental equations are numerically solved by the improved mode-tracing method. Compared with conventional
mode-tracing method, a slope control algorithm is adopted in the new approach to avoid the switch of tracer from one mode to another around the cross
point of dispersion curves, and the problem of solution loss can be solved. Numerical verifications are conducted to assess the performance of the
proposed method and the good agreement with the existing experiment results demonstrate that the proposed method is efficient and robust for the
dispersion analysis of Lamb waves in composite laminates with arbitrary lay-up. In experimental study adopt two-dimensional FFT method to get the
relations of frequency and wavenumber directly. In addition, combined with this method, the propagation characteristics of Lamb waves in defective
composite laminates is further investigated and the potential of this method in nondestructive evaluation (NDE) is discussed.

7820 | Direct Estimation of the Elastic Constants of CFRP Plates by using Lagrange’s Equation (21. Non-destructive
Inspection Techniques for Composite Materials and Structures)

Hartl, Stefan (stefan.hartl@tuwien.ac.at), Vienna University of Technology, Austria
Schulz, Alexander (alexander.schulz@tuwien.ac.at), Vienna University of Technology, Austria
Manfred, Kaltenbacher (manfred.kaltenbacher@tuwien.ac.at), Vienna University of Technology, Austria 

This investigation takes a closer look onto a method of estimating the elastic constants of unidirectional carbon fiber reinforced plastic (CFRP) rectangular
plate samples by using the geometrical shapes, densities and eigenfrequencies of a sufficient number of experimental measured vibration modes as input
parameters. The measurement of the eigenfrequencies and the identification of the mode shapes have been done by four different experimental setups to
compare the influence of different boundary conditions. The computational procedure uses an analytic equation for the bending of orthotropic plates. The
solution for the free-free boundary condition serves the input for the lagrange’s equation of motion. By separation of variables, a solution for the nth
eigenfrequency of the nth mode shape can be found that is used to set up a least squares estimation, with n used vibration modes, to estimate the elastic
constants of the measured plate. These constants are then used in a finite element simulation to proof the accuracy of the estimation by a sensitivity
analysis. It has been found that there is a strong dependency on which modes are used for estimation. The method has been performed on aluminum and
different CFRP plates to study the orthotropic material behavior. This method is a fast, easy to use and non-destructive way to identify the elastic
constants compared to ordinary tensile tests which have been performed afterwards to proof the method in an experimental way.

7843 | Nondestructive evaluation technique of multiple-delaminations in glass fiber reinforced composites using
terahertz spectroscopy (21. Non-destructive Inspection Techniques for Composite Materials and Structures)

Kim, Do-Hyoung (dongsene3@gmail.com), Hanyang University, Korea, South
Ryu, Chung-Hyeon (rch5755@gmail.com), Hanyang University, Korea, South
Kim, Hak-Sung (kima@hanyang.ac.kr), Hanyang University, Korea, South 

The glass fiber reinforced composites are being widely used as structural components in various industries because they provide higher specific strength
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and superior impact characteristics to the structure compared to the conventional metallic materials. However, its reliability and mechanical properties can
be much weakened by various hidden defects and damages. Therefore, appropriate nondestructive inspection techniques are required to detect and
characterize hidden damages in their inside in order to ensure the safe use of composite structures. Terahertz (THz) wave has recognized as one of the
new powerful nondestructive evaluation (NDE) technique for fiber reinforced composite structures because it has many advantages which can overcome
the limitations of conventional NDE techniques such as x-rays or ultrasound. The THz radiation (0.1-10THz) can penetrate common nonmetallic materials,
and offers a noninvasive, noncontact, nonionizing method evaluating composite damages, also it gives a broad range of information about the material
properties. In this study, the pulse type THz spectroscopy imaging system was devised and used for detecting and evaluating of hidden delamination in
the glass fiber reinforced composite laminates. The interaction between THz and the glass fiber composite was analyzed respect to the type of
delamination, including their thickness, size, depth and numbers of overlaps among multiple-delaminations in through-thickness direction. Both of
transmission and reflection configurations were used for evaluation of hidden delamaniations and THz wave propagations through the delaminations were
also discussed. From these results, various hidden delaminations inside of the glass fiber composite were successfully detected using time-domain THz
spectroscopy imaging system and also compared to the results of C-scan inspection. It is expected that THz NDE technique can be widely used to
evaluate the reliability of composite structures.

7916 | Edge-illumination X-ray dark-field imaging for imaging defects in composite structures (21. Non-destructive
Inspection Techniques for Composite Materials and Structures)

Endrizzi, M. (m.endrizzi@ucl.ac.uk), Department of Medical Physics and Biomedical Engineering, University College London, Gower Street, WC1E 6BT
London, United Kingdom, United Kingdom
Murat, B. I. S. (bb.intan.suraya@gmail.com), Department of Mechanical Engineering, University College London, WC1E 7JE, London, UK, United
Kingdom
Fromme, P. (p.fromme@ucl.ac.uk), Department of Mechanical Engineering, University College London, WC1E 7JE, London, UK, United Kingdom
Olivo, A. (a.olivo@ucl.ac.uk), Department of Medical Physics and Biomedical Engineering, University College London, Gower Street, WC1E 6BT London,
United Kingdom, United Kingdom 

We report on a novel X-ray imaging technique enabling the detailed visualization of the consequences of impact damage in composite materials. The
system is based on edge-illumination [1] and can be implemented with conventional X-ray equipment, namely a rotating anode source and a digital
detector, with the addition of two achromatic optical elements [2]. It is robust against vibrations and thermal stress and works well with a polychromatic
energy spectrum. The system is multi-modal and provides three representations of the sample: absorption, differential phase and dark-field [3]. The latter
is of particular interest to detect cracks and voids of dimensions that are smaller than actual spatial resolution of the imaging system. An example of
application to a carbon fibre laminate plate consisting of 8 layers with a symmetric layup sequence of [0/90]2s will be shown. Low-velocity impact damage
was induced using standard drop weight procedures. The plates and impact damage were initially characterized using ultrasonic measurements.
Depending on the severity of the impact, fiber and matrix breakage and delaminations occurred. Future developments of the testing technique will also be
discussed, which will include the implementation of quasi-3D approaches such as laminography, in order to separate the contribution to the projected
image coming from separate planes in the composite structure.

[1] A. Olivo, F. Arfelli, G. Cantatore, R. Longo, R. H. Menk, S. Pani, M. Prest, P. Poropat, L. Rigon, G. Tromba, E. Vallazza, and E. Castelli. An innovative
digital imaging set-up allowing a low-dose approach to phase contrast applications in the medical field. Med. Phys., 28:1610–1619, 2001.
[2] P. R. Munro, K. Ignatyev, R. D. Speller, and A. Olivo. Phase and absorption retrieval using incoherent X-ray sources. Proc. Natl. Acad. Sci. USA,
109(35):13922–13927, 2012.
[3] M. Endrizzi, P. C. Diemoz, T. P. Millard, J. L. Jones, R. D. Speller, I. K. Robinson, and A. Olivo. Hard x-ray dark-field imaging with incoherent sample
illumination. Appl. Phys. Lett., 104(2):024106, 2014.

7917 | Spectromicroscopic characterization and magnetic properties of submicron Ni rod arrays in silicon dioxide
matrix (21. Non-destructive Inspection Techniques for Composite Materials and Structures)

S.Yu. Turishchev (tsu@phys.vsu.ru), Voronezh State University, Russian Federation
E.V. Parinova (parinova@phys.vsu.ru), Voronezh State University, Russian Federation
R. Ovsyannikov (ovsyannikov@helmholtz-berlin.de), Helmholtz-Zentrum Berlin für Materialien und Energie, Russian Federation
E.A. Streltsov (StreltEA@bsu.by), Belarusian State University, Belarous
A.K. Fedotov (fedotov@bsu.by), Belarusian State University, Belarous
E.P. Domashevskaya (ftt@phys.vsu.ru), Voronezh State University, Russian Federation 

Arrays of Ni particles embedded in a dielectric matrix with the enhanced magnetoresistance effect tunable by electric field is a potential candidate for
magnetic field sensing applications (e.g. magnetic tomography 2D matrixes) and other novel electronic devices. The present work aims at microscopic
and spectroscopic characterization of the morphology and local electronic structure of submicron Ni rods distributed on Si substrate inside SiO2 layer as
well as demonstration their transport properties. 
Ni rods with ~ 350-500 nm diameters, embedded into the n-Si/SiO2 porous template, were created by selective etching of swift heavy ion tracks (Au ions,
380 MeV) in a SiO2 layer with the following electrochemical filling with nickel nanoparticles. The study of the carrier transport and magnetotransport in
such nanostructures was performed over the temperature range 2 – 300 K and at the magnetic field induction up to 8 T. The obtained samples of
Ni/SiO2/Si structures was studied by the scanning electron microscopy and atomic force microscopy. Photo Emission Electron Microscopy (PEEM)
technique were applied to investigate morphology and electronic structure of samples surface and interfaces between Ni rods and surrounding SiO2
matrix at the room temperature. Synchrotron radiation of the Helmholtz Zentrum Berlin BESSY II storage ring were used for PEEM measurements
performed at the Ni L2,3 core level resonance. Ni L2,3 X-ray absorption near edge structure (XANES) data extracted from PEEM imaging were used for
samples surface and interfaces electronic structure characterization with energy resolution ~ 0.1 eV.
PEEM study allowed us to identify the predicted partial oxidation nearby individual Ni rods and to show the formation of 50 nm length bridges between Ni
rods in their small groups. 20-50 nm transition area around each rod contained the metallic Ni as well as its defective residual nickel oxide pollutions were
observed. Figure 1 demonstrates the PEEM image from the investigated sample as well as different XANES Ni L2,3 absorption edges taken from different
regions of interest consist of metallic Ni as well as residual surface oxidation products.
The observed huge magnetoresistance between 17 – 27 K (up to 40 000 %), which was tuned with transversal electric voltage applied, was attributed to
the impurity avalanche mechanism at Schottky barrier formed at the interface Ni/Si.
The work was supported by the Ministry of Education and Science of Russia in frameworks of state task for higher education organizations in science for
2014-2016. Projects 1606 and 3.1868.2014/K.
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8060 | Using the Flexural Rigidity to Detect the Presence of Defects in Composite Sandwich Beams (21. Non-destructive
Inspection Techniques for Composite Materials and Structures)

Findeis, Dirk (dirk.findeis@uct.ac.za), University of Cape Town, Dept of Mech Eng, South Africa
Gryzagoridis, Jasson (jasson.gryzagoridis@uct.ac.za), University of Cape Town, Dept of Mech Eng, South Africa 

A constant challenge to the composites industry is to determine the presence of defects in composite structures and by doing so prevent potentially
catastrophic failures of critical components. A number of non-destructive testing techniques exist and include tap testing methods, ultrasonic scans,
infrared thermography, optical inspection and interference techniques, as well as X-Ray techniques. An alternative defect detection approach proposed in
this paper is to investigate the feasibility of using the magnitude of the flexural rigidity of composite sandwich samples as an indicator for the presence of
defects. 

Previous work has determined that the combined flexural rigidity of composite sandwich structures can be determined experimentally using Electronic
Speckle Pattern Interferometry applied to loaded cantilever beams as well as PVDF sensors applied to vibrating beams, and that their results compare
favourably with theoretical predictions. 

To this end, a number of composite sandwich beams were manufactured and during the manufacturing phase delaminations introduced between the core
and skin layer of the composite sandwich beams. Each beam manufactured included one defect and beams were grouped into sets containing same
sized defects but at different locations, as well as different sized defects located at the same position in the composite beams. In order to verify the size
and location of the man-made defects, a woodpecker tap tester was used. The beams were then clamped at one end and placed into vibration mode
using an instantaneous force. Using PVDF sensors the beam’s natural frequency was recorded. The beams were then treated as cantilevers, subjected to
an out of plane force and Electronic Speckle Pattern Interferometry was used to determine their displacement profile. 

For both sets of investigations the flexural rigidity of the beams was determined and compared with the flexural rigidity of identical composite sandwich
beams without defects. The results obtained from both inspection methods are presented and their viability in determining the presence and magnitude of
a defect discussed. 

8084 | DAMAGE ASSESSMENT OF HYBRID FIBRE REINFORCED LAMINATES (21. Non-destructive Inspection Techniques for
Composite Materials and Structures)

Durão, L. M. P. (lmd@isep.ipp.pt), ISEP - Instituto Superior de Engenharia do Porto, Portugal
Panzera, T. H. (tuliopanzera@hotmail.com), Universidade Federal de São João Del Rei (UFSJ), Brazil
Scarpa, F. (f.scarpa@bristol.ac.uk), University of Bristol, United Kingdom
Sergio, LMR Filho (sergiolmrf@gmail.com), Universidade Federal de São João Del Rei (UFSJ), Brazil
Oliveira, P. R. (pabloresendeo@uol.com.br), Universidade Federal de São João Del Rei (UFSJ), Brazil 

The characteristics of fibre reinforced laminates have widened their use from aerospace to domestic appliances. New possibilities for their usage emerge
almost every day. Their ability to be tailored for use and endless possibilities provided by the combination of reinforcements together with their alignment
and fiber fraction, allow design engineers to have almost total freedom in the design of new parts. Unique properties such as low weight, high strength and
stiffness are normally referred to whenever the advantages of these materials are listed. In the later stage of parts production, machining operations like
drilling are frequently needed in composite structures, as the use of bolts, rivets or screws is required to join the parts. Generally, machined parts have
poor surface appearance and tool wear is higher. One of the problems related with composites’ machining is the nature of the fibre reinforcement, which is
usually very abrasive and causes rapid tool wear and deterioration of the machined surfaces. The special characteristics of these materials make them
difficult to machine when compared to traditional materials. It is known that a drilling process that reduces the drill thrust force can decrease the risk of
delamination thus increasing reliability. Delamination is the most usual damage and can reduce the bearing capacity of the plate. For that, damage
assessment methods based on data extracted from images of drilled plates are of primordial importance. 
The use of solid wastes as dispersive phase into polymeric composites has been investigated not only as a recycling proposal but also as an innovative
material for specific engineering applications. In this work a batch of hybrid composites constituted of waste rubber particles and sugarcane bagasse
fibres into a thermoset composite material are drilled to determine the effect of rubber particle addition (25 and 50wt%), rubber particle size (50-80 and
100-200US-Tyler), sugarcane fibre addition (3 and 5wt%), sugarcane fibre length (5 and 20mm) and fibre chemical treatment (with and without) on
damage extension and related mechanical properties.
Damage extension is determined by enhanced radiography and images are then processed for damage measurement – diameter and areas.
A number of published criteria for damage assessment are compared and correlated with mechanical test results—bearing test and open-hole tension
test. 
The results demonstrate the effect of the rubber and fibre additions on mechanical properties of the composites enhancing specific properties for structural
applications, the importance of an adequate assessment of damaged area and proper selection of machining parameters to extend the life cycle of these
laminates as a consequence of enhanced reliability.

8115 | LIFETIME OF FIBROUS CARBON/CERAMIC COMPOSITES SUBJECTED TO A CYCLIC LOAD (21. Non-destructive
Inspection Techniques for Composite Materials and Structures)

Gumula, Teresa (tgumula@agh.edu.pl), AGH University of Science and Technology, Faculty of Materials Science and Ceramics, Al. Mickiewicza 30, 30-
059 Krakow, Poland, Poland
Martinez-Viviente, Felix L. (felix.martinez@upct.es), Universidad Politecnica de Cartagena, Departamento de Electronica y Tecnologia de Computadoras,
30202 Cartagena, Spain, Spain 

The development of advanced structures requires new low cost materials, which could work under dynamic load at elevated temperature. Carbon fibers-
reinforced carbon composites are candidates for such applications. They retain their high strength and stiffness at high temperatures (even at 2000oC),
and due to low CTE and high heat of sublimation they have good ablation resistance. Other advantages include thermal shock resistance and chemical
resistance in non-oxidizing atmosphere. The main disadvantage of carbon-based materials is their low oxidation resistance [1]. For this reason, ceramic
materials characterized by good oxidation resistance have been progressively incorporated in the carbon-based materials in order to protect them against
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the environment [1]. Nevertheless, high manufacturing costs of carbon fibers-reinforced carbon composites modified with ceramics prevents them from
wider application.
The aim of this work is to compare fatigue behavior of phenol-formaldehyde resin-derived CCC (carbon) composite with CCC/ceramic (carbon/ceramic)
composites obtained by the impregnation of CCC composite with commercially available polysiloxane-based solutions of preceram and their subsequent
heat treatment at 1000 oC, 1500 oC and 1700 oC. CCC/ceramic composites heat treated at 1000 oC and 1500 oC contain silicon oxycarbide [2] and
CCC/ceramic composite heat treated at 1700 oC contains silicon carbide [2]. As a reinforcement HTS 5131 carbon fibers (Tenax) in a form of roving were
used. Phenol-formaldehyde resin (Organika-Sarzyna, Poland) and Lukosil 901 polysiloxane substrate (Lucebni zavody, Czech Republic) used in this
experiments were inexpensive (cost about 10$/kg).
In order to determine conditions of fatigue tests, mechanical parameters in static conditions were measured. The composite samples were investigated in
three points bending test. The strength and Young’s modulus were calculated from strain-force relationships. On the basis of results obtained in the test,
parameters of dynamic test were set up. Deflection in fatigue three point bending test was 50% of the deflection measured in static three point bending
test. Composite were subjected to fatigue with the frequency of 11.7 Hz. After every 10 000 cycles, ultrasonic wave velocity in three directions of sample
was measured. CCC composite was used as a reference. 
Differences in mechanical properties in static conditions between CCC reference sample and CCC/ceramic samples were observed. Bending strength for
all samples varied from 210 to 260 MPa and Young’s modulus - from 40 to 70 GPa. Composites subjected to heat treatment at 1500 and 1700oC
exhibited lower values of Young’s modulus. At these temperatures, due to heat treatment of the composite samples, decomposition of impregnate occurs
[2]. 
In comparison to the reference, namely to CCC composite, CCC/ceramic composite heat treated at 1000oC exhibited similar fatigue properties - number
of cycles until destruction for these composites were 450 000 - 470 000. CCC/ceramic composite heat treated at 1500oC exhibited 20% lower fatigue
resistance than CCC reference and CCC/ceramic composite heat treated at 1700oC exhibited 40% lower fatigue resistance than CCC reference.
Decrease of fatigue resistance, especially in the case of composite heat treated at 1700oC, is caused by subsequent heat treatment. During the
treatment, release of decomposition product from ceramic phase occurs [2], what changes the fibre-matrix interface. 
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Carbon Fibre Reinforced Polymers CFRP are increasingly used in aircraft primary structural components. However, as most types of composites, they
exhibit different problems when compared to metallic materials. A main weakness is their vulnerability to low velocity/energy impact; in particular,
important damage may arise inside the material thickness without any perception on the impacted side. The duration of a metallic component is
dependent on the possible formation of a crack and its growth, which can be somehow predicted by the linear elastic fracture mechanics. On the contrary,
CFRPs are strongly inhomogeneous and their behaviour under impact is complex and difficult to be modelled. In addition, CFRPs, as all composites, are
susceptible, during fabrication, to formation of defects and slag inclusions which may affect their performance in service. So that, the availability of any
valuable experimental data, to get information on the failure starting point and its propagation, is of great importance. 
In the present work we use infrared thermography and a phased array system to detect defects in CFRPs as well the damage caused by impact events. In
particular, infrared thermography, apart from its use as nondestructive evaluation technique, it is also used to take a video during an impact event. In
particular, visualization of thermal signatures, caused by local dissipation of impact energy, allows gaining information about the material response to
impact. The material may display three different features: only thermoelastic effects meaning that no damage occurred, or small temperature variations to
account for delamination, or abrupt temperature rise in correspondence of any breakage. In addition, the overall warm area allows measuring the
extension of delamination. 

8365 | Probing the Characteristic Free-Volume, Void, and Elemental Composition within a Polyamide Composite
Membrane by Age-Momentum Correlation Spectroscopy (21. Non-destructive Inspection Techniques for Composite Materials and
Structures)

Hung, Wei-Song (wshung@cycu.edu.tw), Chung Yuan University, Department of Chemical, Taiwan
De Guzman, Manuel (maweidegz@gmail.com), Chung Yuan University, Department of Chemical, Taiwan
An, Quan-Fu (anqf@zju.edu.cn), Zhejiang University, Department of Polymer Science &, China
Hu, Chien-Chieh (cchu@cycu.edu.tw), Chung Yuan University, Department of Chemical, Taiwan
Lee, Kueir-Rarn (krlee@cycu.edu.tw), Chung Yuan University, Department of Chemical, Taiwan
Lai, Juin-Yih (jylai@cycu.edu.tw), Chung Yuan University, Department of Chemical, Taiwan 

Positron annihilation spectroscopy (PAS) is highly sensitive to measuring free-volumes in membranes, with sizes as small as 0.1~1 nm, but it is unlikely to
measure voids bigger than 1 nm and to provide information about the elemental composition within the membrane. In regard to this limitation, this study
established positron annihilation agemomentum correlation spectroscopy (AMOC) in conjunction with a variable mono-energy slow positron beam. The
integration of AMOC with conventional methodologies, such as transmission electron microscopy (TEM) and quantum chemical calculations (QCC),
enabled the investigation of free-volumes, voids, and the elemental composition in the ultra-thin selective layer of a polyamide composite membrane, as
well as the relationship among these three properties. Based on AMOC results, the free-volume size in the polyamide layer ranged 0.42-0.68 nm in
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diameter, corresponding to the free-volume amount of 9-13%; the voids diameter and amount were 7.2-14.1 nm and 12-18%, respectively. TEM results
indicated that the polyamide layer consisted of a continuous dense polyamide structure and a discrete voids structure, with the size distribution of voids
ranging from 5 to 20 nm. In support to AMOC results, QCC data confirmed that the highly electronegative environment in the membrane could inhibit the
formation of positronium. This study not only established a technique using PAS that increased the range and the accuracy of voids measurement, but it
further provided information on the physical and chemical properties of a polyamide composite membrane and the correlation between them.

8379 | Passive wireless sensors with metamaterials for SHM (21. Non-destructive Inspection Techniques for Composite Materials
and Structures)
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Calin, Itu (calinitu@yahoo.com), Transilvania University of Brasov, Romania 

Implementing a process of damage detection and characterization strategy for engineering structures is referred to as structural health monitoring (SHM).
Here, we understand by damage a change in the material and/or in geometric properties of a structural system. These changes involve the modification of
the boundary conditions and system connectivity which adversely affect the system’s performances.
The SHM process involves the observation of the system over time using periodically sampled dynamic response measurements from a sensor or an
array of sensors, the extraction of damage sensitive features from those measurements and the statistical analysis of these features to determine the
current state of the system health.
On long term, SHM updates the information about the ability of the structures to accomplish its functions, knowing that the determination and the loss of
performances are inevitable in the working environments.
This paper proposes the use of passive wireless strain sensors for monitoring wind turbine blades (WTB), based of metamaterials type Split Ring
Resonators (SRR), tuned on the frequency which frames into the allocated bandwidth. The sensitive element of the capacitive sensor is a capacitor
obtained by a nanotechnology scheme, namely the obtaining of carbon nanotubes – polyelectrolyte nanocomposites thin films that are coupled with SRR.
The algorithm for identification of sensor in which strain/stress was exceeded from the sensors network is analyzed and presented. A RFID tag for the
identification of the sensor will be developed using an inductive SRR coupled with a planar waveguide.

8648 | Analysis of damage mechanisms in drilling of composite materials by acoustic emission (21. Non-destructive
Inspection Techniques for Composite Materials and Structures)

Zarif Karimi, Navid (navid.zarif@unibo.it), University of Bologna, Italy
Kianfar, Parnian (parnian.kianfar@gmail.com), Amirkabir University of Technology, Italy
Minak, Giangiacomo (giangiacomo.minak@unibo.it), University of Bologna, Italy 

Conventional methods for analysis of drilling of composite materials usually study the amount of damaged area and effective parameters. However, these
methods do not provide investigators with sufficient information regarding drilling induced damages. In this paper, a procedure for discrimination and
identification of different damage mechanisms based on the analysis of acoustical signals emitted during the process is presented. Using principle
component analysis for data reduction and unsupervised pattern recognition analysis, drilling process was divided into three main stages; entry stage,
cutting stage and exit stage. Then different methods of signal processing were used to identify and discriminate the most active damage mechanisms in
each stage. As a result matrix cracking, delamination, fiber pull out and friction were discriminated and frequency distribution of each were identified.

Keywords: Drilling, Composites, Damage mechanisms, Acoustic emission, Signal processing

8758 | Importance of density profile for quality composites (21. Non-destructive Inspection Techniques for Composite Materials and
Structures)

Leite, Marta Karina (martaleite@utfpr.edu.br), UTFPR, Brazil
Savastano Jr, Holmer (holmersj@usp.br), USP, Brazil
Belini, Ugo Leandro (ugo.belini@ufsc.br), UFSC, Brazil
Lousada, José Luis Penetra Cerveira (jlousada@utad.pt), UTAD/CITAB, Portugal
Tomazello Filho, Mario (mtomazel@usp.br), USP, Brazil 

The innovation in the development of different materials in our society has caused a major impact on technology. Brazil has a strong agro-industrial
economy, where the improvement of composites with natural fibers or agro-industrial waste can become a significant factor for the development of the
country
The development of composites using natural fibers or agroindustrial residues calls the attention of scientific and technological communities as they are
environmentally friendly while showing competitive mechanical properties if compared to other composites reinforced with synthetic fibers.
In this way, obtaining density profile in fibreboard and particleboard is essential to control production, becoming an important measure of its quality and
application. 
The objective of this study was apply the technique of X-ray densitometry in obtaining density profiles, testing fundamental in the analysis of quality of
reconstituted wood panels, along the thickness of new composites made from eucalyptus fibers and sugarcane bagasse particles.
The results indicated that the dosage of resin it’s very important in the form of profiles, which refer to performance as the internal bond, and the density
profiles along the thickness showed variations of the panel frame and provided important quality informations, applied in setting press cycle and
indications of its technological performance in use.

8913 | SPARSE REPRESENTATION FOR NON-DESTRUCTIVE TESTING OF GLASS-EPOXY COMPOSITES (21. Non-
destructive Inspection Techniques for Composite Materials and Structures)



08/05/15 15:14Conferências 5: Book of Abstracts

Page 206 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

Satour Abida (satourabida@yahoo.fr), Welding and NDT Research Center (CSC) BP 64 Cheraga-Algiers, Algeria, Algeria
Silvio Montrésor (silvio.montresor@lium.univ-lemans.fr), Laboratoire d’Acoustique de l’Universite´ du Maine (LAUM), UMR CNRS 6613, Universite´ du
Maine, Av. OlivierMessiaen, 72085 Le Mans Cedex 9, France, France
Mourad Bentahar (mourad.bentahar@univ-lemans.fr), Laboratoire d’Acoustique de l’Universite´ du Maine (LAUM), UMR CNRS 6613, Universite´ du
Maine, Av. OlivierMessiaen, 72085 Le Mans Cedex 9, France, France 

In this paper we propose to investigate a sparse representation technique for the purpose of identifying
damage mechanisms from acoustic emission (AE) signal which occurs during non destructive test applied to
composite materials. In particular we introduce a new approach based on the sparse representation of signals for
clustering (AE) data occurring during the fracture process of glass fibre reinforced polymer (GFRP) plates. The
proposed sparse representation used a redundant dictionary specific to damage mechanisms which may appear in
the composites. Experiences were performed on model specimens of GFRP composite in order to generate the
specific damage modes. An analysis of the recorded signals by advanced signal processing methods has enabled
us to distinguish the different acoustic signatures as well to gather signals having similar characteristics. The
latter are used in the construction of the dictionary. The proposed classification procedure was examined on the
signals of learning as well on the test signals. This study has shown the interest provided by the sparse
representation of signals to follow the damage mechanisms in composites.

8934 | APPLICATION OF ULTRASONIC GUIDED WAVES FOR DEFECT DETECTION IN HONEYCOMB (21. Non-destructive
Inspection Techniques for Composite Materials and Structures)

Draudviliene, Lina (lina.draudviliene@ktu.lt), Kaunas University of Technology, Ultrasound Research Institute, Lithuania
Raisutis, Renaldas (renaldas.raisutis@ktu.lt), Kaunas University of Technology, Ultrasound Research Institute, Lithuania
Zukauskas, Egidijus (egidijus.zukauskas@ktu.lt), Kaunas University of Technology, Ultrasound Research Institute, Lithuania 

In recent years, the novel lightweight honeycomb sandwich structures have been applied in a wide range of industries. However, daily operational
conditions, fatigue, as well as various defects developed during exploitation lead to the risk of structure failure. To meet safety and economical
requirements, such structures must be tested. The ultrasonic pitch-catch technique based on ultrasonic guided waves (UGW) for detection of defects in
honeycomb sandwich structures is proposed. The parameters of UGW propagation are sensitive to structural changes, therefore UGW make it possible to
detect defects and evaluate their size.
As an object for investigation, a sandwich structure, composed of two thin carbon fibre reinforced plastic skins (CFRP AS/48552) and an aluminium
honeycomb core had been selected. The simulations were carried out on honeycomb sample (172 mm×114 mm×21 mm) that consisted of two 2.5 mm
thickness CFRP skins and a hexagonal aluminium core having thickness of 16 mm. In order to simulate the structural damage in honeycomb sandwich
structure, a part of the core was cut at the junction points to the skin while both skins (external and internal) remained undamaged. A defect of circular
shape, 30 mm diameter, was constructed at the distance of 30 mm away from the edge of the sample. The excitation of UGW was performed applying the
normal force to the area of 2 mm on the surface of the skin. The excitation pulse had a Gaussian envelope of 3 periods and frequency of 100 kHz.
The main parameter which is related to the presence of structural non-homogeneities is the velocity of UGW and the method which can be used for
measurements of phase velocity variations is based on the zero-crossing approach. This technique was applied to measure the time of flight values of the
multiple zero-crossing points for each A-scan signal in the entire B-scan image. The results obtained demonstrated that in the defect-free zone the
average phase velocity of the A0 mode is 1550 m/s. Still, in the defective zone the phase velocity drops down to an average value of 1280 m/s, due to
changes in the overall thickness of the sample. The variations of the phase velocity can show the regions with the delamination or disbond type defects
and this method can be used for detection of such defects.

9077 | Thermographic Interpretation of Failure Mode in Polymer Matrix Composites (21. Non-destructive Inspection Techniques
for Composite Materials and Structures)

Kim, Jeongguk (jkim@krri.re.kr), Korea Railroad Research Institute, Korea, South 

The fracture behavior of glass fiber reinforced epoxy polymer matrix composites (PMCs) was investigated during tensile testing. The PMCs have been
used for railway bogie materials application for the purpose of lightweight in bogie. In order to monitor tensile damage evolution of PMC sample, a high-
speed infrared (IR) camera was used to measure surface temperature changes during tensile testing. The high-speed IR camera also provided clear
thermographic images at the time of failure. Through the thermographic image analysis, crack initiation and propagation were qualitatively monitored.
Based on tensile testing results, the failure initiated at the epoxy matrix, and the brittle failure mode was observed. Moreover, the microstructural
characterization using scanning electron microscope (SEM) was performed to correlate the mechanical failure mode with thermographic results. In this
investigation, an IR camera and SEM investigation were used to facilitate a better understanding of damage evolution and failure mode of PMC materials
during tensile testing.

9175 | Inter-laminar fracture toughness measurement of the mixed-mode delamination using acoustic emission
technique (21. Non-destructive Inspection Techniques for Composite Materials and Structures)

Zarif Karimi, Navid (navid.zarif@unibo.it), University of Bologna, Italy
Fotouhi, Mohamad (Fotouhi.mohamad@gmail.com), Amirkabir University of Technology, Iran
Saeedifar, Milad (milad.saeedifar@aut.ac.ir), Amirkabir University of Technology, Iran
Minak, Giangiacomo (giangiacomo.minak@unibo.it), University of Bologna, Italy
Ahmadi Najafabadi, Mehdi (Ahmadin@aut.ac.ir), Amirkabir University of Technology, Iran 

In this paper acoustic emission (AE) technique was used to evaluate the inter-laminar fracture energy for the initiation of delamination, Gc, in mode I,
mode II and the combination of these pure modes in glass/epoxy composites. The AE signals are transient waves originated from the damage
mechanisms such as matrix cracking, fiber failure, etc. during a delamination phenomenon. These AE signals are used to evaluate the Gc values and the
results are in good agreement with the values estimated by means of the standard ASTM procedures. The results indicate that different interface lay-ups
and different GII/GT modal ratio values indicate different AE signals and mechanical behaviours. In addition, the proposed methods for measuring the Gc
is precise and successful, especially in mode II and mixed-mode conditions where there is unstable crack growth which prohibits a rigorous measurement
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of Gc. The main advantage of the suggested method, with regard to those in the literature, is the simple and practical identification of the initiation stage
and high sensitivity of the AE method to the failure mechanisms.

Keywords: Mixed mode delamination, Fracture toughness, Glass/epoxy composite, Acoustic emission

9343 | Nondestructive Testing Method for Curved Composite Surface Based on twin-robot technology (21. Non-destructive
Inspection Techniques for Composite Materials and Structures)

Zongxing Lu (lu_zongxing@sina.com), Beijing Institute of Technology, China
Chunguang Xu (xucg@bit.edu.cn), Beijing Institute of Technology, China 

A curved surface path planning method base on multi-Gaussian beam model is proposed in this paper. Multi-Gaussian beam model for multi layers
composite is introduced into the curved composite ultrasonic testing system. The mathematical model of receive beam field to composite is established to
analyze the effect of different testing parameters for the receiving transducer. The simulation and experiments illustrate the validity and effectiveness of
the proposed method. Imitating surface with bi-cubic B spline curves for complex curved surface. The normal vector can be calculated out to achieve
transmitting transducer position and orientation. The acoustic length in water of receiving transducer is decided by the receiving beam field. By coordinate
transformation, the position and orientation of receiving transducer can be achieved. Experiment results indicate the receiving signal is stronger,
measuring accuracy is more accurate with the proposed method. The C-scan image results verify the effectiveness of the proposed method. It is believed
that our method provides an effective solution to curved composite surface part, and it will greatly benefit industrial development.

5440 | A new method for designing of metal-matrix composites with particle reinforcement (22. Optimization techniques and
methods)

Vahdat, Seyed Ebrahim (seyed_ebrahim_vahdat@yahoo.com), Department of Engineering, Ayatollah Amoli Branch, Islamic Azad University, Amol, Iran.,
Iran 

Using the methods which are applied for estimating strength and toughness of composites reduces trial-and-error rate in their design. One of the
mechanisms for strengthening and increasing toughness of composites is through reinforcement debonding mechanism. Interface strength of
reinforcement with matrix and effective surface of debonding greatly affect toughness and strength of these types of materials. In this study, a model was
proposed to estimate the effect of interface and matrix strength of composites in increasing tensile toughness and strength. Then, interface strength and
its effect in increasing tensile toughness and strength were calculated in a case study of composites containing particle reinforcement in matrix of tool
steel.

6889 | General Method for optimizing composite patch repairs. (22. Optimization techniques and methods)

Abdelmadjid AIT YALA (ait_yalam@yahoo.fr), University of BOUIRA, Algeria 

Abstract : 
The aim of this work is to define a general method for the optimization of composite patch repairing. Fracture mechanics theory shows that the stress
intensity factor tends towards an asymptotic limit K∞. This limit is given by Rose’s formula and is a function of the thicknesses and mechanical properties
of the cracked plate, the composite patch and the adhesive. The proposed approach consists in considering this limit as an objective function that needs
to be minimized. In deed lowering this asymptote will reduce the values of the stress intensity factor hence optimize the repair. However to be effective this
robust design must satisfy the stiffness ratio criteria. The resolution of this double objective optimization problem with Matlab program allowed us
determine the appropriate geometric and mechanical properties that allow the optimum design; that is the selection of the adhesive, the patch and their
respective thicknesses. 

Keywords: General method, optimization, patch repair, objective function, stress intensity factor

7592 | A Sensitivity Analysis of Material, Geometry, and Process Parameters in Roll Forming of Polypropylene/E-glass
Woven Fabric Laminates (22. Optimization techniques and methods)

Lynam, Corey (coreylynam@gmail.com), University of British Columbia, Canada
Milani, Abbas S. (abbas.milani@ubc.ca), University of British Columbia, Canada 

Fiber reinforced thermoplastic composite materials are rapidly attracting an increasing market share in a number of applications in leading industries such
as automotive and transportation. In particular, recent developments in fabricating commingled fabric architectures as well as new rapid forming
processes have allowed thermoplastic matrix composites to be competitive alternatives to thermoset composites. One traditional challenge during fast
thermo-forming of these materials, however, is the presence of large spring-in deformations where the final part shape is different than the original/tool
shape. These deformations can be particularly significant for large components, in assemblies, or when strict dimensional tolerances are required. In
addition, there is an inherent uncertainly in composite raw materials along with uncontrollable factors during manufacturing stages, which in turn poses an
extra challenge for manufacturers for quality control of their final products. This article using a previously developed finite element model of a composite
roll-forming process, aims at a factorial design based statistical analysis for (a) predicting the variation in spring-in angle in forming of a typical woven
Polypropylene/E-glass thermoplastic laminate, and (b) identifying the main material, geometry and process factors that govern this variation. Selected
design factors include the relative crystallinity of the polymer matrix, the through-thickness coefficient of thermal expansion, thermal cycle applied in the
forming process, the corner inner radius of parts, the laminate thickness, and the material’s elastic modulus. Results of both modeling and sensitivity
analysis are discussed and practical recommendations are made.

7648 | QUALITY ASSESSMENT OF 2D BRAIDED COMPOSITES WITH OPTICAL MEASUREMENT TECHNIQUES (22.
Optimization techniques and methods)
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Heieck, Frieder (heieck@ifb.uni-stuttgart.de), Institute of Aircraft Design, University of Stuttgart, Germany
Fuhr, Jan-Philipp (fuhr@ifb.uni-stuttgart.de), Institute of Aircraft Design, University of Stuttgart, Germany
Middendorf, Peter (middendorf@ifb.uni-stuttgart.de), Institute of Aircraft Design, University of Stuttgart, Germany 

In recent years, 2D-braided carbon-fiber composites have been becoming increasingly popular due to their potential of realizing parts with complex hollow
geometries and high load-bearing capacities. A common technique used for manufacturing braided composites is the circular braiding process with radial
braiding machines. By robotically guiding a mandrel through the center of the braider with a defined speed, the fiber architecture can be adjusted along
the axis. The braid pattern mainly evolves from a complex interaction of the yarn movement along the circumference of the machine, the yarn
configuration, the mandrel geometry and the robot-controlled path of the mandrel.

Most of the visual braid attributes, such as the braiding angle and braid coverage, are directly linked to each other within the process and it is not possible
to choose them independently. Since these visual properties strongly correlate with the mechanical performance of the composite material, it is crucial to
analyze the fiber architecture and to know the potential impact of each parameter. 
One of the correlations between fiber architecture and mechanical properties highlighted in the presented work is the effect of the cover factor of 2D
biaxial and triaxial braided composites. Potentially, large gaps between the fibers can lead to strongly reduced mechanical properties due to local resin
accumulations and reduced fiber volume content. However, the results show that the influence of the cover factor also strongly depends on the type of
braid and the applied resin system.

Depending on the geometry of the part, the braid coverage and other fiber architecture attributes can significantly vary along the radial and axial direction
of the mandrel. If the effects of the fiber architecture shall be considered for the quality assessment of a real part, it is therefore necessary to evaluate it
over the entire part surface. A new machine vision system is shown that allows for capturing and analyzing the fiber architecture of complex-shaped 3D
preforms area-wide. Single images are captured by a camera sensor which is robotically guided over the preform surface. By connecting the single
images with their position in relation to the part, it is possible to display all attributes in the form of a digital 3D surface map. The system is illustrated by
showing typical braid parts and their corresponding fiber patterns. 

The presented work shows that by integrating optical measurement techniques into braid manufacturing, it is possible to apply mechanically based quality
criteria, to optimize process parameters and to validate process simulations, which are key issues to further increasing the lightweight potential of
composite parts.

7770 | Fabrication and properties of steel-TiB2 composites (22. Optimization techniques and methods)

Sulima, Iwona (isulima@up.krakow.pl), Institute of Technology, Pedagogical University, Podchorążych 2 st., 30-084 Krakow, Poland, Poland
Hyjek, Paweł (phyjek@up.krakow.pl), Institute of Technology, Pedagogical University, Podchorążych 2 st., 30-084 Krakow, Poland, Poland
Sonia Boczkal (sboczkal@imn.skawina.pl), Institute of Non-Ferrous Metals in Gliwice, Light Metals Division Skawina, Poland 

Methods for the production of steel matrix composites reinforced with TiB2 involve ingot casting and powder metallurgy (PM) processes. The powder
metallurgy is ideal to obtain this composites because it provides the dispersion of fine particles. Technological progress, as well as economic and
ecological considerations make the search for new manufacturing techniques of composite materials constantly growing. Spark plasma sintering (SPS) is
a new technique to rapidly produce ceramic, metallic and composite products. SPS process is a recent development of an advanced sintering technology
that combines axial pressure with direct electrical current through a die and a sintered body.
In the present study, the effects of TiB2 ceramic on the microstructure, mechanical, wear and corrosion resistance were investigated. The steel/TiB2
composites were prepared by Spark Plasma Sintering (SPS). The phase composition and microstructures were characterized using scanning electron
microscopy and transmission electron microscopy using EDS, WDS and EBSD analysis. For the tested composites, the relative density, Young’s modulus,
microhardness, compressive strength, wear and corrosion resistance were measured. The best densities were obtained for composites sintered at
1100�C. The microstructure investigation reveals that fine TiB2 particles are homogeneously distributed in the steel matrix. Additionally, formation of new
fine phases in steel matrix was observed. The addition of hard TiB2 particles to steel leads to increase of hardness and compressive strength.
Furthermore, the wear resistance of the composites was better for higher TiB2 contents.

7850 | Cast aluminium matrix composites modified with using plastic deformation process – changing of the structure
and mechanical properties (22. Optimization techniques and methods)

Kurtyka, Paweł (pkurtyka@up.krakow.pl), Institute of Technology, Pedagogical University of Krakow, Poland
Ryłko, Natalia (nrylko@gmail.com), Institute of Technology, Pedagogical University of Krakow, Poland
Tokarski, Tomasz (tokarski@agh.edu.pl), Faculty of Non-Ferrous Metals,AGH University of Science and Technology, Poland
Wójcicka, Anna (awojcicka@up.krakow.pl), Institute of Technology, Pedagogical University of Krakow, Poland
Pietras, Adam (Adam.Pietras@is.gliwice.pl), Institute of Welding of Gliwice, Poland 

The aim of this study was to explain the influence of the plastic deformation generated in friction stir processing on the changing size and distribution of
reinforcement particles in the cast composite A339/SiC/p, as well as determine its mechanical properties.
A339 aluminum alloy reinforced with 10 % vol. SiC particles was modified using friction stir processing method. Changing of distribution and size of the
reinforcement particles were analyzed using new mathematical Mitiouhev RVE theory. The mechanical properties were determined on the basis of
compression tests. In the resulting observed significant changes in the distribution of particles, precipitation which were characterized by macro-
heterogeneity. However, in micro scale, a few typical distributions and areas of fragmentation of the reinforcing particles were identified. Differences in the
sizes of the ceramic particles were about 15 microns in the initial material and about a few micron in the modified material, respectively. Mechanical
testing of selected deformed areas showed significant differences in the values of the plastic flow stress in thermomechanical hardening areas,
approximately from about 30% 
The obtained results can be used to optimization of the modification process of cast composites by friction stir processing. In addition, the analysis results
may be used to design new methods to modify aluminum matrix composites reinforced with ceramic particles.

7887 | Methodology for the Product Engineering of Lightweight Structures in Multi-Material Design (22. Optimization
techniques and methods)
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Lauter, Christian (christian.lauter@uni-paderborn.de), Chair for Automotive Lightweight Construction (LiA), University of Paderborn, Germany
Wang, Zheng (zheng.wang@uni-paderborn.de), Chair for Automotive Lightweight Construction (LiA), University of Paderborn, Germany
Troester, Thomas (thomas.troester@uni-paderborn.de), Chair for Automotive Lightweight Construction (LiA), University of Paderborn, Germany
Brandis, Rinje (r.brandis@krause.de), Krause-Biagosch GmbH, Germany
Koechling, Daniel (daniel.koechling@hni.uni-paderborn.de), Heinz Nixdorf Institut, University of Paderborn, Germany 

To realise cost-effective lightweight structures, components in multi-material design with locally adapted properties are a very promising approach. One
example is the combination of press-hardened steels with fibre-reinforced plastics. On the one hand, this design is cost effective, for example because of
the high material utilisation. On the other hand, their development is highly complex and expensive, because it is marked by strong dependencies
between product, manufacturing technologies and production system.

Against this background, products, manufacturing technologies and production systems have to be developed in a close interplay from the beginning.
Furthermore, it is not sufficient to develop product and production system only from the present point of view. It is necessary to foresight possible future
developments and to anticipate the product lifecycle. Today, these points are not considered adequately. This leads to time-consuming and cost intensive
iteration loops during the development process. The results are expensive and not optimal components, which do not fulfil the future market requirements.

At the Institute for Lightweight Construction with Hybrid Systems a methodology for the product engineering of lightweight structures in multi-material
design is developed. It consists of a procedure model, methods and IT-tools, a specification technique as well as a knowledge base. The procedure model
defines the steps that have to be conducted in the product engineering of lightweight structures (e. g. experimental work). The methods support the
product engineering process. Methods of forecast (e. g. Trend Analysis) enable the anticipation of the product lifecycle and the identification of chances
and risks. Evaluation methods enable the early assessment of manufacturing and life cycle costs, the robustness of the product and the production
system as well as the recyclability. The specification technique is used for the integrative description of the product and the associated manufacturing
process and production system. Thereby, the dependencies between product and production systems are considered and information for the evaluation is
provided (e. g. between process parameters and mechanical properties). The knowledge base can be used for the synthesis of process chains. It contains
knowledge about future developments (e. g. market or regulatory requirements) and domain specific knowledge of lightweight design (e. g. design rules).

The present paper focuses on the procedure model. It coordinates the work of the involved developers from different domains during the whole
development process of hybrid structures. Furthermore, it controls the use of the methods and IT-tools. The procedure model describes commonly
understandable the activities to be carried out. It is divided into several main steps. In the first step, the considered component is analysed for example
regarding automotive requirements like loads or mechanical characteristics. This includes the decomposition into function owner and the specification of
requirements. Especially for hybrid systems it is necessary to specify the natures of loads and the direction (isotropic or anisotropic) to achieve an optimal
lightweight structure. In the next step, partial solutions for the functional owners are identified. Thereby, material, geometry as well as manufacturing and
assembly technologies must be taken into account. The partial solutions will be combined into a total solution. The large number of possible combinations
ensures that this step results in a number of alternative solutions. Finally, the alternative solutions have to be evaluated to provide the best fitting solution.

An automotive b-pillar is used as a demonstrator to validate the developed procedure model. This component is produced in high quantities and is
characterised by extensive requirements (e. g. energy absorption, manufacturing costs or adapted material properties).

7896 | Crashworthiness optimization of metal-composite energy absorption devices (22. Optimization techniques and
methods)

Díaz, Jacobo (jdiaz@udc.es), Universidade da Coruña, Spain
Romera, Luis (lromera@udc.es), Universidade da Coruña, Spain
Paz, Javier (javier.paz.mendez@udc.es), Universidade da Coruña, Spain
Costas, Miguel (miguel.costas@udc.es), Universidade da Coruña, Spain 

Fuel efficiency and occupant safety are fundamental requirements in vehicle design today. The combination of metal and composite materials in crash-
absorbing parts is a good solution to improve the crashworthiness response of a vehicle without increasing its mass significantly.

New designs arise from the multiple possible combinations of cores made of carbon or glass fiber composites with steel or aluminum enclosures. While
the composite cores provide specific strength and stiffnesses, the metallic enclosure adds a ductile and progressive collapse mechanism to the final
design.

The advances in finite element analysis codes have allowed not only accurate and affordable simulations of crash events but also the possibility of
applying optimization strategies to these new designs. This is not an easy task due to the inherent characteristics of finite element impact simulations, due
to the presence of noise in the responses and the high computational cost of each simulation.

This work presents a procedure for crashworthiness optimization of metal-composite energy absorption devices. These devices consists of a hollow
metallic tube filled with a core structure made of composite material.

Surrogate-based optimization techniques are used to smooth the noise in the responses and to decrease the computational cost of the numerical
simulations. Three objective functions are chosen: mass, absorbed energy and peak load. These functions are approximated by two surrogate models:
multivariate adaptive regression splines and gaussian process. The geometrical dimensions and the shape of the core are selected as design variables.
Results show appreciable improvements on the objective functions compared with the original design. The peak load is reduced with respect to designs
with similar mass and absorbed energy, and the specific energy absorbed is increased compared with specimens with a similar peak load.

7941 | Silica carbon composite modified with glucose oxidase used as biosensor for glucose determination (22.
Optimization techniques and methods)

Caldas, Elisangela M. (caldas.em@gmail.com), Instituto de Química, UFRGS, Brazil
Novatzky, Dhjulia (dhjuliatzky@hotmail.com), Instituto de Química, UFRGS, Brazil
Deon, Monique (moniquedeonpf@gmail.com), Instituto de Química, UFRGS, Brazil
Costa, Tania M.H. (taniaha@iq.ufrgs.br), Instituto de Química, UFRGS, Brazil
Arenas, Leliz T. (leliz@iq.ufrgs.br), Instituto de Química, UFRGS, Brazil
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Benvenutti, Edilson V. (benvenutti@ufrgs.br), Instituto de Química, UFRGS, Brazil
de Menezes, Eliana W. (eliana@iq.ufrgs.br), Instituto de Química, UFRGS, Brazil 

Silica-carbon composites have received growing attention in recent years. These materials can be obtained by sol-gel method through doping of silica
matrix with carbon (graphite or nanotubes). The advantage of this synthesis method is the possibility to obtain materials with different characteristics,
allowing their use as electrochemical devices. The silica-carbon materials can present high surface area and conducting properties allowing their use as
electrochemical devices. The immobilization of electroactive species, such as enzymes, inside the porous structure attributes higher sensitivity and
selectivity to the system. Glucose oxidase (GOx) is an enzyme widely used in food industry and it is also applied as sensor in the Diabetes Mellitus
control. In this work, two silica-carbon composites were obtained with different pore size, by varying the sol-gel synthesis conditions. The materials were
assigned as S1 and S2. These materials were functionalized in sequence with 3-aminopropyltrimetoxysilane (APTMS), glutaraldehyde (GA) and glucose
oxidase enzyme (GOx). The S1 and S2 materials were characterized by N2 adsorption-desorption isotherms, thermogravimetric analysis and cyclic
voltammetry. Afterwards, they were used as biosensor for glucose determination using chronoamperometry technique. From the N2 adsorption-desorption
isotherms, it was obtained BET specific surface area of 273 and 73 ± 5 m2g-1 for S1 and S2, respectively. The pore size distributions obtained by BJH
method were in the mesoporous region, with a maximum at 7 and 20 nm for S1 and S2, respectively. The functionalization of these matrices with APTMS
does not produce significant changes in the surface area, neither in the pore size distribution. However, after the GA immobilization, the specific surface
area of S1 material decreases to 184 m2g-1, while S2 material maintains its value constant. The GOx immobilization does not produce significant change
in the S1 and S2 surface areas and porosities. From the thermogravimetric analysis, it was possible to estimate the amount of enzyme immobilized as
13.8 and 30.0 mg per gram of material for S1 and S2, respectively. Although S1 presents high surface area, the enzyme immobilization was more
effective for S2 material, indicating the pore size is a determinant factor for the amount immobilized. This fact was interpreted considering the size of the
enzyme and its access into the pores. The cyclic voltammetry essays show anodic and cathodic peaks assigned to the presence of GOx for both
materials. However, for S2 material the current intensity (78.2 and -154.0 µA) was higher when compared with the S1 material (-8.7 and -55.47 µA),
probably due to the higher GOx amount immobilized inside of the pores. Considering the above results, the S2 material was chosen to develop a
biosensor for glucose. The system shows a linear response between current peak and glucose concentration in the range from 0.39 to 5.36 mmol L-1,
under argon atmosphere. The sensitivity, obtained by the slope of the curve, was 0.33 µA (mmol L-1)-1 cm-2. The detection limit was calculated by the
ratio (3×SDb/Slope), where SDb was the standard deviation of blank measures (n=10) and the obtained value was 0.93 mmol L-1. These results show the
system is very promising to be applied as electrochemical biosensor for glucose.

Acknowledgment: CNPq, CAPES and FAPERGS.

7986 | An efficient semi-automated optimization algorithm for (lattice) composite structures: implementation and
application (22. Optimization techniques and methods)

Pavlov, Leonid (leonid.pavlov@atg-europe.com), ATG Europe, Netherlands 

Composite grid-stiffened (GS, lattice) structures have long been of interest as a replacement for honeycomb sandwich, aluminium isogrid and skin-
stiffener-frame structures for aerospace applications. Such interest is caused by the multiple advantages of this structural architecture amongst which the
cost per unit weight is the most attractive one. Apart from the numerous challenges related to lattice structures manufacturing, analysis correlation,
certification, fatigue, impact, load introduction and attachment regions the structural optimality plays an important role in paving the way towards a broad
application of the lattice architecture in real-life structures. Multiple optimization approaches for GS structures have been proposed and investigated in the
past however none of these offer a good balance between their universal applicability, accuracy and computational speed. In an attempt to obtain an
efficient way of optimizing lattice structures without stringent constraints on geometry and loading a semi-automatic optimization algorithm for composite
structures has been set up. The optimizer uses automatically generated parametric CAD and FE models to assess the fitness of the design. A genetic
algorithm linked to the CAD and FE framework is employed for optimizing the structure based on the fitness data. Due to the automation of all model
generation procedures and computations the algorithm performs the optimization by solving the corresponding FE models without having to rely on less
accurate analytical approximations for composite structures to determine the design fitness. This is especially beneficial for the cases where a complex
structure or complex loading scenario are present (e.g. grid-stiffened structures). This setup significantly facilitates the design space exploration since no
additional FE model preparation is necessary and thus any entry of the design space is readily accessible by the algorithm.

The validation of the lattice structures FE analysis methodology used in the automated optimization approach has been confirmed by a testing and
validation campaign for composite lattice panels.

A number of test cases for grid-stiffened structures have been investigated with the developed optimization algorithm. These include an idealized fuselage
barrel, launcher interstage structure, several satellite structures as well as some simpler test cases without lattice stiffening architecture. Main design
trends, lessons learned and conclusions from some of these test cases are presented.

8012 | Torsion induced buckling design of a variable stiffness composite cylinder made by fiber steering (22. Optimization
techniques and methods)

Rouhi, Mohammad (m_rouh@encs.concordia.ca), Concordia University, Canada
Ghayoor, H. (h_ghayoo@encs.concordia.ca), Concordia University, Canada
Hoa, Suong V. (hoasuon@alcor.concordia.ca), Concordia University, Canada
Hojjati, M. (mehdi.hojjati@concordia.ca), Concordia University, Canada 

With the advent of Automated Fiber Placement (AFP) machines, it has become possible to continuously change (steer) the orientation angle of the
fibers/tows to manufacture composite laminates with spatially variable mechanical properties. The resulting so called variable stiffness (VS) composite
component has spatial stiffness properties that can create an efficient path between the loading points and the supports. These VS laminates allow the
designer to fully exploit the directional properties of composite materials. In designing components made of these laminates, the design space is extended
so that structural components with significantly higher performance and/or lower weight compared with constant stiffness structures can be made.

As a continuation of our previous work [1-4], in this paper, a variable stiffness composite cylinder made by fiber steering is designed and optimized for
maximum buckling load due to torsion. A multi-step design optimization procedure is developed to get the maximum potential improvement in torsion
induced buckling. High fidelity finite element (FE) analyzes are substituted by low-cost and computationally inexpensive surrogate models based on
Radial Basis Functions (RBF) to improve the computational efficiency of the design optimization process. Different RBF formulations are also studied and
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compared with each other in terms of their accuracy. The torsion induced buckling load of the optimized VS composite cylinder is also compared with its
constant stiffness counterpart to evaluate the potential improvement the VS composite cylinder can offer in terms of the structural performance.

[1] M. Rouhi, H. Ghayoor, S. V. Hoa, and M. Hojjati, "Multi-objective design optimization of variable stiffness composite cylinders,"Composites Part B, In
Press.

[2] M. Rouhi, H. Ghayoor, S. V. Hoa, and M. Hojjati, "Eect of structural parameters on design of variable-stiffness composite cylinders made by fiber
steering," Composite Structures, vol. 118, pp. 472-481, 2014.

[3] M. Rouhi, H. Ghayoor, S. V. Hoa, and M. Hojjati, "Multi-step design optimization of variable stiffness composite cylinders made by fiber steering," in
Proceedings of ASC 29thTechnical Conference & 16th US-Japan Conference on Composite Materials, UCSD, LaJolla, CA, Sep 8-10, 2014.

[4] M. Rouhi, H. Ghayoor, S. V. Hoa, and M. Hojjati, "Eect of thickness-ratio and load direction on structural performance of variable stiffness composite
cylinders," in Proceedings of SAMPE Annual Conference and Exhibition, SAMPE, Seattle, WA, Jun 2-5, 2014.

8069 | THE INFLUENCE OF EXPANSIVE AGENTS ON THE PROPERTIES OF FIBER REINFORCED CEMENT-BASED
COMPOSITES (22. Optimization techniques and methods)

CORINALDESI, Valeria (v.corinaldesi@univpm.it), Università Politecnica delle Marche, Ancona, Italy
NARDINOCCHI, Alessandro (a.nardinocchi@unvipm.it), Università Politecnica delle Marche, Ancona, Italy 

Mortar and concrete are the most widely used construction materials because they develop high strength, high toughness and long durability. However,
drying shrinkage ant the related cracking are two important properties, which can reduce the durability. It has been proved that incorporating fibers into
cementitious materials can effectively improve their thoughness and ability of resisting crack.
In this work several Fiber Reinforced Cement-based Composites (FRCCs) were studied. The effectiveness of two different kinds of metallic fibers was
tested: brass-coated hooked steel fibers (Hook), and flat and flexible amorphous metallic fibers (Flex). Fibers were separately added to superplasticized
cement-based mixtures, at a rate of about 1.9% and 1.4% by volume of FRCC, respectively. Moreover, special FRCCs were also manufactured by adding
a low dosage of CaO-based expansive agent (20 kg/m3) in order to help in reducing the risk of cracking induced by drying shrinkage and make more
reliable materials from the durability point of view.
All the FRCC mixtures were characterized by the same w/c ratio of 0.30 and the same inert/cement ratio of 2.3, as well as the same amount of a
polycarboxylate-based superplasticizer (3.2% by weight of cement). A control superplasticized mixture with expansive agent (EA), with the same w/c, the
same inert/cement ratio, but without fibers was manufactured and studied. Finally, two control superplasticized mixture with either hooked steel fibers
(Hook) or flexible flat metallic fibers (Flex), with the same w/c, the same sand/cement ratio, but without expansive agent were manufactured and studied.
All the FRCC mixtures were characterized for the workability in the fresh state (where they showed approximately the same plastic consistency), and in
the hardened state by measuring compressive and flexural strength, as well as length changes under drying shrinkage test. Moreover, their microstructure
was investigated by means of Mercury Intrusion Porosimetry (MIP) and Scanning Electron Microscope (SEM) observations.
The effect on mechanical performance of a thermal pre-treatment at 80°C for the first 24 hours of curing was also evaluated. 
The results obtained confirmed the effectiveness of CaO addition (even at low dosage) on mortar stability under drying shrinkage, moreover it proved to
be extremely effective in terms of flexural strength improvement if used with brass-coated fibers (+50% after 1 day, +43% after 7 days, and +33% after 28
days). The reason of this synergy probably lies in the formation of calcium-hydroxy-zincate crystals at the interface between fibers and surrounding
cement mortar; this phenomenon is promoted by dezincification of brass in alkaline environment (due to the presence of high amount of Ca(OH)2 formed
when CaO comes in contact with water). These hydroxy-zincate crystals, as observed by SEM, are likely able to significantly improve the quality of the
interface fiber-matrix by increasing the adherence.
In conclusions, in this work FRCC mixtures were designed showing very high performance in bending, close to those obtained by using Ultra High
Performance Concrete (UHPC). The advantage of the FRCC mixtures studied in this work with respect to UHPC is that some very expensive ingredients
such as silica fume and microsilica were not used. Their final cost will be about 3-4 times with respect to ordinary mortars (mainly due to the cost of the
high amount of metallic fibers introduced in the mixture), while for UHPC is more than 10 times (usually 15). Therefore, the ratio between flexural
performance and cost of these FRCCs is very high, and they use for producing structural elements is certainly promising.

8118 | STACKING SEQUENCE OPTIMIZATION OF SMALL COMPOSITE WIND TURBINE BLADES BY FEM AND SCE (22.
Optimization techniques and methods)

Sarti, Antônio C.G. (antoniocsarti@gmail.com), UFRGS, Brazil
Linn, Renato V. (renatolinn@gmail.com), UFRGS, Brazil
Pires, Júlio C.P. (julio.pires@ufrgs.br), UFRGS, Brazil
Souza, Carlos E. (carlosesouza@gmail.com), UFRGS, Brazil
Oliveira, Branca F. (branca@ufrgs.br), UFRGS, Brazil 

A technique and an application for the design optimization of composite laminated wind blades are presented in this work. The optimization is performed
combining the Finite Element Method (FEM) for the structural analysis and the Shuffled Complex Evolution (SCE) algorithm for the numerical optimization.
The structural analysis model considers composite shell elements and different load cases applied to a small wind turbine blade. The blade geometry is
designed with the MH-110 aerodynamic profile, considering a constant angle-of-attack to comply with power limits. Geometric nonlinearities are
considered. The optimization is performed in order to minimize displacements at the tip of the blade for multiple static load cases. Failure criteria and
design limitations are considered as constraints for the numerical optimization through the use of penalized functions. Numerical examples are evaluated
to validate the present framework and application.

8286 | Influence of SiC particles on tribological properties in aluminum based composites (22. Optimization techniques and
methods)

Susniak, Magdalena (susniak@agh.edu.pl), AGH University of Science and Technology, Poland
Karwan-Baczewska, Joanna (jokaba@agh.edu.pl), AGH University of Science and Technology, Poland 
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The paper presents the tribological and microstructural characteristics of composite materials produced by spark plasma sintering method. Composite
powders containing 10, 15, 20 % SiC particles were produced by mechanical alloying in planetary ball mill. High energy during powder preparation led to
fragmentation of matrix particles down to average size of 3 mikrons. During that process good mechanical bonding between SiC reinforcement and
AlSi5Cu2 matrix was obtained. The microstructure of spark plasma sintered powders was examined by scanning and transmission electron microscopy.
Composites reveal uniform distribution of SiC particles in aluminum matrix. The tribological properties were measured during at room temperature and
conducted by the ball-n-disc method, at a distance of 200m, with a load of 4N. The analysis of the tribological results revealed the desirable influence of
the SiC particles on increasing the average value and stabilization of friction coefficient.

8330 | Composite materials based on carbon fiber used to manufacture automotive parts with complex geometry (22.
Optimization techniques and methods)

Lucian RAD (lucian.rad22@gmail.com), Transilvania University of Brasov, Romania 

Based on the requirements of achieving lightweight components and mechanical performance, the paper aims to present the structure of technology for
use fiber reinforced plastics, especially plastics reinforced with carbon fiber using the new winding space technology.
Composite materials based on carbon fiber used to manufacture automotive parts with complex geometry, especially steering column console are
presented in the paper.

8572 | Maximization of the fundamental frequency of composite plates and cylinders using genetic algorithms (22.
Optimization techniques and methods)

Trias, Daniel (dani.trias@udg.edu), Universitat de Girona, Spain
Maimí, Pere (pere.maimi@udg.edu), Universitat de Girona, Spain
Blanco, Norbert (norbert.blanco@udg.edu), Universitat de Girona, Spain 

This work deals with the maximization of the fundamental frequency of laminated plates and cylinders by finding the optimal stacking sequence. Only
symmetric and balanced laminates are considered. Instead of using the angle at each ply the so-called lamination parameters are used as design
variables. Results for the plate problem are compared to those by Bert in 1977 and some improved results are found. The cylinder problem is solved for
many combinations of thickness and radius-to-length ratio. Values of the optimal stacking sequence are given considering the angle can take any value
between 0º and 90º or the case when the angle can only take a discrete set of values.

8581 | Experimental study and validation of computational optimised, endless fibre reinforced thermoplastic parts (22.
Optimization techniques and methods)

Rettenwander, Thomas (thomas.rettenwander@jku.at), Institute for Injection Molding and Process automation, JKU Linz, Austria
Fischlschweiger, Michael (michael.fischlschweiger@engel.at), Center for Lightweigth Composite Technologies, Engel Austria, Austria
Steinbichler, Georg (georg.steinbichler@jku.at), Institute for Injection Molding and Process automation, JKU Linz, Austria 

Endless fibre reinforced polymer matrix composites show remarkable thermomechanical properties. However their anisotropic material behaviour exhibits
a challenging task for engineering applications. To fully exploit composite structures new concepts for component design have to be developed targeting
for stiffness and strength improvement or for weight reduction of composite materials. 
Computational methods for variable stiffness design have been developed by numerous authors. A good overview can be found in [1] and [2], e.g., a
coupled procedure by hybridisation of principal stress and thickness optimisation has been developed by the authors and has been presented in [1].
Further improvements and validation of an optimisation algorithm are shown in [3]. There an algorithm with hierarchical order is developed by using
different space scales. 

The optimisation can be addressed by the following points:
1. A global laminate position considers the interaction between a globally defined
straightline fibre format groundstructure with the reinfocement layer. The inter-
action is considered as a displacement boundary condition.
2. On a local laminate position optimisation of fibre direction in the reinforcement
layer is done by a principal stress optimisation resulting in locally varying fibre
angles Theta and Theta + 90.
3. On a local ply position Theta and Theta + 90 plies are optimised regarding material distri-
bution. This is done by density optimisation using a gradient based technique.

During the optimisation it is iteratively switched between 2 and 3. As a result continuous fibre paths are obtained in specific regions of the structure
following major principal stresses or minor principal stresses. Since continuous fibre paths are detrimental for high throughput production special designed
post processing steps for patch placement are developed.
The post processing step focuses on Multi-Linearisation of the obtained stress trajectories. Therefore a conformity analysis of the structural component is
implemented, based on a xyz-position information and local fibre angels of the FE-discretisation. First a conformity analysis of similar global fibre angles is
conducted, this leads to fields with correlated fibre angles. Similar global fibre angles refers to a range of angles, e.g. -5 to +5 degrees. With this
information another conformity analysis is conducted focusing on neighbourhood of the elements. As a result discrete fields with an averaged, linearised
fibre angle are
obtained. Constraints can be inserted limiting the discrete areas to a specific geometry, e.g. of rectangular shape.

The overall process, optimisation and postprocessing, is validated on various comnponents in the 2 and 3 dimensional space scale. The obtained
optimisation and postprocessing geometry is manufactured by a tape laying process and mechanically tested with a component testing machine.

The authors present the overall optimisation process including the post processing step with the verification of the components. The concept is well suited
for fabrication of tailored composite parts by tape laying and the application in high-throughput manufacturing.
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2014.
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8667 | Concepts in the Design of Lateral-Load Systems in High Rise Buildings to Reduce Operational Energy
Consumption (22. Optimization techniques and methods)

krem Mohamed A.M (omgaon2x@yahoo.com), Al-Mergeb University, Libya
Sergio F. Breña (brena@ecs.umass.edu), Umass, United States America
Sanjay R. Arwade (arwade@ecs.umass.edu), Umass, United States America
Simi T. Hoque (simih@eco.umass.edu), Umass, United States America
Altwair Nurdeen M. (nurdeenaltwair@gmail.com), Al-Mergeb University, Libya 

The location of the main lateral‐load resisting system in high-rise buildings may have positive impacts on sustainability through a reduction in operational
energy consumption, and this paper describes an assessment of the accompanying effects on structural performance. It is found that there is a strong
influence of design for environmental performance on the structural performance the building, and that systems selected primarily with an eye towards
energy use reduction may require substantial additional structural stiffening to meet safety and serviceability limits under lateral load cases. We present a
framework for incorporating the environmental costs of meeting structural design requirements through the embodied energy of the core structural
materials and also address the issue of economic cost brought on by incorporation of environmental concerns into the selection of the structural system.
We address these issues through four case study high-rise buildings with differing structural morphologies (floor plan and core arrangement) and assess
each of these building models for cost and embodied energy when the base structural system, which has been suggested by architect Kenneth Yeang
based on environmental concerns, is augmented to meet lateral drift requirements under the wind loads prescribed by ASCE 7-10.

8733 | Simultaneous Analysis and Design of Composite Structures (22. Optimization techniques and methods)

Parker, Sa-aadat (saparker@sun.ac.za), Stellenbosch University, South Africa
Groenwold, Albert A. (albertg@sun.ac.za), Stellenbosch University, South Africa 

The optimisation of composite structures is mostly performed using nested analysis and design (NAND). NAND formulations have the response variables
as implicit functions of the design variables and these variables are related by state equations, and design variables are the only optimisation variables.
The optimisation and the analysis, which may for example be a finite element analysis, are performed independently of each other. In gradient based
design, the gradients of the objective and the constraints have to be calculated with respect to the design variables. This is complicated due to the implicit
relationship between the design and response variables. A computationally demanding sensitivity analysis is required to calculate these gradients. With
SAND formulations, the optimisation variables are both the design variables and the response variables. They are considered independent during the
optimisation and this simplifies calculation of the gradients. 

The state equations are included as equality constraints. This obviates the need for the analysis of trial designs after each iteration step which may be
computationally expensive.

An illustration of these methods is performed using the optimisation of a composite tube subject to various loadings. Firstly, a NAND formulation is used
with the orientation angles as the optimisation variables, where after a SAND formulation, which includes the in-plane strains as optimisation variable is
used. A sequential approximation optimisation (SAO) algorithm is used to approximate the objective and constraint functions. Various objective functions
are investigated for their suitability with SAND namely, compliance and quadratic failure criteria such as Tsai-Hill and Tsai-Wu.

8747 | Systematic search for optimums using a methodical ap-proach coupled with genetic algorithm (22. Optimization
techniques and methods)

Ngahane Nana, Liliane G. (nana@ikt.rwth-aachen.de), Chair and Institut for engineering Design , Germany
Fieder, Thomas (fieder@ikt.rwth-aachen.de), Chair and Institut for engineering Design , Germany
Dallmeier, Stephanie (dallmeier@ikt.rwth-aachen.de), Chair and Institut for engineering Design , Germany
Schmidt, Jonathan (j.schmidt@ikt.rwth-aachen.de), Chair and Institut for engineering Design , Germany
Beger, Anna-Lena, (beger@ikt.rwth-aachen.de), Chair and Institut for engineering Design , Germany
Montano, Zhuzhell (montano@ikt.rwth-aachen.de), Chair and Institut for engineering Design , Germany
Feldhusen, Jörg (feldhusen@ikt.rwth-aachen.de), Chair and Institut for engineering Design , Germany 

One of the major advantages of sandwich structures is the infinite possibility of combining different kinds of materials to achieve specific properties.
Despites this sandwich structures remain rarely used in the mechanical engineering industry. One reason for this scarcity of use is the lack of a systematic
approach to arrange the various parameters, which are different materials and different thicknesses for skin and core. One of the research areas of the
workgroup “multi-materials structure” of the institute for engineering design at the RWTH Aachen University is to develop a systematic approach to solve
this problem. 
For this preliminary work, the workgroup has focused on a simple and symmetrical structure. It is composed of two identical face materials with same
thicknesses, which surround a continuous core. These face materials are bonded to the core by a suitable adhesive.
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In the context of the experiment, five different materials are selected; two face materials and three core materials. The thickness of the individual layers is
used as another variable. However the overall thickness is set as a fixed parameter. Therefore the core thickness is dependent from the thickness of the
two face materials. Besides the variable parameter, objectives functions in order to optimize the structure are defined. The goal of this work is to maximize
the bending stiffness and to minimize the cost and the mass of the sandwich structure. These functions are not restricted by any constraints of
optimization. In order to evaluate the objectives functions, it was imperative for the further work to establish thoroughly mathematical functions, in which
the objectives functions are expressed in terms of the variables parameters. These mathematical functions are used in the further process, in order to
evaluate different alternatives from which the set of non-dominated solution are defined, the so called Pareto-optimal solutions.
Due to the fact, that the addressed problem considers a multi-objective optimization (MOO), deterministic methods are not taken into account since they
are not suitable for multiple optimums. Among the stochastic methods, which are adapted for this kind of problem, genetic algorithms (GAs) are used to
solve the problem addressed in this work. The chosen GAs offer the following advantages: GAs work well on mixed discrete/continuous problems; they
are simple to understand, set up and implement and they are very robust.
For the validation of the results of the programmed algorithm, a parallel calculation is done "manually". In order to make a simple and easy comparison of
the different results, a group of non-dominated solu-tions is formed on the one hand for the manual calculation and on the other hand by the algorithm.
In conclusion, the method chosen for this experiment is effective due to the fact, that after comparing the results of the two calculations, a perfect similarity
is obtained. Despite the satisfactory results a certain number of questions arise though: Is this method still effective for problems of larger size (a number
of alternatives nearby 1000 alternatives for example)? And is this method satisfactory if the objectives are constrained? Future works will help to answer
this questions.

8977 | Optimum design of shape and reinforcement of oval cut-out in fiber-reinforced composite laminates (22.
Optimization techniques and methods)

Yu, K (yuke@pku.edu.cn), Peking University, China
Wang, J (jxwang@pku.edu.cn), Peking University, China
Tong, L (liyong.tong@sydney.edu.au), University of Sydney, Australia
Wang, Y (wangyan11@comac.cc), Beijing Aeronautical Science and Technology Research Institute, China 

Stress concentration and reinforcement of cut-outs in fiber-reinforced composite laminates are of great concern in aeronautical engineering. Available
elastostatic solutions and optimum designs for cut-out reinforcements are mostly devoted to circular and elliptic holes in isotropic and anisotropic plates
with the purposes to calculate and reduce the stress concentration. In this paper, first, we seek the optimum shape of an oval cut-out, which is described
by a simple function and more flexible than its degenerate cases (circle and ellipse), in an infinite composite laminate that is subjected to in-plane bi-axial
tension or shear. We introduce a failure index for the laminas in the laminate, instead of the stress concentration, as the objective function. By using the
analytical complex potential method to calculate the stress field, the optimum shape is easily obtained. Second, we study the optimum reinforcement
around the cut-out by combing a new targeted mesh method for the finite element computation with the annealing simulation algorithm. The mesh method
greatly reduces the computation and thus expedites the optimum design. Optimum shape of the reinforcement is obtained for a given reinforced area, and
it is found that the smaller the area of the reinforcement, the more effective the optimum design. Thus, this work presents a highly efficient method for
optimum design of shape and reinforcement of oval cut-outs in fiber-reinforced composite laminates.

8986 | Lightweight design of composite plate and shell strusctures in vibration environments (22. Optimization techniques
and methods)

Liu Qimao (qimao.liu@aalto.fi), Aalto University, Finland 

The composite plate and shell structures, applied to the aircraft, spacecraft and automobile industries, are often working in the vibration environments.
The lightweight design of such composite structures can be one of the possible solutions for reducing the rate of CO2 emissions and benefit the living
environment of human being. The purpose of the research is to develop the lightweight design methods for the composite plate and shell structures in
vibration environments. The efficient gradient-based optimization methods are employed to implement the lightweight design of composite structures
because the dynamic analyses including the frequency, mode and dynamic response of such large scale composite structures require very much
computational effort. First, the first derivatives of the frequency, mode and dynamic response with respect to design parameters (thickness of laminate,
fiber volume fractions and fiber orientations) are carried out based on finite element methods. Second, the optimization model of the composite plate and
shell structures in vibration environments is built to minimize the weight of the structures subject to the constraints of dynamic characteristics and
responses. Third, the inequality constraint problem is converted into a sequence of appropriately formed unconstrained problems using the penalty
function methods. The sensitivity of the objective functions of the unconstrained problems are obtained by using the first derivatives of the frequency,
mode and dynamic response with respect to design parameters. The conjugate gradient method, a gradient-based optimization method, is used to obtain
the lightweight design of the composite plate and shell structures by solving a sequence of unconstrained problems. Finally, two examples (plate and
shell) are demonstrated by the proposed methods in this paper and other non gradient-based methods.

9016 | On design of anisotropy distributions, applying lamina formulas for result visualization (22. Optimization techniques
and methods)

Pedersen, Pauli (pauli@mek.dtu.dk), Technical University of Demark, Denmark 

In rotational transformation of constitutive matrices, some practical quantities are often termed invariants, but the invariance relates to an unchanged
reference direction. Rotating this reference direction, the practical quantities do change and this point is clarified with derived rotational transformation for
the practical quantities. The results are applied in a 2D visualization of optimized constitutive matrices, that are distributed in a finite element (FE) model
where each element has a specific reference direction. The visualized distributions of physical quantities are; stiffest material direction, material stiffest
longitudinal constitutive component, level of anisotropy, relative shear stiffness and orthotropy test.

In free material optimization (FMO), the components of the constitutive matrices are optimized and they change in the space of a finite element (FE)
model, i.e., they are distributed. The constraints for the non-dimensional description of these matrices are; symmetry, positive definite and normalized to
unit trace. The optimized constitutive matrices should be visualized, but this is not an easy task and different techniques are applied in the literature. From
the authors point-of-view the visualization should be related to the most important physical quantities, and for 2D problems the traditional lamina analysis
is found valuable.
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Analysis and optimization may be performed without rotational transformations in a common coordinate system with the $x$-direction as reference.
However, the visualizations of the optimized results involve rotational transformation of material behavior, i.e., of the constitutive matrices. For each
element in a FE model, the direction of stiffest material direction is taken as reference direction with stiffest direction defined as the direction of largest
longitudinal components in an optimal constitutive matrix, here termed $(\alpha_{1111})_\theta$ with $\theta$ being the angle counter-clockwise from the
common $x$-direction to the $\theta$-direction.

The traditional lamina formulas are well suited for localizing $\theta$ for a specific element. With $\theta, (\alpha_{1111})_\theta$ determined for all
elements the available further physical information is calculated, applying the practical parameters $(\alpha_2, \alpha_3, \alpha_6, \alpha_7)_\theta$ as
evaluated for element $e$ in the specific reference direction $\theta_e$. In the present note the non-dimensional, normalized practical quantities are given
notation $\alpha$, as alternative to the often preferred notation $Q$ for corresponding dimensional quantities. The note shows that the name invariant is
not a god choice. The practical parameters depend on the reference direction and the relations to the common $x$-direction are presented.

The note ends with a suggested visualization for the optimal constitutive design (obtained in recent research, see [1]). 
Although written in relation to 2D constitutive matrices, the approach is also valid for; 2D structural stiffness matrices $[S]$, 2D structural flexibility
matrices $[F]$, and 2D strength matrices in stress space $[H]$ or in strain space $[G]$. Also laminate stiffness sub-matrices and laminate flexibility sub-
matrices may be analyzed similarly.

REFERENCE [1] P.~Pedersen and N.~L. Pedersen. Distributed material density and anisotropy for optimized eigenfrequency of 2 continua. {\em Struct.
Multidisc. Optim.}, 2014. online.

9124 | SIMULTANEOUS SHAPE AND MATERIAL OPTIMIZATION OF SANDWICH PANELS WITH HONEYCOMB CORE FOR
ADDITIVE MANUFACTURING (22. Optimization techniques and methods)

Montemurro, Marco (marco.montemurro@ensam.eu), Arts et Métiers ParisTech, I2M CNRS UMR 5295,, France
Catapano, Anita (anita.catapano@bordeaux-inp.fr), Université de Bordeaux, I2M CNRS UMR 5295,, France
Doroszewski, Dominique (dominique.doroszewski@ensam.eu), Arts et Métiers ParisTech, France 

This works deals with the problem of the optimum design of a sandwich plate composed of CFRP faces and Al honeycomb core.The proposed design
strategy is a multi-scale numerical optimization procedure that does not make use of any simplifying assumption to find a global optimum configuration of
the system. The goal of such a procedure consists in simultaneously optimizing the shape of the unit cell of the honeycomb core (meso-scale) and the
geometrical as well as the material parameters of the CFRP laminated skins (meso and macro scales). To prove its effectiveness, the multi-scale
optimization strategy is applied to the problem of the least-weight design of a sandwich panel subject to constraints of different nature: on the positive-
definiteness of the stiffness tensor of the core, on the admissible material properties of the laminated faces, on the local buckling load of the unit cell of the
core, on the global buckling load of the panel and geometrical as well as manufacturability constraints linked to the fabrication process of the honeycomb
core.
This study can be placed within the conceptual framework of the work originally proposed in [1,2] and can be seen as a generalization and also as an
extension of that work. Indeed, the main questions which inspired this work were the following ones: is the hexagonal shape the optimum shape of the unit
cell of the honeycomb core for a given application? In addition, if other (more effective) shapes exist is it possible to fabricate them with a current modern
fabrication process as additive manufacturing? In which manner the considered fabrication process affect the final optimum configuration? How to take
into account these aspects within the design phase (i.e. the optimization process)? To answer to these questions we developed an optimization procedure
which is articulated into two distinct (but linked) problems. 
The aim of the first level problem is the determination of the optimal shape of the unit cell (described in the mathematical framework of NURBS curves [3])
together with the material and geometric parameters of the laminated skins in order to minimize the weight of the structure and to satisfy, simultaneously,
the full set of optimization constraints. At this level each skin is modeled as an equivalent homogeneous anisotropic laminate whose behavior at the
macro-scale is described in terms of laminate polar parameters, see [2]. Concerning the model of the honeycomb core, the first-level problem involves two
different scales: the meso-scale of the repetitive unit cell characterized by its geometric variables, as well as the macro-scale where the core itself is
modeled as a homogeneous orthotropic solid whose equivalent material properties depend upon the geometric parameters of the unit cell. Therefore, the
link between these two scales is represented by the homogenization phase of the honeycomb core, see [1,2].
At the second level of the strategy, we have to determine the optimal lay-up for both skins (the skin meso-scale) meeting the optimal combination of their
material and geometrical parameters provided by the first level of the strategy. The goal of this phase is, hence, to find at least one stacking sequence
which has to be quasi-homogeneous, fully orthotropic and that has to satisfy the optimal polar parameters resulting from the first step. At this level of the
strategy, the design variables are the layer orientations, see [2].
[1] A. Catapano, M. Montemurro. A multi-scale approach for the optimum design of sandwich plates with honeycomb core. Part I: homogenisation of core
properties. Composite Structures, 118: 664-676, 2014.
[2] A. Catapano, M. Montemurro. A multi-scale approach for the optimum design of sandwich plates with honeycomb core. Part II: the optimisation
strategy. Composite Structures, 118: 677-690, 2014.
[3] L. Piegl, W. Tiller. The NURBS Book. Springer Verlag, Berlin, 1997.

9146 | Optimizational Design and Analysis for Composite horizontal axis tidal turbine blades (22. Optimization techniques
and methods)

Tong Lili (tonglili@hrbeu.edu.cn), Harbin Engineering University, China
Chai Jun (chaijun@hrbeu.edu.cn), Harbin Engineering University, China
Tang Xiao (tangxiao@hebeu.edu.cn), Harbin Engineering University, China
Guo Yihong (gyhhrb@126.com), Harbin Engineering University, China 

Tidal turbine blades are subjected to significant thrust and torsional loadings due to the high density of the seawater in which they operate. These thrust
loadings lead to high bending moments at the blade root, which can prove to be a serious design constraint for these devices. This work presents a
combined hydrodynamic-structural design methodology for a commercial scale (200KW) tidal turbine. Based on Computational Fluid Dynamics (CFD) and
three-dimensional numerical flow analysis, power and torque of a composite water turbine at different rotating speeds were calculated and analyzed for a
specific flow speed. A hydrodynamic analysis of the blade is carried out to determine pressure distributions along the blade span under normal and
extreme operating conditions. The results showed that pressure at the tip of blade is higher than pressure at other position when blade rotated under
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water. The pressure at spar caps is higher than blade’s edge when water flowed through blade.
Parametric programm for computing blade structural properties is used to determine the stress ans strain distribution along the blade spar caps. Section
shape such as box spar and I shape web was analyzed. The results showed that height of web should be considered during hydrodynamic analysis for
blade profile and its strength and stiffness were enough for undertaking water pressure.

9188 | Efficiency optimisation of composite hydrofoils and cavitation tunnel experiments (22. Optimization techniques and
methods)

Herath, Manudha T. (m.herath@unsw.edu.au), Univeristy of New South Wales, Australia
Phillips, Andrew W. (Andrew.Phillips@dsto.defence.gov.au), Defence Science and Technology Organization, Australia
St John, N. (Nigel.StJohn@dsto.defence.gov.au), Defence Science and Technology Organization, Australia
Prusty, B. Gangadhara (g.prusty@unsw.edu.au), Univeristy of New South Wales, Australia 

Traditionally marine propellers are manufactured using Nickel Aluminium Bronze (NAB) alloys or Manganese Nickel Aluminium Bronze (MAB) alloys.
However, more recently, using composites to manufacture marine propellers has been extensively investigated and attempted in practice. This is mainly
due to the favourable qualities of composites over metal alloys, such as, light weight and reduced inertia, reduced corrosion, ease of repeatable
manufacture, lower noise generation, reduced lifetime maintenance costs and increased lifetime. In addition, one of the main advantages of composite
propellers is their potential shape adaptability to ensure a higher efficiency over a large range of operating conditions compared to traditional alloy
propellers and hydrofoils.

Designing shape adaptive composite hydrofoils is considerably difficult due to the complex interaction between the fluid domain and the hydrofoil and the
resulting structural response. Furthermore, the variety and complexity of material selection and lay-up strategies are critical issues to be addressed in
order to obtain optimum performance out of such blades. A genetic algorithm based optimisation technique has been developed by the authors to achieve
layup optimisation of composite marine propeller blades [1, 2] to improve the Lift/Drag (L/D) performance by using bend-twist coupling driven shape-
adaptive properties of composites. This paper presents the optimisation technique used to optimise the layup of the hydrofoils to maximise L/D
performance, the process of manufacturing composite blades and experimental validation at the cavitation tunnel facility in Tasmania, Australia.

The developed in-house optimisation technique is based on the genetic algorithm coupled with Cell-based Smoothed Finite Element Method (CS-FEM)
using 3-noded triangular elements using first order shear deformation theory [2]. The FEM technique is enhanced to take into account ply terminations
required to accommodate the thickness variation of the blade. The optimisation is performed in both continuous ply angles and mixed-integer ply angles.
The optimisation scheme multi-objective (pareto) with the intention of eliminating the possibility of layup schemes that are too flexible and deemed
unreliable. The unloaded shape is obtained as a part of the optimisation process, which the mould for resin infusion is based on. Pressure distributions
used in the optimisation is a result of past experiments in the cavitation tunnel on fixed hydrofoils. These pressure distributions have been validated using
CFD analysis using ANSYS CFX. The paper discusses about the validation process in CFX and the Delaunay Triangulation based interpolation used to
transfer loads from the CFD domain to the in-house structural optimisation code.

The manufacture of hydrofoil blades using vacuum assisted resin infusion inside a fully closed mould is also discussed in the paper. The blades are
predominantly made using Carbon fibre composites. Cavitation tunnel tests were performed at various Reynold’s Numbers with a number of different
incident angles ranging from 0° to 10°. As a part of the experiments, the lift, drag and pitching moment were measured. The main parameter discussed in
the paper will be the ratio between Lift and Drag as it was the main objective of optimisation. The paper will also discuss the L/D variation with Reynolds
number for the same incidence angle. 

References
[1] M.T. Herath, S. Natarajan, B.G. Prusty, N.S. John, Isogeometric analysis and Genetic Algorithm for shape-adaptive composite marine propellers,
Computer Methods in Applied Mechanics and Engineering, 284 (2015) 835-860.
[2] M.T. Herath, S. Natarajan, B.G. Prusty, N. St. John, Smoothed finite element and genetic algorithm based optimization for shape adaptive composite
marine propellers, Composite Structures, 109 (2014) 189-197.

9304 | Sintering of High Performance Silicon Nitride Ceramic Composite under Vibratory Pressure (22. Optimization
techniques and methods)

Xie, Zhipeng (xzp@mail.tsinghua.edu.cn), School of Materials Science and Engineering, Tsinghua University, China 

To improve mechanical behaviors of silicon nitride ceramics, here we introduced a novel external field — vibratory pressure into the sintering of Si3N4
ceramics with advantages of higher density, more uniform distribution of interfacial phase, higher sintering motivation in the width direction, and therefore
more favorable mechanical properties than traditional sintering methods. Grain size and aspect ratio of the two ceramics were investigated with linear
intercept method. Flexural strength of the vibratory-assisted hot pressing (VAHP) specimen increased from 936±27.2 MPa to 1247±28.9 MPa, and an
increase of 10% was achieved in fracture toughness. It is believed that such VAHP method can provide a universal approach and new opportunities for
the fabrication of covalent-bonded ceramics or composites with enhanced performances.

9336 | Optimal and robust design of glass and carbon fibre reinforced hybrid composites under flexural loading (22.
Optimization techniques and methods)

Mehdi Kalantari (mehdi.kalantar@postgrad.curtin.edu.au), Curtin University, Australia
Chensong Dong (c.dong@curtin.edu.au), Curtin University, Australia
Ian J. Davies (i.davies@curtin.edu.au), Curtin University, Australia 

Introduction
Hybrid composites consisting two or more types of fibres in a common matrix have attracted increasing interests [1]. An optimal and robust design of glass
and carbon fibre reinforced hybrid composites under flexural loading is presented in this paper. It is shown from one of our previous studies [2] that fibre
volume fractions and stacking sequence have significant effects on the flexural performance of S-2 glass and TR30S carbon fibre reinforced epoxy hybrid
composites. This study further investigated the effects of fibre volume fractions and hybrid ratio on the strength and robustness of the hybrid composites.
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The main objective is to provide an approach to designing laminates with improved flexural strength and robustness by adjusting the design variables. The
results show when the fibre volume fraction for glass lamina is higher than that for carbon fibre lamina, the strength will increase and is less sensitive to
manufacture uncertainties. 
Model Development
The lamina properties, including the longitudinal, transverse and shear modulus are derived by Hashin’s model [3]. The strain and stress distribution is
determined based on Classic Laminate Plate Theory. Lo-Chim model [4] was used to predict the longitudinal compressive strength of the laminate and the
longitudinal tensile strength was estimated to be equal to the stress in the lamina at the tensile rupture of the fibres. For hybrid composites, the maximum
stress may not always occur at the outermost layer. Thus, the factor of safety for each layer, which is defined as the ratio of strength to maximum stress, is
evaluated. The external load is increased until one of the factors of safety reaches 1, and the flexural strength is calculated accordingly.
Parametric Study
The fibre volume fractions of carbon/epoxy and glass/epoxy plies were chosen to be the design variables. For each variable the range of 30% to 70% was
chosen. The laminate thickness was kept constant with the glass/epoxy layer being put on the compressive side. The thickness of glass/epoxy layer was
varied and the stacking configurations with maximum flexural strength and maximum robustness were then found.
Results
When the stiffness of the carbon layer is similar to that of the glass, the flexural strength curve is relatively flat and in some cases the strength is higher.
This will be achieved by choosing proper value for the carbon fibre to glass fibre volume fraction ratio less than 1. For instance, when both carbon and
glass fibre volume fractions are 50% , the maximum flexural strength is 1429MPa, and when carbon fibre and glass fibre volume fractions are 35% and
65% respectively, the strength increases to 1436MPa. But the most flat curve (most robust design) will be achieved when the fibre volume fraction of
carbon fibre and glass fibre are 33% and 70%, respectively. In this case the maximum strength is 1409MPa.
Conclusions
An approach to optimal and robust design of hybrid composites with respect to the flexural strength is presented. For carbon and glass fibres, it is found
that when the outermost top carbon/epoxy layers are replaced by glass/epoxy ones of higher volume fractions, the strength and robustness of the
composite will be increased in a certain range of hybrid ratio and fibre volume fraction ratio.
References

[1] Dong C., Ranaweera-Jayawardena H.A., Davies I.J., Flexural Properties of Hybrid Composites Reinforced by S-2 Glass and T700S Carbon Fibres.
Composites Part B: Engineering. 
[2] Dong C., Davies I.J., Flexural and tensile moduli of unidirectional hybrid epoxy composites reinforced by S-2 glass and T700S carbon fibres. Materials
and Design 54:893-899, 2014. 
[3] Chou T.-W.,Microstructural Design of Fiber Composites. Cambridge University Press, Cambridge, UK 1992.
[4] Lo K.H., Chim E.S.M., Compressive Strength of Unidirectional Composites. Journal of Reinforced Plastics and Composites 11:838-896, 1992.

9369 | Fabrication of complex-curved composite parts by using shape memory polymer mandrel (22. Optimization
techniques and methods)

Liu, YJ (yj_liu@hit.edu.cn), Harbin Institute of Technology, China
Du, HY (duhaiyangdhy@126.com), Harbin Institute of Technology, China
Zhao, W (18003601560@163.com), Harbin Institute of Technology, China
Liu, LW (liuliwu_006@163.com), Harbin Institute of Technology, China
Leng, JS (lengjs@hit.edu.cn), Harbin Institute of Technology, China 

Nowadays, the composites components and structures in the aerospace industry are increasing to reduce the weight of aircraft, in which the simple
shapes can be fabricated by classical plate mandrels. However, the complex-curved shapes are difficult to realize by classical methods. Although there
are two types of advanced fabrication technologies for complex-curved composite parts: Multi-piece metal mandrels and water-soluble mandrels, some
inherited disadvantages of these methods hinder the development of composite manufacturing industry, such as long cycle and high cost. Based on the
significant stiffness change between high temperature (higher than transition temperature) and room temperature of shape memory polymer (SMP), a new
kind of styrene-based SMP deformable mandrel is developed and designed to fabricate the complex-curved composite parts and improve the
development of composite manufacturing industry. There are mainly consists of six steps for materials selection to fabricate composite parts: (1) Measure
the basic dynamic mechanical properties, such as storage modulus, loss modulus and loss factor and make sure the transition temperature of SMP; (2)
Tensile the SMP samples under different temperatures from low temperature to high temperature in every 10oC interval to find out maximum deformation
ratio of SMP; (3) Fabricate the original SMP mandrel state, heat to high temperature, put into the outer steel mold and inflate, the SMP mandrel will
become replica the inter surface shape of outer mold; (4) Cool the temperature to room temperature and the mandrel will keep the temporary deformed
state; (5) Filament winding on the surface of deformed SMP mandrel to form composite part and cure at room temperature; (6) Reheat the SMP mandrel
above the transition temperature, the mandrel recover the original shape and easily removed to obtain the composite part without liner. In order to
evaluate the feasibility of SMP mandrels, a kind of bottle-shaped composite parts with maximum deformation ratio 25%, 50%, even up to 120% are
designed and fabricated. Moreover, a complex-curved SMP inlet mandrel is also fabricated, which can change the shape from circular section to square
shape between two end cross-sections. These experimental results that SMP mandrels own significant potential for the future composite manufacturing
industry.

9470 | An advantageous technique for the optimal reinforcement design (22. Optimization techniques and methods)

Baratta Alessandro (alebarat@unina.it), University of Naples "Federico II", Italy
Corbi Ileana (ilecorbi@unina.it), University of Naples "Federico II", Italy
Corbi Ottavia (corbi@unina.it), University of Naples "Federico II", Italy 

The adoption of Fibre-Reinforced-Polymer (or FRP) materials in the construction field is young as regards to other refurbishment techniques. However
their use relevant to ancient buildings cannot consist of strips glued in a rather unordered way along casual (horizontal, vertical plus diagonal) directions.
On contrary, the optimally effective distribution of the FRP strips or textiles should take into account the technical characteristics of the refurbishment
materials and the artistic and monumental value of the building at the same time. Apart from some economical and technological features, the mechanical
function of FRP is substantially independent on the material constitution. Usually, the task is to confer to masonry (as well as in reinforced concrete) some
tensile strength that can be very useful to drastically improve its performance, especially under seismic loading.
The behaviour of the masonry structure can be successfully modelled by means of the no-tension (or NT) material, that behaves very well in compression,
but is not able to resist tensile forces, similarly to the masonry material. The FRP reinforcement acts when the tensile forces born. So that it must be used
after having the deepest knowledge of the behaviour of the structure where the intervention is coming on and after having projected the FRP application.
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In absence of one or both of them, the advantage of the refurbishment could be null or quite negative.
It is true that if the models for the prevision of the masonry behaviour are sufficiently reliable, on the contrary the studies about the optimization of the
refurbishment intervention are discontinuous and not validate by a large experience.
Since some years, by means of the basics of the topology optimization [1-3] the authors search a simplified, and more advantageous, technique for the
application of FRP materials to damaged masonry structures [4-5]. In the area of computational variable-topology shape design of continuum structures,
the methods that employ a material distribution approach for a fixed reference domain, seem to fit very well the objective, in combination with a finite-
element model of the structure, yielding a partition of the wall surface under examination with the areas where the reinforcement should be applied. The
problem is approached by defining a performance index of the reinforcement, that mixes both fractures and reinforcement in the objective function, thus
reducing the number of constraints in the minimization process. 

References
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[2] Bendsøe, M.P. and Kikuchi, N., “Generating Optimal Topologies in Structural Design Using a Homogenization Method”, Comp. Meth. Appl. Mech. Eng.,
71, 197-224 (1988).
[3] Eschenauer, H. A. and Olhoff, N., “Topology optimization of continuum structures: A review”, Appl. Mech. Rev., 54(4), 331–390 (2001).
[4] Baratta, A. and Corbi, I., “Structural Reinforcement by Topology Optimization”, in Proc. XVIII Congresso AIMETA 2007 (Associazione Italiana di
Meccanica Teorica e Applicata), Brescia, 11-14 Settembre 2007, Paper n.ST7.1, 12 pp. (2007).
[5] Baratta, A. and Corbi, I., “Design strategies for FRP reinforcement of no-tension structures”, in Proc. XIX Congresso AIMETA 2009 (Associazione
Italiana di Meccanica Teorica e Applicata), Ancona, 14-17 Settembre 2009, 12 pp. (2009).

9617 | Ply optimization of variable stiffness composite laminates based on density distribution curve method (22.
Optimization techniques and methods)

Liu,Zhe (lz880818@hotmail.com), Tsinghua University, China
Fan,Zhirui (hexiaoqi12@foxmail.com), North University of China, China
Jin,Dafeng (jindf@tsinghua.edu.cn), Tsinghua University, China 

A gradient based optimization method for variable stiffness design of composite laminates was proposed in this paper. The optimal element density and
fiber orientations were determined in the optimization process. In order to attain industrial relevance, the manufacturing constraint should be satisfied and
candidate fiber orientations were limited to a finite set. For the purpose of eliminating the number of constraints and design variables in optimization
model, the density distribution curve method (DDCM) was established to parameterize element density. The element material properties were determined
on basis of interpolation scheme in BCP method. Compliance and volume of laminates were treated as objective and constraint respectively in
optimization model. The optimization problem was solved by the convex programming dual algorithm. Numerical examples demonstrate validity and
efficiency of DDCM.

6845 | Damage growth characteristics in composite glass-epoxy plate by Vibration analysis (23. Finite elements)

Chellil A. (cchellil@yahoo.fr), Motor dynamic and vibroacoustic laboratory, University of Boumerdès,.Algeria., Algeria
Nour A. (nour@yahoo.fr), Motor dynamic and vibroacoustic laboratory, University of Boumerdès,.Algeria., Algeria
Lecheb S. (samir_lecheb@yahoo.fr), Motor dynamic and vibroacoustic laboratory, University of Boumerdès,.Algeria., Algeria
Kebir H. (hocine@yahoo.fr), Laboratoire Roberval, Université de Technologie de Compiègne, UTC, France., Algeria
Mechakra H. (mechzakra@yahoo.fr), Motor dynamic and vibroacoustic laboratory, University of Boumerdès,.Algeria., Algeria 

The aim of this paper was to presents a identification of dynamic behavior and response analysis of a glass-epoxy plate. 
The numerical simulation were carried out on model plate made of glass-epoxy, and the corresponding frequency response functions have been calculate.
An initial study into the dynamic loads of this method has been considered, the use of the finite element method makes it possible to develop the model of
the plate, the Abaqus software is used to evaluate the maximal (displacement, strain and stress) and the natural frequencies , mode shapes of plate in
composite glass-epoxy under damage condition. 
The stress should be increased to improve the strength of the plate. These results can provide a reference for analysts and designers of composite
material in aeronautical systems.

6919 | VIBRATION CONTROL BEAM USING PIEZOELECTRIC BASED SMART MATERIALS (23. Finite elements)

Mr Mohammed. Kerboua (kerbouammed@yahoo.fr), Department of Civil Engineering, University of Tlemcen, Algeria., Algeria
Pr M. Benguediab (benguediab_m@yahoo.fr), Departments of Civil Engineering, University of Djillali Liabèsse, Sidi Bel Abbès, Algeria., Algeria
Pr A. Megnounif (abdellatif_megnounif@yahoo.fr), Department of Civil Engineering, University of Tlemcen, Algeria., Algeria
Mmme F. Kaoulala (dpndplc.kaoulalam7@yahoo.fr), Department of Civil Engineering, University of Tlemcen, Algeria., Algeria 

The vibrations of bituminous beam are traditionally passively damped by the inherent damping properties. This sort of passive damping is effective for the
high frequency vibrations only and is not effective for the low frequency vibrations. Recently, the use of smart materials for vibration control has become
an alternative to the traditional vibration control techniques which is usually heavy and bulky, especially at low frequencies. This research is about the
study of vibration control with smart materials with the ultimate goal to reduce the vibration of the bituminous beam. The study focused on the passive
piezoelectric vibration shunt control technique. The Finite Element Analysis (FEA) was used in order for the analysis, optimal design and for determining
the location of piezoelectric transducers. Finally, the analytical study of the passive piezoelectric vibration shunt control of cantilever beam is undertaken.
The equation of motion of a composite beam which consists of a cantilever beam bonded with a PZT patch using Hamilton’s principle and Galerkin’s
method was derived.

6973 | Experimental and Numerical Investigation of Masonry Walls Strengthened With Reinforced Fiber Plaster (23. Finite
elements)

Basaran, Hakan (hakan.basaran@cbu.edu.tr), Celal Bayar University, Turkey
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Ali, Demir (ali.demir@cbu.edu.tr), Celal Bayar University, Turkey
Bagci, Muhiddin (muhiddin.bagci@cbu.edu.tr), Celal Bayar University, Turkey
Ergun, Sefa (sefa.ergun@cbu.edu.tr), Celal Bayar University, Turkey 

The topic of this study is to investigate behaviors of masonry walls strengthened with reinforced fiber plaster under diagonal tensile loads. Full blend brick
100x50x30 mm in dimensions were used to make masonry walls with dimensions of 400x400x100 mm. Three different samples were manufactured by
plastering masonry walls with traditional style, with 3% polypropylene or with 5% steel fiber. All the samples were tested using ASTM 1391- 81 standards.
The propagation of damage on samples caused by diagonal tensile load was observed and load-displacement graphs were plotted for each sample. A
finite element software (ABAQUS) was used to obtain numerical values for all samples and crack patterns and load-displacement responses were
obtained. Experimental and numerical results were compared.

7576 | Evaluation of structural integrity of Type III hydrogen pressure vessel under impact loading by using finite
element analysis (23. Finite elements)

Han, Min-Gu (loded@hanmail.net), Chung-Ang University, Korea, South
Chang, Seung-Hwan (phigs4@cau.ac.kr), Chung-Ang University, Korea, South 

Aim of this paper is evaluate the structural integrity of Type III Full-wrap hydrogen pressure vessel, composed of an aluminum liner and carbon/epoxy
composite layers, under impact loading condition by using finite element analysis. In order to develop analysis technique predicting accurate material
failure under loading condition tensile test was simulated with user subroutine programmed by a commercial finite element code ABAQUS 6.10-1. The
accuracy of the user subroutine program was verified by the experimental test results. The 3-dimensional model of a Type III hydrogen pressure vessel
fabricated by filament winding process was constructed using ‘Composite Lay-Up’ function provided by ABAQUS 6.10-1 and every single ply was
separately modeled. By the previously developed modeling technique the dome part was modeled considering spatially varying winding angle, and local
coordinate was used to impose the exact material properties on each finite element of the dome part along each principal axis. Weight drop analysis was
carried out to check the possible material failure of the pressure vessel following the international regulation of EIHP II. To implement property changes
due to partial failure of the composite structure a user subroutine was programmed by using Hanshin criterion. The filling cycle pressure (1.25 x service
pressure) of 87.5MPa was applied to the inside of the pressure vessel. The stress analyses of the pressure vessel before and after impact loading were
carried out, and the possible material failure and the corresponding failure modes were closely investigated. Those finite element analysis results were
used to estimate the structural integrity of the Type III hydrogen pressure vessel.

7714 | Free vibration and buckling analysis of laminated composite plates with cutout using isogeometric analysis (23.
Finite elements)

Yin Shuohui (yrx06@163.com), Hohai University, China
Yu Tiantang (tiantangyu@hhu.edu.cn), Hohai University, China 

An isogeometric finite element method based on non-uniform rational B-splines (NURBS) basis functions is developed for free vibration and buckling
analysis of thin laminated composite plates with cutout based upon the classical plate theory. The displacement fields and geometric description are
approximated with NURBS basis functions. The essential boundary conditions are imposed with an improved Lagrange Multiplier Method, in which the
system equations are split into boundary and interior groups, thus the size of the system equations of standard Lagrange multiplier method (LMM) is
reduced and the shortcoming of the LMM is eliminated. The accuracy and the efficiency of the proposed method are thus demonstrated through a series
of numerical experiments of laminated composite plates with different cutouts, boundary conditions, fiber orientations, lay-up number, eigen-modes, etc.
The obtained numerical results are then compared with other available ones, and excellent agreements are found.

7794 | Numerically evaluation of strength for open-hole composite laminates from smooth laminates properties (23.
Finite elements)

Dias, Euler (euler.samuel@gmail.com), Universidade Federal de Minas Gerais, Brazil
Cimini, Carlos (carlos.cimini@gmail.com), Universidade Federal de Minas Gerais, Brazil 

NCF Composite laminates became attractive to structural applications due to its post-impact properties, higher manufacturing speed and more freedom
on fiber orientation design. Techniques that are more recent allowed manufacture thin-ply lamina with reduced waving, achieving stronger and thinner
laminates. Mechanical properties of NCF are discussed, as well its mechanical response to tension and compression. The stitch thread that keeps
laminas together is responsible to introduce stress concentration sites. Manufacturing processes affects substantially the final properties of NCF, what
address importance on development of new processes that minimize its impact. Finally, a finite element analyze on open-hole laminates is conducted to
compare the results to previous NCF experimental data. For this, all input data was acquired from smooth laminates experimental mechanical response.

7837 | Modelling of beam – column composite joints at elevated temperature (23. Finite elements)

Al-Jabri, Khalifa S. (aljabri@squ.edu.om), Department of Civil and Architectural Engineering, Sultan Qaboos University, Oman
Pillay, Prashob (m091846@squ.edu.om), Department of Civil and Architectural Engineering, Sultan Qaboos University, Oman
Waris, Muhammad B. (waris@squ.edu.om), Department of Civil and Architectural Engineering, Sultan Qaboos University, Oman
Pervez, Tasneem (tasneem@squ.edu.om), Department of Mechanical and Industrial Engineering, Sultan Qaboos University, Oman 

The paper presents a numerical study on two composite cruciform beam-column joints with flexible end-plates subjected to fire. Joint-1 was 356x171x51
UB connected to 254x254x89 UC and the joint-2 was 610x229x101 UB connected to 305x305x137 UC. The results were verified using existing
experimental data. Numerical experiments were performed to estimate moment capacity of the joints at ambient temperature. Four load cases for joint-1
and three for joint-2, with applied moment varying between 30 % - 70 % of the joint moment capacity were investigated to understand joint behaviour
under fire. Heating was applied linearly at a rate of 10°C/min. Utilizing biaxial symmetry, only one fourth of the configuration was modelled in ABAQUS.
The bare steel components of the joints were modelled using a four-noded tetrahedral element (C3D4T) capable of coupled thermal displacement
analysis. The concrete slab was modelled using damaged plasticity. EC3 recommendations for degradation in strength and stiffness of steel were



08/05/15 15:14Conferências 5: Book of Abstracts

Page 220 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

employed to model material behaviour. Based on temperature-rotation relationship, the predicted results showed good agreement with experiment data in
the elastic range while slight overestimates were observed in the plastic range. The results indicated high stress concentration in the top bolts and lower
portion of the web close to end plate. The base of the embedded shear studs were heavily stressed as well. The failure modes of both joints in all loading
cases were well predicted in simulation.

7935 | Structural analysis of composites under manufacturing constraints (23. Finite elements)

Mayer Natalie (mayer@lcc.mw.tum.de), Institute for Carbon Composites, Technische Universität München, Faculty of Mechanical Engineering, Germany,
Germany
Prof. Klaus Drechsler (mayer@lcc.mw.tum.de), Institute for Carbon Composites, Technische Universität München, Faculty of Mechanical Engineering,
Germany, Germany
Dr.-techn. Roland Hinterhölzl (mayer@lcc.mw.tum.de), Institute for Carbon Composites, Technische Universität München, Faculty of Mechanical
Engineering, Germany, Germany
Dr.-Ing. Tamas Havar (mayer@lcc.mw.tum.de), AIRBUS Group Innovations, Munich, Germany, Germany
Dipl.-Ing. Jens Prowe (mayer@lcc.mw.tum.de), AIRBUS Group Innovations, Munich, Germany, Germany 

An improvement of a structural simulation is realized with data sets from process simulations. A main challenge is to provide a mesh-independent
interface for FE data conversion. In this work, FE data conversion for structural analysis is proposed. All relevant material parameter and model data can
be exchanged with a mesh-independent method, between different process simulation tools and simulation tools for a subsequent mechanical analysis
using structural simulation. This approach based on mapping algorithms and common data format definition. 

The mapping algorithms search representative elements of a source mesh for nodes of a target mesh. An approximated FE field value is transferred into
the target mesh with respect to coordinate system and setup of composites. Different material models are considered to analyse an influence of thickness
and fiber orientation distributions onto material characteristics. 

Validation results for using material models are demonstrated on a sheared textile AIRBUS material.

Joint work with Prof. Klaus Drechsler, Mr. Dr. Roland Hinterhölzl (TUM LCC), Mr. Dr. Tamas Havar and Mr. Jens Prowe (AGI).

Projects: MAI Design / MAI Carbon (BMBF)

7956 | Numerical Analysis of the Influence of Ply Waviness on the mechanical Behaviour of Composite Laminates by
using laminated RVE (23. Finite elements)

Peng He (peng.he@live.de), Quanzhou Insitute of Equipment Manufacturing, Chinese Academy of Sciences, China
Horst Baier (baier@llb.mw.tum.de), Insitute of Lightweight Structures, Technical University of Munich, Germany 

In recent years, fiber composites are widely used in mission-critical components. However, the manufacturing processes of these composites are known
to introduce anomalies and imperfections that are difficult to eliminate, such as ply waviness, i.e. local undulations in the layers, which can produce
significant decreases of stiffness and strength of composite structures. Accordingly, there is a demand for more accurate models to study the effects of
such imperfections on the mechanical behaviour of these structures. For that purpose, a finite element model, based on laminated representative volume
element (RVE) method, is developed in this work to investigate the influence of ply waviness on the stiffness and strength (“first-ply-failure”) reduction of
composite laminates under different loads. With this laminated RVE model, the ultimate strength (“last-ply-failure”) of composite laminates with ply
waviness is also predicted by employing progressive failure analysis. Progressive failure analysis within individual composite layers was performed using
the Puck failure criterion, which can predict the failure mode of fiber composites and includes the formation of delamination at the layer interfaces, and
subsequent reduction of appropriate stiffness properties of the failed elements. 

Stiffness and strength predictions with the developed laminated RVE model were compared to analytical calculated results and mechanical test results
obtained for a variety of layer wave formations intentionally fabricated into otherwise wave-free cross-ply laminates. Results suggest that the
computational approach used for the analysis is well suited for predicting stiffness and strength reduction due to realistic formations of ply waviness in
composite laminates. Parametric studies are conducted for cross-ply composite laminates with varying degrees of ply waviness as well. Waviness is
assumed to be in the direction of the undulating 0° ply. Results show that stiffness and strength reduction are significant in the 0° ply direction only.
Mechanisms of stiffness reduction are attributed to the out-of-plane rotation of the wavy plies. The magnitude of the property reduction increases as the
amplitude of the undulation increases and the wavelength of the undulation decreases. The analysis presented in this work can be used to establish
quality control standards with respect to ply waviness that do not reduce laminate performance below design levels.

7959 | A C^0-continuous RZT beam element for the damped response of laminated structures (23. Finite elements)

Treviso, Alessandra (alessandra.treviso@unical.it), Univesity of Calabria - Department of Mechanical, Energy and Management Engineering / Siemens
Industry Software nv, Italy
Mundo, Domenico (d.mundo@unical.it), Univesity of Calabria - Department of Mechanical, Energy and Management Engineering, Italy
Tournour, Michel (michel.tournour@siemens.com), Siemens Industry Software nv, Belgium 

Composite and sandwich structures are appealing to many engineering fields. Despite the increased rate of application, their cost remains higher
compared to traditional engineering materials. One of the reasons is the necessary use of experimental characterization and validation of materials and
structures respectively. One way to reduce costs is to increase the simulation capabilities. With this respect, finite element analysis is a powerful tool.
However, the finite element modelling of composites and sandwich structures requires dedicated strategies in order to account for their non-homogeneity
and anisotropy. The variation of stiffness in the thickness direction causes the rise of transverse shear stresses at plies’ interface, necessary to ensure the
equilibrium of the structure. In thin laminates, the effect of such stress components is negligible and models based on the Classical Lamination Theory
(CLT) can be used with sufficient accuracy. In thick laminates transverse stresses are no longer negligible and need to be accounted for to provide
realistic estimates of laminates and sandwich behaviour.
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A detailed description is possible through explicit 3D modelling but at the expense of the computational cost. Equivalent Single Layer Theories including
shear effects are available, such as the First-order Shear Deformation Theory based on Timoshenko hypotheses, or the Higher-order Shear Deformation
Theories which consider higher-order expansions of the axial displacement in the thickness direction. Their computational cost is lower than explicit 3D
models but they are based on the assumption of continuous axial displacement along z. However, the elasticity solution provided by Pagano is piecewise.
A good compromise between accuracy and computational cost is represented by zigzag functions. Among the others, the Refined Zigzag Theory (RZT) is
able to account for both layers geometry and mechanical properties thus providing a physical-based, accurate solution.
While extensively used under static loading, the RZT and its performance under dynamic loading are not yet fully analysed, being only few example
available in the literature. 
This paper presents a C^0-continuous beam element based on the RZT which is employed to predict the dynamic response of composite and sandwich
structures materials. In particular, structures with viscoelastic layers for vibrations reduction will be considered. The damping modelling of the structures
will also be addressed.
The main objective is to assess the capabilities of the RZT for both dynamic response and damping predictions of laminates and sandwiches.

8015 | Numerical Analysis of Headed Stud Shear Connectors for Composite Steel–Concrete Beams Utilising Carbon
Nanotube under Elevated Temperatures (23. Finite elements)

Mirza, Olivia (o.mirza@uws.edu.au), University of Western Sydney, Australia
Sleiman, Khodr (17567552@student.uws.edu.au), University of Western Sydney, Australia 

This research presents the behaviour of headed stud shear connectors for composite steel-concrete structure under elevated temperatures. This research
will analysed the effect of carbon nanotube by using numerical method analysis. The focus of this research is to compare the numerical analysis with the
existing experimental results. A three dimensional finite element model (FEM) was developed using the commercial finite element software known as
ABAQUS. The FEM results were proved to be reasonably accurate and parametric studies were conducted using different headed stud shear connector
diameters and elevated temperatures. Parametric studies were also conducted. These parametric studies will propose design graphs for practising design
engineers. The results shows that the failure mode predicted from numerical analysis were found around the base of the headed stud shear connectors at
the steel-concrete interface caused by the maximum compressive stress of the concrete and stud shearing. This failure mode was also observed in the
experiments conducted. Comparing between normal and nanotube concrete, nanotube behaves better under elevated temperature in term of ultimate
capacities, ductility and stiffness. From parametric study, the ultimate load, stiffness ductility and failure mode are significantly influenced by the change of
headed stud shear connector diameter. Finally, additional of carbon nanotubes in the concrete resulted less cracking to the composite system under
elevated temperatures.

8124 | Modelling elastic properties of 3D woven composite structures (23. Finite elements)

Dhiman, Sarvesh S (s.dhiman@manchester.ac.uk), University of Manchester, United Kingdom 

Finite element models were developed to predict the elastic stiffness performance of 3D orthogonal non-crimp woven composites. A homogenised
representative volume element (RVE) of the composite was created in Texgen, a geometric modeller of textile materials. The RVE was derived from the
actual woven architecture of the composite and implemented into the commercial finite element analysis software Abaqus, where relevant periodic
boundary conditions and displacements were applied to obtain the elastic constants of the composites. The in-plane stiffness predictions were in good
agreement with experimental data of samples manufactured and tested as part of this research. This provides the potential to significantly reduce the
design time by removing the requirement of manufacturing and testing of the woven architectures.

8183 | Numerical Modelling of Bond Stress-Slip between Steel and Concrete and Parametric Study on the Effect of Bar
Size (23. Finite elements)

Yekrangian, Shirin (shirin.yekrangian@manchester.ac.uk), The University of Manchester, United Kingdom
Wu, Zhangjian (jack.wu@manchester.ac.uk), The University of Manchester, United Kingdom
Wu, Haijun (jack.wu@manchester.ac.uk), Beijing Institute of Technology, China 

The applied load on a reinforced concrete structure is originally received by the concrete part and is then transferred to the reinforcement through their
bond with the surrounding concrete. Hence the behaviour and strength of the structure not only depend on the original components but are also
influenced heavily by the bond mechanism. As a result, a practical straight forward model for the bond behaviour between reinforcement bar and concrete
is vital in FE modelling of reinforced concrete structures. In this paper a total of 15 concrete pull out specimens with 3 different bar sizes are tested in
order to study the effect of bar size on the bond behaviour. A finite element model for simulating the concrete-reinforcement bond behaviour using
ABAQUS software is presented. Both concrete and steel reinforcement are modelled as 3D solid elements and connector elements are used to define the
interfacial bond behaviour. Several bond behaviours suggested in the literature are discussed and a new combined model is proposed which provides a
more accurate prediction for stress-slip behaviour. The proposed model is validated by comparing the experimental and numerical results. The study on
the bar size effect also agrees well with the suggested model.

8222 | Simplified Seismic Evaluation Method for Steel Members with Thin-walled Stiffened Box Sections (23. Finite
elements)

Zhang Jiandong (chokt5@gmail.com), Southeast University/Jiangsu Transportation Institute, China
Ge hanbin (1165334241@qq.com), Meijo University, Japan
Liu Duo (286008481@qq.com), Jiangsu Transportation Research Institute, China
Deng Wenqin (729616149@qq.com), Huazhong University of Science &technology, China 

This study is aimed at developing a simplified seismic evaluation method for steel members with thin-walled stiffened box sections. To determine ultimate
strength and ductility of such members, shell element-based FEM analysis is carried out. Then pushover analysis using Fiber model is performed in which
the effect of local buckling is taken into account in the assumed stress-strain relation. Predicted strengths and ductility are compared with those of the
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shell model analysis, and the accuracy of the proposed method is discussed.

8263 | MPFEM simulation on the 2D compaction of binary Al/SiC particulate composites (23. Finite elements)

Huang, Fen (389767834@qq.com), School of Materials and Metallurgy, Northeastern University, China
An, Xizhong (anxz@mail.neu.edu.cn), School of Materials and Metallurgy, Northeastern University, China 

In this study, a multi-particle FEM (MPFEM, with discretized mesh division for individual particle) which incorporates the characteristics of DEM and
traditional FEM, was utilized to study the packing densification of mono-sized Al/SiC particulate composites in 2D subjected to single action die
compaction. Different initial packing structures, i.e. ordered packings of simple cubic (SC), body centered cubic (BCC), face centered cubic (FCC), and
hexagonal close packed (HCP), with layered packing of Al and SiC particles alternatively, and amorphous packings (disordered packing) with SiC particles
of different content dispersed in the random packing of Al particles, were all generated by DEM modeling. During compaction, the morphology evolution of
the compacts with the compaction pressure was monitored and the relationship between packing density of the composites and the pressure was
identified. Meanwhile, the dynamics based on the interactive forces between particles was analyzed and the densification mechanism such as the
evolution of pore size and structure, pore filling mode was studied as well. The results show that different initial packing structure of the particulate
composites corresponds to different densification behavior. For the ordered initial packings, the force chains in the compacts are ordered with uniform
distributions at each height and the deformation of Al particles is regular. While for the amorphous initial packing, the force chains in the compacts are
disordered which are mainly determined by the contacts between particles and the deformation of Al particles is irregular. The initial packing structure of
SiC particles in the composite can to a large extent influence the densification of the composite compact and its subsequent properties. Therefore, for
mono-sized Al/SiC packing mixture, to properly control the distribution of SiC particles is the prerequisite to obtain the high performance composite
compacts.

8514 | Finite element modeling of sound transmission between two acoustic cavities separated by a double-wall (23.
Finite elements)

Larbi Walid (walid.larbi@cnam.fr), Structural Mechanics and Coupled Systems Laboratory, Conservatoire National des Arts et Métiers, 2 rue Conté, 75003
Paris, France, France
Deü Jean-François (jean-francois.deu@cnam.fr), Structural Mechanics and Coupled Systems Laboratory, Conservatoire National des Arts et Métiers, 2
rue Conté, 75003 Paris, France, France 

Double walls are a common type of structure, widely used in practice. They are found in all types of constructions: building walls, windows, cars,
airplanes….Two plates with a cavity between them give better sound reduction compared to a single wall with the same mass. The space in-between can
also be filled with absorbents to increase the sound reduction. The mass-air-mass resonance is a well-known undesirable phenomenon in this kind of
structure. At this resonance frequency, the sound reduction decreases to a level that can be lower than the one of a single wall with the same mass. The
behavior of the wall is easier to predict at frequencies above and below this resonance frequency than close to it. It can therefore be difficult to make
accurate predictions of the total sound reduction of double walls.

In the present work, the transmission of sound between two acoustic cavities (a sending room and a receiving room) separated by a double-wall is
investigated using the finite element method. A sound source is placed in the sending room and acoustic absorbing materials are employed in the
receiving room. The proposed finite element model is derived from a variational principle involving structural displacement and acoustic pressure in the
fluid cavities. To solve the structural-acoustic problem, the direct solution can be considered only for small size models. Some important limitations appear
for attaining accurate results over a wide frequency range of interest. Thus, a reduced order-model is proposed to solve the problem at a lower cost. The
presented methodology, based on a normal mode expansion, requires the computation of the uncoupled structural and acoustic modes. The uncoupled
structural modes are the real and undamped modes of the panels without fluid pressure loading at fluid-structure interface, whereas the uncoupled
acoustic modes are the cavity modes with rigid wall boundary conditions at the fluid-structure interface. Moreover, the effects of the higher modes of each
subsystem are taken into account through an appropriate static correction. Examples of the sound level difference between two rooms is shown in order to
illustrate the accuracy of the proposed finite element reduced order model in terms of noise attenuation compared to direct methods. The influence of
some key parameters such as the absorbing material in the receiving room, the damping in the structure, and the characteristics of the double-wall
between the domains are also analyzed.

8703 | Advanced Nonlinear Inelastic Analysis of Three Dimensional Composite Steel-Concrete Frameworks (23. Finite
elements)

Chiorean, Cosmin G. (cosmin.chiorean@mecon.utcluj.ro), Technical University of Cluj-Napoca, Romania, Romania
Buru, Marius S. (burustefanmarius@yahoo.com), Technical University of Cluj-Napoca, Romania, Romania 

The present work attempts to develop accurate yet computational efficient tools for the nonlinear inelastic analysis of real large-scale 3D composite steel-
concrete frameworks fulfilling the practical and advanced analysis requirements. Essentially, nonlinear inelastic analysis employed herein uses the
accuracy of the fiber elements approach for inelastic frame analysis and address its efficiency and modelling shortcomings both to element level, through
the use of only one element to model each physical member of the frame, and to cross sectional level through the use of path integral approach to
numerical integration of the cross-sectional nonlinear characteristics. 

An analytical model for the analysis of steel-concrete composite beams with partial shear interaction including the shear deformability of steel component
is presented. Using the concept of the degree of shear connection tangent flexural rigidity of the cross-section is derived and then using the flexibility
approach the elasto-plastic tangent stiffness matrix and equivalent nodal load vector of the three-dimensional beam-column element including the shear
deformability of the steel component is developed. This model is obtained by coupling an Euler–Bernoulli beam for the reinforced concrete slab to a
Timoshenko beam for the steel beam.

The behaviour model accounts for material inelasticity resulting from combined bi-axial bending and axial force. The penalty element method is applied in
the present formulation to include the effect of the finite joint size on the element stiffness matrix of the beam-column element. The proposed nonlinear
analysis formulation has been implemented in a general nonlinear static purpose computer program, NEFCAD. Advanced finite element simulations have
been conducted by using the specialized software for nonlinear analysis of structures, ABAQUS. A numerical model considering a combination of three-
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dimensional solid elements (for concrete volumes) and shell elements for steel elements has been developed. It is assumed that slip occurs at the steel-
concrete interface. 

Several computational examples are given to validate the effectiveness of the proposed method and the reliability of the code by comparing the results
predicted by NEFCAD with those given by the ABAQUS software and other results retrieved from the open literature. The comparative results show that
the effect of the shear deformability of the steel beam cannot be ignored in the evaluation of the overall structural stiffness. The studies show that the
proposed analysis compares very well to finite fibre element solution (Abaqus) with much less computational effort. 

8709 | Design of a composite bucket seat used in automobiles (23. Finite elements)

Jung Woo Noh (njw75@kitech.re.kr), Korea Institute of Industrial Technology, Korea, South
Song Hee Han (sh0921@jbnu.ac.kr), Chonbuk National University, Korea, South
Ki Young Kim (kkim@kitech.re.kr), Korea Institute of Industrial Technology, Korea, South
Seong Su Kim (sskim@jbnu.ac.kr), Chonbuk National University, Korea, South 

Bucket seats which account for 3~5% of the total vehicle cost and weight play an important role in determining ride comfort and safety of the high
performance automobiles. Therefore, automobile manufacturers are continuously seeking various methods to improve the areas of comfort, safety,
reliability, cost and weight within the seat system. In this work, lightweight composite bucket seat structure which has high dynamic stiffness and flexural
strength was designed. Finite element analysis (FEA) was performed with respect to the stacking sequence to obtain an optimum design based on impact
resistance and the natural frequency. And the CFRP bucket seat was fabricated by a vacuum assisted resin infusion molding (VARIM). To verify FEA
results, the dynamic properties including the impact resistance and natural frequency were measured by impact test and modal test.

8734 | Cohesive zone modelling of interfacial and cohesive failure in CFRP/steel joints bonded by thick adhesive layers
(23. Finite elements)

Mohsen Heshmati (mohsen.heshmati@chalmers.se), Chalmers University of Technology, Sweden
Reza Haghani (reza.haghani@chalmers.se), Chalmers University of Technology, Sweden
Mohammad Al-Emrani (Mohammad.Al-Emrani@chalmers.se), Chalmers University of Technology, Sweden 

Design of steel-FRP adhesive joints is one of the areas that has been less researched when it comes to strengthening and repair of steel structures using
bonded FRP composites. Unlike concrete-FRP joints in which the failure is mostly governed by failure in the concrete substrate, different failure modes
are likely to happen in steel-FRP joints which add to complexity associated with the design. Using energy based methods is a solution to get around
problems such as complicated calculations and singularity in stress or strain based methods. There has been a lot of research on using damage
mechanics and cohesive zone modeling, CZM, for strength prediction of adhesive joints which offers a number of advantages compared to traditional
fracture mechanics calculations.
This paper investigates a number of issues such as the influence of the location of the crack path on behavior of the joint, the effect of the adhesive layer
thickness on the fracture energy properties and validity of the current equations to derive fracture energy properties of the adhesive for thick adhesive
layers and calculation of the interface fracture properties if the failure mode should be governed by debonding at the interface in the joint. Results indicate
that the crack path location has an influence on the behavior of the joint in terms of maximum deformation. It is also shown that the current formulae to
derive the fracture energy properties from standard DCB and ENF tests are valid for thin adhesive layers and they should be corrected if thick adhesive
layers, such as those used in civil engineering applications are used. A new test configuration is also presented in this paper to derive the interface
fracture properties. The results are discussed and conclusions are drawn.

8738 | eXtended Finite Element Modeling of Crack Kinking in Composite Laminates under Mixed Mode Loading (23. Finite
elements)

Hiremath, Shashishekarayya R (shashishekarayya@aero.iisc.ernet.in), Indian Institute of Science, India
Mahapatra, D Roy (droymahapatra@aero.iisc.ernet.in), Indian Institute of Science, India 

This paper presents a new and consistent scheme of crack propagation in orthotropic composite materials based on eXtended Finite Element Method
(XFEM). Stresses and displacement fields for orthotropic material are obtained using complex variable approach. The Stress Intensity Factor (SIF) is
obtained using an Interaction Integral. The effect of ratio of stiffnesses in both orthotropic directions on the stress intensity factor (SIF) are analyzed for
center crack due to fiber separation in the laminate and through thickness edge crack problems. These effects are found to be accurate in comparison
with the available results based on Boundary Element Method (BEM). The formulation is further implemented in an XFEM scheme to model crack kinking
under mixed mode loading in orthotropic laminated composite plane problem where transverse cracking and delamination are strongly coupled.
Circumferential stress criterion has been used earlier for crack propagation and here we review this aspect considering detailed micro-mechanism of
failure. The effect of ply angular orientation dependence of fracture toughness in the orthotropic material is also included in the model. In order to show the
importance of this problem, the effect of ply orientation on crack propagation path for initially straight and inclined edge crack problems are analyzed and
are compared with results from published literature, which does not consider the effect of angular variation of crack orientation on the fracture toughness.
Using these examples the usefulness of the developed XFEM scheme to model various types of problems in realistic composite structures are
highlighted. 

Keywords:- Extended Finite Element Method, Crack, Crack Propagation, J-Integral, Stress Intensity Factor, Orthotropic Material, Maximum Circumferential
Stress.

8765 | Stress Analysis and Delamination Prediction on Overlapped-Grouped (O-G) and Overlapped -Dispersed (O-D)
Tapered Composite Laminate using Finite Element Method (23. Finite elements)

Abhijit Dey (aad.mec.abhi@gmail.com), National Institute of Technology, Silchar, India
Gaurav Chaudhary (gaurav.chaudhary.coer@gmail.com), National Institute of Technology, Silchar, India
Pannalal Choudhury (choudhury61@gmail.com), National Institute of Technology, Silchar, India 
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Morden aeronautical structure is being made of laminated composite in which plies are terminated at discrete position to provide taperness. Thickness
variation in laminates composites are achieved by changing the number of plies in proportion to the thickness change. It's requires the termination of plies,
within the laminate. Ply termination is called ply-drop. In present study two different ply-drop configurations have been taken for analysis purpose under
tensile loading, these are overlapped-grouped and overlapped-dispersed. Commercial finite element software ANSYS 14.0 is used for analyses. To
construct the model geometry layered 3-D finite element (SOLID 20 node 186) is considered which consist six degree of freedom at each node. Tsai-Wu
criterion is used to obtain the value of failure factor for separate plies. Interlaminar stresses variations along the interface of plies are determined to
initialize possible delamination sites. For both configurations the value of failure factor is found maximum at position of first resin pocket tip. In case of
overlapped-grouped delamination growth occur at position near the thin section but in case of overlapped-dispersed it is spread at discrete positions over
the laminate.

8770 | INFLUENCE OF BINDER CONFIGERATION ON 3D WOVEN COMPOSITES (23. Finite elements)

Dhiman, Sarvesh (s.dhiman@manchester.ac.uk), University of Manchester, United Kingdom
Silva, Chris (CSilva@mwright.co.uk), M Wright & Sons, United Kingdom
Potluri, Prasad (prasad.potluri@manchester.ac.uk), University of Manchester, United Kingdom 

3D woven composites have the potential to revolutionise the structural composites, provided the knock-down in in-plane properties can be minimised
through weave optimisation. Since binders tows interactions produce waviness in warp and weft tows, 3D weaving process needs optimisation. This paper
presents a predictive modelling tool based on Representative Volume Element (RVE) of a 3D weave capturing the binder configuration as a function of the
weaving process. Implemented in ABAQUS, this predictive tool is able to predict all the elastic constants with a reasonable accuracy. This paper will also
present the initial work on strength predictions and the selection of appropriate failure criteria for 3D woven composites.

8916 | A strain gradient notation serendipity plate element free of modeling deficiencies for the analysis of laminated
composites (23. Finite elements)

Abdalla Filho, J.E (joao.abdalla@pucpr.br), Pontificia Universidade Catolica do Paraná/Universidade Tecnológica Federal do Paraná, Brazil
Belo, I.M. (ivanbelo@utfpr.edu.br), Universidade Tecnológica Federal do Paraná, Brazil
Machado, R.D. (roberto.machado@pucpr.br), Pontificia Universidade Catolica do Paraná, Brazil 

An eight node serendipity element free of locking and spurious zero energy modes is formulated to model laminated composite plate problems. The
element is based on a first-order shear deformation theory and on the equivalent lamina assumption. Stresses are calculated at different points through
the thickness of the plate. They are averaged values due to the equivalent lamina assumption. The model represents transverse shear strains and
stresses as constants while their actual variations are parabolic. Thus, a shear correction factor is used.
The element is formulated using strain gradient notation. Strain gradient notation is physically interpretable and allows for a detailed a-priori analysis of the
finite element model. Its polynomial expansions are inspected and spurious terms which are responsible for shear locking are identified. The element is
corrected by simply removing the spurious terms from those expansions. The compatibility modes are also clearly identified and maintained in the strains
expansions. This prevents the introduction of spurious zero energy modes into the model. Numerical results show the locking effects caused by the
spurious terms on displacement and transverse stresses solutions. They also show that properly refined meshes composed of corrected elements provide
solutions which converge rather well to analytical solutions. 

8917 | Geometrically non-linear analysis using a 3-node facet shell element for laminated composite structures (23. Finite
elements)

Belo, I.M. (ivanbelo@utfpr.edu.br), Universidade Tecnológica Federal do Paraná, Brazil
Abdalla Filho, J.E (joao.abdalla@pucpr.br), Pontificia Universidade Catolica do Paraná/Universidade Tecnológica Federal do Paraná, Brazil
Silva, W.T.M. (ivanbelo@utfpr.edu.br), Universidade de Brasilia, Brazil
Alves, M.K. (ivanbelo@utfpr.edu.br), Universidade Federal de Santa Catarina, Brazil 

The corotational (CR) kinematic description is used as the kinematic description to evaluate the geometrically non-linear behavior of different types of
structures on a static analysis. The CR formulation is the most recent of the formulations proposed for geometrically nonlinear structural analysis. Because
of this novelty, it has not reached the same level of maturity of the older Lagrangian formulations (Total and Updated). Along the current research, it was
aimed to demonstrate the basic concepts of the corotational approach that is based on the separation of the total motion into rigid body and deformational
motion. The aim of this paper is to develop an efficient element for the solution of bending, critical buckling and postbuckling analysis of composite plates
and shells. The analysis is based in four important assumptions: (i) strains from a corotated configuration are small while (ii) the magnitude of rotations
from a base configuration is not restricted (iii) analysis of the laminated composite plates and shells in the framework of the First-Order Shear Deformation
(FOSD) theory and (iv) the Riks-Wempner arc-length control method and Newton-Raphson strategy are used to trace equilibrium paths in the pre and
postbuckling range of deformation. The assumed natural deviatoric strain (ANDES) three nodes triangular shell element is implemented for laminated
composite material models and its application to different constitutive models is discussed. Based on the numerical examples, it could be concluded that
the CR approach and its numerical implementation showed excellent agreement with benchmark results found by other researchers in order to show the
adequacy of the presented theory and the effectiveness of the numerical procedure and shell element employed in this work.

8924 | Finite element analysis and study for the mechanical property predictions of Fiber Metal Laminates (23. Finite
elements)

Qi-Gang Han (hanqg@jlu.edu.cn), Jilin University, China
Qing-Chu Ban (banqc1609@mails.jlu.edu.cn), Jilin University, China
Wen-Ke Yang (yangwk1609@mails.jlu.edu.cn), Jilin University, China
Ji-Lun Zhong (zhongjl14@mails.jlu.edu.cn), Jilin University, China
Meng-Lu Chen (mlchen14@mails.jlu.edu.cn), Jilin University, China
Zheng Yi (yizheng14@mails.jlu.edu.cn), Jilin University, China 
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Fiber metal laminates (FMLs) are engineered materials composed of thin structural sheet metal plies alternately bonded to plies of fiber-reinforced
polymer. FMLs have received an increasing amount of attention in the aircraft industry due to their light weight, outstanding fatigue resistance, high
specific static properties, excellent impact resistance, good residual and blunt notch strength, flame resistance and ease of manufacture and repair. In this
work, the FMLs with glass fibers (trade name GLARE) and woven glass fibers are used respectively and effect of fiber orientation on tensile properties of
FMLs are investigated. A numerical simulation method based on finite element modeling (FEM) has been developed to predict the stress-strain response
of FMLs. Finite element simulation results show that the fiber orientation is the most important parameter on tensile properties of FMLs. Furthermore, the
FMLs with woven fibers can decrease the number of layer and the weight of FMLs, when the tensile properties of FMLs are not change obviously. FEM
simulations show a good agreement with experimental results, which can be used for the design of novel FMLs.

8985 | STEEL WIRE MESH APPLIED FOR STRENGTHEN SHEAR MASONRY WALLS - STUDY CASE (23. Finite elements)

DOGARIU, ADRIAN (adrian.dogariu@upt.ro), Politehnica University Timisoara, Romania
DUBINA, DAN (dan.dubina@upt.ro), Politehnica University Timisoara, Romania 

Many masonry building located in prone seismic areas need structural interventions; therefore solutions which will increase the wall capacity and ductility,
without a major influence on its stiffness is valuable. This article will present the description of such a technique, together with the application addressed to
masonry buildings. The technique is derived from the FRP techniques but intending to obtain a higher enhance of the energy dissipation This technique
applies a stainless or zinc coated steel wire mesh (SWM) bonded with epoxy resin to the masonry walls, on one or both sides. 
Steel wire mesh reinforced masonry have a complex behavior and no analytic procedures to design of are available; therefore, advanced numerical
models confirmed by extended experimental tests are need. Summarily is presented the experimental measurements and the finite element and material
models adopted for retrofitted masonry specimens. The numerical model is calibrated according to the contactless and fullfield measurements obtained
using Limess Vic 3D system.
The extensive experimental tests, carried-out within the framework of PROHTECH research project, have included tests on steel wires, on steel meshes,
on 500 by 500 mm retrofitted masonry elements (split tests) and 1500 by 1500 mm masonry walls. The numerical calibration have been made using
ABAQUS finite element software.
A typical building for the beginning of the XX century designed without any consideration of the seismic action has been evaluated and consolidated. In
conclusion are presented the advantages and disadvantages of the studied retrofitting technique in comparison with other techniques.

8999 | A multi-linear material based FEM for nonlinear analysis of steel-reinforced glulam timber (23. Finite elements)

De Luca, Vincenzo (vincenzo.deluca@unibas.it), Università degli Studi della Basilicata, DIS, Viale dell''Ateneo Lucano 10, Potenza, Italy, Italy
Marano, Cosimo (cosimo.marano@unibas.it), Università degli Studi della Basilicata, SAFA, Viale dell''Ateneo Lucano 10, Potenza, Italy, Italy 

The present paper deals with the development and application of an implicit nonlinear finite element model for analyzing glulam-laminated (glulam) timber
beams, reinforced with steel bars. A generalized material model is built in a FEM code that can simulate the mechanical behavior of a solid under various
type of loading and thermal history. The ability of the model is to schematize the nonlinear behavior, of the interacting materials: glulam timber, adhesive
and steel bar, with a multi-linear, piecewise, stress-strain curve for each three-dimensional components of the stiffness tensor, without the need of
plasticity theoretical function. This feature habilitate us to properly use this procedure for wood which shows an high anisotropy, affected by a complicate
nonlinear behavior, difficult to introduce in a numerical simulation model. Thus, this more adequate representation of the material mechanical
characteristics can improve the numerical simulation of material responses. A similar concept was used by other authors representing the stress-strain
law, with power functions that fits the measured values from material tests. In the present study wood is schematized as orthotropic material, then the
representation of the stress-strain curves is obtained by fitting the raw data measured from experimental tests. The numerical procedure has been applied
to analyze a beam made of a wooden glulam, reinforced with steel bar, that is statically loaded in a four-point experimental set-up. The solution of the
problem is obtained by an approximate Newton-Raphson iterative procedure, due to the nonlinear nature of the equations, in which load has been
discretized into a finite number of steps. A software routine is developed for the material representation and implemented in a general FEM, which is
capable to simulate the mechanical behavior of a solid undergoing large displacements and deformations. The numerical results have been compared
with those of some experimental tests obtained in a previous work. The proposed methodology has demonstrated its adequateness to describe the
mechanical behavior of steel reinforced glulam timber, under bending loads. This encourages us to extend the present approach to other more complex
cases, in a future work. Furthermore, this model can contribute, when it is supported by experimental data, to improve current available techniques of
timber reinforcement.

9043 | Cold swaging of Al-Cu clad composites, Finite Element and Experimental analysis of deformation (23. Finite
elements)

Radim Kocich (radim.kocich@vsb.cz), VŠB Technical University of Ostrava , Czech Republic
Terry C. Lowe (lowe@mines.edu), Colorado School of Mines, United States America
Lenka Kunčická (lenka.kuncicka@vsb.cz), VŠB Technical University of Ostrava , Czech Republic
Casey F. Davis (casdavis@mines.edu), Colorado School of Mines, United States America
Adéla Macháčková (adela.machackova@vsb.cz), VŠB Technical University of Ostrava , Czech Republic 

Cold swaging technology can effectively be applied to fabricate clad composites. The influence of deformation imposed during swaging of a multilayered
Al-Cu clad composite was analyzed by finite element method (FEM) simulations and microscopy. The FEM analyses quantified gradients in deformation
and the effects of varying the geometry and parameters of the swaging process. The predicted deformation response was correlated with measurements
of changes in grain structure, development of preferred orientations, and mechanical anisotropy. The correlations between the predicted and measured
results established the utility of numerical analysis for designing axisymmetric clad composites and explaining the complex gradients and patterns in the
microstructures produced by cold swaging.

9045 | FEM modeling cermet coatings post-treatment by pulsed high-concentrated energy fluxes (23. Finite elements)

Solonenko, Oleg (o_solonenko@yahoo.com), Khristianovich Institute of Theoretical and Applied Mechanics, SB RAS, Novosibirsk, Russian Federation
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Golovin, Alexey (swimen@yandex.ru), Khristianovich Institute of Theoretical and Applied Mechanics, SB RAS, Novosibirsk, Russian Federation 

Thermal spraying of nano- or submicrometer structured cermet coatings from composite powders with particles containing inclusions of a very hard
chemical compound dispersed in a metal alloy matrix (TiC-NiCr, WC-Co, Cr2C3-(Co-Cr), etc.) opens up vast possibilities in the formation of wear- and
corrosion resistant surface layers intended for use under severe environmental conditions.
But, the high carbide phase content in ceramic-metal powder particles (50-70%vol. and higher) makes the melted metal binder, containing hard, finely
dispersed suspended inclusions, highly viscous. Among other things, the high viscosity of sprayed particles leads to a low degree of their deformation
during impingement onto substrate or previously sprayed coating layer. That is why the plasma sprayed ceramic-metal coatings normally have rather high
surface roughness and comparatively high open porosity. 
Decrease in porosity of cermet coating at simultaneous increase of its bonding strength with substrate is possible by means of subsequent heat treatment.
The problem consists in binder melting at minimum impact on carbide inclusions and substrate. It is possible to realize in practice high-temperature post-
treatment of coatings, practically without volume heating of the base, at their pulsed high-energy impact. Because the experimental development this
technology is rather labor- and power-consuming procedure, computer optimization is very perspective. With use of the developed physical model of
porosity evolution at pulsed high-energy treatment of coating, the computing experiments based on FEM modeling were carried out, which allowed to
optimize power density in a single pulse and its duration depending on thickness and porosity of cermet coatings, as well as volume ratio of carbide
inclusions.

9058 | Research on Creep Behavior of Prestressed Composite Box-girders with Corrugated Steel Webs (23. Finite
elements)

Li, Ming (15810833269@163.com), Research Institute of Highway Ministry of Transport, China
Song, Jianyong (623151019@qq.com), Research Institute of Highway Ministry of Transport, China
Li, Wanheng (108824858@qq.com), Research Institute of Highway Ministry of Transport, China
Zhang, Jinquan (mitcivil@sina.com), Research Institute of Highway Ministry of Transport, China 

Prestressed concrete box-girder bridges with corrugated steel webs have found increased applications in bridge construction in China in recent years.
This is predominantly due to the advantageous properties of the structures, such as low self-weight, high sheer strength, easy maintenance, and
substantial resistance to earthquake. These new structures still have to be considered as demonstration projects, which, however, show potential
advantages over traditional structures. The three-span prestressed composite continuous box-girder with corrugated steel webs of the Taohuayu Yellow
River Bridge with the span arrangement of 75m+135m+75m was completed in Henan Province in 2013, and the three-span prestressed composite
continuous box-girder with corrugated steel webs of the Qianshan River Bridge in Zhuhai with the largest main span of 160m in China is under
construction. More than 40 bridges of these kinds have been built in China, and China has become the second country where these composite structures
have been widely used. 
Creep behavior of concrete has very important influence on the calculation of construction camber of large span continuous box-girder bridges. The
objective of this study is to investigate the difference of creep behavior between the prestressed composite box-girder with corrugated steel webs and the
traditional prestressed concrete box-girder. The two kinds of simple supported box-girders with the same span of 40m were modeled with the commercial
finite element software ANSYS-Civilfem. Then the creep effects including long-term deformation and internal & external pretress loss in both models were
simulated and compared under the two kinds of conditions of the same top & bottom plate initial stress and the same prestress configuration. The
numerical results show that the deflection increment and the prestress loss rate of prestressed composite box-girder with corrugated steel webs is larger
than that of traditional PC box-girder resulted from the concrete creep. Nevertheless, the prestress loss rate of PC composite box-girder with corrugated
steel webs is smaller than that of traditional PC box-girder.

9076 | Fluid-Structure Interaction Analysis of Composite Shell Structures (23. Finite elements)

Aouni A. Lakis (aouni.lakis@polymtl.ca), Ecole Polytechnique of Montreal, Montreal (QC), Canada, Canada
M. Toorani (mtoorani@conestogac.on.ca), Conestoga College, Cambridge (Ontario) Canada, Canada 

The design of missiles and launch vehicles, shipbuilding and aerospace structures makes an extensive use of composite shell structures. Therefore, the
dynamic behavior of composite made structures is of keen interest in the design of structural elements in the space and aeronautical, petroleum and
nuclear industries. These structures often experience different mechanical, fluid and thermal loadings during their operation. This problem has given rise
to a number of studies of the linear and non-linear vibrations of composite shell structures subjected to different loads e.g. the flowing flow loading that
may cause excessive structural vibrations and consequently a considerable change in the dynamic response of the structures. This paper focuses mainly
on development and application of a hybrid finite element approach used for linear and geometrically nonlinear vibration analysis of composite plate and
shell structures, with and without fluid-structure interaction. The hybrid finite element approach, shearable shell theory and velocity potential flow theory
have been combined to establish the dynamic equations of the coupled fluid-structure systems. Development of a hybrid element for different geometries
of plates and shells is briefly discussed. The set of matrices describing their relative contributions to equilibrium is determined by exact analytical
integration of the equilibrium equations. In addition, studies dealing with particular dynamic problems such as dynamic stability and flutter of plates and
shells coupled to flowing fluids are discussed. This paper is structured as follows: after a short introduction on some of the fundamentals of the developed
model applied to vibrations analysis of shells and plates in vacuo and in fluid, the dynamic analysis of anisotropic structural elements is discussed. Studies
on dynamic response of plates in contact with dense fluid (submerged and/or subjected to liquid) follow. Dynamic response of shell type structures
subjected to random vibration due to a turbulent boundary layer of flowing fluid is also discussed. Furthermore, aeroelasticity analysis of shells and plates
(including the problem of stability; divergence and flutter) in contact with light fluids (gases) are discussed. These studies present very interesting results
that are suitable for various applications. The proposed method has been developed and implemented for the design and analysis of shells of revolution (
e.g. cylindrical, conical, spherical),cylindrical panels, circular and rectangular plates subjected to different mechanical and thermal loadings, internal and
external potential flow, supersonic airflow, structures made from traditional, composite and advanced composite materials. Reasonable agreement is
found with other theories and experiments.

9086 | MODELING AND STRUCTURAL ANALYSIS OF LADDER CHASSIS MADE OF COMPOSITES WITH DIFFERENT
LAY-UP SEQUENCE (23. Finite elements)

M.Karthick (mkarthickmech92@gmail.com), GOVERNMENT COLLEGE OF TECHNOLOGY, India
Prof. N.NANDAKUMAR, M.E., (nannthu@yahoo.com), GOVERNMENT COLLEGE OF TECHNOLOGY, India 
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The chassis of a heavy vehicle serves as a backbone for supporting the body and its different parts. It deals with the static and dynamic loads, without
undue deflection or distortion. Weight reduction is now the main issue in automobile industries with development of new composite materials and various
reinforcement structures. In the present work,the chassis frame is initially modeled by considering ‘C’ cross section in Pro-E 5.0 and then analyzed using
Ansys 13.0. The static analysis is done with three different composite materials subjected to the same load as that of a steel chassis. The best among the
four frames is chosen from the static analysis. 
The dynamic behavior is obtained for the best material that was chosen from static analysis. The various mode shapes and their respective natural
frequencies are obtained by modal analysis. Through harmonic analysis of different lay-ups such as, [0/90/45/-45], [90/0/0/90], [0/45/-45/90] and
[90/0/45/45] the frequency and amplitude of vibration are determined. Then the results are compared to finalize the best lay-up sequence among them.

9119 | Aero-elastic analysis of composite plate swept wings using the finite element method (23. Finite elements)

Mahran, Mohamed A. (abdu_aerospace@eng.cu.edu.eg), Cairo University, Egypt
Negm, Hani (hnegm_cu@hotmail.com), Cairo University, Egypt
El-Sabbagh, Adel (aelsabbagh@eng.asu.edu.eg), Ain Shams University, Egypt
Maalawi, Karam (nrc.aero@gmail.com), National Research Center, Egypt 

A Finite Element Model (FEM) is developed for examining the aero-elastic stability of composite plate wings. The FE method coupled with the vortex
lattice method has been applied to calculate the wing divergence speed, and coupled with the doublet lattice method to predict wing flutter. The effect of
the composite layup is integrated into the FEM. The coupling between the aerodynamic and structural analyses has been expressed in terms of the shape
functions of the FEM. The plate wing structure has been divided into linear triangular elements, each of which has five degrees of freedom at each node,
and taking into consideration the fiber orientation angles of the composite laminate. A MATLAB code has been developed and validated by comparing the
results with those of other publications. The effect of different laminate configuration on the aero-elastic characteristics (divergence and flutter) of both the
straight and swept-back wings is investigated.

9121 | Finite element formulation for stiffened structures (23. Finite elements)

JL Mantari (jmantari@utec.edu.pe), Univestity of Enginering and Technology, Peru 

In the present paper a finite element formulation to predict the behavior of stiffened plates such as ship decks will be developed. For this accomplishment,
a linear but robust finite element formulation base on recently developed generalized higher order shear deformation theories (HSDTs) will be
implemented for further calculations. The equilibrium equations will be derived using the principle of virtual work. Then, several types of ship structures will
be calculated, and comparison with commercial software results such as ANSYS, will carried out in order to stress out the importance of using HSDT over
the first shear deformation theory (FSDT).

Keywords: Static analysis, stiffened plates, finite element formulation, Ansys.

9177 | MODELLING SPECIAL DRILL BIT GEOMETRY FOR CFRP COMPOSITES (23. Finite elements)

Feito, N. (nfeito@db.uc3m.es), Department of Mechanical Engineering, Universidad Carlos III de Madrid, Spain
Díaz-Álvarez, A. (andiaza@ing.uc3m.es), Department of Mechanical Engineering, Universidad Carlos III de Madrid, Spain
López-Puente, J. (jlpuente@ing.uc3m.es), Department of Continuum Mechanics and Structural Analysis, Universidad Carlos III de Madrid, Spain
Miguélez, M.H. (mhmiguel@ing.uc3m.es), Department of Mechanical Engineering, Universidad Carlos III de Madrid, Spain 

Carbon Fiber Reinforced Polymer (CFRP) composites are widely used in high responsibility applications in different strategic sectors. Usually the
composite components are manufactured close to the final shape. However some machining operations are needed to achieve work-piece requirements.
Due to the properties of this kind of materials because of the hard and abrasive reinforcement, LFRP are “difficult to cut” materials. Between all the
manufacturing operations, drilling is very common to machine holes previously to mechanic joining of composite pieces. 

The most common damage found during drilling is delamination. Delamination not only reduces drastically assembly tolerance and bearing strength, but
also has the potential for long term performance deterioration under fatigue loads. This inter-ply failure phenomenon is highly influenced by the drill
geometry and the cutting parameters to mitigate damage in CFRPs [1,2].

The interest on 3D models is interesting in the way that it can be used as a good prediction tool and to predict optimal drilling parameters. Only few works
in technical literature deal with finite element analysis of these processes [3,4]. The authors have developed 3D models for orthogonal cutting of LFRP
including chip removal and material erosion and allowing multidirectional laminate and delamination modeling [5,6]. Then also complete and simplified
models of drillings for conventional twisted drills [7]. 

In this work, three-dimensional (3D) finite element models of drilling for both types of composite laminate (UD-ply and woven) have been developed,
accounting for complex kinematics and interactions at the drill-workpiece interface. In this case a special step drill bit has been used and validated with
experimental results carried out by the authors in terms of cutting forces and delamination. 

These 3D damage models were developed and implemented into the finite element code Abaqus/explicit through a user-defined subroutine (VUMAT) in
order to predict damage at each ply. Interface cohesive elements were inserted between the plies of the modelled laminate to simulate out-of-plane failure.
The general contact algorithm in Abaqus/explicit was used to simulate contact conditions between the step drill and the composite laminate, and between
the layers by defining appropriate contact-pair properties. Element deletion was used to erode damaged elements during the hole-making process based
on initiation and evolution of damage in the meshed CFRP elements [8].

References:

[1]T.J. Grilo, R.M.F. Paulo, C.R.M: Silva, J.P.Davim. Experimental delamination analysis of CFRP using different drill geometries. Composites: Part B.
Portugal (2012)
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[2]P. Durão, J.S. Gonçalves, R.S. Tavares, C. de Albuquerque, A. Aguiar Vieira, A. Torres Marques, Drilling tool geometry evaluation for reinforced
composite laminates Composite Structures 92 (2010) 1545–1550
[3]V. A. Phadnis, F. Makhdum, A. Roy, V. V. Silberschmidt, Drilling in carbon/epoxy composites: Experimental investigations and finite element
implementation, Composites: Part A 47 (2013) 41–51
[4]O. Isbilir, E. Ghassemieh, Three-dimensional numerical modelling of drilling of carbon fiber-reinforced plastic composites, Journal of Composite
Materials 48 (2014) 10 1209-1219
[5]X. Soldani, C. Santiuste, A. Muñoz-Sánchez, H. Miguélez, Influence of tool geometry and numerical parameters when modeling orthogonal cutting of
LFRP composites, Composites: Part A, 42 (2011), 1205–1216.
[6]C. Santiuste, X. Soldani, H. Miguélez, Machining FEM model of long fiber composites for aeronautical components, Composite Structures 92 (2010)
691–698.
[7]N. Feito, J. López-Puente, C. Santiuste, M.H. Miguélez, Numerical prediction of delamination in CFRP drilling, Composite Structures 108 (2014) 677–
683
[8]J. López-Puente , R. Zaera, C. Navarro, Experimental and numerical analysis of normal and oblique ballistic impacts on thin carbon/epoxy woven
laminates Composites: Part A 3

9187 | Development of DKMQ Element for Error Estimation in Composite Plate Structures (23. Finite elements)

Irwan Katili (irwan.katili@gmail.com), Universitas Indonesia, Indonesia
Imam Jauhari Maknun (jauhari.imam@gmail.com), Universitas Indonesia, Indonesia
Heru Purnomo (herupur@eng.ui.ac.id), Universitas Indonesia, Indonesia 

The rapid advancement of technology in computation and material for civil engineering has encouraged construction designers to create sophisticated and
futuristic building design as can be seen nowadays. When we deal with complex structures, there is no exact solution so the deformation occurred will be
difficult to know. The complexity of a structure involves complexity in shape, which is usually non-symmetry, characteristics of nonlinear material, and
complicated loading condition. To understand such structure, modeling of the structure using analysis or numerical simulation is required. Finite Element
Methods (FEM) is a method used to calculate structures using numerical analysis to solve various problems in structures, soil mechanics, fluids, etc. FEM
modeling begins with discretisation process of continuum structure into small elements with simpler geometry shape called finite element.
Since FEM is an approximation method where exact solution is estimated using repetition in discretisation process by increasing the number of element or
refining the element size, a discretisation strategy must be taken in each mesh refinement process. The scale of error at each mesh size can only be
estimated since no exact solution exists. Hence, what becomes important is how to estimate the scale of error, how much the acceptable error limit is, and
what discretisation strategy should be taken.
Error in solution is unavoidable in finite element method application, either caused by inappropriate model, numerical integration usage, inaccuracy of
numerical solution, or rounding error accumulation in numerical process. A complex problem usually has no exact solution; therefore, the error happened
is also difficult to determine. Error estimator is developed to gain solution as close as possible compared to exact solution. 
The development of modern technology has been used composite as the main materials. It is very light but it would be very strong when we compare to
non-composite materials. Now, it has been developed composite agro-material made from renewable materials that can be used in large number of
constructions. Sustainable future will be achieved by using composite as the main materials in engineering constructions. For this reason, it is required a
computational method to support the analysis of composite structures. Moreover, a good precision of computational method in composite structures
application is very crucial. This paper “Development of DKMQ Element for Error Estimation in Composite Plate Structures” will introduce a new
computational method and error estimation in composite plate structures using DKMQ element.
DKMQ (Discrete Kirchhoff-Mindlin Quadrilateral) element was developed by Katili in 1993. DKMQ element is a very good Quadrilateral element which can
take into account the transverse shear strain and it gives a good result in isotropic analysis for thin to thick plate problems. Moreover, DKMQ element is
used in commercial software MIDAS-GEN and ROBOT. The proposed papers will focus on the development of DKMQ element for error estimation in
composite plate structures. We will validate the results of DKMQ in composite plate structures with some standard problem tests, including one or several
orthotropic layers and compare with the Pagano and Srinivas benchmark tests. Then, we will focus in the development of DKMQ element in error
estimation for composite plate structures using various types of recovery method (Averaging, Projection, Superconvergent Patch Recovery and Recovery
by Equilibrium in Patches methods) to get the solution close to the exact one. 

Keywords: DKMQ element, composite plate structures, Pagano, Srinivas, error estimation, Averaging, Projection, Superconvergent Patch Recovery,
Recovery by Equilibrium in Patches

9215 | FE formulation for a generalized quasi-3D layerwise HSDT for beams (23. Finite elements)

J.A. Yarasca (jorgeyarasca@gmail.com), National University of Engineering, Peru
J.L. Mantari (jmantari@utec.edu.pe), Univestity of Enginering and Technology, Peru 

Abstract:

This paper presents a finite element formulation for a generalized quasi-3D layerwise HSDT for the bending analysis of advanced composite beams. The
present theory accounts the thickness stretching effects, therefore no shear correction factor is used. Lagrangian and Hermitian interpolation functions are
used to describe the primary variables corresponding to the in-plane displacements and transverse displacement, respectively. In addition, the generalized
governing equations of a layerwise HSDT beam and boundary conditions are derived by employing the principle of virtual work. Navier-type analytical
solution is obtained for FGP subjected to transverse load for simply supported boundary conditions. Analytical and numerical examples of the quasi-3D
HSDTs (non-polynomial, polynomial and hybrid) derived by using the present generalized formulation are compared with 3D exact solutions and with other
HSDTs.

Keywords: Shear deformation, Static analysis, stiffened plates, finite element formulation.

9308 | Simulation of Stress Concentration Problems in Laminated Plates by Quasi-Trefftz Finite Element Models (23.
Finite elements)

Bussamra, Flavio L S (flaviobu@ita.br), Instituto Tecnologico de Aeronautica, Brazil
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Rodrigues, Marcos A C (rodriguesma.civil@gmail.com), Instituto Tecnologico de Aeronautica, Brazil 

Hybrid quasi-Trefftz finite elements have been applied with success to the analysis of laminated plates. Two independent fields are approximated by
linearly independent, hierarchical polynomials: the stress basis in the domain, adapted from Papkovitch-Neuber solution of Navier equations, and the
displacement basis, defined on element surface. The stress field that satisfies the Trefftz constraint a priori for isotropic material is adapted for orthotropic
materials, which leads to the term “quasi”. In this work, the hexahedral hybrid quasi-Trefftz stress element is applied to the modeling of non-symmetrical
laminates and laminated composite plates with geometric discontinuities. The hierarchical p-refinement is exploited.

9354 | COMPUTER AIDED FINITE ELEMENT ANALYSIS OF FRC BEAMS CONTAINING PVA AND BASALT FIBRES (23.
Finite elements)

Ayub, Tehmina (tehmina@neduet.edu.pk), NED University of Engineering and Technology, Pakistan 

This paper investigates the computational performance of the proposed analytical models for the compressive and tensile stress-strain curves to predict
the flexural behavior of fiber reinforced concrete (FRC) using finite element analysis (FEA) approach. The analytical models were proposed by the authors
for the prediction of the tensile and compressive stress-strain behavior of high performance fiber reinforced concrete (HPFRC) containing up to 3%
volume fraction of the PVA and Basalt fibers. For the similar mixes of FRC, 21 beams subjected to three-point bending load were analyzed by modeling in
finite element analysis (FEA) program ATENA 3D and the proposed analytical stress-strain models were incorporated into the program. The computer
generated load-deflection responses of FRC beams containing up to 3% volume fraction of the PVA and Basalt fibers are compared with the experimental
results. The results of FEA of all beams showed a good correlation with the experimental results in terms of the maximum load, load vs. mid-span
deflection patterns and the maximum tensile strains.

9374 | Constituent materials micro-damage modeling in predicting progressive failure of braided fibre composites (23.
Finite elements)

Nadeesh Singh Nobeen (n.nobeen@ntu.edu.sg), Nanyang Technological University, Singapore
Yucheng Zhong (yczhong@ntu.edu.sg), Nanyang Technological University, Singapore
Elvin S. M. Chia (cserming@hotmail.com), DSO National Laboratories, Singapore
Sunil C. Joshi (MSCJOSHI@NTU.EDU.SG), Nanyang Technological University, Singapore
Zhong Chen (ASZChen@ntu.edu.sg), Nanyang Technological University, Singapore 

Braided textile composite exhibits a mechanism to efficiently distribute the load throughout the structure as the continuous fibres in the braided textile
reinforcement are mechanically interlocked with each other, which makes braided structures impact resistant. However, the successful prediction of the
strength of braided textile composites still remains as a challenge. 
In this paper, a numerical simulation model based on a meso-scale approach is presented for the prediction of the tensile strength and progressive
damage behaviour of braided textile composites, in which the yarns are treated as a homogenized entity and the main focus is on the failure modes of the
fibre yarn and matrix. A homogenized representative unit cell was built for finite element analysis. The matrix and fibre yarn in the unit cell were explicitly
modelled by finite elements and their material properties were directly assigned to the elements. The 3D Hashin and Stassi failure criteria were
respectively selected for the yarn and the pure matrix. The selected damage models were then included in the USDFLD subroutine via FORTRAN 77 in
Abaqus to account for the damages in individual constituents.
It was found that the ultimate strength of the braided composites decreased with the braiding angle of the unit cell. Failure mechanisms were also
observed to change with the braiding angle. To validate the developed damage model, the simulated results were then compared with a recent
experimental and micromechanics-based numerical study by Xu [1]. The tensile stress-strain curves of composites with different braiding angles agreed
closely with the experimental and simulated results reported by Xu [1]. 

Keywords: strength, tensile, prediction, finite element, braided, composite

[1] Xu, L., Jin, C.Z. and Ha, S.K. Ultimate strength prediction of braided textile composites using a multi-scale approach. Journal of Composite Materials
2014; doi:10.1177/0021998314521062

9396 | MECHANICAL CHARACTERIZATION OF A CARBON FIBRE COMPOSITE THROUGH A COMBINED
EXPERIMENTAL AND NUMERICAL APPROACH (23. Finite elements)

Sbarufatti, Claudio (claudio.sbarufatti@polimi.it), Politecnico di Milano, Italy
Gilioli, Andrea (andrea.gilioli@polimi.it), Politecnico di Milano, Italy
Manes, Andrea (andrea.manes@polimi.it), Politecnico di Milano, Italy
Giglio, Marco (marco.giglio@polimi.it), Politecnico di Milano, Italy 

The numerical simulation of composite components under extreme loading conditions is not straightforward as it requires an extensive experimental
program in order to provide a thorough material mechanical characterisation. The reliability of these numerical models is strictly related to the accuracy of
the material mechanical characterization starting from simple coupon specimens. 
In this context, the present paper is part of a wide research activity focused on the investigation of the mechanical behaviour of a MTM45-1/IM7 composite
(carbon fibre in an epoxy matrix) through a series of different standard tests. An experimental preliminary program has been planned, including tensile
tests (considering both 0° and 45° fibre direction specimen) and tensile tests on specimens with an open hole. All the experiments are reproduced
numerically in order to estimate reliable material parameters that can be used as input for more complex simulations characterized by different and also
extreme loads.
Particular attention has been devoted in this study to the experimental evaluation of the damage mechanisms taking place in the tested specimens.
Finally, the possibility to numerically simulate such kind of damages has been investigated and all the experimental tests have been reproduced by means
of a virtual testing approach.

9414 | Coupled dynamic responses of moored Spar in deep water hydrodynamic environment (23. Finite elements)
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Mahmudur Rahman Soeb (soeb_buet@yahoo.com), University of Malaya, Malaysia
Dr. A.B.M. Saiful Islam (abm.saiful@gmail.com), University of Malaya, Malaysia
Professor Ir. Dr. Mohd Zamin Bin Jumaat (zamin1@um.edu.my), University of Malaya, Malaysia 

A few propelled floating structures were proposed and created till date because of their expense viability and productiveness in deep water investigation.
Spar platform has been behaved as a productive alternative amongst them. In any case, the exact conduct of completely coupled activity in deeper water
is still an extraordinary issue to be forecasted in real ocean environment. Nonlinear finite element examination for completely coupled 3D model of floating
spar platform structure can be an affluent appliance to conjecture the responses, where primary assemblage of Spar platform and mooring lines are
considered in a joined compact coupled system. The forecast of platform movements depends on the immediate mass, stiffness and damping of mooring
lines in the coupled system. To characterize precisely the interaction between the platform and mooring lines, coupled dynamic investigations are proper
for getting responses in deep-ocean. Thusly, the main objective of this paper is to examine the hydrodynamics of completely moored Spar platform under
actual sea environment. The present moored Spar model is more precise to hold continuity of the structure and boundary conditions, loadings taking all
the nonlinearities. Considering the coupling impacts of the platform and its mooring system, hydrodynamic examinations of a moored Spar has been done
in time domain. In light of the boundary component method, the 3-D model of the moored Spar and the related free water surface model are simulated.
The wave excitation forces, included mass, and other hydrodynamic properties are legitimately characterized. Numerical simulation and motion
investigations are completed with the commercial finite element (FE) program ABAQUS. Tension to the deformable mooring lines is similarly
disseminated. Wave loading acts at the same time on the rigid Spar structure and deformable mooring line. The completely coupled responses of
inflexible rigid Spar structure and mooring line have been assessed. The improved coupled investigation approach for Spar platform subjected to
hydrodynamic forces joins computational savings keeping up adequate exactness. Unbending rigid body movements impact the element movement
responses of Spar. The tension in catenary mooring line (CML) diminishes after certain wave term fundamentally because of the CML damping in the
combined coupled Spar-mooring system.

9465 | A finite element formulation for viscoplasticity (23. Finite elements)

De Angelis, Fabio (fabio.deangelis@unina.it), Dept of Structures for Engineering and Architecture, University of Naples Federico II, Italy 

A finite element formulation for viscoplasticity

F. De Angelis
Department of Structures for Engineering and Architecture, 
University of Naples Federico II, Naples, Italy

Many composite materials may exhibit a viscoplastic material behavior when subject to external loadings or thermal conditions. In this case it is necessary
to consider a time dependent constitutive material model to properly reproduce the experimental evidences shown in laboratory tests, see among others
Perzyna [1] and Skrzypek and Hetnarski [2]. 
In the present paper a finite element formulation for viscoplasticity problems is considered and applied to composite structures. A strategy is illustrated for
the derivation of the proper variational principles by casting the non-linear field equations and the constitutive multivalued equations into a viscoplastic
operator governing the structural problem, see e.g. Oden and Reddy [3], Reddy [4] and Koiter [5]. 
In the paper a consistent procedure is illustrated for deriving a multifield potential in all the unknown variables of the viscoplastic structural problem and
accordingly the relevant multifield variational principle is presented. The proposed procedure shows to be suitable for the consistent derivation of other
variational principles in viscoplasticity with different combinations of the unknown fields, see Reddy [4], Koiter [5], Washizu [6]. The property of the
procedure of generating other variational principles is illustrated by deriving the extensions to viscoplasticity of the Hu-Washizu and Hellinger-Reissner
principles, see De Angelis [7]. 
The presented treatment provides the support for a variationally consistent development of numerical algorithms for finite element applications on
composite structures. Accordingly, a numerical integration scheme for viscoplasticity is discussed and a computational procedure is illustrated for the
numerical solution of structural problems in viscoplasticity. 
Computational results are finally reported in order to show the efficacy of the algorithmic scheme and the effect of the loading rates on the viscoplastic
behavior of composite materials. 

References
[1] P. Perzyna, The constitutive equations for rate sensitive materials, Quart. Appl. Math., Vol. 20, pp. 321-332, 1963. 
[2] J.J. Skrzypek, R.B. Hetnarski, Plasticity and Creep, Begell House CRC Press, 1993.
[3] J.T. Oden, J.N. Reddy, Variational Methods in Theoretical Mechanics, Springer, NY, (1983). 
[4] J.N. Reddy, Energy Principles and Variational Methods in Applied Mechanics, John Wiley, NY, 2002. 
[5] W.T. Koiter, General theorems for elastic-plastic solids, Prog. Solid Mech., 1, pp. 165-221, (1960). 
[6] K. Washizu, Variational Methods in Elasticity and Plasticity, Pergamon Press, Oxford, (1975). 
[7] F. De Angelis, An internal variable variational formulation of viscoplasticity, Comput. Methods Appl. Mech. Engrg., 190, pp. 35-54, (2000). 

6859 | Mechanical Stability of Cylindrical Shells Reinforced by Single-walled Carbon Nanotubes Based on T.S.D.T. (24.
Buckling problems)

alireza (bakhshandeh.alireza@gmail.com), ISLAMIC AZAD UNIVERSITY, Iran 

This paper presents the buckling analysis of cylindrical shells reinforced by single-walled carbon nanotubes (SWCNTs) under mechanical loads. The
material properties from molecular dynamics simulations, based on the multi-scale approach, numerical illustrations are carried out for perfect
geometrically shells uniformly distributed carbon nanotube-reinforced composite (UD-CNTRC) shells under different values of the nanotube volume
fractions. The equilibrium and stability equations are derived using the total potential energy equations, Euler equations and third order shear deformation
theory assumptions. The resulting equations are solved for simply supported boundary conditions. The critical pressure loads are calculated for CNTRC
cylindrical shells. It is found that in the CNTRC cylindrical shells, increasing of values of the nanotube volume fractions causes to increase of the critical
pressure loads.

6885 | The effect of geometric nonlinearity on dynamic stability of composite laminates (24. Buckling problems)
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Radu, Adrian G. (george.radu@upt.ro), Polytechnic University of Timisoara, Romania 

A higher order shear deformation theory is used to investigate the effect of geometric nonlinearity on instability regions associated with composite plates
undergoing dynamic buckling. Both transverse shear and rotary inertia effects are taken into account. The procedure is implemented using an iterative
finite element procedure. The natural frequencies are computed and compared with available results based on the classical plate theory and the first-order
shear deformation theory for both isotropic and composite plates. The first order approximation of the first instability region is determined and the influence
of geometric nonlinearity is estimated. The instability region is found to be shifted to higher parametric resonance frequency and its width decreases by
taking into account geometric nonlinear effects.

7058 | Numerical and experimental investigation of post-buckling behavior of square cross-section composite tubes.
(24. Buckling problems)

Czapski, Pawel (pawel_czapski@interia.pl), Lodz University of Technology, Poland
Kubiak, Tomasz (tomasz.kubiak@p.lodz.pl), Lodz University of Technology, Poland
Urbaniak, Mariusz (mariusz.urbaniak@p.lodz.pl), Lodz University of Technology, Poland 

This paper deals with the buckling and post-buckling behavior of thin-walled square cross-section tubes subjected to static compression. The columns
under consideration were made with the autoclaving technique from eight layers of a glass fibre reinforcement polymer unidirectional prepreg tape. Six
different layers’ arrangement has been taken into account. The following experimental data have been collected: force-displacement relations obtained
from an employed Zwick/Roel universal testing machine; strains at choosen points of the tube using strain-gauges technique; map of deflections obtained
from non-contact 3D optical method (System Aramis made by GOM company). All obtained results were used to determine buckling load and equilibrium
paths in pre- and post-buckling range. The numerical model of analysed tube has been prepared in ANSYS software. The linear and nonlinear buckling
analysis has been performed. The experimentally obtained results have been used to validate proposed FEM model. The influence of layer arrangement
on buckling and postbuckling behavior, differences between numerical and experimental results and methods employed for buckling load determinations
have been discussed.

Acknowledgment. The investigations has been performed under the research project financed by the National Centre for Science - decision number DEC-
2011/03/B/ST8/06447.

7096 | Influence of boundary conditions on the behavior of composite channel-section columns under compression (24.
Buckling problems)

Urbaniak, Mariusz (mariusz.urbaniak@p.lodz.pl), Lodz University of Technology, Poland
Teter, Andrzej (a.teter@pollub.pl), Lublin University of Technology, Poland
Kubiak, Tomasz (tomasz.kubiak@p.lodz.pl), Lodz University of Technology, Poland 

The paper deals with experimental investigation and numerical analysis of influence of boundary conditions on critical load and post-buckling behavior of
compressed composite channel-section columns. The columns were made of 8-ply glass-epoxy laminate. The six different layers arrangement were
considered. Tests were conducted using two test stands. In the first of them, special self-aligning grips with spherical bearings were used. In the second
stand the stiff plate was mounted to the upper jaw and has one degree of freedom (vertical movement). The table with spherical bearing mounted in the
bottom jaw has 3 DOF (rotations about three perpendicular axes). The strain-gauges technique has been used for all tested specimens. Additionally the
second stand has been equipped with the ARAMIS system for non-contact 3D displacement measurements. Numerical analysis were conducted using
ANSYS software. Two models were prepared with boundary conditions corresponding to test stands. The critical load values were determined from
experimental studies and nonlinear numerical analysis using several well-known methods. To estimate the failure load based on stress state obtained
from numerical calculations the Tsai-Wu criterion and maximum stress criterion have been applied. The obtained results were compared with experimental
measurements. Acknowledgment. The investigations has been performed under the research project financed by the National Centre for Science - DEC-
2011/03/B/ST8/06447.

7601 | Design formulae for buckling of Built-in-Free and Rotationally Restrained-Free Orthotropic plates. (24. Buckling
problems)

Javier Giménez Vila (jgv2@faculty.ie.edu), IE University, Spain 

In this paper simple closed form equations to predict the buckling load of uniaxially loaded orthotropic plates with one unloaded edge rotationally
restrained (RR) and the other unloaded one free are presented. 

The formulations available in the literature to predict the instability of RR-free orthotropic plates with a high level of accuracy in the whole range of
rotational restraint are difficult to implement in the standards and design guides because of their complexity. Simpler available formulations have a high
level of accuracy only for low levels of rotational restraint, tending to errors of about 10% as rotational restraint increases. The formulations presented in
this paper show better levels of accuracy than the aforementioned available formulations and also have a simple form. These equations, for long and
short plates, were obtained by the Ritz method, using a simple harmonic displacement function and considering the superposition principle to meet the
boundary conditions at the free edge.

The accuracy of the presented equations has been contrasted with the exact solutions and experimental results available in the literature.

7681 | Effect of edge reinforcement and low-speed impact damage on the buckling stability of composite I-section
beam loaded in shear (24. Buckling problems)
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Gao Weicheng (gaoweicheng@hit.edu.cn), Harbin Institute of Technology, China
Zhang Jian (xiwang1988@yeah.net), Harbin Institute of Technology, China 

This paper addresses the effects of reinforcements around cutouts and low-speed impact damage on the buckling stability of composite I-section beams
made of Carbon Fiber/Epoxy composites. The I-section having two diamond-shaped cutouts in the web and three reinforcement rings bonded to one side
is clamped at one end and subjected to a shear load at the other free end. An experimental and numerical investigation was performed into study the
effects of edge reinforcement and impact damage on the bucking load factor, post-buckling response, and first-ply failure load. A numerical model was
developed for simulating the buckling and post-buckling response in finite element method, and buckling load was predicted by using both linear and
nonlinear FE analysis. Tsai-Wu failure criterion was employed to detect the first-play-failure load in nonlinear analysis by predicting the load-deflection
response of the I-section beam. In order to account for the influence of impact damage, the results of drop-weight impact tests on the I-section beam were
presented. The experiments loaded in shear were carried out on three different specimen configurations (cutout, edge reinforcement, impact damage) to
validate the numerical model and results. Good agreements were obtained between the numerical simulations and test results. The results reveal that the
edge reinforcement can improve the critical buckling load by 28.78% as well as the ultimate failure load by 23.24%. However, impact-induced damage had
little effect on the buckling behaviour and strength, and the damage was able to change the failure mode and to lower the critical failure load by 5.45%. 

7732 | Buckling performance of composite cylindrical shells subjected to axial compression loads (24. Buckling problems)

Wu Pengfei (wuzizhuyan@163.com), School of Aeronautics Science and Engineering, Beihang University, China
Cheng Xiaoquan (xiaoquan_cheng@buaa.edu.cn), School of Aeronautics Science and Engineering, Beihang University, China
Fan Zhou (fanzhouv5@126.com), Beijing Institute of Space Long March Vehicle, China 

An experimental study had been carried out to evaluate the buckling performance of composite cylindrical shells. Four test samples made of warp knitting
fabric were adopted in the experiment: an intact cylindrical shell, one with an opening, one with an axial gap and one with low energy impact damage. The
progression of buckling from initiation, growth and fracture with material failure was recorded in the compression experiments. The strain of several
strategic points of the cylindrical shells was recorded by strain gauges with the applied compression loads increasing to illustrate the distribution of
buckling field. Results showed that fluctuation of load-strain diagram is a significant sign of buckling occurrence of composite cylindrical shells under
compression. Moreover, openings, gaps and damages could reduce bearing capacity on different levels according to the area reduction in the bearing
sections of cylindrical shells.

7741 | A Laminated Shell Model for Buckling Analysis of Laminated Glass Structures (24. Buckling problems)

Liang, Yating (yating.liang11@imperial.ac.uk), Imperial College London, United Kingdom
Lancaster, Franklin (Franklin@eckersleyocallaghan.com), Eckersley O’Callaghan, United States America
Izzuddin, Bassam A. (b.izzuddin@imperial.ac.uk), Imperial College London, United Kingdom 

This paper presents an efficient laminated shell model for the analysis of plates and shells with alternate stiff/soft material layer-up schemes through the
thickness, which is applicable to the modelling of laminated glass structures. Restricting the focus on such sandwich structures where layers of stiff
materials are separated by soft cores in between, in the proposed shell model a set of layer-wise piecewise linear modes are added to the Reissner-
Mindlin type formulation, the number of which is dependent on the number of core sheets. The efficiency of the shell model is addressed through
comparison against a group of zigzag theories in terms of both accuracy and the number of degrees of freedom. A 9-noded shell element based on the
laminated shell model is formulated in a co-rotational framework to allow large displacement analysis. Further enhancement of computational efficiency is
achieved by defining the additional freedoms in a so-called shell coordinate system to eliminate the co-rotational transformations of nodal forces and
stiffness associated with these freedoms. The proposed shell element is used for nonlinear buckling analysis of laminated glass structures with its
applicability verified through comparisons against the results of detailed 3D solid model. It is also used to assess the adequacy of an effective thickness
method, which is widely adopted in the design and assessment of glass structures. Further investigation is made on the influence of such characteristics
of laminated glass as the number of glass plies and the relative thickness of PVB on the behaviour of laminated glass structures.

7783 | A beam formulation for nonlinear stability analysis of semi-rigid composite frames (24. Buckling problems)

Turkalj, G. (goran.turkalj@riteh.hr), University of Rijeka, Faculty of Engineering, Croatia
Lanc, D. (dlanc@riteh.hr), University of Rijeka, Faculty of Engineering, Croatia
Pešić, I. (ipesic@riteh.hr), University of Rijeka, Faculty of Engineering, Croatia
Brnić, J. (brnic@riteh.hr), University of Rijeka, Faculty of Engineering, Croatia 

Stability limit state evaluations of frame-type structures are usually carried out under the assumption that structural connections are either perfectly rigid or
perfectly hinged. Such an approach simplifies the stability analyses significantly, but often fails to represent the real structural behavior, because the
connections of actual structures exhibit a flexible behavior falling in between the two idealized cases, filling the entire flexibility spectrum from hinge-like
connections, over semi-rigid connections, to rigid connections. The flexible behavior is the result of the complex interaction among the various
components of the connection construction itself. Therefore, numerical analysis procedures must be broadened by incorporating the real connection
characteristics as an alternative of the idealized connection approach, so as to improve the accuracy of stability analysis.
To perform the nonlinear stability analysis for a frame-type structure, a nonlinear beam model should be made available, with which the load-displacement
behavior of a structure can be obtained by one of the incremental descriptions. Each description utilises a diferent structural configuration for describing
the system quantities, based on which a set of nonlinear equilibrium equations can be derived for the structure. This set can be further linearized and
solved using some incremental-iterative schemes, consisting of the predictor, corrector, and checking phases.
This paper presents a nonlinear beam element for the nonlinear stability analysis of semi-rigid frames, composed of the straight and prismatic thin-walled
composite beam members. The equations of equilibrium are derived using the updated Lagrangian incremental description and the nonlinear
displacement field of cross sections, which accounts for the second-order displacement terms due to large rotations. In this study, it is assumed that the
cross section is not deformed in its own plane, but can be subjected to warp in the longitudinal direction. Although displacements are allowed to be large,
strains are assumed to stay small. External loads are static and conservative. Internal moments are represented as the stress resultants calculated by the
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Euler-Bernoulli theory for bending and the Vlasov theory for torsion. The laminates are modeled on the basis of classical lamination theory.
Semi-rigid connections are allowed to occur at finite element nodes by modifying the stiffness matrices and nodal vectors of a nonlinear beam element for
which rigid connections at the end nodes are assumed. A special transformation matrix is derived for that purpose. The numerical algorithm is
implemented in a computer programme and its effectiveness is validated through the test problems.

7860 | Nonlinear buckling analysis of thin-walled laminated composite beams with monosymmetric sections (24. Buckling
problems)

Lanc, Domagoj (dlanc@riteh.hr), Faculty of Engineering, University of Rijeka, Croatia
Turkalj, Goran (goran.turkalj@riteh.hr), Faculty of Engineering, University of Rijeka, Croatia
Vo, Thuc P. (thuc.vo@northumbria.ac.uk), Faculty of Engineering and Environment, Northumbria University, Newcastle upon Tyne, United Kingdom
Pesic, Igor (ipesic@riteh.hr), Faculty of Engineering, University of Rijeka, Croatia 

This paper presents numerical results of nonlinear buckling analysis of thin-walled composite beams of monosymmetric sections with arbitrary lay-ups.
This model is based on updated Lagrangian incremental description and non-linear displacement field which accounts for the second order terms due to
large rotations. It is assumed that the thin-walled cross section does not deform in its own plane, thus the local buckling effects in this study are neglected.
The contour warping in the longitudinal direction are taken into account. Displacements are allowed to be large, strains are assumed to stay small.
External loads are static and conservative. The Euler-Bernoulli theory for bending and the Vlasov theory for torsion are assumed. The laminates are
modeled on the basis of classical lamination theory. The fiber orientation and laminate stacking sequence effects, longitudinal to transverse modulus ratio,
location of applied load and high to span ratio are investigated. Several numerical examples are presented.

7991 | Imperfection sensitivity analysis of laminated folded plates using Koiter’s asymptotic approach (24. Buckling
problems)

Barbero Ever J. (ever.barbero@mail.wvu.edu), West Virginia University, Morgantown, WV, USA, United States America
Madeo Antonio (antonio.madeo81@unical.it), DIMES, University of Calabria, Ponte P. Bucci Cubo, 87036 Rende (Cosenza), Italy, Italy
Zagari Giuseppe (giuseppe.zagari@gmail.com), DIMES, University of Calabria, Ponte P. Bucci Cubo, 87036 Rende (Cosenza), Italy, Italy
Zinno Raffaele (raffaele.zinno@unical.it), DIMES, University of Calabria, Ponte P. Bucci Cubo, 87036 Rende (Cosenza), Italy, Italy
Zucco Giovanni (giovannizucco@gmail.com), DIMES, University of Calabria, Ponte P. Bucci Cubo, 87036 Rende (Cosenza), Italy, Italy 

The design of composite structures is most often dominated by buckling [1], complex-post buckling behaviour and sensitivity to imperfections. 
Imperfection sensitivity analysis requires the identification of a large number of buckling modes and their interaction. Because of the large number of
possible modes and our a priori ignorance about which ones would interact with each other, such analysis is prohibitively time consuming. 
The aim of this work is to propose a robust and efficient methodology to calculate the imperfection sensitivity of laminated composite folded plates. 
The proposed methodology does not require a priori knowledge of the shape and magnitude of imperfections and does not rely on lengthy continuation
analysis. Instead, it uses Koiter's perturbation approach [2] to calculate the bifurcation load, post-buckling path, and interaction between modes to detect
bifurcations on the post-buckling path of individual modes, as well as the paths emanating from those bifurcations. 
The Monte Carlo method is proposed herein to find the modes that yield the most unfavorable, imperfection sensitive path. Although Monte Carlo is an
expensive method, the computational cost is keep low thanks to the efficiency of both the element used and Koiter's approach[3]. Also, Koiter's approach
is quite demanding about the quality of higher order (up to 4th order) derivatives of the energy. The element formulation used is uniquely suited to satisfy
those demands for accuracy at a low computational cost [4,5]. The proposed methodology allows us to run thousand of analysis in a few seconds.

[1] Fernass Daoud and Mircea Calomfirescu. Optimization of composite aircraft structures in consideration of postbuckling behavior. Int. J. Str. Stab. Dyn.,
10(04): 905–916, October 2010.

[2] R. Casciaro. Computational asymptotic post-buckling analysis of slender elastic structures. In Marcello Pignataro and Victor Gioncu, editors,
Phenomenological and Mathematical Modelling of Structural Instabilities, volume 470 of CISM International Centre for Mechanical Sciences, pages 195–
276. Springer Vienna, 2005.

[3] G. Zagari, A. Madeo, R. Casciaro, S. de Miranda, and F. Ubertini. Koiter analysis of folded structures using a corotational approach. International
Journal of Solids and Structures, 50(5):755–765, March 2013.

[4] E. J. Barbero, A. Madeo, G. Zagari, R. Zinno, and G. Zucco. Koiter asymptotic analysis of folded laminated composite plates. Composites Part B:
Engineering, 61:267–274, May 2014.

[5] E. J. Barbero, A. Madeo, G. Zagari, R. Zinno, and G. Zucco. A mixed isostatic 24 dof element for static and buckling analysis of laminated folded
plates. Composite Structures, 116:223–234, September 2014.

8041 | FRP Shear Strengthening for the Web Panels of Steel Plate Girders (24. Buckling problems)

Al-Azzawi, Zaid M. K. (z.al-azzawi@ed.ac.uk), School of Engineering, The University of Edinburgh, United Kingdom
Stratford, Tim (tim.stratford@ed.ac.uk), School of Engineering, The University of Edinburgh, United Kingdom
Rotter, Michael (m.rotter@ed.ac.uk), School of Engineering, The University of Edinburgh, United Kingdom
Bisby, Luke (luke.bisby@ed.ac.uk), School of Engineering, The University of Edinburgh, United Kingdom 

This paper examines different forms of bonded FRP strengthening used to improve the shear capacity of thin web plate girders. Slender plates such as
the webs in plate girders are used in a variety of structural engineering applications because this results in an efficient use of material, and their
postbuckling reserve of stiffness and strength. In-plane loading of these thin plates close to (or even exceeding) the buckling load results in relatively large
out-of-plane displacement, which in turn induces high secondary bending stresses at the welded plate boundaries. The fatigue performance due to these
bending stresses is of particular concern.
This paper presents the result of tests performance on thirteen steel plates subjected to in-plane shear. The plates were tested for in-plane shear using a
specially manufactured “picture frame” arrangement that has been designed to induce the proper boundary conditions and stress distributions to simulate
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the web plates in realistic plate girders.
The aim of this initial series of tests is to investigate the performance of different forms of strengthening under static load, in preparation for a series of
cyclic tests that will investigate the fatigue performance of the strengthened system. So far, only the static tests have been started, involving different FRP
materials (CFRP and GFRP), different forms of FRP (flat or corrugated sections), and different orientations (e.g. aligned with the tensile or compressive
diagonals), applied to the steel plates. Each of the test configurations have also been analysed numerically, and then combination of experimental and
numerical work is used to suggest the most appropriate strengthening method for fatigue performance.

8054 | Semi-analytical panel buckling of cylindrical composite grid-stiffened structures comprising discrete stiffener
formulations (24. Buckling problems)

Weber, Markus J. (markus.weber@airbus.com), Airbus Group Innovations, Germany
Middendorf, Peter (peter.middendorf@ifb.uni-stuttgart.de), University of Stuttgart, Institute of Aircraft Design (IFB), Germany 

The ultimate load-carrying capability of grid-stiffened structures like isogrid or orthogrid under in-plane compression or shear is typically determined
through equivalent stiffness methods, more colloquially known as smearing techniques. These smeared stiffnesses are then applied to buckling criteria of
an unstiffened shell to predict general instability, respectively global buckling. However, these predictions frequently show substantial non-conservative
deviations when comparing e.g. against FEA or test data. One of the reasons may be found in the neglected discrete nature of the grid-stiffened shell,
which effectively does not comply with the assumptions implied in smeared stiffnesses. In particular for the case of a wide-spaced arrangement of
stiffeners, the resulting buckling patterns obey the cell-like structure and develop localised instability, spanning several adjacent skin fields, but leaving
some stiffeners unaffected, respectively undeflected. This mode of instability is denoted panel buckling.
For the purpose of improved accuracy, a semi-analytical approach is formulated based on the Ritz energy method encompassing a composite cylindrical
panel subject to in-plane compression and shear forces, stiffened by a selection of axial, circumferential and diagonal eccentric stiffeners, and making use
of periodic boundary conditions. The explicit prediction of panel buckling modes is achieved by the definition of a multitude of specific admissible
displacement fields which circumvent possible anterior skin buckling.
Results are derived for isogrid, diamond grid and orthogrid panel configurations and compared against global buckling using smeared stiffnesses,
underlining the importance of the discrete treatment of the stiffening structure. Parametric studies lead to the observation of differing design optima with
respect to global and panel buckling and guide the definition of beneficiary stiffener arrangements and cross-sections in preliminary design tasks.

8619 | THE SINGLE PERTURBATION LOAD APPROACH APPLIED TO COMPOSITE CONICAL COMPOSITE
STRUCTURES: SIMULATION AND VALIDATION (24. Buckling problems)

Regina Khakimova (regina.khakimova@dlr.de), DLR, Germany
Richard Degenhardt (richard.degenhardt@dlr.de), DLR, Germany
Rolf Zimmermann (rolf.zimmermann@dlr.de), DLR, Germany 

Thin walled conical structures are widely used in aerospace, offshore, civil and other engineering fields and industries. One example for conical shells is
for instance parts of launcher transport systems. The running EU project DESICOS (New Robust DESIgn Guideline for Imperfection Sensitive COmposite
Launcher Structures, contributes to lighter and cheaper structures by a new design procedure for imperfection sensitive composite launcher structures,
exploiting the worst imperfection approach efficiently. For most relevant architectures of cylindrical and conical launcher structures (monolithic, sandwich -
without and with holes) 12 partners develop new design methods which will be validated by tests of structures designed and manufactured within the
project. Hühne developed the Single Perturbation Load Approach (SPLA), a robust design method that stimulates a single buckle, which is assumed as a
“worst-case” geometrical imperfection. The method accounts for imperfections of geometry only. There have been carried out considerably more
numerical, analytical and experimental studies on cylindrical shells than on conical shells. This study focuses on validation of the SPLA for the composite
conical structures. The finite element analysis results have to be correlated with the buckling tests (axial compression).
From the numerical simulations in the previous studies it was concluded that the KDF values obtained using the SPLA could be almost twice as big as the
NASA KDF. The SPLA applied to the structure with the thickness and/or mid-surface imperfection gives 1.8 % deviation between minimum and maximum
value of KDF. Therefore, the SPLA applied to the perfect structure could be used in the early stage design to represent with reasonable accuracy the
behaviour of a structure with geometric imperfections. However, this preliminary conclusion has to be corroborated by tests.

8697 | Analytical formulation for the postbuckling analysis of unsymmetrically laminated composite plates under
combined inplane compression and shear loading (24. Buckling problems)

Kun Nie (niekun_2008@163.com), School of Aerospace Engineering and Applied Mechanics,Tongji University, China
Yi Liu (liuyi.chine@126.com), School of Aerospace Engineering and Applied Mechanics,Tongji University, China
Ying Dai (ydai@tongji.edu.cn), School of Aerospace Engineering and Applied Mechanics,Tongji University, China 

The paper present a closed-solution for the postbuckling behavior of long unsymmetrically rotationally-restrained laminated composite plates subjected to
compression and shear load combinations. In analysis, the plates under consideration are assumed to be infinitely long and elastically restrained in the
longitudinal edges. Nondimensional parameters are introduced in order to cover a wide class of material properties and laminate configurations. The
solution is derived by proposing shape function in conjunction with Galerkin method. Then the terms of displacements, strain and stress components can
be obtained analytically. Finally, the closed-form solution is validated by finite element simulation for finite length long plates under different ratio of
compression and shear loading and the comparison results show that the closed-form solution can predict the postbuckling behavior well in the initial
postbuckling phase. 
Keywords: Closed-form; Laminated composite plates; unsymmetrically; Postbuckling; 

8769 | Buckling analysis of stiffened composite pressure vessel under hydrostatic pressure using finite element
method (24. Buckling problems)

Abhijit Dey (aad.mec.abhi@gmail.com), National Institute of Technology, Silchar, India
Pannalal Choudhury (choudhury61@gmail.com), National Institute of Technology, Silchar, India
Krishna Murari Pandey (kmpandey2001@yahoo.com), National Institute of Technology, Silchar, India 
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The most important property required in any structural material is high strength to weight ratio and corrosion resistance, hence composite materials gained
grater interest in this field. The body of Unmanned Underwater Vehicle (UUV) is made up of composite cylindrical vessel which is subjected to different
kind of loads when they are travelling in their respective environment. Buckling and post-buckling are the most dominant failure mechanism when the
compressive stress generated by the external hydrostatic pressure reaches at elevated level in case of composite UUV. The present research was aimed
for comparing the performance of stiffened and un-stiffened filament wound composite pressure vessel used for under water vehicle applications. Three
different configurations of stiffener with three different fiber orientations ([±30/90] FW, [±45/90] FW & [±60/90] FW) have been considered for the buckling
analysis of filament wound carbon/epoxy composite pressure vessels. The analysis is performed by using commercial finite element software ANSYS 14.0
APDL. 10 MPa external hydrostatic is applied which is equal to the pressure at a depth of 1000 m in water. The analysis results showed that the stiffened
composite shell gives the higher value of critical buckling pressure compared to the un-stiffened ones. The finite element results also shows that the grid
stiffened composite pressure vessel with ply orientation [±60/90] FW can sustain maximum limit of applied hydrostatic pressure while compared with the
results for hoop oriented and vertically orientated stiffened composite pressure vessels.

8949 | NUMERICAL EVALUATION OF THE LOCAL BUCKLING MOMENT FOR PULTRUDED FRP BEAMS (24. Buckling
problems)

Ascione, Francesco (fascione@unisa.it), University of Salerno, Italy
Feo, Luciano (l.feo@unisa.it), University of Salerno, Italy
Minghini, Fabio (fabio.minghini@unife.it), University of Ferrara, Italy
Tullini, Nerio (nerio.tullini@unife.it), University of Ferrara, Italy 

The interest of the scientific community in obtaining the local buckling stresses for pultruded FRP (PFRP) shapes is shown by the huge number of
published studies on this subject. The main objective of the present paper is to provide accurate estimates of the local buckling moment for PFRP beams.
These estimates are fundamental for defining the nondimensional slenderness parameter introduced by the Italian Design Guide CNR DT 205/2007 [1] for
beams in pure bending. One of the most technically sound formulations is that proposed by Kollár [2], who derived explicit expressions for the critical
normal stresses of flange and web panels of PFRP beams that depend on the rotational stiffness of the web-flange junction in compression. This
formulation is based on a consolidated approach for estimating the flange buckling strength of typical steel profiles [3].
In the present paper, a literature review is initially reported. In particular, it is shown that the approximate expression for the critical stress provided in [3]
for steel members tends to underestimate the local buckling strength, especially in the case of wide-flange cross-section profiles. This underestimation
becomes particularly evident for PFRP beams. For example, in [4], on the basis of the results of 10 bending tests, an average ratio of 1.2 between
experimental and predicted local buckling moments was obtained. Anyway, it has clearly been shown that the web-flange junctions play a crucial role in
determining the buckling and ultimate strengths of PFRP beams [5]. Therefore, the experimental and numerical characterization of the junction behaviour
is necessary [6]-[7]. The rotational spring stiffness used in Kollár’s model to reproduce the behaviour of the web-flange junction seems sensitive to the
shear modulus of the flanges [4] and to the ratio Io,f/Io,w [8], with Io,f and Io,w being the ratios between transverse and longitudinal Young’s moduli for the
web and flanges, respectively. Hence, in the present paper estimates of this stiffness based on a series of finite element buckling analysis results are
finally reported. The influence of possible differences in the mechanical properties between flange and web panels is suitably taken into account.

[1] CNR, National Research Council of Italy. CNR-DT 205/2007: Guide for the design and construction of structures made of thin FRP pultruded elements,
2008. Available online at www.cnr.it.

[2] Kollár LP. Local buckling of fiber reinforced plastic composite structural members with open and closed cross-sections. J Struct Eng-ASCE
2003;129(11):1503-1513.

[3] Bleich F. Buckling strength of metal structures. New York: McGraw-Hill Book Company, Inc., 1952.

[4] McCarthy MJ, Bank LC. Sensitivity studies on local flange buckling equations for pultruded beams and columns. In: Ye L, Feng P, Yue Q, editors.
Advances in FRP Composites in Civil Engineering, Proceedings of the 5th International Conference on FRP Composites in Civil Engineering (CICE 2010).
Beijing: Springer, 2010, p. 115-118.

[5] Bank LC, Yin J. Failure of web-flange junction in postbuckled pultruded I-beams. J Compos Constr 1999;3(4):177-184.

[6] Turvey GJ, Zhang Y. A computational and experimental analysis of the buckling, postbuckling and initial failure of pultruded GRP columns. Comput
Struct 2006;84(22-23):1527-1537.

[7] Feo L, Mosallam AS, Penna R. Mechanical behavior of web-flange junctions of thin-walled pultruded I-profiles: an experimental and numerical
evaluation. Compos Part B-Eng 2013;48:18-39.

[8] Laudiero F, Minghini F, Tullini N. Postbuckling failure analysis of pultruded FRP beams under uniform bending. Composites Part B: Engineering 2013;
54: 431-438.

9049 | A NEW FOURIER−RELATED DOUBLE SCALE ANALYSIS FOR WRINKLING ANALYSIS OF THIN FILMS ON
COMPLIANT SUBSTRATES (24. Buckling problems)

Qun Huang (huang.qun@whu.edu.cn), Wuhan University, China
Jie Yang (jie_yang@whu.edu.cn), Wuhan University, China
Wei Huang (w.huang@whu.edu.cn), Wuhan University, China
Heng Hu (huheng@whu.edu.cn), Wuhan University, China
Gaetano Giunta (gaetano.giunta@tudor.lu), Centre de Recherche Public Henri Tudor, Luxembourg
Salim Belouettar (salim.belouettar@tudor.lu), Centre de Recherche Public Henri Tudor, Luxembourg 

In this paper, a new Fourier-related double scale approach is presented to study the wrin- kling of thin films on compliant substrates. By using the method
of Fourier series with slowly variable coefficients, 1D microscopic model proposed by [1] is transformed into a 1D macroscopic film/substrate model whose
meshes are not related with the wrinkling wavelength. Numerical tests prove that the new model significantly improves compu- tational efficiency with
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accurate results, especially when dealing with high wavenumber wrinkling phenomena. Besides, the lowest wrinkling pattern is automatically predicted by
accounting for several harmonics in Fourier series with a given random wavenumber. The established nonlinear system is solved by Asymptotic Numerical
Method (ANM), which has advantages of efficiency and reliability for stability analyses.

Key words: Fourier series, Film/substrate, Wrinkling, Asymptotic Numerical Method

REFERENCES
[1] J. Yang, Q. Huang, H. Hu, G. Giunta, S. Belouettar, M. Potier-Ferry, A new family of finite elements for wrinkling analysis of thin films on compliant
substrates, Composite Structures 119 (2015) 568–577.

9166 | Refined Buckling Analysis of Composite Plates Under Various Boundary Conditions (24. Buckling problems)

Dozio, Lorenzo (lorenzo.dozio@polimi.it), Politecnico di Milano, Italy
Vescovini, Riccardo (riccardo.vescovini@polimi.it), Politecnico di Milano, Italy 

Composite structures are increasingly used in modern engineering applications. Among the different geometries, quadrilateral plates are commonly found
in various constructions, such as aircraft wing or tail panels. Many efforts in the literature have been devoted to the study of thin and thick composite
plates by means of analytical and semi-analytical methods. In the past, solutions have been derived in the context of first- and higher-order shear
deformation theories. Depending on the loading and the boundary conditions, these solutions can be found in exact or approximate manner [1]. 
In this paper, the buckling of laminated plates under in-plane loadings is assessed by applying the Ritz method. The formulation is developed within the
framework of a variable-kinematic theory, offering the advantage of automatically handling theories of various order in the context of the same, unified,
approach. Both layerwise and equivalent single layer theories are considered.
As compared to other works in the literature, where restrictions exist with regard to the lay-ups - often limited to cross-ply - and the boundary conditions -
in most cases of simple-support at two parallel edges or at the four edges -, the present approach makes possible the analysis of a wider range of
configurations. Any combination of simply-supported, clamped and free edges can be handled, and lay-ups are not limited to the cross-ply sequences.
Furthermore, multi-axial loading conditions of bi-axial compression/tension and shear are accounted for.
The problem is formulated referring to the Principle of Virtual Displacements (PVD). Following a previous study on the free vibrations of skewed composite
plates [2], the three components of the displacement are expanded as the product of Chebyshev polynomials and boundary characteristic functions. The
Ritz fundamental nuclei of the variable-kinematic approach, whose expression is independent on the order of theory, are derived and successively
expanded at ply and laminate level. The buckling problem is reduced to a standard eigenvalue problem and is characterized by a relatively small number
of degrees of freedom. Therefore, it is suitable to perform parametric studies and trace design charts with a reduced computational effort. 
The potentialities of the method are assessed by presenting the results for a wide range of configurations, including different material anisotropy ratios,
lay-ups and width-to-thickness ratios. Results are provided also in the form of interaction curves for various loading and boundary conditions. The quality
of the predictions is validated by comparison with three dimensional solutions available in the literature, and with the exact solutions obtained referring to
the Lévy-type solution of the same problem. Thanks to their accuracy, the results here presented can be a useful reference to be used in the future by
other researchers for benchmarking purposes. 

References
1. J.N. Reddy. Mechanics of Laminated Composite Plates and Shells: Theory and Analysis. CRC Press, Boca Raton, 2004.
2. L. Dozio, E. Carrera, Ritz analysis of vibrating rectangular and skew multilayered plates based on advanced variable-kinematic models. Composite
Structures, 94(6):2118-2128, 2012.

9193 | Unilateral contact buckling of stiffened rectangular plate under non-uniform compression (24. Buckling problems)

Zhang, Ning (johning@live.cn), College of Water Resources and Architectural Engineering, Northwest A�F University, China
Liu, Yong J. (steellyj@126.com), Bridge Engineering Institute, Chang’an University, China
Li, Hui (lihui2210@yeah.net), Bridge Engineering Institute, Chang’an University, China 

Local buckling of rectangular concrete-filled steel tube (CFT) member can be categorized as the stability issue of unilaterally constrained plate under in-
plane load. This study presented a solution method for unilateral buckling behavior of longitudinal stiffened plate subjected to combined bending and
compression. The concrete infill is considered as tensionless elastic foundation, allowing the local buckling mode to be simulated by a series of eigen
functions. Using the principle of minimum total potential energy, the plate buckling equations were derived. After that, the Galerkin’s method was
employed to convert the governing partial differential equations into a set of nonlinear algebraic equations. The buckling coefficient was obtained through
an iteration method, and a new modified path-following constraint was founded to accelerate convergence velocity. In addition, the variations of critical
buckling coefficient k and breadth to thickness ratio (b/t) limition with longitudinal stiffener were discussed. It shows that the local buckling load can be
enhanced by optimizing the stiffener’s position and cross section. The buckling modes changed by the stiffener, including wavelength and distribution,
were also showed. Comparisons were made with results available in the related researches to prove the validity of this approach. The proposed method
can be adopted in the local buckling analysis for thin-walled steel plate of CFT.

9232 | Thermal Buckling of Empty Closed Cylindrical Nano-Tube Viruses under External Pressure (24. Buckling problems)

Karasoy, Taner (tanerkarasoy@hotmail.com), Gebze Technical University, Turkey
Oktem, Ahmet S. (sinan_oktem@yahoo.com), Gebze Technical University, Turkey 

Viruses are nanometer-sized living objects which carry the genetic codes (DNA or RNA) of the body and they are coated by a protein shell known as
capsid. In this study, an analysis for the thermal buckling of empty (without genetic materials) closed cylindrical capsid shells subjected to external
pressure varying as a power function of time is presented.
The stability and compatibility equations are obtained by using the classical shell theory. Analytical solution is assumed to satisfy the simply supported
boundary conditions and Navier method is applied to obtain the closed-form relations of buckling loads. Critical buckling loads are obtained by considering
the different values of the loading parameters. The results show that the critical parameters are affected by the variations of loading parameters and by
the temperatures.
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6351 | Interlaminar interface Modeling for delamination predicting in a new woven composite for orthopedic use (25.
Failure and Damage)

Djebbara BENZERGA (djeb_benz@yahoo.fr), USTO-MB, Algeria
Abdelkader HADDI (abdelkader.haddi@univ-artois.fr), University of Artois, France
Antoine LAVIE (antoine.lavie@univ-artois.fr), interlaminar, France 

In this study, delamination initiation and propagation are numerically predicted of a new laminated composite reinforced with natural organic load. This
hybrid composite is used for the manufacture of composite for orthopedic use and also for other applications in the future. In order to describe the
interface damage, an approach based on the indirect use of fracture mechanics considering a softening stress-relative displacement law is presented.
Numerical simulations are compared with experimental results carried out in 3ENF deflection in order to detect the initiation and damage growth of new
composite.

6360 | An energetic approach to the low cycle fatigue damage of sandwich structures with Separation of core shear
energy in flexural loading (25. Failure and Damage)

Akram, Hina (hinaakram41@hotmail.com), University of Engineering and Technology, Taxila, Pakistan, Pakistan
Shah, Masoodur Rahman (masood.shah@uettaxila.edu.pk), University of Engineering and Technology, Taxila, Pakistan, Pakistan
Zia, Benazir (bz_913@yahoo.com), University of Engineering and Technology, Taxila, Pakistan, Pakistan
Nauman, Saad (saad.nauman@ist.edu.pk), Institute of Space Technology. Islamabad, Pakistan , Pakistan
Nasir, Muhammad Ali (ali.nasir@uettaxila.edu.pk), University of Engineering and Technology, Taxila, Pakistan, Pakistan
Khan, Zaffar M. (zaffar.khan@ist.edu.pk), Institute of Space Technology. Islamabad, Pakistan , Pakistan 

Paper aims to characterize the damage due to shear buckling of the core in sandwich composite structures. Composites of CFRP face-sheets of different
thicknesses (1 and 3 layers) with an 8mm core of Nomex honeycomb are tested. A method is developed to perform DIC on sandwich composite structures
in order to measure the shear strain. The evolution of shear strain is plotted along the length of the specimen. The effect of low cycle fatigue loading on
the shear strain evolution is investigated. Hysteresis curves of load vs. shear strain are plotted. Shear energy absorption by the composite structure is
calculated. The evolution of the shear energy absorption under LCF conditions and the effect of face-sheet thickness on the shear energy absorption are
also studied. An energy absorption criterion for sandwich structures is developed. It compares the evolution of absorption of energy due to shear during
cycling for materials with different face-sheet thicknesses. This criterion can be used to remove the effect of face sheet stiffness on the total energy
absorption, thus only shear absorption by the core can be measured under LCF conditions.

6704 | Fracture analysis for the attachment of fiber reinforced plastic composite on a V-notch wedge structure (25. Failure
and Damage)

Chen, T.H. (lorderchen@hotmail.com), Department of Mechanical Engineering, Yung Ta Institute of Technology and Commerce, Taiwan 

Many engineering components and structures contain sharp V-notches with various angles, and it is widely recognized that sharp V-notches are regarded
as wedge structures. When the structure is subjected to mechanical loads, the apex develops intense stress and is vulnerable sites to initiate failure on
brittle materials. 
In the present work sharp V-notched specimens can be reinforced by CFRP composites surface attachment and corresponding fracture behaviors are
investigated experimentally. The results obtained from the cross section of fracture show that the fracture is absolutely delayed for the two-sided
reinforced specimen. In addition, the finite element software is used to study the localized stress at the notch tip. Based on critical forces, the critical value
of stress intensity factors are obtained through finite element analysis. The objective of this paper is to show the advantages of the CFRP attachment for
reducing fracture of V-notched components.

6837 | Dynamic prediction fatigue life of composite wind turbine blade (25. Failure and Damage)

Samir, Lecheb (samir_lecheb@yahoo.fr), University of Boumerdes, Algeria
Abdelkader, Nour (c.chellil@yahoo.fr), University of Boumerdes, Algeria
Ahmed, Chellil (abdelkader-nour@hotmail.fr), University of Boumerdes, Algeria
Hamza, Mechakra (h.mechakra@yahoo.fr), University of Boumerdes, Algeria
Hichem, Ghanem (g_hichem@yahoo.fr), University of Boumerdes, Algeria
Hocine, Kebir (h.kebir@yahoo.fr), University of Compiene, France 

In this paper we are particularly focusing on the dynamic crack fatigue life of a 25 m length wind turbine blade. The blade consists of composite materiel
(glass/epoxy). This work consisted initially to make a theoretical study, the turbine blade is modelled as a Timoshenko rotating beam and the analytical
formulation is obtained. After applying boundary condition and loads, we have studied the stress, strain and displacement in order to determine the critical
zone, also show the six first modes shape to the wind turbine blade. Secondly was addressed to study the crack initiation in critical zone which based to
finite element to give the results, then follow the evolution of the displacement, strain, stress and first six naturals frequencies as a function of crack
growth. In the experimental part the laminate plate specimen with two layers is tested under cyclic load in fully reversible tensile at ratio test (R=0), the fast
fracture occur phenomenon and the fatigue life are presented , the fatigue testing exerted in INSTRON 8801 machine. Finally which allows the knowledge
their effect on the fatigue life, this residual change of dynamic behavior parameters can be used to predicted a crack size and diagnostic of blade.

6879 | Intralaminar and Interlaminar Failures of Laminated Composite Structures Due to Low Velocity Impact (25. Failure
and Damage)

Masoud Kharazan (kharazan.m@gmail.com), Amirkabir University of Technology, Iran
Mohammad Homayoune Sadr (sadr@aut.ac.ir), Amirkabir University of Technology, Iran 

In this paper the capability of a finite element model based on shell element approach and a cohesive zone modelling for laminated composite structures
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subjected to low velocity impact was investigated. Various procedures are available to modelling impact phenomena by commercial finite element codes.
Accurate modelling of contact phenomena is based on appropriate selection of element type, solution method, failures criteria and contact modelling. Most
important mechanisms of energy absorption in a laminated structures composed of composite materials due to low velocity impact are intralaminar and
interlaminar failures. These failures modelled with a failure criterion and cohesive zone modelling. The impact response and failures of a laminated
composite plate was simulated using explicit nonlinear finite element code LS-DYNA. Focus of this study is to develop an efficient modelling with good
accuracy to predict impact response and damage developed due to low velocity impact and compares with experimental results from literature.

Keywords: Low velocity impact; Intralaminar failure; Laminated structure; Delamination

7105 | Comparisons of performances of several new designs of shockAbsorbers (25. Failure and Damage)

Dorival, Olivier (Olivier.Dorival@insa-toulouse.fr), Institut Clément Ader - Toulouse, France
Navarro, Pablo (pablo.navarro@univ-tlse3.fr), Institut Clément Ader - Toulouse, France
Ferrero, Jean Francois (jean-francois.ferrero@univ-tlse3.fr), Institut Clément Ader - Toulouse, France
Petiot, Caroline (caroline.petiot@airbus.com), Airbus group SAS Innovations, France
Bermudez, Michel (michel.bermudez@airbus.com), Airbus group SAS Innovations, France 

In the field of shock absorption, composite materials coupled with emerging reinforcement techniques opens a wide range for new designs. In this
contribution several foam/woven composite structures are challenged by dynamic impact loadings such as dynamic crushing tests and canon ball impact
tests. Starting from a foam part simply braided with a Kevlar fiber woven composite as a reference, several configurations are tested that involve inner
reinforcement walls made of carbon and/or kevlar woven composites and discrete reinforcement techniques such as stitching and sewing. 
A numerical study and an analytical study are also performed. For the numerical study, the FEM strategy to model the braided woven fabrics is used in
order to have a better understanding of the influence of the different rupture mechanisms on the impact response.
Exploitation of the tests results allows to get some clues about the damage mechanisms involved and to draw some conclusions about the performances
of the structures tested. The numerical results are compared to those obtained experimentally.

7468 | Evaluation of compressive test methods for braided composites using coupon and tube specimens (25. Failure and
Damage)

Michaelis, Daniel (michaelis@ifb.uni-stuttgart.de), Institute of Aircraft Design, Germany
Prinz, Nicolai (nicolai@prinz28.de), Institute of Aircraft Design, Germany
Middendorf, Peter (middendorf@ifb.uni-stuttgart.de), Institute of Aircraft Design, Germany 

Near net-shaped braided composites have the property to be always geometry-bound, meaning that the semi-finished product and the geometry of the
structure are manufactured simultaneously. This is unlike weaves and non-crimp fabrics, which are produced independently of the final structure. 

Hollow, tube-like structures with a large length-to-width-ratio are the principal application of braided composites. Thus, it makes sense to use realistic test
specimens, which represent simplified structures. Ideally, tubes with a constant circular cross-section are used for testing. This way, the local effects of
e.g. edges on the usually used coupon specimens are eliminated. 

Here, a quantitative comparison of two compressive test methods for braided carbon-epoxy composites with different braiding angles is presented. Using
adequate test setups, standard coupon specimens and tube specimens are tested up until failure. The differences in stiffness, strength and ultimate strain
between the two test series are analysed and interpreted. For biaxial braids, the test results show that the qualitative behaviour of the two test types is
similar. However, both the strength and the ultimate strain of the tested tubes are lower than the values of the coupons. Analytical and numerical
calculations indicate that buckling can be excluded.

Based on these findings, a recommendation for future testing of braided composites is given.

7494 | 3D CRACK ANALYSIS OF A CHOPPED GLASS-REINFORCED POLYESTER CRUCIFORM SPECIMEN UNDER
BIAXIAL LOADING USING TWO DIFFERENT NUMERICAL TECHNIQUES FOR MODELLING CRACKS: XFEM AND A
PROGRESSIVE DAMAGE MODEL (25. Failure and Damage)

Navarro-Zafra, J. (jnavarrozafra1@sheffield.ac.uk), University of Sheffield, United Kingdom
Curiel-Sosa, J.L. (j.curiel-sosa@sheffield.ac.uk), University of Sheffield, United Kingdom
Serna Moreno, M.C. (mariacarmen.serna@uclm.es), Universidad de Castilla la Mancha, Spain 

In this article, in order to computationally simulate the crack behaviour of a 3D chopped glass-reinforced polyester (CGRP) structure subjected to a biaxial
in-plane loading, two different numerical techniques were considered. Firstly, the crack initiation and propagation of the CGRP structure was modelled by
means of eXtended Finite Element Method (XFEM). This discontinuous approach allowed the crack propagation to be mesh-independent so no-
conforming mesh was necessary contrary to the traditional Finite Element Method (FEM). In this case, crack initiation using XFEM was solution-
dependent, thus, as a natural output the crack initiates without any a priori crack definition. Secondly, a novel progressive damage model (PDM) for
prediction of damage in fibre-reinforced composites was implemented into the CGRP specimen. For computing the dominant damage mode into the PDM
a new characterization of unitary damage directors was given. Finally, computational and experimental results were compared showing a reasonable
agreement for the two numerical approaches.

7532 | MODELLING ADHESIVELY-BONDED JOINTS IN COMPOSITE STRUCTURES BY COHESIVE ZONE MODELS (25.
Failure and Damage)

Campilho, Raul D.S.G. (raulcampilho@gmail.com), ISEP, Portugal 

Bonded joints are widely used in several fields of engineering, as an easy and efficient method to join components. Cohesive Zone Models (CZM) have
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been used in the last decade for their strength prediction, allowing simulation of damage growth within bulk regions of continuous materials or interfaces.
Compared to conventional FE, a much more accurate prediction is achieved, as this technique provides an accurate representation of the entire failure
process. A useful feature of CZM is that different shapes can be developed for the cohesive laws, depending on the material or interface to be simulated,
allowing a faithful representation of the fracture processes. The triangular and trapezoidal CZM shapes are most commonly used for strength prediction of
typical structural materials.

This work studies the influence of the CZM shape used to model a thin adhesive layer in single-lap carbon-epoxy composite adhesive joints, for an
estimation of its influence on the strength prediction under different material conditions. As a result of this study, some conclusions were established to
assess the importance of using a CZM shape for a given adhesive that faithfully represents its behaviour, under different material behaviours (a brittle and
a ductile adhesive were tested). The viability of using a triangular CZM that is easier to use, without compromising the accuracy of the results, was also
assessed.

7616 | Experimental Verification of a Matrix Failure Criterion for a Laminated Composite Material under Biaxial Loading
(25. Failure and Damage)

Chowdhury, Nayeem T. (nayeem.chowdhury@monash.edu), Monash University, Australia
Wang, John J. (John.Wang@dsto.defence.gov.au), Defence Science and Technology Organisation, Australia
Chiu, Wing K. (wing.kong.chiu@monash.edu), Monash University, Australia
Yan, Wenyi (wenyi.yan@monash.edu), Monash University, Australia 

Advanced composites have increasingly gained popularity since the 1970s, yet the failure theories used to predict their material behaviour is a field of
research that is still being explored. It is due to reasons such as these that different modes of failure for a composite need to be looked at. 
In this paper the authors look at matrix dominant failure under biaxial loading. There have been little experimental results published in literature to
examine this mode. A biaxial composite specimen designed to carry out such tests is presented alongside experimental results. 
A micromechanical approach based on finite element analyses is used to obtain the failure stress within the matrix phase of a representative volume
element. The failure of the composite specimen was captured through the use of a thermal camera where the corresponding biaxial failure loads were
recorded. The experimental failure loads were applied in a finite element macromechanical analysis of the laminate to obtain the macroscopic failure
strain components at the failure area. In the micromechanical analysis, the failure strains obtained from the macroscopic FEA were applied as the loading
condition on the representative volume element. These failure stress results in the matrix are compared to experiments performed on a carbon fibre/epoxy
resin lamina specimen and a pure resin specimen. The resins in both specimens were identical. A failure criterion for matrix dominant failure within the
tension-tension quadrant of the biaxial failure envelope is then presented. It is shown that biaxial tests performed on the specimen made purely of the
isotropic resin matrix material gives a close predication of initial matrix failure within the composite lamina.

7626 | Numerical procedure for mesoscopic scale damage modeling of woven polymer matrix composites (25. Failure and
Damage)

Doitrand A. (aurelien.doitrand@onera.fr), Onera -The French Aerospace Lab, France
Fagiano C. (christian.fagiano@onera.fr), Onera -The French Aerospace Lab, France
Hirsekorn M. (martin.hirsekorn@onera.fr), Onera -The French Aerospace Lab, France
Chiaruttini V. (vincent.chiaruttini@onera.fr), Onera -The French Aerospace Lab, France 

Woven composites are of great interest for industrial applications as they are increasingly used for lightweight applications in aeronautics as well as in the
automotive industry. The reinforcement can be draped or directly woven into complex shapes, which reduces the number of assembly operations needed,
and hence the number of weak points in the structures as well as production costs. The multi scale nature of woven composites poses a challenge to the
development of reliable finite element (FE) models able to predict the macroscopic structural response of a mechanical part. In order to take into account
the influence of the fiber reinforcement architecture on the mechanical behaviour of a part, such modeling is carried out at the mesoscopic level, which is
the scale of the yarns. In particular, the modeling of damage at the mesoscopic scale requires a precise description of the interlaced warp and weft yarns
to identify damage mechanisms such as (i) intra yarn transverse cracks, (ii) decohesion between yarns or between yarns and matrix and (iii) inter yarn
matrix cracks. Therefore, the composite is represented in the numerical model by the smallest pattern representative of the whole reinforcement
architecture: the Representative Unit Cell (RUC). 
A FE strategy is presented in order to identify and model the characteristic mesoscopic damage mechanisms of textile reinforcements embedded in a
solid polymer matrix. A consistent mesh of the RUC of a multi-layered plain weave fabric composite taking into account the influence of the dry fabric
preforming before resin injection, the relative shift and nesting between fabric layers is used. An appropriate mesh quality is ensured using both geometry-
and energy-based error indicators. The effects of mesoscopic damage on the macroscopic mechanical properties, obtained performing periodic
homogenization, are evaluated by inserting discrete cracks in the FE meshes. A failure criteria for fiber reinforced polymer composites is used to
determine intra yarn damage onset. The numerical results show the same trends as the experimental observations. However, this method is only suitable
for loading conditions under which the damage mechanisms are a priori known (such as uni-axial tension along the warp or weft direction). For more
complex loading conditions, fracture mechanics-based tools developed at ONERA are used to simulate damage propagation in the RUC. 

7632 | Study of the interlanminar fracture of composite materials in mode III (25. Failure and Damage)

Cynthia Aoun (cynthia.aoun@std.balamand.edu.lb), University Of Balamand, Lebanon
Assaad Hani (assaad.hani@std.balamand.edu.lb), University Of Balamand, Lebanon
Issam Tawk (issam.tawk@balamand.edu.lb), University Of Balamand, Lebanon
Jihad Rishmany (jihad.rishmany@balamand.edu.lb), University Of Balamand, Lebanon
Nicolas Saba (nicolas.saba@balamand.edu.lb), University Of Balamand, Lebanon 

The purpose of this study was to identify the behavior of composite materials in mode III interlaminar fracture using the Split Cantilever Beam (SCB) test.
A delamination was introduced at the mid-plane of the tested specimens. A SCB fixture was designed to provide the corresponding load configuration and
to get a pure mode III effect on the crack tip. Load versus displacement curves were given by the UTM (Universal Test Machine) and were used in the
calculation of the mode III critical energy release rate (GIIIc). A finite element model using MSC SimXpert was used to verify the experimental results and
investigate the crack propagation using the VCCT (Virtual Crack Closure Technique) method. Studies were performed for different initial crack lengths and



08/05/15 15:14Conferências 5: Book of Abstracts

Page 240 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

with respect to the specifications provided by the ASTM (American Society for Testing and Materials). The effects of both modes I and II were studied and
analyzed in order to confirm the accuracy and relevance of the SCB method for the calculation of the mode III critical energy release rate. 

Keywords: composite materials, mode III, energy release rate, delamination, crack propagation.

7676 | Brittle interface crack between two elastic layers (25. Failure and Damage)

Harvey, C. M. (C.M.Harvey@lboro.ac.uk), Loughborough University, United Kingdom
Wood, J. D. (J.Wood@lboro.ac.uk), Loughborough University, United Kingdom
Wang, S. (S.Wang@lboro.ac.uk), Loughborough University, United Kingdom
Watson, A. (A.Watson@lboro.ac.uk), Loughborough University, United Kingdom 

The 2D elasticity mixed-mode partition problem is revisited for rigid interface cracks between two elastic layers. Because of material mismatch, the stress
field near the crack tip has strong oscillations. This results in the non-convergence behavior of individual energy release rate (ERR) partitions with
reducing crack extension size although the total ERR and individual stress intensity factors (SIFs) stress still have definite values. Hence, individual SIFs
are often used to study the fracture behavior near the crack tip. By extension of the authors’ recent works and the works of previous researchers,
completely analytical expressions are derived for the SIFs. Excellent agreement is observed between the present completely analytical results and the
previous semi-analytical results.

7677 | Experimental assessment of mixed-mode partition theories for fracture toughness in laminated composite
beams (25. Failure and Damage)

Harvey, C. M. (C.M.Harvey@lboro.ac.uk), Loughborough University, United Kingdom
Eplett, M. (M.R.Eplett@lboro.ac.uk), Loughborough University, United Kingdom
Wang, S. (S.Wang@lboro.ac.uk), Loughborough University, United Kingdom
Cunningham, P. (P.Cunningham@lboro.ac.uk), Loughborough University, United Kingdom 

Three mixed-mode partition approaches are assessed for delamination in generally laminated composite beams by using extensive experimental data.
The approaches are the 2D finite element method (FEM), the crack tip element non-singular field (CTE/NSF) partition theory developed by Davidson with
the aid of experimental results, and the completely analytical Euler beam partition theory developed by Wang and Harvey. Two different fibrous laminated
materials are considered, namely low-toughness C12K/R6376 and high toughness T800H/3900-2. The laminates considered include both unidirectional
and multi-directional layups with delamination occurring on 0/0, 0/45, 45/0, 45/45 and -45/+45 interfaces. The assessment shows that the 2D FEM
approach has poor agreement with Davidson’s fracture toughness data obtained from experimental testing, but that the CTE/NSF and the Euler
approaches produce very good agreement.

7678 | Effect of through the Thickness Selective Stitching on Inter-laminar Strength in Bonded Lap Joints of Composite
Laminates (25. Failure and Damage)

Herle, Hemanth R. (hemanth_herle@infosys.com), Infosys Limited, India
Kumar, Ravi GVV (ravikumar_gvv@infosys.com), Infosys Limited, India 

In a typical bonded lap joints of composite laminates, the inter-laminar/interface strength is weak compared to the in-plane strength. This strength can be
improved by through the thickness selective stitching. In current paper, using the stress based material failure model, studies are made on the various
influencing factors of stitching on the strength of a typical lap joint. Present study is performed using ABAQUS due to its strong nonlinear analysis
capabilities and provisions for performing progressive failure studies. Typical bonded lap joints (single and double) with unstitched and stitched
configurations are analyzed. The effect of through the thickness stitching (TTTS) is assessed for factors like selective stitching, stitch density and stitch
material. 

It is observed that in unstitched model the failure initiation is primarily caused by stresses in the thickness direction at the edges of the lap. The same
stresses are found to reduce because of the effect of TTTS. Thus inter-laminar failure is delayed by the TTTS thereby increasing the capacity of the lap
joint. Increase in failure strengths is highly sensitive to the stitching density especially in case of single lap joints. The same is found to be significant only
for stitch spacing less than 4mm. Carbon and Kevlar fibers used as stitching materials did not make significant difference to the ultimate failure loads.
However, Carbon fiber is able to give better failure initiation strength compared to the Kevlar fiber in denser stitched models. The joints are further
analyzed for “Selective stitching” where in the stitching is restricted to the regions close to lap edges. The results show that selective stitching is able to
provide failure strengths close to that of overall stitched model.

Key Words – Through Thickness Stitching in Composites, Inter-laminar Strength, Finite Element, ABAQUS, USDFLD Subroutine

7704 | The Barenblatt analogue of dipolar gradient elasticity (25. Failure and Damage)

Gavardinas, Ioannis D. (gavardinas@uth.gr), Laboratory for Strength of Materials and Micromechanics, Department of Civil Engineering, University of
Thessaly, Volos, Greece, Greece
Giannakopoulos, Antonios E. (agiannak@uth.gr), Laboratory for Strength of Materials and Micromechanics, Department of Civil Engineering, University of
Thessaly, Volos, Greece, Greece 

The cohesive zone theory is a popular one in the field of Fracture Mechanics. It originated in the 1960’s by G.I. Barenblatt. In this renowned work, the
fundamentals of the theory are presented. In brief, the fracture process is explained, as well as the development of a zone where the material inherently
exhibits cohesive forces that prevent further crack propagation. This specific consideration of the fracture process has attracted a lot of attention from
researchers over the time and led to its applicability in various fields (e.g. metals, biomaterials, composites, textiles, ceramics etc.).
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In the present study, this technique is examined within the context of dipolar gradient elasticity. The standard central crack problem is investigated and,
utilizing analytical solutions and numerical results, a linkage among cohesive zone metrics and dipolar gradient elastic constants is achieved.

The combination of these two theories and the emanating results seem to be satisfactorily describing the toughening mechanism of composites, as
relevant experiments on textile materials suggest.

7727 | Mechanical properties of a high strength Aluminium Alloy developed for ballistic protection application (25. Failure
and Damage)

Queudet Hippolyte (hippolyte.queudet@isl.eu), Institut de recherche de Saint Louis, Saint Louis, France
Lemonnier Sébastien (sebastien.lemonier@isl.eu), Institut de recherche de Saint Louis, Saint Louis, France
Barraud Elodie (elodie.barraud@isl.eu), Institut de recherche de Saint Louis, Saint Louis, France
Allain Nathalie (nathalie.allain@univ-lorraine.fr), LEM3, UMR CNRS 7239, Université de Lorraine, Metz , France
Gaffet Eric (erci.gaffet@univ-lorraine.fr), Institut Jean Lamour, UMR 7198 CNRS, Université de Lorraine, Nancy , France 

Lightweight materials are very attractive in the global industry, and more specifically in the automotive and aeronautics fields. For army vehicles the
reduction of the weight has increased the need for lightweight metal and ceramic armor systems.
Metal Matrix Composites-MMCs are thriving due to their superior mechanical performances over the conventional metal counterparts, for an equivalent
weight. In this group of materials, Aluminium alloy based MMCs stand out of the rest due to the advantage of lightweight. Furthermore, B4C, ranking third
regarding hardness and second regarding wear resistance, is also lighter than conventional other ballistic ceramics like Al2O3 or SiC, and has a good
chemical stability. All these characteristics make Al/B4C combination a very encouraging solution for armour systems.
The powder metallurgy route was chosen as it allows simultaneously a very fine control of the microstructure and a homogeneous distribution of
reinforcements. The powder is synthesized through high energy ball milling, and then consolidated through the spark plasma sintering technique, whose
parameters were optimized. The developed composites were mechanically tested in quasi-static and dynamic conditions.
Then, ballistic evaluation was performed on the composite against a 7.62 ammunition through the measurement of the residual velocity of the projectile.
Results were compared to the one observed for commercial aluminium alloy plates used in armour system.

7745 | Analysis of the crack propagation in composites with irregular microstructure (25. Failure and Damage)

Podgórski, Jerzy (j.podgorski@pollub.pl), Lublin University of Technology, Poland 

1. Introduction
Presented paper contains results of fracture analysis of brittle composite materials with a random distribution of grains like concrete and other geo-
materials. The composite structure has been modelled as an isotropic matrix that surrounds circular grains with random diameters and space position.
Analyses were preformed for the rectangular “numerical sample” by finite element method. These models were generated using the author’s computer
program RandomGrain. Fracture analyses were accomplished with the author’s computer program CrackPath3 executing the "fine mesh window"
technique. Calculations were preformed in 2D space assuming the plane stress state. 
2. Analysis of cracking
The CrackPath3 computer code is using the new criterion for prediction of the crack propagation direction which is simpler than suggested for
polycrystalline materials by Sukumar and Srolovitz [7]. The new strategy consists in exploiting the condition of the minimum energy of cracking material
calculated on the basis of the author's failure criterion (PJ criterion) for brittle materials [4,5]. The program calculates the stress field using finite elements
methods and then it seeks the point of the crack initiation on the basis of the JP criterion. This is the point of the highest value of the material effort
ratio.The the crack is assumed to continue in direction of highest value of the effort ratio gradient [6]. The value of the material effort ratio is calculated
based on the formula containing stress tensor components and material constants according to the PJ failure criterion.
After finding the direction of the crack propagation, a FE mesh is modified in surroundings of the crack tip in order to add the next crack segment with the
length equal to the size of the incised element. The procedure is carried on until the demanded number of steps is achieved or the crack stops
propagating. 
Other methods of analysis of crack propagation in the heterogeneous materials were described e.g. in papers: Bažant [1], Carpinteri and others.[2],
Mishnaevsky [3].
3. Conclusions
Very dense FE mesh in surroundings of the crack tip is necessary for receiving the satisfying accuracy of the results of cracking analysis based on finite
elements and re-meshing technique. It is particularly noticeable in case of materials with the complicated structure. Restrictions associated with the
computation time and possibilities of computer systems do not allow the unlimited increasing of the mesh density of the computational models. The
method presented in this paper allows overcoming some of these obstacles. It can be used to the purpose of shortening the computation time at the fixed
precision or increasing the precision at the settled computation time. 
4. References
[1] Z. Bažant, Concrete fracture models: testing and practice, Engineering Fracture Mechanics 69 (2002) 165-205
[2] A. Carpinteri, B. Chiaia, P. Cornetti, On the mechanics of quasi-brittle materials with a fractal microstructure, Engineering Fracture Mechanics 70
(2003) 2321-2349
[3] L. Mishnaevsky Jr, Computational Mesomechanics of Composites, John Wiley & Sons, Ltd, 2007
[4] J. Podgórski, General Failure Criterion for Isotropic Media. Journal of Engineering Mechanics ASCE, 111 2, pp. 188-201, 1985.
[5] J. Podgórski, Influence Exerted by Strength Criterion on Direction of Crack Propagation in the Elastic- Brittle Material. Journal of Mining Science 38 (4),
pp. 374-380, July- August, 2002, Kluwer Academic/Plenum Publishers.
[6] J. Podgórski, Criterion for angle prediction for the crack in materials with random structure, Mechanics and Control vol 30, No 4 (2011).
[7] N. Sukumar, D. J. Srolovitz, Finite element-based model for crack propagation in polycrystalline materials, Computational & Applied Mathematics, Mat.
apl. comput. vol.23 no.2-3 Petrópolis May/Dec. 2004

7766 | A fatigue failure theory for fibre-reinforced composite laminates based on the improved Puck’s failure theory (25.
Failure and Damage)

Dong, Hai (donghai@pku.edu.cn), Peking University, China
Li, Zhi (lizhisteve@pku.edu.cn), Peking University, China
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Wang, Jianxiang (jxwang@pku.edu.cn), Peking University, China
Karihaloo, Bhushan (KarihalooB@cardiff.ac.uk), Cardiff University, United Kingdom 

Fatigue is one of the most important failure modes of fibre-reinforced composites. In this paper, a new fatigue failure theory for multidirectional fibre-
reinforced composite laminates is developed, by combining the interaction residual strength and interaction residual stiffness models with the recently
improved Puck's failure theory [Dong, Wang and Karihaloo, 2014, Composites Science and Technology] which includes the in situ strength effect. This
fatigue theory can predict both the fatigue life and residual strength of fibre-reinforced composite laminates under multidirectional loadings, with
consideration of the gradual degradation of strength and stiffness of the laminate. The theoretical results are in good agreement with available
experimental results [Kawai and Honda, 2008, International Journal of Fatigue].

7801 | INTER-LAMINAR AND INTRA-LAMINAR DAMAGE GROWTH IN STIFFENED COMPOSITE PANEL WITH SKIN-
STRINGER DEBONDING (25. Failure and Damage)

aniello Riccio (aniello.riccio@unina2.it), Second University of Naples, Italy
Antonio Raimondo (an.raimondo@gmail.com), Second University of Naples, Italy
Francesco Scaramuzzino (francesco.scaramuzzino@unina2.it), Second University of Naples, Italy 

In this paper, a numerical study on inter-laminar and intra-laminar damage growth in a stiffened composite panel with a skin-stringer debonding is
presented. A novel numerical methodology, based on the Virtual Crack Closure Technique (VCCT) and fail release approach, developed and validated for
circular skin delamination in [1] has been improved here to predict the compressive behavior of stiffened panels with a partial separation between skin and
stringer. The methodology is able to predict the evolution of inter-laminar damages without the issue of the standard approach in terms of mesh size and
time increment dependency. A user material subroutine (USERMAT), which allows to define a custom material constitutive model, has been introduced to
predict the onset and evolution of intra-laminar damage. With the simultaneous use of both the procedures is possible to follow the damage evolution in
the stiffened panel up to the ultimate failure load. The effectiveness of the proposed methodology has been proved by comparison with literature
experimental data on a single-stringer composite panel and numerical results obtained with the standard VCCT approach implemented in a commercial
FEM software. The analysis of the load versus applied displacement curve and the assessment of the extension of the debonding at failure has been used
as criteria to evaluate the effectiveness and the accuracy of the proposed numerical tool.

7828 | A Stress-based Failure Criterion for Steel-Concrete Composite Wall Elements (25. Failure and Damage)

Song, Xiaobing (xbsong@sjtu.edu.cn), Shanghai Jiao Tong University, China
Wang,Hailin (wanghailin509@163.com), Shanghai Jiao Tong University, China 

A failure criterion model is presented for predicting the ultimate strength of steel-concrete sandwich composite (SC) wall elements subjected to in-plane
shear and normal stresses. In the new model, the SC wall is treated as a composite material and the concept of equivalent stress is introduced. A failure
envelope and failure surface demonstrated in principal stress space and σx-σy-τxy space respectively are proposed for convenient application.
Comparison of theoretical analysis with existing experimental results and detailed nonlinear finite element numerical simulation showed that the method
possesses the advantages of easy computation and high accuracy. In addition, the verified model is further modified to account for the effects of out of
plane shear stresses. The modified failure criterion, not only generates the principle of strength check and safety evaluation of SC wall elements under
complicated stress state, but also lays a foundation for force-based failure criterion of SC wall on the member level.

7835 | Stress concentration of composite laminates with large cutouts (25. Failure and Damage)

Chen, Jianlin (cjl@pku.edu.cn), Peking University, China
Li, Zheng (lizheng@pku.edu.cn), Peking University, China
Xu, Jifeng (xujifeng@comac.cc), Beijing Aeronautical Science & Technology Research Center, China
Lu, Zizi (luzizi@comac.cc), Beijing Aeronautical Science & Technology Research Center, China
Wang, Yan (wangyan11@comac.cc), Beijing Aeronautical Science & Technology Research Center, China 

The composite laminate with a big hole may induce serious stress concentration to threaten its integrity and strength, so it is an essential problem to study
in practical composite applications. However, the orthotropic and heterogeneous characters make the theoretical work difficult to carry on. In this paper,
the stress concentration of composite laminates with big holes is studied by numerical and experimental methods. Here, we consider two kinds of hole
(circular or rectangular) in composite laminates under two typical stress states, separately. One state is the simple unidirectional tension, the other one is
the pure shear in plane. After the numerical analysis by finite element method, the experiments are performed by strain gauges and digital image
correlation (DIC) method simultaneously during the loading process. Results reveal that the stress concentration factors with a big hole are higher than
the small hole situation, and the stress concentration locations are quite different from the isotropic homogeneous plate. Therefore, it should combine the
composite failure modes to study. In addition, the local buckling around the big hole can cause non-ignorable influence, especially under shear load.

7849 | Investigation of the interaction of damage mechanisms in composite materials (25. Failure and Damage)

Stier, Bertram (bertram.stier@rwth-aachen.de), Institute of Applied Mechanics, Germany
Bednarcyk, Brett A. (brett.a.bednarcyk@nasa.gov), NASA Glenn Research Center, United States America
Simon, Jaan-W. (jaan.simon@rwth-aachen.de), Institute of Applied Mechanics, Germany
Stefanie Reese (stefanie.reese@rwth-aachen.de), Institute of Applied Mechanics, Germany 

In the past decades, many stiffness reduction progressive damage models have been developed in order to capture the nonlinear anisotropic degradation
of composite materials. However, the interaction of the damage mechanisms apparent in heterogeneous media, and their effect on the effective,
homogenized material behavior is still part of the research. An experimental attempt to properly measure the damage evolution (or stiffness reduction) of a
composite in all directions is demanding even for all necessary loading scenarios. Thus, numerical investigations of representative volume elements
(RVEs) of the micro structure under periodic boundary conditions can be used to replace these experiments. Nonetheless, these micromechanical
investigations must be validated with experimental data. 
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In this work, the microstructure of a carbon fiber reinforced plastic with random fiber locations are generated assuming straight, aligned, cylindrical fibers.
An anisotropic material model, taking the damage interaction into account, will be presented. In a first step, this material model is adapted to the initially
homogeneous pure epoxy matrix phase at the micro scale. The carbon fibers are modeled as a transversely isotropic material. The homogenized stress-
strain response for RVEs of different sizes is compared to experimental results, and the effect of the damage interaction is shown. In a second step, the
anisotropic damage material model is fitted to the predicted numerical investigations of the micro scale, simulating the composite level effective material
behavior of unidirectional plies. This can be used in a meso scale model of a woven composite, which consists of the tows and the pure matrix phase. At
that scale, the tows can be modeled as unidirectional material – the neat matrix phase is modeled the same way as in the micro scale. Again, an RVE of
the internal structure is generated and investigated under periodicity conditions, and the damage evolution driven by the internal structure at that scale is
presented.

7893 | Research of static and dynamic properties of composite structures manufactured with polyurethane resins (25.
Failure and Damage)

Głodzik, Marcin (mar_glo@wp.pl), AGH University of Science and Technology, Poland
Kita, Paweł (pkita@agh.edu.pl), AGH University of Science and Technology, Poland
Pociecha, Daniel (danpoc@agh.edu.pl), AGH University of Science and Technology, Poland
Żaba, Krzysztof (krzyzaba@agh.edu.pl), AGH University of Science and Technology, Poland
Puchlerska, Sandra (spuchler@agh.edu.pl), AGH University of Science and Technology, Poland 

The paper presents the results of the influence of fillings, reinforcements and of metallic particles on the static and dynamic properties of composite with
polyurethane resins. Tensile strength, compression strength and Charpy impact test were specified for the different ingredients composition.
Reinforcements were glass fibers and rovings cut, fillings were aluminum hydroxide and aluminum powders with different grain size and varying
percentage share. The research was targeted on the selection of optimal components for the production of tools used for stamping processes of large
shell elements with aluminum alloy sheets.

7908 | Numerical and experimental investigation of composite tubes under hydrostatic pressure (25. Failure and Damage)

Pavlopoulou, Sofia (sofia.pavlopoulou@gmail.com), University of Manchester, United Kingdom
Roy, Sree Shankhachur (roy.shankhachur@gmail.com), University of Manchester, United Kingdom
Gautam, Mayank (mayank.gautam-3@postgrad.manchester.ac.uk), University of Manchester, United Kingdom
Potluri, Prasad (prasad.potluri@manchester.ac.uk), University of Manchester, United Kingdom 

Oil and gas play a vital role in the global economy as one of the most important and complex industries in the world. Metallic tubes have been traditionally
used in many offshore oil and gas applications where the hostile environmental conditions and high hydrostatic pressures are the main challenges. As the
demand for higher subsea depths and more advanced applications are growing, the need for the replacement of the conventional metallic tubes with
composites is becoming important. 

Composite tubes under internal pressures have been thoroughly investigated in previous work. However the investigation of composite tubes for
applications where external hydrostatic pressures are present is rather limited. Conventional forms of fibre reinforcement such as tape lay-up and
pultrusion have been extensively explored through optimisation of lay-ups and materials. However as the demands for high production rate of advanced
composite materials increase, attention has focused on the new fibres architecture as means of reinforcement that were originally used to produce textile
fabrics such as braiding and pullwinding [1,2]. 

This work aims to demonstrate the performance of a number of manufacturing techniques for composite tubes under hydrostatic pressures (e.g. traditional
woven tape lay up to more advanced braiding, filament winding and pullwinding technology). The behaviour of the tubes under external hydrostatic
pressured is optimised through the investigation of different fibres, resins, layups, fibre architecture and tube configurations. Finite element analysis
models have also been developed in order to provide a supplementary way of understanding the failure mechanisms and optimise the tubes design
specifications.

[1] P. Potluri, P. Hogg, M. Arshad, D. Jetavat and P. Jamshidi, “Influence of fibre architecture on impact damage tolerance in 3D woven composites”,
Applied composite Materials, 2012, Vol. 19, No. 5, pp. 799-812.
[2] B. Dauda, S. O. Oyadiji and P. Potluri, “Characterising mechanical properties of braided and woven textile composite beams”, Applied composite
materials, 2009, Vol. 16, pp. 15-31.

7922 | Continuum damage model for inter-fibre failure of unidirectional laminates (25. Failure and Damage)

Cui, Hao (hao.cui@eng.ox.ac.uk), Department of Engineering Science, University of Oxford, United Kingdom
Hoffmann, Justus (justus.hoffmann@exeter.ox.ac.uk), Department of Engineering Science, University of Oxford, United Kingdom
Wiegand, Jens (jens.wiegand@eng.ox.ac.uk), Department of Engineering Science, University of Oxford, United Kingdom
Petrinic, Nik (nik.petrinic@eng.ox.ac.uk), Department of Engineering Science, University of Oxford, United Kingdom 

The Puck failure criterion has been increasingly used in determining the critical stresses that trigger the inter-fibre failure (IFF) of unidirectional
composites. However, the damage evolution and crack growth after damage initiation has not been well addressed. In this paper, a continuum damage
model is presented to predict the complete failure process of UD laminates. The cohesive zone method is employed in combination with IFF failure
criterion to govern the degradation of damaged element. A virtual crack plane is assumed to develop along the critical failure angle of Puck theory. The
opening and shear displacement with respect to the crack plane is calculated by rotation of strain tensors. Characteristic length of bulk elements is
introduced to avoid the mesh dependency. Mixed mode bilinear damage evolution law is used here, in which the fracture toughness change as the ratio of
shear stress component. Single element simulation is carried out to verify the model. The presented model is demonstrated by simulating uniaxial
compression tests of IM7/8552 laminates, and its accuracy is shown by good agreement with experiments.

7940 | Fatige damage identification of fibre reinforced composites (25. Failure and Damage)
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Pyl, Lincy (lincy.pyl@vub.ac.be), Vrije Universiteit Brussel (VUB)-Department Mechanics of Materials and Constructions, Belgium
Zastavnik, Filip (filip.zastavnik@vub.ac.be), Vrije Universiteit Brussel (VUB), Belgium
Sol, Hugo (hugo.sol@vub.ac.be), Vrije Universiteit Brussel (VUB), Belgium
Danny Van Hemelrijck (danny.van.hemelrijck@vub.ac.be), Vrije Universiteit Brussel (VUB), Belgium 

The growth in the use of composites urges the need to deepen the knowledge about the fatigue behavior of fibre reinforced composite materials. Damage
identification based upon the changes in the natural vibration properties is a widely used method [1]. A modification of structural mass, damping and
stiffness stems from the induced damage and these changes in the physical properties will cause detectable changes in the modal response in composite
structures. Fatigue-induced microscopic damage accumulation in structures results in localized stiffness reduction. Local stiffness degradation is thus a
good quantity to monitor fatigue [2].
Shearography, an interferometric optical method that produces full-field displacement gradients of the inspected surface, can be used to measure the
modal shape slope. Previous studies [3] showed that the slope information obtained using out-of-plane shearography can then be used to identify the
local stiffness. The stiffness-identification method has previously been validated on aluminum beams with a known stiffness distribution.
A 1D local stiffness identification for Euler-Bernoulli beams was already successfully implemented for CFRP specimens using two approaches: by dividing
the bending moment of a deformed beam by the local curvature and by using a scanning element method [3, 4].
The promising features of shearography, amongst others the ability to quickly produce full field results though a rather low equipment cost, are further
exploited in the 2D stiffness identification of CFRP and GFRP plates, which is currently being developed. The two out-of-plane gradients (slopes) of the
modal shape of a plate vibrating at its resonant frequency with free-free boundary conditions are captured and used in the local stiffness identification
method. The current approach uses Fourier series as the shape function in the fitting of the modal slopes.
This article presents a scaled-down, one-dimensional local stiffness identification method for thin beams. The slope of the first mode shape under acoustic
excitation of uni-directional CFRP [+45/-45]_2s beam specimens and GFRP in different lay-ups for the undamaged and for different damage states till
failure is measured using quantitative shearography [5]. The scaled-down 1D local stiffness identification method for thin beams is a step towards 2D thin
plate local stiffness identification. The technique using a Fourier series-fitted slope of the experimental modal shape measured using quantitative out-of-
plane shearography is introduced as a promising means for local stiffness identification. Results will be presented for CFRP and GFRP and a variety of
lay-ups, including the quantification of the beam’s local stiffness reduction at different levels of fatigue damage.
[1] S. W. Doebling, C. R. Farrar, M. B. Prime, and D. W. Shevitz, “Damage identification and health monitoring of structural and mechanical systems from
changes in their vibration characteristics: A literature review,” May 1996.
[2] J. Degrieck and W. Van Paepegem, “Fatigue damage modeling of fibre-reinforced composite materials: Review,” Appl. Mech. Rev., vol. 54, no. 4, pp.
279–300, 2001.
[3] F. Zastavnik, L. Pyl, J. Gu, H. Sol, M. Kersemans, and W. Van Paepegem, “Comparison of Shearography to Scanning Laser Vibrometry as Methods for
Local Stiffness Identification of Beams,” Strain, vol. 50, no. 1, pp. 82–94, Feb. 2014. 
[4] L. Pyl, H. Sol, F. Zastavnik, J. Gu, W. Van Paepegem, and M. Kersemans, “Damage identification of prepreg composites subject to accelerated fatigue
tests,” in 10th International Conference on durability of composites systems (DURACOSYS), 2012
[5] F. Zastavnik, L. Pyl, J. Gu, H. Sol, M. Kersemans, and W. Van Paepegem, “Calibration and correction procedure for quantitative out-of-plane
shearography", Submitted for publication in Measurement Science and Technology.
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7958 | An evaluation of micro-scale based continuum damage mechanics models applied to low energy impact loads in
composite materials (25. Failure and Damage)

Sartorato, Murilo (murilosart@gmail.com), University of São Paulo – School Engineering of São Carlos, Brazil
Tita, Volnei (voltita@sc.usp.br), University of São Paulo – School Engineering of São Carlos, Brazil 

The study of damage mechanics in composites has been undergoing a change in the last one to two decades due to the conceptual change of going from
phenomenological to physical based models. Several studies on the use of continuum mechanics coupled with micro-scale or multi-scale approaches
have been discussed. However, due to the large computational requirements of such methods, in general, only static, quasi-static, and fatigue analysis
are made; mostly due to the similarity of fatigue and quasi-static behavior in composites materials. Moreover, in general, studies treat only monotonic
loads due to easier experimental evaluation. In this scenario, however, due to the complexity of the problem, the impact load is usually treated with
phenomenological models. As such, studies on the evaluation of such models and approaches are still needed for impact loads. In particular, in this work,
there is a evaluation of potentialities and limitations of intralaminar damage evolution prediction approaches founded at literature, considering quasi-static
monotonic axial stress, indentation and/or low energy impact loads in composite materials. Those approaches use meso-scaled Representative Volume
Elements (RVEs) numerical analysis of the laminate with homogenized layers to calculate damage evolution due to intralaminar cracking. The present
work follows that strategy by using a stiffness degradation analysis calculated via finite element analysis for glass fiber-epoxy and/or carbon fiber-epoxy
[0°/90°3]S composite coupons and plates. In particular, the parameters for the calculations of crack nucleation, crack density and RVE size are analyzed
for numerical stability and convergence. In addition, the influence of the material constitutive model used for the stiffness degradation analysis is studied
by considering the laminate to be under plane stress behavior, orthotropic behavior or full anisotropic behavior.

7975 | Non linear elastic behaviour of glass fibre reinforced composites with delamination (25. Failure and Damage)

Maroua Hammami (Maroua.Hammami.Etu@univ-lemans.fr), Ecole Nationale d''Ingenieur de Sfax, Tunisia
Abderrahim Elmahi (Abderrahim.ElMahi@univ-lemans.fr), Institut Universitaire de Technologie Avenue Olivier Messiaen, France
Chafik Karra (chafik_karra@yahoo.fr), Institut Preparatoire Etudes d''Ingenieur de Sfax , Tunisia
Mohamed Haddar (Mohamed.Haddar@enis.rnu.tn), Ecole Nationale d''Ingenieur de Sfax, Tunisia 

Vibration measurements are sufficiently sensitive to detect damage and health monitoring of the structure even with cracks situated in hidden or internal
zone. However, vibration linear technique is the most currently used based on the stiffness reduction and the decrease of natural frequency. Those
methods are not sensitive to damage as the new method of non-linear vibration. This tool is used to reveal the complex of the elastic behaviour of
composites. In fact, delaminated composites have shown extreme non linearity. The aim of this work is to use the non linear vibration method to evaluate
the behaviour of a glass fibre reinforced composites with double delaminations. To this end, experimental studies were carried out based on vibration
method.
The composite materials used in the present work is the glass fibre laminates constituted by unidirectional layers of E-glass fibres and epoxy resin, with
the stacking sequence [02/902]s. Laminates were prepared by hand lay-up process. Double superposed deliminations are artificially made using Teflon
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tape during the lay-up at the interfaces between plies having different stacking directions. Specimens with two symmetric delaminations over the entire
width are manufactured. 
The non linear resonance method consists on inducing and attending specimen on its resonance flexural modes with different excitation level (amplitude).
In this experience the beam is excited with ten successive amplitudes for the first six bending modes. Three beams were tested for each delamination
length. Chosen amplitudes excitations are in the non linear elastic behaviour of the composite for all specimens having different delamination size.
Experiences were carried out under the instruction of the ASTM (E 756_98). Measurements data lead to obtain the resonance frequency for every
fundamental amplitude level. The quality factor of the equivalent mode for fundamental resonance amplitude is determined experimentally by picking the
maximum amplitude -3 dB from the resonance curve.

The classical theory of linear elasticity can describe the behaviour of composite materials. For composite with delamination, the behaviour is not lounger
classical. Hysteretic nonlinearity becomes the sensitive method to give details the behaviour of dynamic delaminated composites. Consequently, two
parameters will be determined which are the non linear hysteretic elastic parameter �f and non linear hysteretic dissipative parameter ��� �f is related to
the modal frequency and���is related to the modal damping. The parameters �� and �f measure the importance of hysteretic effects (respectively,
elastic and dissipative) in the context of the nonlinear resonance method. The variation of those parameters for progressively delamination length will be
presented and discussed for the first six bending modes. Then sensitive modes will be chosen.

8062 | Initiation of failure in a unidirectional fiber composite in a four point bend setup (25. Failure and Damage)

Wind, Jens L. (jlw@eng.au.dk), Aarhus University, Denmark
Waas, Anthony M. (dcw@umich.edu), University of Michigan, United States America
Jensen, Henrik M. (hmj@eng.au.dk), Aarhus University, Denmark 

A four point bend setup is used in observing compressive damage initiation in a unidirectional single edge notch beam. Post observation of the polished
specimens showed indication of a micro buckling instability at the notch tip. The damage initiation is modeled as an individually fiber and matrix
discretized 2D plane strain finite element model. To reduce calculation time the superelement approach is used to model the whole beam except a small
local area at the notch tip. A good agreement of the critical force is found between the analysis and the experiments. A comparison is made with the
compressive crack approach.

8077 | Failure modes of unidirectional fiber reinforced materials under off-axis loading (25. Failure and Damage)

Marotzke, Christian G. (christian.marotzke@bam.de), BAM, Fed. Inst. for Material Research & Testing, Germany
Feldmann, Titus (titus.feldmann@bam.de), BAM, Fed. Inst. for Materials Research & Testing, Germany 

Composites are very sensible against the angle of loading because of their highly anisotropic mechanical properties. Especially the resistance against
failure strongly depends on the angle between the loading axis and the fiber direction since the fracture resistance in fiber direction is several times higher
than transverse to the fibers. In unidirectional plies even small angles lead to a significant reduction of the strength. The failure processes taking place in
unidirec-tional plies under off-axis loading are the key factors dominating the failure of laminates. 

Off-axis tests offer the chance to observe the failure processes taking place in unidirectional plies. Two highly different principal failure modes occur in
unidirectional plies exposed to off-axis loading depending on the length to width ratio of the specimens as well as on the off-axis angle, this is, inter fiber
failure and fiber breakage. Inter fiber failure with almost no fiber breakage occurs if a fracture surface can develop from one longitudinal edge of the
specimen to the other, that is, without touching the clamped regions on either side. If, however, a suf-ficient number of fibers are clamped on both ends
fiber breakage necessarily has to occur, accompanied by a more or less intensive inter fiber failure. With growing fraction of fibers matching the clamped
zones the damage of the specimen increases. Since the question of inter fiber failure or fiber fracture is no intrinsic material property but depends on the
specimen geometry the data of different failure modes must not put together which is commonly done. 

A number of off-axis tests was performed under quasistatic loading for a carbon fiber rein-forced epoxy resin with a fiber volume fraction of 55%. The two
different failure modes are discriminated. It is shown that a strong decrease of the failure load occurs even for small of axis angles in the fiber fracture
mode. For the 0° specimens only minor load drops are observ-able before final failure. The splitting of the specimens occurs during final failure. For small
off axis angles several load drops occur before ultimate failure. It is shown that these are re-lated to initial inter fiber failure in the vicinity of the sides of the
specimens. 

In addition to the monitoring of the mechanical data, acoustic emission testing was performed for 0° and 3° off-axis specimens. The 0° specimens show a
notable acoustic activity after reaching 30% of the failure load. The activity increases exponentially approaching the ulti-mate failure. These signals are
related to breakage of fiber bundles as well as a number of short inter fiber cracks. The load drops result only few isolated signals with higher amplitudes.
At final failure a large number of events with very high amplitudes occurs. 

The 3° specimens exhibit a lower acoustic activity at low load levels. The load drops cause a large number of signals with high amplitudes. These are
mainly related to inter fiber failure. After the load drops the acoustic emission activity goes down again. This happens several times until the final failure
occurs, where massive fiber breakage and inter fiber failure occurs, giving rise to a high density of events with very high amplitudes.

Parallel to the experimental studies the stress field arising in the test specimens was analysed by finite element simulations. It is shown how the clamping
influences the stress distribution by reducing the lateral contraction as well as by preventing the rotation of the specimen. Both effects lead to significant
shear stresses in the vicinity of the clamping. The influence of shear stresses is visualised by SEM pictures showing significant shear cusps developing in
the frac-ture surface near the clamped zones.

8101 | Damage evaluation of hybrid sandwich panels after impacts (25. Failure and Damage)

Chiara Colombo (chiara.colombo@polimi.it), Politecnico di Milano, Italy
Laura Vergani (laura.vergani@polimi.it), Politecnico di Milano, Italy
Heinz Palkowski (heinz.palkowski@tu-clausthal.de), TU Clausthal, Germany 
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Sandwich technology is a well-established method to offer an optimized design, which is a trade-off between the environmentally-driven demand to reduce
fuel consumption and material usage, and the need for performing and safe structures. Sandwich materials, made of stiff external layers and an inner
more compliant core, find in the literature many applications in panels, saving weight without losing structural integrity. For instance, in the automotive
field, sandwich panels are suitable and deeply used for structural requirements as impacts, for passenger protection and comfort as acoustic or thermal
insulation, etc.
Object of this work is a hybrid flat panel, made of two thin external stainless steel (AISI 316L) facings, bonded to an inner core of polyolefin. This kind of
metal-polymer panel is designed for the automotive field, since its applications can be side and roof panels of cars, vans or coaches. 
These panels are characterized by several parameters, as materials, thickness and surfaces of the layers. Aim of this work is to study the effect of these
different parameters on the behavior of the hybrid sandwich material after impact.
Low speed impacts, as the case of stones or small objects against vehicle panels, generate a well visible damaged region. A plastic damaged region is, in
fact, clearly located at the impact point and residual stresses are generated all around it. It is not easy to evaluate the effect of this damage on the residual
mechanical behavior of the panels and to verify if the panel has to be removed or not.
In order to monitor the mechanical post-impact behavior of the panel, different configurations are prepared: 1) a single metal sheet (0.5 mm thick); 2) half
a sandwich, with just two layers: the core and just one skin; 3) full hybrid panels with different thicknesses of facings (from 0.13 to 0.5 mm) and polymeric
core (from 0.3 to 0.6 mm). These variations in sheet and core thickness are taken into account to evaluate the possibility to design a lightweight structure,
able however to sustain loads and keep adequate stiffness.
Impacts are performed considering the same energy level, by a drop weight. To evaluate the impact damage (dimension and deformation) and its effect on
the residual stiffness and strength of the panel, rectangular specimens are cut out, centering the damaged and plastically deformed region. Static tensile
tests are then performed on these specimens, by monitoring surface temperature by a thermal camera. 
During a static test, the thermal response of undamaged homogeneous materials can be divided into three regions: an initial linear decrease of the
surface temperature corresponding to a macroscopic linear elastic response; a second part with a non-linear temperature trend, reaching a minimum
value; a third portion where temperature increases till failure. Combining stress and temperature curves, a stress corresponding to the beginning of an
irreversible damage can be evaluated, which is the end of the first linear region.
Thermography is particularly useful in case of complex materials, where many failure mechanisms are acting. Indeed, the trend of surface temperature is
an energetic parameter, able to provide accurate information for the material characterization.
In this work, the thermographic technique is extended to impacted hybrid samples. From the obtained results on damaged and undamaged materials,
quantitative considerations are proposed to relate the variation of the surface temperature to the damage introduced in the panels. Following this
procedure, the thermographic technique resulted a valid tool to detect induced damage and quantify the residual stresses present in the panel after the
impact.

8107 | INFLUENCE OF PLY THICKNESS ON THE DAMAGE EVOLUTION IN OPEN-HOLE LAMINATE PLATES (25. Failure
and Damage)

Moure, Marta M. (mmmoure@ing.uc3m.es), Universidad Carlos IIII of Madrid, Spain
Garcia-Castillo, Shirley K. (sgcastil@ing.uc3m.es), Universidad Carlos IIII of Madrid, Spain
Sánchez-Sáez, Sonia (ssanchez@ing.uc3m.es), Universidad Carlos IIII of Madrid, Spain
Barbero, Ever J. (ever.barbero@mail.wvu.edu), West Virginia University, United States America
Barbero, Enrique (ebarbero@ing.uc3m.es), Universidad Carlos IIII of Madrid, Spain 

The design of structural elements made of laminates requires a better understanding, especially under the presence of open holes and defects. Several
composite structures, such as aircraft frames, include large numbers of holes for joining purpose and cut-outs for access. The effect of open-holes on the
mechanical behavior of composite structures, during a loading stage, produces stress concentrations in its proximity and a remarkable decrease of the
strength compared with unnotched laminates. The stress concentration factor of a laminate depends on the material properties and the laminate lay-up.

The influence of ply thickness on laminate strength has been previously analyzed in the literature; however, less information can be found about its
influence in the damage evolution. In this work, the discrete damage mechanics model of Barbero-Cortes, augmented by a fiber damage model, is
employed to study the damage evolution in open-hole composite laminates subjected to in-plane tensile loads. This model was previously validated with
several laminates. The influence of the ply thickness on the crack density evolution, stress-displacement curves and notched strength for different
laminates is analyzed qualitatively and quantitatively.

8108 | Validation of the SAMCEF material models for inter and intra-laminar damages in laminated composites made of
NCF plies (25. Failure and Damage)

Bruyneel, Michael (michael.bruyneel@siemens.com), SAMTECH (A Siemens Company), Belgium
Delsemme, Jean-Pierre (michael.bruyneel@siemens.com), SAMTECH (A Siemens Company), Belgium
Jetteur, Philippe (michael.bruyneel@siemens.com), SAMTECH (A Siemens Company), Belgium
Lequesne, Cédric (michael.bruyneel@siemens.com), SAMTECH (A Siemens Company), Belgium
Sopelsa, Louis (michael.bruyneel@siemens.com), SAMTECH (A Siemens Company), France
Naito, Tadashi (michael.bruyneel@siemens.com), Honda R&D, Japan
Urushiyama, Yuta (michael.bruyneel@siemens.com), Honda R&D, Japan 

In order to propose predictive simulation tools, it is important to use material models able to represent the different modes of degradation of the plies
forming the laminated composite structure. Damage at the interface between the plies, that is delamination, must also be taken into account in the model.
Inter and intra-laminar damages in laminated composites made of bi-axial NCF plies are considered here. The numerical experiences are conducted with
the SAMCEF finite element code. Simulation is compared to experimental results, and validations are done at the coupon level and at upper stages of the
pyramid of tests.

The material model for the intra-laminar damage is based on the continuum damage mechanics approach initially developed by the Ladevèze’s team in
Cachan. The laminate is made of homogenous plies. Damage variables impacting the stiffness of each ply are associated to the different failure modes,
representing the fiber breaking, matrix cracking and decohesion between fibers and matrix. The specific damage model is first presented. Then, the
basics of the parameter identification procedure of such a material model are briefly explained. This procedure is based on test results at the coupon level,
and allows determining not only the elastic properties but also the value of the parameters describing the non-linear behavior of the material. The obtained
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values are then validated on a comparison between test and simulation on a coupon with a stacking sequence not used for the identification. 

The cohesive elements approach is used for modeling the inter-laminar damage. The approach is also based on the continuum damage mechanics in a
formulation initially developed by the Ladevèze’s team in Cachan. A damage model is assigned to some interface elements inserted between plies to
represent their possible de-cohesion and a fracture criterion is used to decide on the inter-laminar crack propagation. Using such cohesive elements in the
analysis allows estimating not only the propagation load but also predicting the crack propagation and the residual stiffness and strength during the
fracture. The inter-laminar damage model is presented together with the basics of the parameter identification procedure relying on DCB and ENF tests. 

In this paper, it is also demonstrated that, in general applications, modeling delamination alone is not enough, which means that it is essential to model the
damage inside the plies besides the damage at the interfaces. This is illustrated for the ENF test case in which simulation is compared to analytical
solutions and test results. It is seen that when only 0° plies are considered, the behavior is quasi-linear up to the crack propagation load, which is the first
maximum point of the displacement/reaction curve. However, when 45°/-45° plies are considered, the non-linear behavior observed in the tests can only
be reproduced if the damage inside the plies is modeled besides delamination. We note in that case a very good agreement between tests and simulation.

The linear and non-linear material properties identified at the coupon level are then used at the upper stage of the pyramid, on e.g. a L-shaped beam
and/or a CAI test case. Comparison between tests and simulation demonstrate that the modeling and analysis approach is predictive.

8159 | FREE-VIBRATION ANALYSIS OF DELAMINATED SHELLS VIA UNIFIED FORMULATION (25. Failure and Damage)

Cinefra, Maria (maria.cinefra@polito.it), Politecnico di Torino, Italy
Carrera, Erasmo (erasmo.carrera@polito.it), Politecnico di Torino, Italy
Valvano, Stefano (stefano.valvano@polito.it), Politecnico di Torino, Italy 

The present work deals with the free-vibration analysis of multilayered composite shells affected
by localised delamintions. The delamination in composite structures may occur either during the
manufacturing process or during service period of the structure. Delaminations can be distinguished
into two types, one delamination at the free edges caused by high free edge stresses, and the other
embedded within the body of the structure which may be due to manufacturing defects or voids, or
due to impact loads. To facilitate the understanding of the effect of the delamination on the struc-
tures, and to analyze possible algorithms for structural health monitoring of delaminated structures,
delamination models are required. Several authors have studied delaminated shells, like Nanda and
Sahu have carried out free vibration analysis of delaminated composite shells [1] using different shell
theories. Dynamic instability of delaminated skew plates subjected to static and dynamic loads
based on higher order shear deformation theory was studied out by Noh and Lee [2]. These works
used a single theory or couple of theories to carry out their studies. The proposed investigation tries
to comprehensively carry out free vibration analysis of delaminated composite shells using refined
and advanced shell models, contained in the Carrera s Unified Formulation (CUF). One of the most
interesting features of the CUF consists in the possibility to keep the order of the expansion of the
state variables along the thickness of the plate as a parameter of the model. Finite elements with
layer-wise capabilities are employed to ensure an accurate description of the mechanical fields in the
layers. It is essential to take into account the discontinuity of the mechanical properties at the layer
interfaces. For these reasons, the use of classical plate theories based on Kirchhoff and Reissner-
Mindlin hypotheses can lead to inaccurate results. The Mixed Interpolated Tensorial Components
(MITC) method is employed to contrast the membrane-shear locking phenomenon that usually af-
fects shell finite elements. This formulation has already shown all its potentiality as a base for finite
elements in the mechanical analysis of multilayered shells [3]. Some results from the free-vibration
analysis of shells will be provided, in order to show the efficiency of models presented.

References
[1] Namita Nanda and S.K. Sahu, “Free vibration analysis of delaminated composite shells using
different shell theories,” International Journal of Pressure Vessels and Piping, Vol. 98, 111-118,
2012
[2] Myung-Hyun Noh and Sang-Youl Lee, “Dynamic instability of delaminated composite skew plates
subjected to combined static and dynamic loads based on HSDT,” Composites Part B: Engineering,
Vol. 58, 113-121, 2014
[3] M. Cinefra and E. Carrera., “Shell finite elements with different though-the-thickness kinematics
for the linear analysis of cylindrical multilayered structures,” International Journal for Numerical
Methods in Engineering, 93, 160 182, (2013).

8211 | VARIABLE-STIFFNESS COMPOSITE PANELS: Effects of manufacturing on laminate properties (25. Failure and
Damage)

Falcó, O. (olben.falco@imdea.org), IMDEA Materials Institute, Spain
Lopes, C. S. (claudiosaul.lopes@imdea.org), IMDEA Materials Institute, Spain
Tijs, B. (bas.tijs@fokker.com), Fokker Aerostructures B.V., Netherlands
Mayugo, J. A. (ja.mayugo@udg.edu), AMADE, Polytechnic School, Universitat de Girona, Spain
Maimí, P. (pere.maimi@udg.edu), AMADE, Polytechnic School, Universitat de Girona, Spain 

Variable-Stiffness Panels stand out thanks to their improved structural efficiency and their ability to obtain variable stiffness and load redistribution.
However, despite these advantages, conventional laminates with straight fibre architectures are still preferred by designers. One of the main reasons that
limit their use is the incomplete knowledge of the effect of all manufacturing details and the response to damage mechanisms. For the effective application
of Variable Stiffness Laminates, mainly in the aerospace sector, three major issues are identified. 
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The first issue is the advanced level of manufacturing technology, with the use of Automated Fiber Placement (AFP) systems. This technology represents
an advance in the state-of-the-art of automated processes for the production of fibre-reinforced composites with high accuracy and repeatability for
complex design. The secondly is the understanding of the effect of the process-induced defects on the mechanical response and structural failure
mechanisms of the laminates. Thirdly, the development of reliable design methodologies able to predict the mechanical response by means progressive
damage simulations. The development of computational tools to simulate the mechanical response of Conventional and Non-Conventional composite
structures through nonlinear finite element analyses can give beneficial insight that will lead to an effective reduction of testing campaign.

The present work is focused on the analysis of the influence of the process-induced defects on the structural performance of Variable Stiffness Laminates.
To fulfil this objective, progressive damage simulations (from inception to final collapse), which take into account the manufacturing constraints, have been
developed. Both the ultimate failure load and the progressive failure mechanisms have been predicted with high accuracy in comparison with the results
obtained in the experimentalcampaigns.In general, the experimental and numerical results show that the influence of manufactured-induced defects is
more significant in samples without holes, where the defects themselves are acting as the initiators of the damage, while in the notched specimens failure
mechanisms are primarily driven by the stress concentrations around the holes. Therefore, the detrimental effect of the manufacturing defects is limited.

8229 | Fibre reinforced concrete with a combination of polyolefin and steel-hooked fibers (25. Failure and Damage)

Alberti (mgalberti@caminos.upm.es), Marcos G., Spain
Enfedaque (alejandro.enfedaque@upm.es), Alejandro, Spain
Galvez (jaime.galvez@upm.es), Jaime C., Spain 

Self-compacting polyolefin fibre reinforced concrete has shown high performance in both fresh and hardened state. Post-cracking behaviour provides
notable residual strengths especially for significant deformations. For small deformations, flexural residual strength could be enhanced with a small
amount of steel-hooked fibers, obtaining a hybrid fibre-reinforced concrete well suited for structural use. Four types of conventional fibre-reinforced
concrete with steel and polyolefin fibers were produced on the basis of the same self-compacting concrete also manufactured as reference. These
concrete mixtures were manufactured separately with the same fibre contents being subsequently used for two more hybrid mixtures. Fracture properties,
in addition to fresh and mechanical properties, were assessed. The research showed both synergies (with the two types of fibers working together in the
fracture processes) and an improvement of the orientation and distribution of the fibers on the fracture surface.

Keywords: hybrid fiber-reinforced concrete, polyolefin fiber-reinforced concrete, steel fiber-reinforced concrete, self-compacting concrete, macro-synthetic
fibre reinforced concrete

8576 | Simulation of Lightning Strike Damage in Carbon Nanotube Doped CFRP Composites (25. Failure and Damage)

Soykasap, Omer (soykasap@aku.edu.tr), Afyon Kocatepe University, Turkey
Karakaya, Sukru (skarakaya@aku.edu.tr), Afyon Kocatepe University, Turkey
Colakoglu, Mehmet (mehmet.colakoglu@adu.edu.tr), Adnan Menderes University, Turkey 

This study focuses on understanding the damage behaviour caused by the lightning strike of carbon nanotube doped carbon fibre reinforced plastic
(CFRP) composites. Lightning strike damage of CFRP depends on the electrical and thermal anisotropic properties of the material. Material damage is
likely to occur after lightning strike due to low electrical conductivity of CFRP composites through the thickness. Extremely high temperatures may result
delamination of the composite plate due to decomposition of the matrix resin, and fibre breakage due to sublimation of the carbon fibre. The main factor of
the damage in the composite structures due to lightning strike is the low electrical conductivity of the resin. Therefore, recent studies focus on how to
increase the conductivity of epoxy in laminated composites to reduce the damage. Carbon nanotube (CNT) reinforcement has been considered to use for
this purpose because they have high electrical and thermal conductivities along with the excellent mechanical properties. 

The aim of this study is to understand the damage behaviour of CFRP used in aerospace structures subject to lightning strike. The simulation of lightning
strike damage is a complicated problem because it requires coupled thermal-electrical analysis. Quasi isotropic CFRP rectangular plate with CNT doped
or undoped resin is modelled in Abaqus finite element program to investigate behaviour of lightning strike damage. The plate is subject to concentrated
electrical current attributable to lightning strike under an electrical and thermal boundary condition. The temperature dependency of electrical conductivity
is also considered in the model. Steady-state electrical analysis and transient heat transfer analysis are coupled and conducted at each time increment by
application of Joule heat generation to each finite element. Electric breakdown after decomposition of matrix is considered by changing the electrical
conductivity through the thickness direction. The electrical potential, electrical current, Joule heat generation, temperature of the elements are obtained.
The effect of different lightning current waveforms, peak currents, and the weight percentage of CNT doped resin are investigated. Coupled electrical and
thermal analysis is carried out using multi-physics, the results of which are verified with the experimental data obtained in open literature. Damage region
is estimated by considering the decomposition temperature of the resin. It is assumed that CNTs in different weight percentage are added to resin and the
enhanced electrical properties of the plate through the thickness are updated to run coupled thermal electrical analysis. 

The results show that the damage area in each ply and the depth of the damage are nonlinear under the effect of either different waveforms or peak
lightning strike currents. The fibre orientation of the plies affects the size and shape of the damage area due to higher electrical conductivity of carbon
fibres. As a result, the damage area in each ply and the depth of the damage are not linear under the effect of either different waveforms or maximum
strike currents. As the peak strike current or current waveform changes, the energy input to the system also changes and the damaged area varies
accordingly. When the weight percentage of CNT doped into the resin increases, the damage region substantially decreases because the electrical
conductivity through the thickness of the plate plays significant role for the lightning strike damage. Therefore, increasing the conductivity through the
thickness of CFRP reduces the damage region as much as by 63% when the CNT doped resin is used. 

Acknowledgement: This project has received funding from the European Union's Seventh Framework Programme for research, technological
development and demonstration under grant agreement no 284562. 

8627 | Influence of water absorption on the damage response of UD carbon fabric/epoxy composite laminate due to
simulated lightning strike (25. Failure and Damage)
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Li, Yichao (liyichao@hust.edu.cn), Huazhong University of Science and Technology, China
Li, Renfu (renfu.li@hust.edu.cn), Huazhong University of Science and Technology, China
Huang, Xianrong (xr_huang@hust.edu.cn), Huazhong University of Science and Technology, China 

Water immersed unidirectional carbon fabric/epoxy composite laminates are subjected to simulated lightning strike to investigate the influence of water
absorption on the damage response of the specimen. The strike up to 30 kV (25kA) is inflicted on both dry conditioned and water saturated specimens
with two stacking sequence ([452/02/-452/902]s, [302/02/-302/902]s). Damage responses are assessed by visual inspection, image processing, ultrasonic
scanning and field emission scanning electron microscope. The results showed that the damage area for the water absorbed specimen is larger than the
dry conditioned counterpart. Unlike a center-damaged hole on the surface of the dry conditioned sample, dramatic fiber break up and resin damage can
be observed for the water immersed specimens of the two stacking sequence. Ultrasonic scanning showed that, compared to the pristine ones, the
penetrated damage depth for the water absorbed specimen is doubled with internal delamination more intense and longer extended, indicating noticeable
decrease of the impact resistance and damage tolerance of the specimen after exposing to water. SEM images revealed that water absorption intensified
the lightning strike damage by deteriorating the fiber strength and the bonding at fiber-matrix interfaces of the specimens.

8632 | Semi-analytical method for calculating the fracture parameters of repaired aluminum panels with composite
patches (25. Failure and Damage)

Hosseini-Toudeshky, Hossein (hosseini@aut.ac.ir), Department of Aerospace Engineering, Amirkabir University of Technology, Iran
Ghayoor, M.H (mh_ghayoor@aut.ac.ir), Department of Aerospace Engineering, Amirkabir University of Technology, Iran
Seyedzadeh, S.S (seyedzadeh.sobhan@gmail.com), Department of Aerospace Engineering, Amirkabir University of Technology, Iran 

Crack propagation analysis in repaired structures is an important issue in the fracture mechanics. Semi-analytical methods in calculation of stress intensity
factors are interesting for the researches and designers due to their simplicity and low computational cost. In this paper, a semi-analytical method is
developed to calculate the fracture parameters such as the stress intensity factors for centrally cracked aluminum panel; in mode-I condition, which have
been repaired and stiffened with single-side composite patch and stringers, under fatigue loading. The presented formulation is investigated with various
patches thicknesses and layers angles of the repaired panels. The obtained results are verified with finite element analysis. In this regard, we reach the
conclusion that the proposed formulation is acceptable. 

Keywords: Crack propagation, Repair, Composite patches.

8657 | Analysis for delamination failure at the root end of the composite wind turbine blade (25. Failure and Damage)

Lee, Hak Gu (hakgulee@kims.re.kr), KIMS, Korea, South
Park, Jisang (jspark@kims.re.kr), KIMS, Korea, South
Kang, Min Gyu (medsgn@kims.re.kr), KIMS, Korea, South 

The structural safety of a composite wind turbine blade, the largest composite structure in the world, has become more crucial as it has been larger.
Nowadays a wind turbine blade is developed up to 80 m in length. However, also the number of reporting on failure of wind turbine blades in wind farms
increases. One of the representative failure modes of a wind turbine blade is failure at the blade root, which is mounted on a pitch bearing by T-bolt
assembly. In this study, we also experienced delamination failure at the root during fatigue testing of a 3MW full-scale wind turbine blade according to
international standard IEC 61400-23: Full-scale structural testing of rotor blades. Comparing the measured strain data of a T-bolt at the root and the result
of detailed FE analysis on the composite root structure including T-bolt assembly, we found what kind of phenomenon occurred at the root and how it
caused the delamination failure. Our result on the failure phenomenon would lead to enhance the structural safety of a huge composite wind turbine
blade.

8675 | Experimental inverstigation of the interlanminar fracture of composite materials in mode III (25. Failure and Damage)

Assaad Hani (assaad.hani@std.balamand.edu.lb), University Of Balamand, Lebanon
Cynthia Aoun (cynthia.aoun@std.balamand.edu.lb), University Of Balamand, Lebanon
Jihad Rishmany (jihad.rishmany@balamand.edu.lb), University Of Balamand, Lebanon
Issam Tawk (issam.tawk@balamand.edu.lb), University Of Balamand, Lebanon
Nicolas Saba (nicolas.saba@balamand.edu.lb), University Of Balamand, Lebanon 

The purpose of this study was to identify the behavior of composite materials in mode III interlaminar fracture using the Split Cantilever Beam (SCB) test.
A delamination was introduced at the mid-plane of the tested specimens. A SCB fixture was designed to provide the corresponding load configuration and
to get a pure mode III effect on the crack tip. Load versus displacement curves were given by the UTM (Universal Test Machine) and were used in the
calculation of the mode III critical energy release rate (GIIIc). Studies were performed for different composite materials and layups, initial crack lengths,
specimen dimensions and stacking sequences. All the tests were performed with respect to the specifications provided by the ASTM (American Society
for Testing and Materials). 

Keywords: composite materials, mode III, energy release rate, delamination, crack propagation, experiments.

8681 | STUDY ON BEHAVIOUR OF GRE TUBES SUBJECTED TO REPEATED INDENATION LOAD AT DIFFERENT
LOCATIONS (25. Failure and Damage)

Hafeez,F (fhafeez@pi.ac.ae), The Petroleum Institute, United Arab Emirates
AlMaskari,F (falmaskari@pi.ac.ae), The Petroleum Institute, United Arab Emirates 

1 Introduction

Behavior and strength of composite tubes under different loading conditions, for example impact or indentation, is widely studied however little attention
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has been given to behavior under repeated impact or indentation loading incidents[1]. The research conducted so far to understand behavior under
repeated load has studies plates or beams generally; however no such work is available in literature on cylindrical or curved geometries. In a recent work
[2], authors studied behavior of GRE tubes under indentation and damage occurred due to such loading. It is not known how this already damaged
structural component will behave under similar loading at a different location. It is a practical scenario, from the service life of tubes or pipes, where these
might experience repeated loading and most likely at a different location or at a distance from the previous loading incidence. 

The purpose of this experimental work is to observe behavior of GRE tubes subjected to repeated indentation load at two different locations. The second
loading point is chosen at 180º to the first point. It is exactly on the opposite side of the tube such that the centers of loading points are on same line but
180º degree apart. 

2 Background

Authors have recently carried out study on scaling effects by using four different scales [2] Same scales will be used to observe behavior under repeated
loading. This will provide direct comparison of any change in behavior of GRE tubes subjected to repeated indentation load across four different scales.
[±55º] cylindrical GRE Specimen for four different scales (n=1/4, ½, ¾, and 1) are subjected to indentation. Force displacement data is obtained from MTS
tensile test machine. Energy is calculated by estimating area under the curve by Trapezoid method. 

3 Experimental Setup

In this current work these specimens will be subjected to indentation such that the center point of indentation load would be on same line on exactly
opposite side 180º apart. Force displacement and energy displacement relation will be compared for repeated loading at different indentation points.
Damage and delamination growth as a result of indentation at a distance from each other will also be estimated. This should also provide an insight into
change in damage behavior due to repeated indentation.

Indentation tests will be carried out on MTS tensile test machine. Required parameters including force, displacement, time and energy will be recorded
with the help of integrated MTS data acquisition system and software. Damage initiation and growth due to indentation will be monitored with the help of
an upward facing mirror placed inside the tube during the experiment and aligned with the indenter location. Videos for all scales will be captured for post
experiment analysis and for the measurement of the damage growth reflected by the mirror.

4 Expected results

This work will present experimental results including slope of force displacement relation, Energy absorbed by the specimen and permanent deformation
experienced by each specimen subjected to indentation load at 180º to the first point of loading. Damage initiation and growth with respect to
displacement, force, energy and time will be plotted and compared to understand behavior under repeated indentation at distance.
5 References
[1] Yarmohammad Tooski et al 2013. "Experimental investigation on distance effects in repeated low velocity impact on fiber–metal laminates". Composite
Structures, 99(0), pp. 31-40.
[2] Hafeez, F., and Almaskari, F., 2014. "Glass reinforced epoxy tubes subjected to indentation load: A study of scaling effects". Composite Structures,
117(0), pp. 433-44.

8692 | The properties of Composite Coatings under Lubrication Conditions with ZDDP and Ionic Liquid as a Lubricant
(25. Failure and Damage)

Madej, Monika (mmadej@tu.kielce.pl), Kielce University of Technology, Poland
Ozimina, Dariusz (ozimina@tu.kielce.pl), Kielce University of Technology, Poland
Marczewska – Boczkowska, Krystyna (boczgel@interia.pl), Lublin University of Technology, Poland 

The purpose of the study was to determine the wear resistance of Ni and Ni-Co-WC coatings sprayed by High Pressure/High Velocity Oxy Fuel
(HP/HVOF) technique. HVOF coatings are widely used in various industrial applications because of their resistance to high-temperature chemical
corrosion and frictional, erosive or cavitation-wear, etc. The main advantage of this technology is that the coatings are easy to produce and their
properties can be modelled by appropriately changing the ingredients. The analysis involved assessing the wear resistance of HVOF coatings under dry
friction and boundary lubrication conditions, with the latter related to the tribochemical interactions between the coatings and the lubricant additives. It was
important to establish the character of the tribological effects of the anti-wear lubricants. The lubricants used in the tests were: zinc-dialkyldithiophosphate
(ZDDP) and ionic liquid (IL). The coatings were examined before and after friction tests using a scanning electron microscope (SEM) and an optical
profilometer. The texture analysis showed that the final roughness was dependent on the coating material. The hardness of the coated and uncoated
elements was measured by means of a Matsuzawa microhardness tester. Electrochemical corrosion analysis involved polarization measurement and
impedance measurement. The tribological examinations were performed under dry friction and boundary lubrication conditions using a ball-on-disc
tribometer. The lubricants tested were mineral oil, mineral oil with 1% ZDTP and an ionic liquid (1-butyl-3-methylimidazolium tetrafluoroborate, BMIBF4).
The comparative analysis of the tribological and corrosion properties of the composite coatings confirms that the tribochemical activity depends on the
lubricating substance applied. Under friction conditions the tribological efficiency of the anti-wear coatings was different for different lubricants.

8694 | Damage development ahead of growing cracks in unidirectional fibre reinforced plastic composites (25. Failure and
Damage)

Vo, V.N.N (vietvatlieu@gmail.com), UNSW Australia, Australia
Crosky, A. (a.crosky@unsw.edu.au), UNSW Australia, Australia 

This paper presents recent findings from a study of the early stages of damage development ahead of a growing crack in 90˚ unidirectional carbon fibre
epoxy composites. A specially designed specimen, which allowed cracks to be arrested before causing two piece failure, was used for the study. The
development of fine scale damage in the process zone ahead of the arrested cracks was examined in 3-D using serial sectioning coupled with high
magnification scanning electron microscopy and focussed ion beam milling. The results indicate that cracking is initiated by the formation of micro cavities
in the matrix midway between neighbouring fibres. The cavities then link up to form a crack. These findings are considered to be consistent with the
postulation of the Onset Theory that failure in 90˚ plies is initiated by cavitation in the matrix resulting from dilatational strain.
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8699 | Friction and wear behavior of the hybrid ceramic composites (25. Failure and Damage)

Baranowicz, Paweł (pawel.baranowicz@ekstradent.pl), NZOZ EKSTRADENT, Poland
Wysokińska-Miszczuk, Joanna (joanna.wysokinska-miszczuk@umlub.pl), Medical University of Lublin, Poland
Ozimina, Dariusz (ozimina@tu.kielce.pl), Kielce University of Technology, Poland
Madej, Monika (mmadej@tu.kielce.pl), Kielce University of Technology, Poland 

High requirements, which medicine puts biomaterials, cause that they belong to one of the most expensive fabicated by person. It forces the necessity of
application of newest material and technology to obtain the product with fairest characteristics (mainly very high biocompatibility, tribological and corrosion
resistances and proper mechanical properties). More generally, in esthetic dentistry, hybrid ceramic composite is applied. It is exposed on different kind of
tribological damages, but their constancy depends from employed materials with friction pairs. This work presents analysis of influence of surface’s
roughness on tribological properties of hybryd ceramic composite. In friction pairs operating under dry friction and lubricated conditions, the elements with
hybryd ceramic composite showed good tribological properties (low friction and low wear). The reaearch realize in conditions of librication by artificial
saliva. The presence of artificial saliva as lubricant contributed to an improvement in the tribological properties of the elements of tribological systems.

8718 | Fracture Mechanic Analysis of Bondings for Multi-Material Vehicle Components (25. Failure and Damage)

Kickert, Reiner (reiner.kickert@leichtwerk.de), Leichtwerk AG, Germany
Weerts, Ulf (ulf.weerts@leichtwerk.de), Leichtwerk AG, Germany
Kloss, Thomas (thomas.kloss@leichtwerk.de), Leichtwerk AG, Germany
Kleemann, Sebastian (s.kleemann@tu-braunschweig.de), Technische Universität Braunschweig, Institut für Konstruktionstechnik, Germany
Vietor, Thomas (t.vietor@tu-braunschweig.de), Technische Universität Braunschweig, Institut für Konstruktionstechnik, Germany 

Lightweight vehicle design is essential to decrease emissions. Conventional materials and constructions methods are reaching their limits, leading to the
consideration of lightweight materials such as fibre reinforced plastics for mass production. The combination of both fibre reinforced plastics and metallic
materials is called multi-material, or hybrid design.
Therefore the BMBF Forschungscampus Open Hybrid LabFactory aims to develop new manufacturing technologies for economic and multifunctional
lightweight design. The Open Hybrid LabFactory is a public private partnership where both companies and universities collaborate on research. The goal
is to develop design and evaluation tools for use case specific ecologically optimised multi-material vehicle components.
Ecology, lightweight design and economy are conflicting development goals, thus compromises are required and an assessment of the ecological,
economical, and lightweight properties is necessary.
Bondings are widely used in manufacturing of fibre reinforced structures. The predictability of the crack propagation behaviour is important for safety and
reliability aspects. A promising approach can be found with the principles of fracture mechanics, which were originally developed for the damage tolerance
analysis of principal fibre reinforced aircraft structures and are here adapted to multi-material combinations.
Within this presentation a method suitable for structural design is presented for the most efficient calculation of mixed mode energy release rates, even in
analysis models of complex structures. The evaluation of the fracture mechanical data is performed within a user defined adhesive interface element
during the solution of a standard finite element analysis. Even the fatigue behaviour, including crack propagation can be analysed. The capacity of the
method is demonstrated with a static analysis of a multi-material CNG pressure vessel. 
Measurements of critical energy release rates as design values (Mode I, Mode II) will be shown for a CFRP-X7Ni9 material combination bonded with
Scotch-Weld DP 490 (3M), established with standardized test specimen (Double Cantilever Beam, End Notch Flexure Specimen).
In order to compare various component concepts, these properties are among other information used for the development of a software tool. This tool
contains empirical and analytical formulae, which estimate the aforementioned properties and various evaluation methods to compare different concepts.

8739 | Influence of fibre aqueous-based sizing treatments and of the matrix intrinsic reinforcement on the damage
mechanisms of novel laminated acrylic thermoplastic composites (25. Failure and Damage)

Matadi Boumbimba, Rodrigue (matadi@enim.fr), 1- National Engineering School of Metz, Laboratory of Mechanics, Biomechanics, Polymers and
Structures, France
Wang, Kui (kui.wang@tudor.lu), 2- CRP Henri Tudor, Department of Advanced Materials and Structures, Luxembourg
Frédéric, Addiego (frederic.addiego@tudor.lu), 2- CRP Henri Tudor, Department of Advanced Materials and Structures, Luxembourg
Martin, Arnaud (arnaud.martin@tudor.lu), 2- CRP Henri Tudor, Department of Advanced Materials and Structures, Luxembourg
Gerard, Pierre (pierre.gerard@arkema.com), 3- ARKEMA, Groupement de Recherche de Lacq, France
Ruch, David (david.ruch@tudor.lu), 2- CRP Henri Tudor, Department of Advanced Materials and Structures, Luxembourg 

The current environmental concerns imply the utilization of polymer structural composite that could be recycled into raw materials and reused. To address
these issues, a great attention is paid to the development of thermoplastic matrices to replace conventional thermoset matrices, and/or the use of bio-
based materials to replace petroleum-based materials. Our work is focused on the development of novel laminated composites with an acrylic
thermoplastic resin as matrix, reinforced with layers of glass or hemp fabrics, produced by the infusion technique. However, amorphous thermoplastic
matrices were reportedly having a toughness closer to that of thermoset matrices, and the compatibilization between the fabrics layers and the matrix has
to be optimized.

The objectives of our works are to i) increase the toughness of the acrylic matrix by dispersing functionalized nanoclay or acrylic tri-bloc copolymers
(nanostrength) with different concentrations, and ii) to increase the fiber - matrix adhesion by using aqueous-based formulations of multifunctional
prepolymers apply by sizing treatment of the fibers. The initial morphology of the composite were analysed by atomic force microscopy to investigate the
dispersion state of the particles within the acrylic matrix, the possible presence of process-induced porosity and the fiber – matrix interface quality. The
composites were then analyzed by tensile testing, bending testing and impact testing (drop weight tower), and the post-mortem specimens were analyzed
by scanning electron microscopy and x-ray micro-computed tomography to visualize the damage mechanisms and the interface fracture profile. 

The main results obtained with glass fabrics indicate that the dispersion state of the reinforcing agent nanostrength was not optimal and that increasing
the concentration in reinforcing agent was detrimental to their dispersion state. Nevertheless, it was noted that the addition of nanostrength slightly
increased the strength and impact resistance of the materials. We are currently processing the laminated composites with nanoclay and testing some
innovative sizing treatments of the reinforcement materials. These treatments include unsizing in the case of glass fiber and application of an aqueous-
based sizing with appropriated prepolymers in the case of glass and hemp fabrics. The influence of the dispersion of nanoclay and of the compatibilization
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methodology on the mechanical properties of the composite is under investigation.

8755 | Effects of loading span on mode II interlaminar strain energy release rate of unidirectional E-glass/epoxy
laminates (25. Failure and Damage)

Goodarzi, Mohammad Saeed (msgoodarzi@aut.ac.ir), Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran
Hosseini-Toudeshky, Hossein (Hosseini@aut.ac.ir), Department of Aerospace Engineering, Amirkabir University of Technology, Tehran, Iran 

The apparent critical energy release rate (ERR) of composite laminates has often been found to vary with specimen geometry. Evaluation of critical ERR
is valuable in material development and selection for supporting design and analysis to produce delamination resistant structures. The Four Point Bend
end-notched flexure (4ENF) test can be used to determine the mode II interlaminar critical ERR, GIIc, of laminated composites. In this paper, the effects of
loading span on mode II critical ERR have been investigated on 4ENF specimen of unidirectional E-glass/epoxy laminates. Experiments have been
performed on three different values of loading span. A finite element model has been developed to calculate the mode II energy release rate including
cohesive interface elements. Friction of crack faces and the shear nonlinearity at the vicinity of crack tip has been considered in the finite element model.
The FE calculations have been validated with the experimental result.

8768 | Mechanical properties of Nickel reinforced AC8A composites fabricated by low pressure infiltration process (25.
Failure and Damage)

TULUGAN, KELIMU (kelimu@gnu.ac.kr), Gyeongsang National University, China
Park, Wonjo (wjpark@gnu.ac.kr), Gyeongsang National University , Korea, South 

Ni reinforced Al alloy composites were fabricated by low pressure infiltration process. Porous Ni was applied as preform. The fabrication was conducted
under 0.3 MPa at 600, 700 and 750 degrees centigrade, respectively. Intermetallic compounds Al3Ni generated between Al and Ni were observed in the
composites. Microstructure, Vickers’ hardness and wear characteristics of the composites were also investigated.

8784 | Thermo-mechanical behavior of aeronautical composite materials exposed to fire (25. Failure and Damage)

Bertheau Denis (denis.bertheau@lmpm.ensma.fr), Pprime Institute / Ensma, France
Lainé Eric (eric.laine@ensma.fr), Pprime Institute / Ensma, France
Denis Damien (damien.denis@ensma.fr), Pprime Institute / Ensma, France
De Vincente Rocio (devicente.rocio@gmail.com), University of Seville, Spain 

This research has been realized in the framework of the AircraftFire program, funded by the CEE (FP7).
Safety aboard aircraft is always one of the main preoccupations of aircraft manufacturers and airline companies. Therefore, fire safety is one of the major
research topics that have been addressed to improve the passenger safety. The aim of AircraftFire program is to contribute to increase survival of the
passengers and crew in the new generation of aircraft during fire scenarios in flight or upon impact. Indeed, a wide use of composite materials for the
fuselage, wing and structure in the new generation of aircraft (B787 or A350 families) to reduce the weight increases the thermal load and thus the risk of
fire. The aim of this study was to characterize the mechanical behavior of different structural composite material submitted simultaneously to a flame
attack and a mechanical stress in order to:
- evaluate the coupled effect of the stress and heating source on the material behavior,
- compare the behavior of different materials submitted to such thermal aggression and stress loading,
- describe the failure modes.
For this purpose a mechanical testing machine has been designed and built by P'Institute specifically for the AircraftFire program. The equipment allows 3
or 4 points bending test and is coupled with a burner or a cone calorimeter. During the test, the load or the displacement can be controlled and the
temperatures on the back side of the specimen were recorded. Two different fiber stress states in front of the flame could be achieved (tension or
compression).
The burner design allows a hot jet gas which is similar to a kerosene fire from a large post-crash. The main features of the burner are a wide range of heat
flux up to 200kW/m² over a diameter of 3.5cm, and a maximum temperature gas exhaust of 1200 ° C.
Four structural materials were tested combining different layup and type of matrix (AcF1, 2, 3 and 6) in two different thicknesses (2 and 4mm). During the
tests, four heat flux range were chosen in the range 75 to 200kW/m². For the 2mm thickness specimen, two different deflection have been used (15 and
30 mm) while for the 4mm one, only the 15 mm deflection has been applied.
Over 50 experiments have been performed during this program in order to get general outline of the composite materials behavior submitted to flame
impact. Additional tests were done on specimen without any stress at different exposure times to the heating source in order to measure the pyrolysis
thickness and assess the damage area generated inside. Several major results have been obtained:
- The combination of the load and the thermal aggression leads to a failure of the specimen while the specimen don’t break when the load only is applied
- In the case studied, the specimens fail systemically before the ignition time of the composite material
- The fiber stress state (tension vs compression) in the exposed side to the flame leads to two totally different failure modes causing greater failure time in
compression than in tension
- The failure time decreases while the heat flux increase
- The failure time decreases while the stress increases
- The matrix type has a strong influence on the failure time
- The failure occurs only with few plies pyrolysed 
Thermo mechanical simulation works were performed on AcF2 in order to evaluate the stress field and the effect of the temperature increase taking into
account:
- 3D temperature evolution in the specimen
- mechanical properties evolution with the temperature
- pyrolysis zone described by a damage parameter
Currently, part of the load evolution during the test is well described by the effect of the temperature on the mechanical properties. But up to now, models
developed do not describe accurately the sudden failure of the specimen. Further investigation of the damage mode should be performed to describe in a
better way the sudden drop of the load related to the failure.
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8794 | Effect of stacking sequence on the fatigue behaviour of CFRP laminates developed for wind turbine blades (25.
Failure and Damage)

Liu, Zhe (liuz0037@e.ntu.edu.sg), School of Mechanical and Aerospace Engineering, Nanyang Technological University, Singapore
Li, Peifeng (peifeng.li@ntu.edu.sg), School of Mechanical and Aerospace Engineering, Nanyang Technological University, Singapore
Huang, Ruoxuan (huan0237@e.ntu.edu.sg), School of Mechanical and Aerospace Engineering, Nanyang Technological University, Singapore
Srikanth, Narasimalu (nsrikanth@ntu.edu.sg), ERIAN, Nanyang Technological University, Singapore 

Wind turbine blades are mostly made of glass fibre reinforced polymer (GFRP) or carbon fibre reinforced polymer (CFRP) composites due to their good
strength to weight ratio, corrosion resistance, excellent fatigue properties and electrical properties. Although glass fibres are extensively used for wind
turbine blades, carbon fibres have recently gained increasing interests as a result of the better properties compared to glass fibres and their decreasing
price. Wind blades in service are subjected to highly variable loads such as aerodynamic, gravitational and inertial forces. The aerodynamic and
gravitational loads will bring about bending stress in the blade. As the wind is variable and chaotic, the common failure mode of wind blades is mechanical
fatigue. Therefore, it is essential to investigate the bending fatigue behaviour of CFRP composites in order to predict the service life of the blades
subjected to variable loads. 
The fatigue mechanisms of fibre reinforced polymer (FRP) composites are complex and generally in the forms of delamination, matrix/fibre debonding,
matrix crack, and fibre failure. Initial defects in FRP may not cause immediate structural failure; however, the accumulated damage leads to the decrease
in stiffness, strength and fatigue life. It is very important to observe the damage progression during fatigue test and determine how the accumulated
damage leads to the degradation of properties in FRP composites. The stacking sequence also affects the damage evolution and thus service
performance of FRP composites.
The present work investigated the tensile and fatigue behaviour of two kinds of CFRP laminates with the stacking sequence of [0/+45/-45]s and
[+45/-45/0]s, which have been extensively used by wind blade manufacturers. Both linear and Sigmoidal (Boltzman) models were used to fit the stress-life
curves. The stiffness degradation was quantitatively characterised during the fatigue process. In some static tension and fatigue tests, the load was
interrupted at different stages; the specimen was then scanned in x-ray microtomography. The following conclusions were drawn:
• Tensile properties of CFRP laminates are affected by the layup sequence, even though the laminates have the same number of plies oriented at 0°, +45°
and -45°. The [+45/-45/0]s CFRP laminate has higher ultimate strength and failure strain than the [0/+45/-45]s laminate.
• Sigmoidal model seems to better represent the stress - fatigue life relation than the linear model for both laminates, especially with the [+45/-45/0]s
layup. Under fatigue loads, the [+45/-45/0]s laminate has better fatigue resistance with smaller stiffness reduction compared to the [0/+45/-45]s laminate.
• The damage process under tension and fatigue loads is similar in both the [+45/-45/0]s and [0/+45/-45]s laminates. Matrix crack initiated in the 0° plies
and propagated to the adjacent 45° plies. Meanwhile, edge delamination occurred at the 0/45 interfaces and expanded through the width of the specimen.
At the late stage, delamination at the 0/45 and +45/-45 interfaces grew rapidly associated with fibre failure at the 0° plies, which leaded to the final failure
of the CFRP composite.

8801 | Progressive Fatigue Damage Analysis of CFRP under Multiaxial Stress State (25. Failure and Damage)

Song Zhou (dagaier@163.com), Harbin Institute of Technology, China
Yi Sun (sunyi@hit.edu.cn), Harbin Institute of Technology, China
Jingran Ge (jrge@yahoo.cn), Harbin Institute of Technology, China
Xiaojie Chen (123200838@qq.com), Harbin Institute of Technology, China 

Fatigue analysis of CFRP has been carried out in the past several decades. Phenomenological fatigue models are the most common models which are
adopted to predict fatigue of CFRP. Although these fatigue modes are successful to predict fatigue life, it is important to study failure mode of CFRP under
loading which cannot be observed in phenomenological fatigue model. In this paper, progressive fatigue model is established to model the failure mode of
composite laminate. Since composite is anisotropy, composite is under multiaxial stress state even if the composite is under uniaxial stress. It is quite
important to select a multiaxial fatigue model to study composite fatigue. In our model 3D Tsai-Hill static failure criterion is used to calculate equivalent
stress which is adopted to study influence of multiaxial stress on the fatigue life. Fatigue mode of CFRP is realized by ABAQUS USDFLD subroutine. In
this progressive fatigue subroutine, field variable is used to connect fatigue life of element and damage state of element. Once fatigue condition is
satisfied, element is failure, and then the engineering constants of CFRP change with stiffness degradation rule. Stress of composite laminate is
recalculated. Models with different stress amplitude and ratio loading are investigated by progressive fatigue method, and numerical results show
excellent agreement with experimental results.

8821 | Deterioration Mechanism of Pultruded GFRP Profiles in Marine Environment Based on Microstructure Analysis
(25. Failure and Damage)

Fang, Yuan (yuanfang@njtech.edu.cn), College of Civil Engineering, Nanjing Tech University, China
Huo, Ruili (ruilihuo@njtech.edu.cn), College of Civil Engineering, Nanjing Tech University, China
Yang, Shulan (zhuxuan0826@126.com), College of Civil Engineering, Nanjing Tech University, China
Liu, Weiqing (wqliu@njtech.edu.cn), College of Civil Engineering, Nanjing Tech University, China 

Pultruded glass fiber reinforced polymer (GFRP) profiles have been applied in dock pontoons, oil platforms, rapid fabricate houses in island, and other
marine structures because of their advanced functions and properties, such as reliable performance, low price, and good designability. However, the
marine environment has a big effect on the GFRP matrix resin and the interface between matrix and fiber. Physical aging and chemical aging occur for the
matrix resin, thus leading to the reduction of the mechanical properties. Most previous durability research have focused on the aging behavior and the law,
but the deterioration mechanism and durability reinforcement based on microstructure analysis have become an increasingly prominent issue, and need
to be investigated. In this paper, the deterioration law of macroeconomic performance of the pultruded GFRP profiles under the effects of salinity,
temperature, moisture, and UV intensity was determined. Furthermore, the chemical structural changes, the movement of the polymer chain segments,
and the deterioration situation of the interface before and after the aging testing of GFRP profiles were observed by the microstructure characterization
methods, thus, the relationship between macroscopic properties and their microstructure was explored, revealing the deterioration mechanism.

8829 | Influence of residual stresses on crack propagation in ceramic particulate composites (25. Failure and Damage)

Nahlik Lubos (nahlik@ipm.cz), Institute of Physics of Materials ASCR, Czech Republic
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Majer Zdenek (majer@fme.vutbr.cz), Faculty of Mechanical Engineering, Brno University of Technology, Czech Republic
Bermejo Raúl (raul.bermejo@unileoben.ac.at), Institut für Struktur- und Funktionskeramik, Montanuniversität Leoben , Austria
Pletz Martin (martin.pletz@unileoben.ac.at), Institut für Struktur- und Funktionskeramik, Montanuniversität Leoben , Australia
Hutar Pavel (hutar@ipm.cz), Institute of Physics of Materials ASCR, Czech Republic 

The contribution is focused on the investigation of the role of residual stresses in ceramic particulate composites. Special attention is devoted to the
influence of residual stresses on fracture behavior and the crack propagation in this kind of composite.
In some particular cases, the matrix of the composite may be used to tailor the properties of the final composite. One example is that of Low-Temperature
Co-fired Ceramics (LTCC), used as substrate material for production of multilayer electronic circuits and sensors for medical, automotive and
communication devices. LTCC ceramics consist of ceramic particles (typically alumina) embedded in a glass matrix. LTCC technology was developed
around three decades ago as an alternative to overcome conductivity problems with tungsten metallization in alumina substrates used in High
Temperature Co-fired Ceramics. The main characteristic of LTCC is their relatively low sintering temperature of the ceramic particles (circa 850°C), which
is possible due to the use of the glass matrix with a low melting point. However, important residual stresses developed during cooling down from the
sintering temperature in the composite matrix due to differences in coefficients of thermal expansion of particles and matrix.
In the contribution a behavior of the crack propagating in the field of strong residual stresses influenced by particles presence is studied. The crack
propagation in this complex stress field is investigated by procedures of linear elastic fracture mechanics. The change of the crack propagation direction
due to residual stresses or shielding effect of the particles is considered. The procedure used is able to take into account the crack arrest in the vicinity of
particles or to decided, if the crack will propagate through the particle or under which condition this behavior can occur. Procedures based on combination
of finite element method (FEM) and (generalized) linear elastic fracture mechanics lead to the determination of the path of crack propagating in the
particulate composite and describe (by means of fracture mechanics) the crack propagation (by K-calibration along the crack path). The result is the
knowledge of the crack behavior in the particulate ceramic composite influenced by (strong) residual stress field. A suitably chosen material combination
can lead to the crack arrest under given loading conditions or to the deceleration of crack growth. This knowledge can be used for better design of such
kind of materials with higher resistance to the crack propagation or for the lifetime estimation in the case of subcritical crack growth (SCCG) in ceramic
particulate composites.

8858 | Towards damage modelling of composite structures in AIRBUS: State of the Art and Challenges (25. Failure and
Damage)

Gray, Patrick J. (patrick.p.gray@airbus.com), AIRBUS Operations S.A.S, France 

In the aerospace industry, the use of advanced composite materials in primary structural applications has reached a strong level of maturity. However, a
common problem in design is that composite materials exhibit quasi-brittle behaviour with very little plastic stress relief. In addition, material behaviour is
orthotropic, thus resulting in the need for extensive mechanical testing. In order to circumvent this problem, and to extend the design space, damage
modelling of composite materials is of strong interest to the aerospace industry. The methods are based on detailed failure criteria and continuum damage
mechanics and are expected to replicate the behaviour of composite laminates both up to, and including, final failure. The methods were incorporated in
both three-dimensional finite element models of standard coupon tests and large-scale structural simulations. This presentation focusses on:

1. Current capabilities in the industry and academia. A benchmark study has been performed on both simplified and detailed approaches
2. Future challenges – exploitation of damage models
3. Gaps to filled in future research

The benchmark represents a significant way forward in the definition of a mature damage mechanics method to support airframe sizing, and also provides
the context for future developments in computational damage mechanics. 

8928 | Numerical evaluation of residual stresses in composite structures (25. Failure and Damage)

Chwal, Malgorzata (mchwal@pk.edu.pl), Cracow University of Technology, Poland
Stawiarski, Adam (asta@mech.pk.edu.pl), Cracow University of Technology, Poland
Muc, Aleksander (olekmuc@mech.pk.edu.pl), Cracow University of Technology, Poland 

In fibre/polymer composite materials when they are cooling from the fabrication temperature to the room temperature the residual stresses arise because
of mismatch in the thermal expansion coefficients between the polymeric matrix and the fibre. The residual stresses are almost always present in the
polymeric composite structures therefore they should be taken into account during design and modelling of composite structures. The most important task
in this field is evaluation of the residual stresses and factors that may have the critical influence on their appearance and value. Next, the existence of the
residual stresses in the composite structure should be analysed in the case of possible influence on their fatigue damage. Moreover, the conducted
studies try to understand how the residual stresses can be stipulated and use to improve the properties.
Fatigue damage of composite materials is a complicated mechanical phenomenon due to a really complex nature of such materials. When the cyclic
loading is present, damage accumulates in composite materials and affects the fracture or failure of structures. The most possible damages that can arise
include a progressive matrix cracking, brittle fracture of fibres, debonding of fibre–matrix interface and debonding of adjacent layers (delamination).
Despite extensive studies in this area, there exists an open question of how to model such a phenomenon taking into account possible factors that may
have a critical influence on the final damage.
Usually, the residual stresses influence on the fatigue damage of composite materials are not considered due to complexity in derivation of residual stress
values. The present paper is dedicated to the numerical analysis of residual stresses in laminate composite structures to evaluate their influence on the
fatigue damage. In order to assess the residual stress influence on final destruction of composite structure firstly the values of the pre-stresses have been
prescribed and next the fatigue process progression for up to the final failure was conducted with the help of finite element modelling. The prescribed pre-
stresses simulated the existence of non-zero residual stresses arising in manufacturing process which play a crucial role in the evaluation of the fatigue
life. For instance, they shift the First-Ply-Failure envelope, buckling loads etc., and depending on the form of residual stress loading can increase or
decrease the final values of fatigue life. 

8969 | An evaluation of mechanical properties and failure modes of multi-layer glass reinforced polypropylene
thermoformed composite material to be used in automotive industry (25. Failure and Damage)



08/05/15 15:14Conferências 5: Book of Abstracts

Page 255 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

Černý, Ivo (Ivo.Cerny@seznam.cz), SVÚM a.s., Czech Republic
Mikulová, Dagmar (dmikulova@svum.cz), SVÚM a.s., Czech Republic
Remar, Luboš (remar@svum.cz), SVÚM a.s., Czech Republic 

The work described in the paper was aimed at an evaluation of mechanical properties and failure modes of multi-layer glass reinforced polypropylene
thermoformed composite material to be used for manufacture of 3D selected components in automotive industry. The work was performed as a part of the
7th Framework Programme project 3D-LightTrans. The goal of the project is to establish and provide access to groundbreaking, highly flexible and
adaptable low-cost production technologies for manufacturing of high performance light weight 3D multifunctional textile reinforced polymer composites for
structural components. This approach will move the use and application of 3D multifunctional textile reinforced polymer composites from its current
position in cost intensive, small series niche markets, to broadly extended mass product applications in the automotive sector, and also in other key
sectors, like consumer goods, medical devices, sport equipment, machine parts and renewable energy systems. 
The investigated material was a high-tech polymer composite combining the superior properties of the reinforcement material (glass) with the ultra-light
weight and low cost of polymer matrix (polypropylene). The material is characteristic by continuous fibre reinforcement in the form of woven multilayer
fabric with Z reinforcement, showing enhanced performance compared to short fibre reinforced composites and allowing for a better control of the
distribution of the reinforcement material. The material was developed in a collaboration of the project consortium partners, particularly those with an
extensive expertise in the area of materials, production research and technical textiles, like Austrian Institute of Technology, University of Ghent and TU-
Dresden, where the material plates were manufactured. 
A comprehensive experimental programme was performed with the aim to evaluate strength and E-modulus of the material under different types of
loading, static tension, compression and flexure. Tests were performed in three most important directions, warp, weft and +-45 deg. In addition, effects of
modified test conditions, like gauge length during compression tests, on final mechanical properties and failure modes were investigated. The
experimental programme was completed by evaluation of failure modes at different loading including microscopic and microstructure scale. 
The most important results are as follows: (i) Flexural strength in both warp and weft directions was similar, the strength in weft direction is slightly higher.
(ii) In warp and weft directions, flexural strength was almost comparable with tensile strength, being mostly between 200 and 300 MPa. On the contrary, in
45 deg direction, flexural strength was quite comparable with flexural strength in warp and weft directions unlike tensile tests, where strength in 45 deg
direction was considerably lower in comparison with warp and weft directions, more than twice. 
Further details of the experimental programme and results are discussed in the contribution. 

8970 | Damage assessment of notched composite structures and adhesively bonded repairs (25. Failure and Damage)

Martínez Vicente, Juan Luis (juanluis.martinez@uclm.es), University of Castilla-La Mancha, Spain
Caminero Torija, Miguel Ángel (miguelangel.caminero@uclm.es), University of Castilla-La Mancha, Spain
López Cela, Juan José (juanjose.lopez@uclm.es), University of Castilla-La Mancha, Spain 

The use of carbon-fibre reinforced plastic (CFRP) composites in the design of structural parts with high mechanical performance requires a better
understanding, especially in the presence of open holes and damage. The effect of the presence of notches on the behaviour of composite materials is an
important topic because it causes a large decrease in strength compared with an unnotched laminate and they have an important effect on the growth of
damage zones.
Notched strength has been reported in many studies as directly related to the type of damage at the notch tip, such us matrix cracking in the off-axis plies,
delamination and axial-splitting in the 0º plies, before failure occurs. Interlaminar damage, such us delamination, typically reduces notch stregth, as
individual uncoupled plies are free to fail by the fracture mode of least resistance. Conversely, intralaminar damage at the notch tip provides stress relief
as the notch geometry changes, thus increasing notched strength, if plies are still bonded to each other. Regarding laminate lay-up and stacking
sequence, it has been shown that laminate notched strength varies substantially with both the specified set of ply fibre orientation as well as the order in
which the specific plies are arranged in the laminate. Different type of through-thickness discontinuities have been used in order to evaluate the notched
characteristics of CFRP laminates. However, the open hole laminate has been adopted as industry stardard for determining the notched strength for
CFRP laminates. On the other hand, results can be strongly dependent on testing configuration, as for example, the well known 'notched size effect' or
effect of lay-up.
The mechanical behaviour of notched composite structures is complex .It is therefore more desirable when performing experimental investigation on
laminated composites to obtain extensive full-field strain data, rather than limited strain or displacement measurements obtained from traditional electrical
strain gauges or extensometers. A limited number of studies focus on the assessment of the damage process in notched composite structures using
Digital Image Correlation (DIC) techniques has been applied before.
On the other hand, one of the mayor challenges in aerospace industry, due to the extensive use of advance composites in primary and secondary
aerospace structural components, is structural repair. Bonded composite repairs provide an alternative to mechanically fastened repairs with significantly
higher performance. However, structural bonded repairs, especially with primary structures, pose several scientific challenges with the current existing
repair technologies, as for example damage assessment and performance of external bonded patch repairs.
The objetive of this work is the characterization and the assessment of the damage in CFRP laminates with an open-hole and adhesively bonded repairs
under uniaxial tensile loading. An experimental test series was carried out to determine unnotched and open hole ultimate strength of laminates made
from M21E/IMA, an unidirectional prepreg used in A350 XWB primary structures. Different stacking sequences were examined to gain an insight into the
assessment of different type of damage in notched laminates and adhesively bonded repairs under uniaxial tensile loading. In addition, notch sensitivities
of the different laminates have been evaluated using the strength of unnotched specimens as benchmarks. Furthermore, the performance and damage
assessment of open-hole specimens fabricated from quasi-isotropic laminates were examined. DIC technique was used to used to investigate the tensile
strain fields around the holes in the previous specimens. X-radiography was performed to identify the damage localized around the hole. In the second
part of the work, external patches were bonded in M21E/IMA laminates with different stacking sequences. Tensile tests were carried out observing
damage and performance.

8994 | Effect of Initial damage on CFRP retrofitted centre-notched steel plates (25. Failure and Damage)

Emdad, Reza (memdad@swin.edu.au), Swinburne University, Australia
Al-Mahaidi, Riadh (ralmahaidi@swin.edu.au), Swinburne University, Australia 

Carbon fibre reinforced polymers (CFRPs) are now widely used in design and construction of aerospace, mechanical and civil engineering applications. In
the field of civil engineering, these materials gained most of their popularity in strengthening applications. Although several successful applications of
strengthening steel structures exist worldwide, up to now there is no specific standard or guideline in use by engineers and researchers in this field. This
can mean that sufficient data is not yet available and more experiments, lab work and numerical analysis for obtaining valid mathematical models is
required. In this research the effect of fatigue is seen on strengthened steel plates with CFRP patches. Two sets of steel plates are tested with different
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initial damage levels (initial crack length) and the effect of prestressed CFRP on the fatigue life of both types of specimens is studied. The results show
how the effect of prestressing can be used to improve the remaining fatigue life of the centre-notched steel plates. On the other hand, the effect of initial
damage is also found to be significant as it directly affects the stress intensity factors at the crack tip, speeding up the crack propagation rate.

9061 | Determination of Characteristic Lengths for open-hole and pin-loaded Composite Joints by Means of 3D
Progressive Damage Analysis (25. Failure and Damage)

Taheri-Behrooz, F. (taheri@iust.ac.ir), Iran University of Science and Tehcnology, Iran
Bakhshan, A. (h_bakhshan@mecheng.iust.ac.ir), Iran University of Science and Tehcnology, Iran 

Abstract
The current study deals with the progressive damage analysis to obtain characteristic lengths of open- hole and pin- loaded composite joints. For a 3D
progressive damage analysis, a user define material code (UMAT) concerning diverse models, in the finite element analysis package ABAQUS, was
developed to predict the failure load and characteristic lengths of the composite pinned joints. Investigation of failure criterions and property degradation
rules effects on the failure behavior of the joints to obtain a numerical method for determination of characteristic lengths properly, are the objectives of
study. A series of tests also were carried out to compare with numerical results representing good agreement between experimental results and numerical
prediction.

Keywords: Composite pinned-joints, Characteristic length, Progressive damage analysis, Failure criterion.

9062 | Load-displacement behavior simulation of shape memory alloy hybrid composites (25. Failure and Damage)

Taheri-Behrooz, F. (taheri@iust.ac.ir), Iran University of Science and Technology, Iran
Kiani, A. (a.k.alikiani@gmail.com), Iran University of Science and Technology, Iran 

Abstract
Shape Memory Alloys (SMAs) are a type of Shape Memory Materials (SMMs) that they can recovery large deformation and return to their primary shape
by remove of stresses along with rising temperature. In this paper overall behavior of a shape memory alloys hybrid composite (SMAHC) plate subject to
uniaxial static loading were discussed. SMAs wires used for improve material properties in Glass-Epoxy composite subject uniaxial loading at ambient and
high temperatures. In this study the influence of various parameters that include: the SMA fiber volume fraction, the temperature loading have been
investigated. In order to simulation SMAHC of ANSYS 14.0 Finite Element Analysis (FEA) software is used. This model is capable to modeling properties
of SMAs which include: the shape memory effect (SME) and Superelasticity (SUPE). The material option for superelasticity is based on model Auricchio
and The material option for the shape memory effect is based on the 3-D thermomechanical model Souza and Auricchio .Since the temperature remain
constant during loading in the experiment, solids 185 or 186 element are used. Numerical simulation of typical tests performed on shape memory alloy
hybrid composites are presented and compared with available experimental data.
Keyword: Shape memory alloy hybrid composite, SME, Nitinol wire

9098 | Influence of Nd3+:YAG laser irradiation on the structure of composites with carbon fibers (25. Failure and Damage)

Kaludjerović, Branka V. (branka@vin.bg.ac.rs), Vinča Institute of Nuclear Science, Mater. Sci. Dpt., University of Belgrade, POB 522, Belgrade 11001 ,
Serbia
Srećković, Milesa (esreckov@etf.rs), Faculty of Electrical Engineering, University of Belgrade, Bulevar Kralja Aleksandra 73, Belgrade 11720, Serbia
Janićijević, Milovan (janicije@eunet.rs), Metalac A D, Kneza Aleksandra 212, 32300, Gornji Milanovac, , Serbia
Kovačević, Aleksander (Aleksander.Kovacevic@ipb.ac.rs), Institute of Physics, University of Belgrade, POB 68, 11080 Belgrade, Serbia 

The carbon-based composites: carbon fiber reinforced plastic (CFRP) and 3D C/C composite samples were exposed to the Nd3+:YAG laser beams
(1.064 mm; i.e. near infrared, NIR range). Experimental parameters for the interaction of the laser beam with 1.5 Hz pulse frequency , and pulse duration
= 0.7 ms, were: energy density was between 128 and 1468 J cm-2, pulse energy was from 1 to 3J and mean power was in range: 0.4 to 5.5 kW. The
exposition by laser beam was normally to the sample surface. The laser beam was focused by appropriate lens. In all experiments, provided in applied
working regimes, the surface damages have occurred. The results of laser damages are analyzed by light and electron scanning (SEM) microscopes.
Program Image J is executed for quantitative analysis of generated damages of based on micrographs obtained by light microscopes.

9147 | Numerical evaluation method for crack initiation and growth phenomena of polyurethane foam-based insulation
structures under dynamic cyclic pressures using damage-coupled finite element analysis (25. Failure and Damage)

Chi-Seung Lee (victorich@pusan.ac.kr), Pusan National University, Korea, South
Kwang-Ho Choi (rupang3se@pusan.ac.kr), Pusan National University, Korea, South
Myung-Sung Kim (dover@pusan.ac.kr), Pusan National University, Korea, South
Jae-Myung Lee (jaemlee@pusan.ac.kr), Pusan National University, Korea, South 

The polyurethane foam-based LNG insulation systems such as GTT Mark-III are always operated under repeated severe surroundings, namely, sloshing
and ambient-cryogenic thermal gradients. Accordingly, the LNG insulation systems can be failed/fractured abruptly during their operation, and this
phenomenon leads to not only leakage of LNG but also tremendous loss of human and financial resource. In order to evade the aforementioned disaster,
the precise material nonlinear behaviors and failure features should be identified, and a suitable computational analysis code should be prepared prior to
the design and fabrication of LNG insulation systems. Therefore, in the present study, the failure characteristics such as stiffness degradation, and crack
initiation and propagation phenomena for glass fiber-reinforced polyurethane foam (RPUF) of GTT Mark-III type LNG insulation systems will be evaluated
computationally. In particular, in order to describe the damage nucleation and growth as well as the elasto-viscoplastic behavior specifically, a
temperature- and strain rate-dependent damage-coupled constitutive model will be proposed. Furthermore, the implicit formulation and computerization
procedure of the proposed mechanical model will be introduced. As a result of the present study, a material card for well-known commercial FEA code,
ABAQUS UMAT will be developed, and a series of damage simulations for LNG insulation systems under various dynamic cyclic pressures will be
demonstrated. Finally, in order to validate the proposed mechanical model and the material card, the simulation results will be compared to the dynamic
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cyclic test results of LNG insulation systems.

9149 | Post-buckling-driven surface delamination (25. Failure and Damage)

Wang, S (s.wang@lboro.ac.uk), Loughborough University, United Kingdom
Wang, B (b.wang2@lboro.ac.uk), Loughborough University, United Kingdom
Harvey, CM (c.m.harvey@lboro.ac.uk), Loughborough University, United Kingdom
Watson, A (a.watson@lboro.ac.uk), Loughborough University, United Kingdom 

Delamination propagation in layered isotropic or laminated composite materials is often driven by post-buckling, which typically produces mixed-mode
fractures. The total fracture toughness depends on the amount of fracture energy contributed by the action of each pure fracture mode (mode I opening,
mode II shearing and mode III tearing). Therefore, in order to study post-buckling-driven delamination behaviour, it is an essential task to partition the total
energy release rate of a mixed-mode delamination into contributions from the action of each pure fracture mode. The present work considers through-
width delamination propagation in beams made of layered isotropic or laminated composite materials under in-plane compression. Analytical theories to
partition the total energy release rate are developed based on authors’ previous work. In addition, analytical theories are also developed for the study of
propagation behaviour. The work is validated against numerical simulations and experimental results.

9162 | Plastic damage model for fatigue in composites (25. Failure and Damage)

Barbu, Lucia G. (lgratiela@cimne.upc.edu), CIMNE - Universitat Politecnica de Catalunya, Spain
Martinez, Xavier (x.martinez@upc.edu), CIMNE - Universitat Politecnica de Catalunya, Spain
Oller, Sergio (sergio.oller@upc.edu), CIMNE - Universitat Politecnica de Catalunya, Spain
Barbat, Alex H. (alex.barbat@upc.edu), CIMNE - Universitat Politecnica de Catalunya, Spain 

This work proposes a plastic damage constitutive model at composite constituent level that accounts for fatigue effects by affecting both the strength and
the stiffness of the composite component. The behavior of the composite material will be obtained by means of the rules of mixtures (ROM) theory [1].
The constitutive model is based on the “Barcelona Plastic Damage Model” [2] and makes use of the integration scheme proposed by Luccioni et al. [3] for
the simultaneous integration of damage and plasticity constitutive equations. Its capabilities of dealing with “Ultra-Low-Cycle Fatigue” in steel have been
studied by Martinez et al. [4] and offered good results in terms of life prediction and hysteresis loop, both for constant amplitude cyclic loading and for
random cyclic loading. The application of the model for “Low-Cycle Fatigue” has been shown in Barbu et al. [5] also for metallic materials. 
The present work explores the use of the coupled plastic damage model and ROM theory for composite materials where the failure occurs in the “Low-
Cycle Fatigue” regime and is due to either component failure or to delamination between matrix and fiber. At component level, the model is valid for
materials with a softening behavior and materials that exhibit first hardening and then softening. Numerical examples will be shown in order to better
illustrate the model behavior for carbon fiber/ epoxy matrix composites.

[1] F. Rastellini, S. Oller, O. Salomon, E. Oñate “Composite materials non-linear modelling for long fibre reinforced laminates: continuum basis,
computational aspects and validations.”, Computers and Structures, 86(9), 879–896, 2008. 
[2] J. Lubliner, J. Oliver, S. Oller and E. Oñate. “A plastic-damage model for concrete”, International Journal of Solids and Structures, 25(3), 299-326, 1989
[3] B. Luccioni, S. Oller, and R. Danesi, “Coupled plastic-damage model”, Computer Methods in Applied Mechanics and Engineering, Vol. 129, pp. 81-90,
1996.
[4] X. Martinez, S. Oller, L.G. Barbu, A.H. Barbat, A.M.P. de Jesus, “Analysis of Ultra Low Cycle Fatigue problems with the Barcelona plastic damage
model and a new isotropic hardening law”, International Journal of Fatigue, 73, 132-142, 2015.
[5] L.G. Barbu, S. Oller, X. Martinez, A.H. Barbat, “Coupled plastic damage model for low and ultra-low cycle seismic fatigue” In: 11th World Congress on
Computational Mechanics (WCCM XI) Barcelona 20–25 July, 2014.

9170 | ACOUSTIC EMISSIONS AS AN INDEX OF DISSIPATIVE CAPACITY IN FRP MATERIALS UNDER COMPRESSION
(25. Failure and Damage)

Russo Salvatore (russo@iuav.it), Iuav University of venice, Italy
Rosano Michele (m.rosano@curtin.edu.au), Curtin University of Perth, Australia
Lawania Krishna (krishna.lawania@curtin.edu.au), Curtin University of perth, Australia 

Typically pultruded FRP materials are elastic in their mobility but with potential frangible tendency. FRP materials are characterised both in compression
and under tension - by a material phase of collapse and softening as a crisis mechanism that is a result of the sum of several local collapse mechanisms
that interact with each other. These, in turn, are inevitably influenced by the mechanical characteristics of the fibre and matrix components and their
mechanical interaction. The collapse phase is also characterized by acoustic emissions that can then be assessed to assist in profiling the damage made
to the material. This research analyses the acoustic emissions resulting from the experimental assessment of pultruded FRP samples under compression.
For each compression test, the acoustic emissions generated during collapse are measured with dedicated instrumentation. The research also aims to
evaluate the acoustic emissions as an index of the dissipative capacity of the pultruded FRP undergoing collapse. The acoustic emissions are measured
in samples that had been previously subjected to a variety of different temperature cycles.

9172 | A generalized growth model for damage in unidirectional composites (25. Failure and Damage)

Raj, Arun S.R. (srarunraj@gmail.com), Indian Institute of Technology Kanpur, India
Upadhyay, C.S. (shekhar@iitk.ac.in), Indian Institute of Technology Kanpur, India
Dhama, R (ravidhama121@gmail.com), Indian Institute of Technology Kanpur, India 

Damages at different levels, either manufacturing induced or due to thermo-hygro-mechanical loads, are quite conventional in laminated composite
structures. Pertaining to the fact that interface between the constituents is more susceptible to damage, mostly initiated as a diffuse damage, its evolution
and interaction leading to the formation of other mechanisms need clarity. Diffuse damage and matrix crack are two mutually existing identifiable modes
often noticed prior to laminate level mechanisms. By providing a platform for the assessment of damage development at a conceivable length scale,
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computational models aid in unravelling the mechanics behind such experimental observations. In the present work, a micromechanics based continuum
damage model is proposed to scrutinize the formation of a transverse matrix crack from diffuse damage. The potential of mathematical theory of
homogenization is explored to conduct the micromechanical analysis of damaged representative volume elements (RVE). The varied sensitivity of diffuse
damage growth under inplane shear and transverse load is analyzed by means of evaluating stress concentration factors at critical regions in an RVE.
Further, the coalescence of circumferentially evolved diffuse damages resulting in a through the thickness matrix crack is discussed. It is seen that at
small angles diffuse damage growth is shear dominant, however, the growth becomes equally favoured under normal and shear stress at higher angles.
The study came up with the conclusion that, critical length of diffuse damage along the fibre direction appears as a prerequisite for the matrix crack to
initiate. Microlevel analysis yields a unified explanation for the coupling between the two mechanisms. The effect of fibre volume fraction and matrix
plasticity in damage growth mechanisms are taken into account.

9176 | Numerical Simulation of Progressive Fatigue Damage in Laminated Composites (25. Failure and Damage)

Taheri-Behrooz, F. (taheri@iust.ac.ir), Iran University of Science and Technology, Iran
Mousavi, S.S. (sina_mousavi@auto.iust.ac.ir), Iran University of Science and Technology, Iran 

Numerical Simulation of Progressive Fatigue Damage in Laminated Composites
F. Taheri-Behrooz* and S.S. Mousavi
School of Mechanical Engineering, Iran University of Science and Technology, Narmak, Tehran, Iran
*Taheri@iust.ac.ir and sina_mousavi@auto.iust.ac.ir

Abstract:
Polymeric composite due to their high specific strength and stiffness and their inherent potential for weight reduction in comparison to traditional metals
have got large attention in aerospace structures. However their applications under cyclic loading conditions necessitate to simulate their fatigue behavior
under various loading conditions. The main objective of this research is to develop a FE model to predict fatigue life of laminated composites under
uniaxial loading. In progressive fatigue damage modeling methods, utilizing FE method is a necessary step to calculate stresses redistribution inside the
structures due to the damage propagation and subsequently material properties degradation. It was assumed that fatigue damage propagation is related
to the stiffness degradation of each ply in the laminate. Progressive damage model proposed by Shokrieh-Lessard was employed to account for stiffness
degradation and damage propagation cycle by cycle. Failure prediction was carried out using stress-based failure criteria. A user defined subroutine
(UMAT) in Abaqus software was developed to simulate fatigue damage propagation cycle by cycle. The developed fatigue life model predictions showed a
good correlation with available experimental data.

Key words: Progressive Damage Modeling, Fatigue, Composite, Finite Element

9198 | Fatigue failure and optimization of composite plates and shells with holes (25. Failure and Damage)

Muc, Aleksander (olekmuc@mech.pk.edu.pl), Cracow University of Technology, Poland 

Fatigue failure and optimization of composite plates and shells with holes.

9200 | Prediction of Long Term Performance of GRP Pipes Subjected to Sustained External Pressure Based on Linear
Regression Analysis (25. Failure and Damage)

Yoon, Sung Ho (shyoon@kumoh.ac.kr), Kumoh National Institute of Technology, Korea, South
Oh, Jin Oh (rio575@kumoh.ac.kr), Kumoh National Institute of Technology, Korea, South 

Long term ring stiffness test and long term sustained external pressure test were performed to predict the long term performance of GRP pipes. GRP
pipes were constructed by continuous filament winding technique which sequentially and continuously distributes glass fiber, polyester resin, and sand
into a cylindrical mandrel. This method provides different length of GRP pipes and GRP pipes for this study were cut into 300 mm. GRP pipes had nominal
diameter of 400 mm, nominal thickness of 10 mm, nominal pressure of 16 bar, and nominal stiffness of 10,000 N/m2. Two GRP pipes were used for long
term ring stiffness test and 21 GRP pipes were used for long term sustained external pressure test. The vertical deflection of GRP pipes was obtained
through long term ring stiffness test. The failure pressure and failure time of GRP pipes were measured from long term sustained external pressure test.
All the tests were conducted up to 10,000 hours under wet condition.The linear regression analysis was performed to predict long term performance of
GRP pipes and its validity was verified through correlation coefficient. According to the results, the creep coefficient after 50 years and regression ratio of
GRP pipes were found to be 0.66 and 0.59, respectively, from long term ring stiffness test. The ring stiffness of GRP pipes after 50 years was degraded up
to 41 % of the initial ring stiffness. The regression ratio of GRP pipes was found to be 0.44 from long term sustained external pressure test and the long
term performance of GRP pipes after 50 years was degraded up to 56 % of the initial performance. Based on the regression ratio, circumferential failure
strains for first 6 minutes and 50 years were revealed as 1.82 % and 1.23 %, respectively.

9202 | Crack propagation in anisotropic materials under thermomechanical loading using XFEM (25. Failure and Damage)

Lyazid BOUHALA (lyazid.bouhala@list.lu), Luxembourg Institute of Science and Technology , Luxembourg
Ahmed Makradi (ahmed.makradi@list.lu), list, Luxembourg
Salim Belouettar (salim.belouettar@list.lu), list, Luxembourg 

The extended finite element method (XFEM) is introduced to solve the problem of cracked media in thermo-anisotropic elasticity. The concept of level set
is used to locate the discontinuity and the singularity, to enrich the jump in fields and to track crack propagation. The crack tip enrichment is derived from
the asymptotic analysis in anisotropic media and used to enhance the crack tip region behavior modelling accuracy. The problem solving methodology
consists to solve the heat transfer equation and then to couple the temperature as body forces into the thermomechanical problem. The crack growth is
driven by the maximum hoop stress to strength ratio criterion, once it is satisfied, the orientation angle is calculated, the crack is incrementally advanced
and the level set functions are updated. The method is validated by comparing the stress intensity factors (SIFs) with the existing ones for static cracks.
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The implemented method seems to be efficient and the obtained results are in good agreement. The study is then extended to some parametric studies of
crack propagation.

9212 | Instability analysis of Shear Bands using the instantaneous growth-rate of a perturbation (25. Failure and Damage)

Arriaga, Miguel (mta2122@columbia.edu), Columbia University, United States America
McAuliffe, Colin (cjm2176@columbia.edu), Columbia University, United States America
Waisman, Haim (waisman@civil.columbia.edu), Columbia University, United States America 

Shear banding, as an unstable process of localization, is a common precursor to fracture in materials under high strain rate loadings. Therefore, the
detection of the instability point after which localization will occur is of significant importance. Due to the very complex nature of the physical phenomena
occurring during the shear banding process, the study of this instability point has been the subject of substantial research.

In this work we propose a different alternative for defining this point based on the notion of generalized stability analysis. We study the behavior of the
instantaneous growth rate of a perturbation tangent to the trajectory of the solution and compare it with a local criterion for instability. We then propose an
approximation of this quantity that is cheaper to compute and imposes less restrictions on the problem.

We show that for a particular class of problems, in 1D and 2D examples, both quantities successfully find the instability point predicted analytically and
verified experimentally in the literature. This methodology is general and can be applied to many different problems for which instability that leads to
localization and fracture is important. An example with titanium matrix composites reinforced with titanium carbide particles is presented.

9223 | Experimental Hysteretic Behavior of High Strength Concrete Columns Confined by Butt-welded Closed
Composite Stirrups (25. Failure and Damage)

LI S.C. (lsc50605@hqu.edu.cn), School of Civil Engineering, Huaqiao University, China 

Abstract: This study was carried out on the six tested specimens of high strength concrete columns with butt-welded closed composite stirrups under
varying axial force and cyclic lateral loads. The tests focused on the structural performance (deformation) and hysteretic characteristics of the columns
considering the influence of the axial compression ratio and the volume-stirrup ratio. Based on the experimental results, the characteristics of hysteretic
curves were analyzed, and the hysteretic rule of restoring force model was verified. According to the regression analysis of the test results, it was
determined that the unloading rigidity and strength degradation rate under repeated loading conditions are mainly due to the two parameters of the
“displacement ductility factor” and “axial compression ratio”. The tri-line skeleton curves of the restoring force model consist of three phases. The first
phase is the elastic phase, and the second phase is the strengthening phase and finally the strength degradation phase. According to the test results, the
skeleton curves were determined by the section layer and the statistical regression analysis methods. The influence of the axial compression ratio and the
volume-stirrup ratio were considered in its strengthening and strength degradation phases. By considering the influence of axial compression ratio and the
volume-stirrup ratio to the hysteretic characteristics of high strength concrete columns confined by butt-welded closed composite stirrups, the shear force-
lateral displacement restoring force model was established.

9229 | Dynamic behavior of ocean current turbine blade with damage (25. Failure and Damage)

Lecheb Samir (samir_lecheb@yahoo.fr), University of Boumerdes, Algeria
Nour Abdelkader (abdelkader_nour@yahoo.fr), University of Boumerdes, Algeria
Mechakra Hamza (mechakra_h@yahoo.fr), University of Boumerdes, Algeria
Chellil Ahmed (c.chellil@yahoo.fr), University of Boumerdes, Algeria
Hidouchi Hamza (h_hidouchi@yahoo.com), University of Boumerdes, Algeria
Naceur Hakim (hakim_n@yahoo.fr), School of Engineering ENSIAME, France 

This study is concerned the behavior of the marine current turbine blade. This work devoted initially to make a analytical part, the turbine blade is
modelled as a Timoshenko rotating beam and the mathematical formulation is obtained. After applying boundary condition and loads, we have studied the
stress, strain and displacement in order to determine the singularity zone, also show the six first modes shape of blade. Secondly was consisted to study
the crack initiation in singularity zone which based to FEA to give the results, then follow the change in displacement, strain, stress and first six naturals
frequencies as a function of crack propagation. In the experimental study the laminate plate specimen with two layers is tested under cyclic load in fully
reversible tensile at ratio test (R=0), the damage phenomenon occur and the lifetime are presented , the fatigue testing exerted in INSTRON 8801
machine. Finally we provide the knowledge of their effect on the lifetime, this residual change of naturals frequencies parameters can be used to predicted
a crack length.

9283 | CHARACTERIZATION OF FIBER REINFORCED POLYUREA COATING SYSTEM UNDER CYCLIC LOADING (25.
Failure and Damage)

Parniani, Sasan (sp0026@uah.edu), University of Alabama in Huntsville, United States America
Toutanji, Houssam (toutanh@uah.edu), University of Alabama in Huntsville, United States America 

This paper has been conducted to evaluate fatigue damage in polyurea as the external coating system for the reinforced concrete beams. Ease of
application and multi-hazard benefits of polyurea has made it useful in retrofit-repair situations. Rather than blast and impact mitigation, polyurea has the
capability of flexural and shear reinforcement for structural members. In this phase of research, large size reinforced concrete beams were fabricated and
strengthen in two levels of polyurea thickness. Specimens were subjected to four-point bending testa under cyclic loading with controlled-stress mode.
Based on pseudo strain concept, Schapert’s nonlinear elastic-viscoelastic correspondence principle was used to evaluate mechanism of damage in
polyurea coating system under repetitive loading. Two analytical predictions of relaxation modulus were represented to calculate pseudo strain in polyurea
coating by using available creep compliance test data. Results presented in this paper indicated that when cyclic load amplitude is low, pseudo strain
concept remove hysteretic behavior and provides linear relationship between pseudo strain and tensile stress in polyurea. It is concluded that
correspondence principle represent an accurate model for damage growth and fracture healing of external polyurea coating under fatigue loading.
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9284 | Damage tolerance in aluminum plates repaired with composite patch: A numerical study (25. Failure and Damage)

Maligno, Angelo R. (a.maligno@derby.ac.uk), IISE - University of Derby, United Kingdom 

The traditional repair method for cracked aircraft structure is fastening metal reinforcement using bolts and rivets. This method makes worse the stress
concentration problem due to drilling of additional fastener hole. In addition, the application of metal reinforcement changes the stress distribution of repair
area and causes the stress concentration along the neighborhood of repair. However, externally bonded composites patches have proved to be an
effective method of repairing cracks or defects in aircraft structures. [1–6]. The adhesively bonded composite repairs cause minimum stress concentration
and alter the load path that induce efficient load transfer from cracked structure to reinforcement [7]. Thus, the reduction of stress intensity factor caused
by bonded patch repair prevents or retard crack re-initiation or further growth. Improvements in durability and damage tolerance have been also
demonstrated through this technology. Adhesively bonded composite patch repair technique has been expanded its application to the repair of load
bearing primary structure from secondary structure repair. Therefore, a through understanding of crack growth behavior of thick panel repaired with
bonded composite patch is needed. In this study, the fatigue crack growth behaviour of cracked aluminum plate repaired with bonded composite patch in
plates with different thickness was investigated. Adhesively bonded composite patch repairs have been successfully applied to military aircraft and to
commercial aircraft industry recently. Also this technique has been expanded its application to the repair of load bearing primary structure from secondary
structure repair. For that reason, a through understanding of crack growth behaviour of thick panel repaired with bonded composite patch is needed. The
fatigue crack growth behaviour of aluminium panels repaired with bonded composite patch were investigated by using the codes Zencrack in combination
with Abaqus which enable the user to determine the crucial fracture mechanics parameters such as: stress intensity factors. Furthermore, a damage
model has been implemented for the adhesive in order to understand the consequence of the adhesive failure on crack propagation in the aluminium plate
by means of coupled fracture-damage mechanics simulations. Effect of the thermal residual stresses induced during the curing processes was also
considered. The aim of this investigation is to provide a reliable numerical tool to achieve the most favorable design. In fact, a new subroutine has been
introduced in order to allow the users to add the patch during the analysis at, well defined (or even random) lengths of the crack. Two types of crack
shapes (namely: wall-through and corner crack) and several loading conditions have been analyzed to assess the reliability of the patch repair. The
results obtained from the computational analyses have been compared with experimental results available in the literature.

References 
[1] A.A. Baker, R. Jones (Eds.), Bonded Repair of Aircraft Structures, Martinus Nijhoff Publishers, 1988.
[2] A.A. Baker, R.J. Chester, Recent advances in bonded composite repair technology for metallic aircraft components, in: Proceeding of the International
Conference on Advanced Composite Materials, 1993, pp. 45–49.
[3] A.A. Baker, Fatigue studies related to the certification of composite crack patching for primary metallic aircraft
structure, FAA-NASA Symposium on Continued Airworthiness of Aircraft Structures, Atlanta, 28–30 August 1996.
[4] A.A. Baker, On the certification of bonded composite repairs primary aircraft structures, in: Proceeding of the Eleventh International of composite
Materials (ICCM-11). Gold Coast, Australia, 1997.
[5] A.A. Baker, R.J. Callinan, M.J. Davis, R. Jones, J.G. Williams, Repair of mirage iii aircraft using BFRP crack
patching technology, Theoretica

9385 | Modeling of Delamination in Composites Curved Parts (25. Failure and Damage)

David Ranz (dranz@unizar.es), University of Zaragoza, Spain
Jesus Cuartero (jcs@unizar.es), University of Zaragoza, Spain
Luis Castejon (luiscast@unizar.es), University of Zaragoza, Spain
Antonio Miravete (miravete@unizar.es), ICMA, Spain 

Composite materials are incorporated into complex geometries and curved parts instead of metallic materials with the recent advanced manufacturing
technologies. Rib and spar flanges of wing and spar sections of wind turbine blades are among the applications of load carrying metallic structures
replaced with curved composite parts.

Angle brackets, such as the types explored within this paper, exhibit weakness around the radius due to excessive through-the-thickness tensile stresses
which can lead to delamination. While most layered composites are designed to have superior in-plane stiffness and strength, they are often not as strong
when they are subjected to interlaminar stresses. This paper will analyze the threshold of delamination of unsymmetric cross ply [0n/90n] angle brackets,
which will be subjected to 4-point bend loading, in order to evaluate the through-the-thickness tensile stresses around the radius. The use of unsymmetric
cross ply laminates will increase the magnitude of the interlaminar stresses around the radius, generating a quite interesting case study for delamination.
Different beam thicknesses and widths will be analyzed. Finally, model results will be correlated with test data and various delamination criteria will be
analyzed.

6344 | Thermally Conductive Polymer Composites with Continuous Cu Thermal Dissipation Pathway (26. Thermal problems
on Composite structures)

Yu, Seunggun (sonochemical@gmail.com), Korea Institute of Science and Technology, Korea, South
Hong, Soon Man (smhong@kist.re.kr), Korea Institute of Science and Technology, Korea, South
Han, Tae Hee (than@hanyang.ac.kr), Hanyang University, Korea, South
Koo, Chong Min (koo@kist.re.kr), Korea Institute of Science and Technology, Korea, South 

Thermal management of polymeric composites is a crucial issue to determine the performance and reliability of the devices. We demonstrate two facile
and straightforward approaches to produce thermally conductive polymer composites with continuous heat dissipation pathway of Cu. In the 1st
particulate approach, the polymeric composites were created by the Cu metallization of PS bead and the hot press molding of Cu-plated PS beads. The
unique three-dimensional Cu shell-networks in the PS matrix demonstrated isotropic and ideal conductive performance at even extremely low Cu
contents. In contrast to the conventional Cu beads/PS composites at 23 vol %, the PS composites with Cu shell networks revealed 60 times larger thermal
conductivity. In the 2nd fiber approach, copper shells on carbon fibers were coated through electroplating method and post-treated via RTA technique to
reduce the degree of imperfection in the Cu crystal. A PAN-based carbon fiber fabric was used as a template to form continuous Cu heat conduction
pathway in the composites even at very low Cu content. The epoxy/Cu-plated carbon fiber composites with Cu shell of 12.0 vol% revealed 18 times larger
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thermal conductivity than epoxy/carbon fiber composite. Our facile route offers a straightforward strategy for achieving the efficient thermal conductive
polymeric composites by the introduction of continuous, percolated metal thin layers as an efficient conduction pathway.

7569 | Thermomechanical behavior of aeronautical structural carbon epoxy composite submitted to a laser irradiation
(26. Thermal problems on Composite structures)

Lacroix, Fabrice (fabrice.lacroix@isl.eu), ISL, France
Allheily, Vadim (vadim.allheily@isl.eu), ISL, France
Diener, Karsten (karsten.diener@isl.eu), ISL, France
Eichhorn, Alfred (alfred.eichhorn@isl.eu), ISL, France
Gillet, Mathieu (mathieu.gillet@intradef.gouv.fr), DGA/DT/TA/MT/MTO, France
L''Hostis, Gildas (gildas.lhostis@uha.fr), UHA, laboratoire LPMT, France 

Thermomechanical behavior of aeronautical structural carbon epoxy composite submitted to a laser irradiation
Lacroix, F.*, Allheily V.*, Diener K.*, Eichhorn A.*, Gilet M.**, L’Hostis G.***
* ISL, 5 rue du Général Cassagnou BP70034, F68300 Saint-Louis, France
** DGA/DT/TA/MT/MTO – 10, route des Fours Solaires, 66120 Font-Romeu, France
*** Laboratoire de Physique et Mécanique Textiles EA 4365, Université de Hautes Alsace, 11 rue Alfred Werner 68093 Mulhouse, France.
In the frame of a study on aeronautic composite structures submitted to laser irradiation, we have assessed the thermo mechanical behavior of carbon
epoxy composite. 
Our samples were submitted with few seconds continuous laser irradiation at a wavelength of 1.07 µm. At such a wavelength the matrix is optically
transparent but carbon fibers absorb the energy of the laser beam at the surface. The carbon fibers withstand ~1 kW/cm² power density but the matrix is
completely burned. At higher power densities, an ablation of the fibers is observed. We have experimentally measured the irradiated surface temperature
and the backside temperature of our samples during a 1.07 µm wavelength laser continuous illumination with a power density in the range of 0.1 to 2
kW/cm². The thermal transfer inside the material has also been characterized.
For an illumination with intensities lower than 1 kW/cm² we have measured a weak dependence of the front side temperature with the power density. Such
weak influence of the laser intensity is due to the exothermic degradation of the matrix which provides during the laser illumination a power density in the
range of 200 W/cm² similar to the laser flux. With a higher power density we observed a stabilization of the front side temperature around 3500 K. 
The thermal front propagation was also observed with a specific set-up based on an infrared camera equipped with a macroscopic objective observing the
lateral face of a sample during the laser irradiation. The behavior of the matrix composition which included epoxy based resin and a lot of additives (i.e.
plasticizer, delaying agents, and surfactants, etc.) has also featured some internal ebullition phenomena. Such ebullition has been attributed to the
additives thanks to a comparative experimental study on pure epoxy resin and matrix behavior. The resin is optically semi-transparent at the laser
wavelength and shows an ablative behavior. The matrix is an optically diffusive media due to the inclusions of micro bubbles of additives within the resin.
These inclusions which have lower degradation temperature compared to the epoxy resin one induced an internal ebullition inside the epoxy based
matrix. These internal ebullition phenomena create local overpressures speeding up the delaminating phenomena of the composite.
We have used a simple simulation model based on finite elements which allow us to study the thermal behavior of the interaction between a laser beam
and carbon epoxy composite. Our model uses two phases, burnt or unburnt materials, which have been experimentally characterized in terms of density,
thermal conductivity, mass losses, thermal capacity and enthalpy of degradation. 
In parallel, we have studied the thermo-mechanical behavior of our samples. Based on simple cantilever mechanical tests, we have measured the
Young’s modulus factor of our samples during a laser illumination. We have demonstrated a simple linear dependence of the mechanical degradation of
carbon epoxy composite material and the laser deposed energy. 
Such laser irradiation experiments can be used to assess the mechanical resistance of a composite structure exposed to a fire. 

7830 | Investigation of the thermal effects on the dynamic properties of polymer concrete in curing process (26. Thermal
problems on Composite structures)

Ahn, Sangkeun (ask9156@hanyang.ac.kr), Hanyang University, Korea, South
Jeon, Eunbeom (jeoneb85@gmail.com), Hanyang University, Korea, South
Park, Junhong (parkj@hanyang.ac.kr), Hanyang University, Korea, South
Kim, Hak-sung (kima@hanyang.ac.kr), Hanyang University, Korea, South
Koh, Hyo-in (hikoh@krri.re.kr), Korea Railraod Research Institute, Korea, South 

The purpose of this study is to measure damping of polymer concretes by increasing the curing temperature. The polymer concretes consisted of epoxy
monomer, hardener and aggregates. The polymer concrete specimens were made by changing the curing temperature. Curing time was monitored using
a dielectric sensor. The dynamic properties of the polymer concrete specimens were measured by using beam-transfer function method. The influences of
the mixing ratio of epoxy resin and aggregates were investigated with different curing temperatures. To identify the effects of the temperature in curing
process, the viscosity of the epoxy monomer was measured. Finally, proper curing temperatures in each mixing ratio were discussed.

7891 | Temperature influence on fatigue and dynamic properties of epoxy laminate composites (26. Thermal problems on
Composite structures)

Pociecha, Daniel (danpoc@agh.edu.pl), AGH University of Science and Technology, Poland
Kita, Paweł (pkita@agh.edu.pl), AGH University of Science and Technology, Poland
Głodzik, Marcin (mar_glo@wp.pl), AGH University of Science and Technology, Poland
Żaba, Krzysztof (krzyzaba@agh.edu.pl), AGH University of Science and Technology, Poland
Puchlerska, Sandra (spuchler@agh.edu.pl), AGH University of Science and Technology, Poland
Seibt, Przemysław (przemek3001@gmail.com), AGH University of Science and Technology, Poland 

This paper presents results of epoxy laminate composites testing in fatigue and dynamic and tests, including impact test. The tests were performed in high
and negative temperature. Laminates were reinforced with glass, carbon, basalt and aramid fiber mat, and was fabricated with different technologies, such
as manual method and Light RTM process.
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8112 | Thermo-mechanical behavior of thick-walled laminated tubes used in High Voltage applications (26. Thermal
problems on Composite structures)

Nowak, Tomasz (tomasz.nowak@pl.abb.com), ABB Corporate Research, Poland
Juszkiewicz, Grzegorz (grzegorz.juszkiewicz@pl.abb.com), ABB Corporate Research, Poland 

This paper gives a theoretical background and provides numerical calculations for the analysis of the thermo-mechanical behavior of thick-walled
cylinders. The multi-layered composite tubes are frequently used in the High Voltage industry as vital components of the circuit breaker technology, since
they provide high-pressure resistance and offer good thermal and electrical insulation properties. Such as structures are formed by the epoxy resin liner,
which isolates the pressurized gas from the environment, and the fiber-reinforced overwrapping to ensure superior stiffness and fatigue resistance. 
The paper presents the procedure aiming to characterize the mechanical behavior of the multi-layered cylindrical components, which are exposed to the
axial load, uniform pressure and high thermal gradient. The work shows that mutli-layered tubes exhibit axial-torsional coupling when the off-axis plies are
present. It is especially important for electrical power applications, where high pressure of the ionized gas and the temperature change throughout the
tube’s wall can produce torque, axial strains, and finally may drive to the delamination of layers. The paper studies the relation between geometrical
dimensions (such as layers’ thickness and helical angles), coupling coefficients, and mechanical stresses. It extends the theory provided by Lakhnitskii,
Pagano and Herakovitch, and delivers the practical, design-oriented suggestions for the successful development of multi-layered cylinders under thermo-
mechanical load. The provided analytical model was validated by the FEM analysis showing very good agreement.

8123 | A new HSDT for the thermoelastic bending analysis of laminated plates (26. Thermal problems on Composite structures)

JL Mantari (jmantari@utec.edu.pe), Univestity of Enginering and Technology, Peru
M Oré (moreg@uni.pe), National University of Engineering, Peru 

This paper presents a thermoelastic bending analysis of laminated composite plates by using a new higher-order shear deformation theory. This
formulation contains only 5 unknowns as the first order shear deformation theory, which is a less number compared with other known higher-order shear
deformation theories with stretching effect. The nonlinear term of the temperature field is independent of the shape functions of the displacement field. The
governing equations for thermoelastic bending analysis are derived by employing the principle of virtual works. These equations are then solved via
Navier-type, closed form solutions. The accuracy of the present theory is ascertained by comparing it with various available solutions in the literature.

8125 | Comparative study on thin and thick walled cylinder models subjected to thermo-mechanical loading (26. Thermal
problems on Composite structures)

Juszkiewicz, Grzegorz (grzegorz.juszkiewicz@pl.abb.com), ABB Corporate Research, Poland
Nowak, Tomasz (tomasz.nowak@pl.abb.com), ABB Corporate Research, Poland 

The mechanical behavior of the pressurized steel vessels or cylinders made of the homogenous material is very well elaborated. The literature provides
the thick wall model based on Lamé theory, which covers the principle stresses in all three directions, and the thin wall model, neglecting the radial
stresses. Normally, it is assumed that if the r/t ratio between tube’s radius and the wall thickness is more than 10, the radial stresses are an order of
magnitude smaller than the remaining stress components, thus the simplified, thin wall model could be successfully applied. The error can be further
reduced if the middle radius is used instead of the internal one. This simple approach may not work however, if the composite cylinder is considered. In
this case, the stress components are not related directly to the r/t ratio, but are associated with the layers’ material properties (which may be different for
various plies), as well as their geometrical dimensions (thicknesses and fiber orientations) and the load types. For this reason, it is frequently accepted
that the r/t ratio cannot be treated as the only factor allowing to select the appropriate calculation model. 
This paper recalls the thin and thick wall theories for laminated tubes, and provides the parametric study allowing to estimate the difference between
models for various geometrical, material and load settings. The axial forces, uniform pressure and thermal gradients were considered during the study.
The generalization of the achieved results allowed to propose a new criterion for proper model selection, which incorporates simple forms of geometrical,
stiffness and load factors. Thanks to the applied approach the estimation of the radial stress importance is now possible for laminated cylinders subjected
to complex loading. 

8126 | A new quasi-3D HSDT for the thermoelastic bending analysis of laminated plates (26. Thermal problems on Composite
structures)

M Ore (moreg@uni.pe), National University of Engineering, Peru
JL Mantari (jmantari@utec.edu.pe), Univestity of Enginering and Technology, Peru 

This paper presents a thermoelastic bending analysis of laminated composite plates by using a new quasi-3D HSDT. This formulation contains only 5
unknowns as the first order shear deformation theory, which is a less number compared with other known higher-order shear deformation theories with
stretching effect. The nonlinear term of the temperature field is independent of the shape functions of the displacement field. The governing equations for
thermoelastic bending analysis are derived by employing the principle of virtual works. These equations are then solved via Navier-type, closed form
solutions. The accuracy of the present theory is ascertained by comparing it with various available solutions in the literature.

8150 | Thermo-Mechanical analysis of the FRP strengthened masonry wall substance coated with PCM plastering
mortar (26. Thermal problems on Composite structures)

Kheradmand, Mohammad (mohammadkheradmand@hotmail.com), CTAC – Territory, Environment and Construction Research Centre, University of
Minho, School of Engineering, Civil Engineering Dept., Azurém Campus, 4800-058 Guimarães, Portugal, Phone: (+351) 913542324, Fax: (+351) 253 510
, Portugal
Ghiassi, Bahman (bahmanghiassi@gmail.com), ISISE – Institute for Sustainability and Innovation in Structural Engineering, University of Minho, School of
Engineering, Civil Engineering Dept., Azurém Campus, 4800-058 Guimarães, Portugal, Phone: (+351)919295051, Fax: (+351) 253 510 217, Portugal
Castro-Gomes, Joao (castro.gomes@ubi.pt), C-MADE, Centre of Materials and Building Technologies, Department of Civil Engineering and Architecture,
University of Beira Interior, 6200-001 Covilhã, Portugal, Phone: (+351) 275 329 990, Fax: (+351) 275 329 969, Portugal
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L.B. de Aguiar, Jose (aguiar@civil.uminho.pt), CTAC – Territory, Environment and Construction Research Centre, University of Minho, School of
Engineering, Civil Engineering Dept., Azurém Campus, 4800-058 Guimarães, Portugal, Phone: (+351) 253 510 206, Fax: (+351) 253 510 217, Portugal
Azenha, Miguel (miguel.azenha@civil.uminho.pt), ISISE – Institute for Sustainability and Innovation in Structural Engineering, University of Minho, School
of Engineering, Civil Engineering Dept., Azurém Campus, 4800-058 Guimarães, Portugal, Phone: (+351)938404554, Fax: (+351) 253 510 217, Portugal 

Composite materials such as Fiber Reinforced Polymers (FRPs) have become popular during the last years for externally bonded reinforcement of
masonry structures. These materials have several advantages such as light weight and ease of application which have made them interesting in
rehabilitation projects. The efficiency of FRPs in improvement the performance of masonry structure has also been proved in several experimental and
numerical studies. However, recent studies have shown that the thermal incompatibility between the FRPs and masonry substrates can lead to FRP
delaminations and bond degradation during the service life of the structure.
This paper presents the results of a comprehensive thermo-mechanical numerical study on the thermal incompatibility problem in FRP-strengthened
masonry components. A set of parametric studies have been performed on the effect of thermal cycles on different masonry walls strengthened with
CFRP and GFRP composites. The effect of renderings on protection of the strengthened system against thermal variations has also been investigated.
Two types of rendering mortars are considered in the analysis. The first mortar is a normal cement based plaster mortar and the second one is a mortar
incorporated with phase change materials (PCM) material. Several studies have proven the thermal energy capturing associated to the incorporation of
phase change materials (PCM) into plastering mortars for application in buildings, in view of thermal regulations. However, its effect in protection of these
strengthening systems against thermal incompatibilities remain an open issue.

Keywords: Masonry wall; Composite materials; Shear strengthening; plastering mortar, phase change materials (PCM).

8151 | Experimental assessment of light weight aggregate composites impregnated with phase change materials for
pavement structure applications (26. Thermal problems on Composite structures)

Kheradmand, Mohammad (mohammadkheradmand@hotmail.com), CTAC – Territory, Environment and Construction Research Centre, University of
Minho, School of Engineering, Civil Engineering Dept., Azurém Campus, 4800-058 Guimarães, Portugal, Phone: (+351) 913542324, Fax: (+351) 253 510
, Portugal
Castro-Gomes, Joao (castro.gomes@ubi.pt), C-MADE, Centre of Materials and Building Technologies, Department of Civil Engineering and Architecture,
University of Beira Interior, 6200-001 Covilhã, Portugal, Phone: (+351) 275 329 990, Fax: (+351) 275 329 969, Portugal
Azenha, Miguel (miguel.azenha@civil.uminho.pt), ISISE – Institute for Sustainability and Innovation in Structural Engineering, University of Minho, School
of Engineering, Civil Engineering Dept., Azurém Campus, 4800-058 Guimarães, Portugal, Phone: (+351)938404554, Fax: (+351) 253 510 217, Portugal
L.B. de Aguiar, Jose (aguiar@civil.uminho.pt), CTAC – Territory, Environment and Construction Research Centre, University of Minho, School of
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Phase changing composites for thermal energy storage were made of porous materials (light weight aggregates), coating materials (waterproofing
solutions) and organic phase changing materials (paraffin PCMs) by means of impregnation method. 
This research work aimed experimental investigation of the composite materials with the goal of highlighting behavioral differences in regard to the
composites without PCM. For that purpose three mortars were built: one with recourse to conventional mortar; and two with PCM. Each of mortars was
coated on the surface of the pavement layer (made of grouted macadam that considered as a bottom layer). Three samples were monitored when
subjected to freezing temperature profile, in order to understand the effect of the PCM incorporation.
Experimental studies on the impregnation method, characterization of the distinct material and thermal performance of the composites arrived in the
following conclusions.
The impregnation method is effective in loading porous materials with phase changing materials; and it’s simple procedure. This paper confirmed that, the
organic phase changing materials and inorganic porous materials are suitable materials for the phase changing composites with respect to large thermal
energy storage density and feasibility of incorporation. The results indicate that additional of PCM composites improves the thermal inertia as well as
delayed freezing in the pavement layer. This technique may help to extend the service life of pavement structure, by reducing freeze/thaw damage
through the incorporation of phase change materials (PCMs). However, it should be stressed that the development of PCM composites is still in its
infancy, and there are many questions that will need to be answered in the future before such composites are ready for real-world applications. This
research will help to serve as part of a foundation for such studies.

Keywords: phase change materials (PCMs), light weight aggregates (LWAs), composites, Freeze/thaw test, drying test, desorbing test.

8169 | An experimental study on bond strength of circular concrete-filled steel tube at elevated temperature (26. Thermal
problems on Composite structures)

Yang, Kuo-Chen (kcyang@nkfust.edu.tw), National Kaohsiung First U. of Sci. &Tech., Taiwan
Yu, Zhe-Hui (chyu810826@gmail.com), National Kaohsiung First U. of Sci. &Tech., Taiwan
Chen, Yu-Zhong (u9912081@nkfust.edu.tw), National Kaohsiung First U. of Sci. &Tech., Taiwan 

This paper presents results from an experimental study on the effect of temperature on bond strength of circular concrete-filled steel tubes (CCFTs) in the
absence of shear connectors. In CCFTs, the confinement effect from steel tube increases concrete compressive strength, and the core concrete restrains
the local buckling of steel tube. To attain this beneficial composite action, bond stress plays a critical role in it. However, there is a lack of knowledge to
account for the bond stress while CCFTs under fire attack. To examine the bond stress characteristic in CFTs, the push-out tests have been carried out on
15 CCFTs in the fire condition. The CCFTs specimens, made of different strength of steel tubes and dimensions, have been tested to evaluate bond
strength in 30 - 600oC temperature range. Based on the results of push-out tests, it is shown that CCFTs possess negligible bond strength beyond 300
oC. The bond strength decreases significantly in 100–600oC temperature range, and only retain 40%, 15% and 5% of their original values at 100, 300 and
600 oC, respectively. The results from push-out tests also indicate that CCFTs exhibit similar bond stress–slip response at both room and high
temperatures. Data from the tests is utilized to propose empirical relations for variation of bond strength of CCFT with temperature.

8207 | High temperature effect on impact behavior of sandwich wall boards with GFRP face sheets and a foam-web core
(26. Thermal problems on Composite structures)
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Wang, Lu (kevinlwang@hotmail.com), College of Civil Engineering, Nanjing Tech University , China
Liu, Weiqing (wanglu0122@163.com), College of Civil Engineering, Nanjing Tech University , China 

In this paper, the impact behavior of sandwich wall panels with GFRP face sheets and a foam-web core at several temperatures (20oC, 50 oC and 80oC)
was studied experimentally. Impact tests were performed by a drop weight instrumented impact tower. Sandwich wall boards were impacted at varied
impact energies ranging from 20 J to 60 J. Variation of the impact responses such as maximum contact load and deflection, contact time and absorbed
energy versus impact energy are summarized. The test results demonstrated that the ambient temperature significantly affects the impact behavior of
sandwich wall panels. Furthermore, compression-after impact behavior of sandwich wall panels were also investigated at room temperature. Compared to
an undamaged sandwich wall panel, the residual compressive strengths of damaged wall boards decreased sharply, which were less than half of the
original strength.

8551 | DETERMINATION OF OPTIMUM INSULATION THICKNESS IN BUILDINGS WITH USING DIFFERENT TYPES OF
INSULATION MATERIALS IN ÇORUM CITY (26. Thermal problems on Composite structures)

KARAKOÇ, Volkan Ramis (volkanramis@hotmail.com), Hitit University, Turkey
TÜZÜN, F.Nihal (nihaltuzun@yahoo.com), Hitit University, Turkey 

DETERMINATION OF OPTIMUM INSULATION THICKNESS IN BUILDINGS WITH USING DIFFERENT TYPES OF INSULATION MATERIALS IN 
ÇORUM CITY

Volkan Ramis KARAKOÇ, F.Nihal TÜZÜN
Engineering Faculty of Hitit University, Department of Chemical Engineering, 19030, ÇORUM, TURKEY
ABSTRACT

The aim of the study is to investigate the optimum insulation thickness of the seven buildings insulated in recent years with using different types of
insulation materials and wall types in Çorum city. Stone wool, expanded polystyrene (EPS) including Neopor and standard EPS with having different
thermal conductivities were carried out as insulation materials, while natural gas was used as fuel. The annual heating requirement was based on heating
degree-days (HDD) by considering the average of six years. In addition to this, the costs of the insulation materials used and energy, efficiency of the
heating system, the lifetime, the current inflation and discount rates were evaluated in the determination of optimum insulation thickness. It was found that
optimum insulation thickness of seven buildings insulated with thickness of among 3 cm and 6 cm varied around 7-12 cm depending on the wall structure
and insulation cost for stone wool, Neopor and standard expanded polystyrene with the usage of natural gas. Two different types of composite wall
structure appeared in these buildings. One of these consisted of inner plaster, hollow brick, insulation material, outer plaster and other one included inner
plaster, pumice stone, insulation material , outer plaster. Moreover, one of the seven buildings was chosen as sample building and application of
expanded polystyrene(Neopor with the thermal conductivity of 0.033W/mK) , extruded polystyrene and stone wool to sample building gave optimum
insulation thicknesses 10.61 cm, 7.88 cm and 7.15 cm with using natural gas as fuel respectively.
Keywords: optimum insulation thickness, insulation materials, fuel, energy saving 

INTRODUCTION

Energy demand increases in worldwide due to fast population growth (1). Energy consumption must be minimized because of the limited energy sources
and energy saving has to be the most significant strategy of the countries(2). Energy can be saved more efficiently with sharing the renewable sources to
obtain the living standard in industrialized countries and to increase the situation in developing countries.(3,4).
Generally, four main sectors including industrial, building, transportation and agriculture can be considered for energy consumption(5). Heating and
cooling energy requirement of a building is approximately 60% of the total energy consumed in buildings [6–7]. For this reason, thermal insulation of
external walls in buildings seems as an indispensable solution for energy saving.
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Sinke, Jos (J.sinke@tudelft.nl), Delft University of Technology, Netherlands
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In recent years, extensive work is done on design aspects of Fibre metal laminates (FMLs) like fatigue, crack propagation, residual strength, etc. However,
the viscoelastic response of FMLs are not studied yet. Integrated fuselage panels made of FMLs exhibit stress relaxation in thermal processes like the
cure cycles. Curing is used for making the laminates from prepreg layers and Aluminium sheets or for adding reinforcements (doublers and stringers) to
the already cured laminates. The thermo-viscoelastic response of the material contributes to the generated residual stresses and shape deviations after
manufacturing. The shape deviations during assembly need to be minimised, since the residual stresses produced in manufacturing and assembly
influence the mechanical performance regarding the load capacity, fatigue life, residual strength and damage tolerance of the component. Accordingly, a
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predictive model is needed to adapt the mould to produce accurate integrated panels from glass fibre reinforced aluminium laminates (GLARE).
In the first phase, primary modelling and experiments on FMLs with non-symmetric lay-up of prepreg layers were performed from which the results are
already published in previous papers[1,2]. The research methodology was also presented in ECCM16[3].
Epoxy FM-94 used in prepreg layers of GLARE, has a temperature dependent and viscoelastic response in aging and thermal environments. For the
purpose of predicting the residual stresses after cure cycles of GLARE panels, the material properties of the constituents were needed to be determined.
Some material characterization procedures have been followed. Thermo-Mechanical Analysis (TMA) is carried out on the epoxy material (FM-94) to find
the glass transition and thermal expansion properties. Time/temperature dependency of the stiffness parameters are determined using Dynamic-
Mechanical Analysis (DMA). Accordingly, the thermo-elastic and thermo-viscoelastic response of the epoxy adhesive part of GLARE was determined. In
order to get the response for unidirectional fibre-epoxy composite (prepreg), self-consistent micromechanics equations are used in the Carson domain.
Thermo-viscoelastic response of the composite layer is obtained in the time domain with an inverse transform which can be used in the analysis of
residual stresses of GLARE and also the response to thermo-mechanical loadings.
Shrinkage occurs in all GLARE constituents during the cool down process and the time-temperature dependent response of the prepreg layer should be
considered in the analysis. The residual stresses and distortions of GLARE panels are predicted after curing using the developed thermo-viscoelastic
model. Some panels with non-symmetric layups are manufactured and the resulting curvatures are measured (Figure 1) using digital image correlation
(DIC). With comparing the model predictions to the measurements, the modelling accuracy is observed and the prediction improvement due to
considering the stress relaxation of the material is evaluated. The derived time-temperature dependent response of the prepreg layer can also be used in
the prediction of the material responses in other long-term applications and/or thermal environments.

Figure 1: Warpage of a non-symmetric GLARE after cure measured by DIC (layup: Al-0/0/0-Al-90/90/90-Al , dimensions: 98×22 cm2)
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The thermoplastic composites are very popular constructional materials because of their easy secondary processing, possibility of utilization, attractive
price and mechanical properties comparable to hardening plastics composites. Depending on application, the physical and mechanical properties of
thermoplastic composites should be appropriate. The wide range of thermoplastic composites is closely connected with the variety of components and the
diversity of the structures obtained. 
In this study the thermoplastic composites reinforced by different fibers were designed as the sound and thermal insulating material destined for
motorcars. The influence of a kind of reinforcing and matrix fibers on sound absorption coefficient and thermal insulation was determined.
Two kinds of fibers were used to obtain composites. As a material for composite matrix polylactide or polypropylene fibers were used. As the
reinforcement viscose or waste cotton fibers characterized by the destruction point at 174 - 190�C were used.
In order to obtain a the composites the multilayer system of hybrid nonwoven was pressed. Each kind of nonwoven consisted of reinforcing Vi or CO fibers
and matrix PLA or PP fibers. 
Depending on the mass per square meter of the given nonwoven, the number of its layers in the package was appropriately selected. 
The acoustic properties of composites were measured by means of a small-sized impedance tube type 4206 (Brüel&Kjaer, Denmark) using two ¼-inch
Condenser Microphones Type 4187.
The investigations of thermal insulating properties of composite samples were carried out using the registration of infrared radiation of the material after
heating by infrared camera FLIR SC 5500.
The comparison of the results of sound absorption coefficient with the results of the temperature difference between outside surface of composite and
heating plate surface shows, that the composites characterized by higher sound absorption are also characterized by higher thermal insulating properties.
This fact is important for composite application as a sound and heat insulating material e.g. in automobiles or room walls.
It was obtained that the blend of polypropylene and cotton fibers is the best material for production of sound absorbing and heat insulating thermoplastic
composites. 

8635 | Application of Kubelka-Munk-Theory in the heating process of thermoplastic polymer matrix composites (26.
Thermal problems on Composite structures)

Luca Murenu (Luca.Murenu@jku.at), 1Institute of Polymer Injection Molding and Process Automation, Johannes Kepler University, Altenbergerstrasse 69,
4020 Linz, Austria, Austria
Fischlschweiger Michael (michael.fischlschweiger@engel.at), Center for Lightweight Composite Technologies, ENGEL AUSTRIA GmbH, Steyrerstrasse
20, 4300 St. Valentin, Austria, Austria
Steinbichler Georg (georg.steinbichler@jku.at), 1Institute of Polymer Injection Molding and Process Automation, Johannes Kepler University,
Altenbergerstrasse 69, 4020 Linz, Austria,, Austria 

Key Words: thermoplastic polymer matrix composite, Kubelka-Munk-Theory , heat source, infrared irradiation;.

Composites with thermoplastic matrices show favourable material properties and offer remarkable advantages in terms of processing [1]. Especially good
forming properties and high design freedom make them particularly relevant for cost-effective manufacturing. Typically high-performance consolidated
composite sheets (precursors), where woven fabrics are used as reinforcement are heated up by infrared radiation ensuring short heating times until the
matrix melting temperature is reached [2]. Then the sheet is transferred from the heating station into the tool, where it will be formed in function of its
future application. The process efficiency depends on the time interval which is necessary for heating up the composite sheet. Consequently, it is of high
interest to predict the heating behaviour of infrared irradiated composite sheets. Heating rates are depending on the material’s property (matrix and fiber
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combination) used, sheet thickness and radiator system. Especially the combination of material and radiator system, i.e. wavelength of the emitter,
influences the penetration depth of the radiation into the material and further controls the heating time of the composite.
The challenge in modelling the heating behaviour of composite sheets is the material and radiator dependent optical depth where the photonic wave is
transformed into a thermal wave and a heat source is generated. Due to the heterogeneous material, reflectance of the photonic irradiated wave takes
place, especially at fiber- matrix interfaces and therefore scattering phenomena are involved. In the current work the authors apply Kubelka-Munk Theory
[3,4] for describing the optical characteristics of the composite and solve the radiation problem with finite difference method. Kubelka-Munk has been
calibrated with experimental data obtained by infrared flash experiments and compared with simulations made by using Beer-Lambert Law. Kubelka Munk
model is implemented in Abaqus. It will be shown that the simulation approach is able to describe the thermal wave generation in a transition layer and
consequently the infrared heating behaviour of thermoplastic composite sheets for various sheet thicknesses can be predicted.
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Rigid polyurethane foam feature low weight, porous structure and high density of cross links. Due to their properties they are very promising for structural
applications. The major drawback of these polymers is flammability. During their decomposition toxic gases are emitted. To improve their properties
different type of filler are used. The aim of this work was to reduce flammability while improving strength. To achieve the objective different types carbon
filler were applied and their impact on structure, mechanical and thermal properties of rigid polyurethane foam was evaluated. 
In this study, we used polyurethane system supplied by BASF, multi walled carbon nanotubes supplied by Nanocyl and graphite supplied by
GRAFITBERGBAU KAISERSBERG G.m.b.H. Nanotubes were dispersed in polyol by three roll milling, graphite was mixed with polyol by mechanical
stirring. For structure control of foam and their composites, scanning electron microscopy and X-ray computer tomography were utilized. Mechanical
properties were determined by three point bending test. Thermogravimetry analysis was made for thermal stability evaluation. Limiting oxygen index and
smoke density were also measured. 
The results revealed that addition of graphite significantly improve fire resistance of foam, however it bring also a decrease in mechanical properties.
Carbon nanotubes influence the foam structure, i.e. they change porosity degree and pore size. They, if in small weight amount, improve the bending
strength and just slightly increase LOI and reduce smoke density. 

This research was financed by the National Centre for Research and Development within the project “New materials and technologies for lightweight
generic components of electric low-emission concept vehicle”.

9044 | Evolution of ultra-fine TiC-inclusions in TiC-NiCr cermet powders synthesized at different volume content of
binder and high-energy impacts (26. Thermal problems on Composite structures)

Solonenko, Oleg (o_solonenko@yahoo.com), Khristianovich Institute of Theoretical and Applied Mechanics, SB RAS, Novosibirsk, Russian Federation
Ovcharenko, Vladimir (ove45@mail.ru), Institute of Strength Physics and Material Science, Siberian Branch of RAS, Tomsk, Russian Federation
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The use, in thermal spraying and, in particular, plasma spraying of composite powders with particles formed by very hard inclusions in a metal alloy matrix
presents a promising strategy in synthesis of wear- and corrosion resistant coatings. At present spraying of cermet powders WC-Me (Me=Co, CoCr, etc.)
with the help of HVOF became widely spread. But, usage of such powders in plasma spraying is very problematic due to tungsten carbide degradation
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(WC→W2C→W) at increased temperatures. At the same time, great prospects open when using the tungsten-free cermet powders (TiC-Ni, TiC-NiCr,
etc.) for plasma spraying of wear- and corrosion resistant coatings as compound of titanium carbide is stable up to its melting point.
One of the main characteristics of cermet powder is the dispersion of their internal structure at specific volume content of the highly rigid components,
which in many aspects determines the properties of the cermet coatings and their service life. The increase in structural dispersion results in an increase
in such key properties of coatings as hardness, impact elasticity, wear- and corrosion resistance, and hardness. The increase of dispersion of the highly
hard component of the cermet composite down to submicron-scale and nano-scale levels is a promising direction in the development of long-service life
ceramic-metal coatings operated under extreme conditions. The conventional powder metallurgy methods (mechanical grinding, mixing and sintering
under free or isostatic conditions, etc.) do not enable one to attain the above dispersion parameters due to many technological limitations, including high
power consumption of respective technological processes. 
Greater prospects at production of the composite powders open when using the self-propagating high-temperature synthesis (SHS) initiated in
mechanically activated powders component, uniformly mixed with inert powder of given volume content. Synthesis of cermet powder for thermal spraying
is possible both in a free mode of combustion of powder composition of initial elements, and in the mode of combustion under simultaneous dynamic
loading. The final powder is obtained by subsequent mechanical grinding of synthesized compact and sizing. 
In the present work it is shown that increase in dispersion of structure of cermet, synthesized both in free mode, and under pressure, other things being
equal, is provided due to acceleration of reaction of titanium carbides high-temperature synthesis in the original powder composition of titanium with
carbon and metal binder. The latter is reached by the preliminary mechanical activation (MA) of metal components of the original powder composition. For
the first time the influence of volume ratio of the inert component (NiCr) on the evolution of the TiC inclusions size distribution in the TiC-NiCr cermets
synthesized both in the free mode of combustion, and under pressure is studied.

9122 | Effect of Epoxy Structures on Thermal Conductivities of Liquid Crystalline Epoxy/Alumina Composites (26.
Thermal problems on Composite structures)

Kim, Jinhwan (jhkim@skku.edu), Sungkyunkwan University, Korea, South 

Various epoxies (two commercial epoxies, bisphenol Adiglycidyl ether (DGEBA) and 3,3',5,5'-tetramethyl-4,4'-biphenol diglycidyl ether (TMBP), and a
series of synthesized liquid crystalline epoxies (LCE), typically 4,4'-bis(4-hydroxybenzylidene)-diaminophenylenediglycidyl ether (LCE-DP) and other
LCEs) and 4,4'-diaminodiphenylsulfone (DDS) were employed as a base epoxy resin and a curing agent, respectively, to investigate the effect of
backbone structure of epoxy on the thermal conductivity of epoxy/alumina composite. Alumina (Al2O3) of commercial source was applied as an inorganic
filler. The DGEBA structure has an amorphous state and the TMBP structure shows a crystal phase. On the other hand, LCE-DP structure exhibits a liquid
crystalline phase. The curing behaviors and thermal conductivities are very dependent on the molecular structure of epoxies. The heat of curing of epoxy
resin was measured with dynamic differential scanning calorimetry (DSC). Thermal conductivity was measured by a laser flash method and the
experimental values are compared with values predicted by theoretical models. It was found that the thermal conductivity of the LCE-DP structure was
higher than that of the commercial epoxy such asTMBP and DGEBA and the experimental data fits well with values predicted theoretically.

9199 | The Effect of Temperature on Mechanical Properties of Carbon/Epoxy Composites (26. Thermal problems on
Composite structures)

Im, Jae-Moon (jaemoon_im@naver.com), Hanbat National University, Mechanical Design Engineering, Korea, South
Shin, Kwang-Bok (shin955@hanbat.ac.kr), Hanbat National University, Mechanical Engineering, Korea, South
Hwang, Tae-Kyung (cais99@hanmail.net), Agency for Defense Development, Korea, South 

This paper reports an experimental study for evaluating the effect of the temperature on mechanical properties of carbon/epoxy composites. Temperature
environments were simulated to have a range of -40℃ from 220℃ using environmental chamber and furnace. The effect of temperature on mechanical
properties of composites was measured for longitudinal and transverse tensile properties, in-plane shear properties and interlaminar shear strength. For
low temperature, all mechanical properties were increased compared to properties of room temperature. The longitudinal tensile properties were
moderately decreased with the increase of temperature. However, transverse tensile, in-plane shear properties and interlaminar shear strength showed a
significant drop due to phase transformation behavior of the matrix after 140℃. Unusually, the value of tensile property near 100℃ was increased
compared to baseline property. This behavior was a direct result of postcuring of the epoxy resin due to exposure to high temperature.

9466 | Thermal shock crack patterns modeling and explanation (26. Thermal problems on Composite structures)

Shibin Tang (tang_shibin@dlut.edu.cn), Dalian University of Technology, China
Chunan Tang (tca@mail.neu.edu.cn), Dalian University of Technology, China 

A finite element based numerical model was developed and applied to simulate the thermal cracking behavior of brittle solids subjected to thermal shock.
The heterogeneity of brittle solids at the mesoscopic level is modeled by the Weibull distribution method. Furthermore, the constitutive law of the meso-
element is defined by using continuum damage mechanics to describe its mechanical (crack) behavior. The finite element method is used to analyze
thermal stress, and the maximum tensile stress criterion is used as damage thresholds. The cracking behavior, including random initiation and
propagation of microcracks, and the formation of more or less equal spaced surface cracks, are well represented and captured by this numerical model.
Furthermore, the effect of thermal conductivity on cracking pattern is also discussed. Simulation results are consistent with observations from
experimental tests. The physically realistic crack patterns obtained from these numerical simulations in this study clearly indicate that the proposed model
is potentially a very useful tool to study cracking behavior of brittle solids subjected to thermal shock.

7540 | Finite element modeling of carbon nanotube agglomeration in polymers (27. Modeling Nano Composites)

Chanteli, Aggeliki (aggelikichanteli@mech.upatras.gr), University of Patras, Greece
Tserpes, Konstantinos (kit2005@mech.upatras.gr), University of Patras, Greece 

It has been confirmed from numerous experimental works that agglomeration is a critical manufacturing parameter that counterbalances the efficiency of
carbon nanotube (CNT) reinforcement of polymers. As intensive research to improve manufacturing performance is evolving, the development of models
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capable to simulate the effect of CNT agglomeration is of great importance. In this paper, a finite element (FE) model of a CNT agglomerate was
developed. The geometry modeled belongs to a cubic representative volume element (RVE) which consists of the CNT agglomerate surrounded by the
matrix. Initially, the geometry of the RVE is created using the TexGen geometrical processor, which has enhanced capabilities in modeling waved fiber-
shaped entities as it is used for modeling textile composites, and then, transferred into the ANSYS FE code. The CNTs and the matrix are modeled using
solid elements. By loading the RVE at different axes and planes and applying periodic boundary conditions the effective elastic properties of the
CNT/polymer composite are derived. The parameters considered in the FE model of the agglomerate are: number of CNTs, CNTs’ diameter and length
and waviness amplitude. Using the RVE, a parametric study on the effect of these parameters on the effective elastic properties of CNT/polypropylene
composite was performed.

7618 | Study on splaying phenomenon in the electrospinning nanoporous fibers process (27. Modeling Nano Composites)

Lan Xu (lanxu@suda.edu.cn), Soochow University, China
Jianghui Zhao (zhaojianghuia@163.com), Soochow University, China
Na Si (sina871472007@163.com), Soochow University, China 

Electrospinning provide a straightforward method to produce ultrafine fibers, where electrostatic forces on a charged polymer jet elongate it into thin fibers
before solidification. Charge is induced on the liquid surface by an electric field, mutual charge repulsion causes a force directly opposite to the surface
tension. As the jet accelerates and thins in the electric field, radial charge repulsion results in splitting of the primary jet into multiple filaments.
In the electrospinning nanoporous fibers process, radial charge repulsion results in splitting of the primary jet into two filaments as the jet accelerates and
thins in the electric field, we call this phenomenon as splaying. The “splaying” phenomenon has been observed by scanning electron microscopy (SEM).
And the theory of fluid hydrodynamics is used to theoretically study this phenomenon. The experimental data correspond well to the results obtained by
applying theoretical analysis. The results offer in-depth physical understanding and show that the surface of fibers exhibits many isolated pores which are
oval in shape and elongated in the direction of fiber axis, and the ratio of pore width to pore length is varied along with the variation of the internal
pressure of the jet. In addition, a simplifying gas-liquid two-phase flow model was established in order to research the formation mechanism of electrospun
porous nanofiber. Based on the model, the effects of various spinning parameters on quality of product, such as the number of nanopores and diameter,
will be systematically carried out.

7817 | PREDICTING FRACTURE BEHAVIOR IN NANO-GRAPHENE REINFORCED POLYMERS (27. Modeling Nano
Composites)

Roy, Samit (sroy@eng.ua.edu), University of Alabama, United States America
Akepati, Avinash (arakepati@crimson.edu), University of Alabama, United States America
Unnikrishnan, Vinu (VUnnikrishnan@eng.ua.edu), University of Alabama, United States America 

The nano-scale interaction between polymer molecules and nanoparticle is a key factor in determining the macro-scale strength of the composite. In
recent years numerous efforts have been directed towards modeling nanocomposites in order to better understand the reasons behind the enhancement
of mechanical properties, even by the slight addition (a few weight percent) of nano-materials. In order to better understand the local influence of nano-
particle on the mechanical properties of the composite, it is required to perform nano-scale analysis. In this context, modeling of fracture in nano-graphene
reinforced EPON 862 has been discussed in the current paper. Regarding fracture in polymers, the critical value of the J-integral (JI), where the subscript I
denotes the fracture mode (I=1, 2, 3), at crack initiation could be used as a suitable metric for estimating the crack driving force as well as fracture
toughness of the material as the crack begins to initiate. However, for the conventional macroscale definition of the J-integral to be valid at the nanoscale,
in terms of the continuum stress and displacement fields and their spatial derivatives - requires the construction of local continuum fields from discrete
atomistic data, and using these data in the conventional contour integral expression for atomistic J-integral. One such methodology is proposed by Hardy
[1] that allows for the local averaging necessary to obtain the definition of free energy, deformation gradient, and Piola-Kirchoff stress as fields (and
divergence of fields) and not just as total system averages. Further, the atomistic J-integral takes into account the effect of reduction in J from continuum
estimates due to the fact that the free energy available for crack propagation is less than the internal energy at sufficiently high temperatures when
entropic contributions become significant [2,3]. In this paper, the proposed methodology is used to compute J-integral using atomistic data obtained from
LAMMPS (Large-scale Atomic/Molecular Massively Parallel Simulator). As a case study, the feasibility of computing the dynamic atomistic J-integral over
the MD domain is evaluated for a graphene nano-platelet with a central crack using OPLS (Optimized Potentials for Liquid Simulations) potential. For
model verification, the values of atomistic J-integral are compared with results from linear elastic fracture mechanics (LEFM) for isothermal crack initiation
at 0 K and 300 K. Computational results related to the path-independence of the atomistic J-Integral are also presented. Further, a novel approach that
circumvents the complexities of direct computation of entropic contributions is also discussed [4]. Results obtained from the bond-order based ReaxFF [5]
potential for 0.1 K and 300 K are also presented, and show good agreement with the predictions. Application of the J-integral scheme for nano-graphene
reinforced EPON 862 is also discussed. 
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A multi scale modelling procedure is developed to predict mechanical properties of fuzzy fiber consisting of a carbon fiber coated with carbon nanotubes.
The developed multi-scale modelling starts from nano scale lasting to macro scale. Carbon nanotube is modelled at nanoscale and the interphase region
between carbon nanotube and surrounding polymer is modelled at micro scale using cohesive zone technique. The cohesive zone is simulated using
finite element modelling. The results of cohesive modelling approach for the interphase are compared with those obtained from nano-scale continuum
modelling approach. For sake of simplicity the intermediate phase between carbon nanotube and surrounding polymer is conducted by developing an
interface. The, carbon nanoube and developed interface is converted to the equivalent fiber. Distribution of carbon nanotubes around carbon fiber is
treated as random parameters at macro scale. Thus, stochastic multi-scale modelling is conducted to obtain effective properties of investigated fuzzy fiber.
The results of multi-scale modelling are compared with micromechanical rules and concentric cylinder approach. The efficiency of developed multi-scale
modelling in comparison with other theoretical approaches is presented implying on importance of taking into account interphase region and random
parameters.
Finally, predicted mechanical properties by multi-scale modelling are compared with available experimental measurements implying on proper modelling
procedure.

8993 | Viscoplastic model analysis about the influence of Graphene Nanoplatelets in the Poly(Lactic Acid) time-
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Several biodegradable polymers are used in many products with short life cycle. Important applications of these are found in the biomedical field, where
biodegradable materials are applied on biomedical devices, such as suture fibres or scaffolds that temporarily replace the biomechanical functions of a
biologic tissue, while it progressively regenerates its capacities. Moreover, biodegradable polymers can be applied for components of automobiles, trains
and airplanes in order to obtain “green products”, following ecological recommendations and eco-design philosophies. In the case of commodity products,
biodegradable plastics claim clear environmental advantages in several brief use applications, mainly in their final stage of life (waste disposal), which can
clearly be evident through life cycle assessment. In some applications, a constant or dynamic load applied to the component can further reduce its life
cycle due to creep or fatigue cumulative damage. Hence, the reinforcement of these polymers with graphene may enhance the mechanical properties and
change the time-dependent mechanical behaviour. In this work, experimental results and calibrated viscoplastic constitutive models based on those
results are presented and discussed, enabling the comparison of the time-dependent mechanical behaviour between pure polylactic acid (PLA) and PLA
reinforced with 2 wt.% of graphene nanoplatelets (GNP) under hydrolytic degradation. GNP are a commercial product with similar properties to single
layer graphene, but much less expensive and easily obtainable by simple and reproducible methods.
The morphology of both materials was analysed via scanning electron microscopy (SEM). From this analysis it is shown that GNP are well dispersed and
embedded in PLA matrix, with completely exfoliated platelets and small agglomerates being observed. Monotonic tensile tests under different strain rates,
loading-unloading cycles and relaxation tests are used to access and compare the time-dependent mechanical behaviour of both materials before and
after 32 weeks of hydrolytic degradation. It was observed that after 32 weeks of degradation the mechanical properties of the composite PLA/GNP 2wt.%
were more affected, comparing to pure PLA. The composite PLA/GNP 2 wt.% became more fragile than pure PLA, whereas the difference of mechanical
behaviour between both materials, before hydrolytic degradation, was small. Furthermore, the material parameters of the Bergstrom-Boyce time-
dependent constitutive model, which combines hyperelastic springs and viscoplastic dashpots, were calibrated based on these experimental test results.
And, the influence of GNP was discussed, considering how those parameters were modified.

6933 | Free Vibration Analysis of Composite Beams with Overlapping Delaminations under Axial Compressive Load (28.
Vibrations)

Della, Christian N. (christian.della@glasgow.ac.uk), University of Glasgow, Singapore 

Analytical solutions have been developed to study the free vibration of composite beams with two overlapping delaminations under axial compressive
load. The delaminated beam is analyzed as seven interconnected Euler-Bernoulli beams using the delaminations as their boundaries. The continuity and
equilibrium conditions are satisfied between the adjoining regions of the beams. The bending-extension coupling effects are also considered in the
analysis. Lower and upper bounds of the natural frequencies of the delaminated beams are identified by assuming totally ‘free’ and totally ‘constrained’
deformations of the delaminated layers, respectively. The influence of the axial compressive load on the natural frequencies and mode shapes of the
delaminated beams are investigated. Results show a monotonic relation between the axial compressive load and the natural frequencies of the beam,
with the load significantly influencing the first vibration mode shape. Comparison with published analytical and experimental results verifies the validity of
the present solutions.

7623 | Nonlocal Timoshenko beam theory for frequency analysis of nanotube with attached concentrated biomolecules
and different boundary conditions (28. Vibrations)
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Lippiello, Maria (maria.lippiello@unina.it), University of Naples, Italy
Martini, Hector D. (hmartin@frrq.utn.edu.ar), Facultad Regional Reconquista UTN, Argentina 

Carbon nanotubes (CNTs) constitute a prominent example of nanomaterials and nanostructures and possess extraordinary mechanical and physical
properties, which lead to a variety of applications in many different fields as nano-oscillators, nanoelectronics, nanocomposites and nanosensors. Several
investigations have shown that CNTs possess extraordinary strength, as well as superior electrical and thermal conductivities. Moreover, such outstanding
properties make CNTs promising candidates for resolution mass sensor and several studies have investigated the use of CNTs as a mass sensor [1-4]. 
Several researchers implemented continuum models to study the vibrational behavior of CNT-based mass sensor to avoid the difficulties encountered
during experimental characterization of nanotubes as well as the time-consuming nature of computational atomistic simulations. Although the classical
continuum methods are efficient in performing mechanical analysis of CNTs, their applicability to identify the small-scale effects on carbon nanotubes
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mechanical behaviours is questionable. At this point, the non-local elastic continuum models are more pertinent in predicting the structural behavior of
nanotubes because of being capable of taking in the small-scale effects. 
Nanosensors are simple engineering devices designed to detect and convey informations about nanoparticles and biomolecules. The nanosized mass
sensors are based on the fact that the resonant frequency is sensitive to the resonator and the attached mass. The change of the attached mass on the
resonator causes the resonant frequency to deviate from its original value. The key challenge in mass detection is in quantifying the changes in the
resonant frequencies due to the added masses. Recently, mass detection based on the resonating nanomechanical tools has been subject of growing
interests. Along this line, several authors have performed the frequency analysis of CNT-based mass sensors, using the nonlocal Euler-Bernoulli beam
theory [1-2] and nonlocal Timoshenko beam theory [3-4]. 
The present note deals with the dynamic analysis, based on the nonlocal Timoshenko theory, of the single-walled carbon nanotube (SWCNT) bounded at
the ends, with translational and rotational elastic constraints, and attached mass, located in a generic position. Closed-form non local frequency
expression is derived; the natural frequencies are calculated and numerical results for different boundary conditions are performed.
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Automation and Integrated Manufacturing Systems, Poland 

The main aim of this paper is to compare the transients of characteristics of the discrete –continuous mechatronic system obtained by exact and
approximate methods torsional vibrating complex mechanical subsystems and to answer to the question – if the method can be used to nominate the
characteristics of mechatronic systems. 
The mechatronic system composed from many mechanical subsystems having the same length and variable cross section, loaded by the focused
moment was analysed. Two cases of attachment the complex system: free and one side strengthen where examined. The main subject of deliberation
was to determine the flexibility of the mechanic system with constant cross section using the exact and approximate methods. Next the method
comparison and the correction of approximate method where made. As far as the mechatronic system flexibility determinations concerned the
approximate methods has been chosen. Two cases of attachment the systems were considered. The research of subsystems establishes the foundation
to complex systems analysis with cascade structure. 
Analysing the diagrams of characteristics of confirmed system it has been determined that in case of approximate method the resonance frequencies
cover with those which have been determined with exact method. However the values of the characteristic in other areas are different. Therefore there is
the mistake of approximate method, which in case of studying the single systems does not have any influence because in resonance areas the
characteristic values of the system approach to the infinity. However the difference in values of flexibility within two methods has the great influence on the
result of complex systems. That is why it was necessary to correct the results of approximate method. 
The characteristic of the elementary subsystems using the approximate and approximate methods has been determined according to accepted
frequencies and the correction coefficient. The frequencies where chosen from the spectrum in which the synthesis of complex systems will be conducted.
It is very important that the difference of flexibility values in the spectrum was minimal. The coefficient of the correction has been determined according to
the flexibility values of chosen points and it is equal to quotient of flexibility calculated using the exact method across the flexibility delivered by using the
approximate method. The coefficient of the correction is the zero-dimensional quantity. After determination of the correction coefficient the medium value
has been calculated which has been afterwards considered in correlation of dynamic characteristics. 
The problems presented in this paper, that means the analysis of mechatronic and mechanic complex systems is however the introduction to the
synthesis of torsional vibrating mechatronic systems with assumed frequency spectrum. 
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In the last decades there was a great advance on the application of new materials to Civil structures, among which fiber reinforced polymer (FRP)
materials stand out. Initially the FRP have been used to strengthen deteriorate structures, but more recently they are also being utilized in the construction
of new structural systems. Innovative systems that combine concrete with FRP materials have been mainly employed in bridge and footbridge systems. A
composite slab system formed by a fiber-reinforced concrete top laid on GFRP I-section pultruded profiles, for footbridge application, is being developed
at the Federal University of Santa Catarina (UFSC), in Brazil. Such system provides lighter and more slender structures as compared to conventional
concrete structures, which can be more sensitive to dynamic loads, leading to excessive vibration. It becomes then important to study the dynamic
behavior of such system, induced by human activities, and for that it is necessary to know its dynamic characteristics, such as natural frequencies,
vibration modes and damping. In this work, the dynamic characterization of a representative strip of the slab system under development at UFSC,
performed analytically, experimentally, and numerically, is presented. The fundamental frequency of the slab strip was initially obtained by means of the
analytical solution of an equivalent continuous beam, based on Fourier Series. For the experimental analysis, three prototypes of the representative strip
have been built: one using wide-flange and two using regular I-section profiles. In this analysis, the fundamental frequency and the damping coefficient of
the composite slab were obtained using the heel drop test. Finally, in the numerical analysis, three finite element models were utilized in order to get the
natural frequencies and vibration mode shapes: a refined model, using 8-noded solid elements and 4-noded shell elements; a simplified model, using 4-
noded shell elements and frame elements; and a Timoshenko beam model. At the end of the work a comparison of the different analyses in terms of
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fundamental frequency is performed, showing a very good correlation of analytical, experimental and numerical results.

7797 | Tolerance modelling of three-layered composite structures with a periodic microstructure (28. Vibrations)
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Introduction
In this note the vibration analysis of three-layered composite structures is performed. Objects under consideration are three-layered plates, which upper
and lower layers fulfil all conditions of Kirchoff's type thin plates theory and are considered to be identical. Both plates are connected with each other by
elastic, Winkler's type material that can be described with certain elasticity modulus k. In addition, it is assumed, that both outer layers and the middle one
can have certain periodic microstructure, determined by the diameter of small repetitive elements, called periodicity cells.
The behaviour of such structures is described by partial differential equations with highly-oscillating, periodic and non-continuous coefficients. Hence, the
vibration analysis brings many difficulties.
In order to improve composite structures it is vital to develop a convenient tool for special engineering problems analysis. A lot of models were proposed.
The asymptotic homogenization method, developed by Kohn and Vogelius [2], allows to perform the analysis of periodic plates behaviour. However, this
approach neglects the effect of microstructure on the behaviour of composite material. In order to take into account this effect, tolerance averaging
technique, cf. Woźniak and Wierzbicki [3], Jędrysiak [4], can be used.

Modelling foundations
The tolerance averaging technique has been developed and described by Woźniak and Wierzbicki [3]. It is based on some introductory concepts, like: a
periodicity cell, an averaging operator, a tolerance-periodic function and a slowly-varying function.
There are two main assumptions of the tolerance modelling. The first of them is the micro-macro decomposition of the outer plates deflections u1(x,t),
u2(x,t). According to it, plate deflections can be written as sums of macrodeflections W1(x,t), W2(x,t) and fluctuation shape functions w1A(x,t), w2B(x,t).
The second one is the tolerance averaging approximation, in which it is assumed that certain terms can be treated as equal with a respect to given
tolerance parameter.
The assumptions above are fundamental for the analysis of plates under consideration.

The aim of the contribution
The main aim of the contribution is to formulate governing equations of three-layered composite periodic plate using the tolerance averaging technique,
and to present vibration analysis in several calculation cases.
The starting point of the tolerance modelling procedure is a system of equations of motion for the outer plates of the structure. These equations are based
on simplified approach, proposed by Szcześniak [1]. 
After some manipulations using the tolerance modelling assumptions, the system of partial differential equations can be transformed into system of
equations with constant coefficients, where macrodeflections W1(x,t), W2(x,t) and fluctuation amplitudes v1A(x,t), v2B(x,t), A,B=1,2..N, are the basic
unknowns. This system of equations stands the tolerance model equations of three-layered periodic plate structures and allows to investigate the effect of
the microstructure size in dynamic problems of these plates.
Several calculation examples has been performed, assuming that both of the plates are identical and only the higher plate is affected by external loading
p.
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Magnetic shape memory alloy (MSMA)-K0.5Na0.5NbO3 (KNN) is a kind of novel magneto-electric composite materials. It is made up of MSMA substrate
and KNN piezoelectric layer. MSMA-KNN vibration energy harvester has many advantages, such as small size, high mechanical-magneto-electric
conversion efficiency, long service life, and environment-friendliness, which make it be applied as green energy widely. Although various achievements
have been reported, the theoretical results of the dynamic characteristics of MSMA-KNN vibration energy harvester are not abundant because of the
complex nonlinear characteristics of MSMA and KNN piezoelectric ceramics. In this article, nonlinear coupling dynamic characteristics of MSMA-KNN
vibration energy harvester are studied. 
To obtain the dynamic characteristics of MSMA-KNN vibration energy harvester, the constitutive models of MSMA and KNN piezoelectric ceramics should
be built. There are hysteretic phenomena in MSMA and KNN piezoelectric ceramics. In this study, improved Van der Pol items are introduced to explain
the hysteretic phenomena of MSMA and KNN piezoelectric ceramics. The hysteretic strain-voltage curves of KNN piezoelectric ceramics are described,
and the coupling relationship among strain, stress, magnetic field intensity and frequency of MSMA is provided in partial least-square regression method.
The analyze results of principal component and forecast test based on experimental data indicate that the constructive models describe the real behaviors
of MSMA and KNN piezoelectric ceramics well.
According to the Hamilton principle, the nonlinear dynamic model of MSMA-KNN vibration energy harvester is developed. The expression of the system’s
dynamic response is obtained. The system fundamental frequency is revised using complex normal form method, and the influence of the disturbing
parameters is investigated. Local and global bifurcations of the system are analyzed, and the criterions determining the homoclinical bifurcation are
obtained. The numerical results of the system response and phase diagram show that:
1) If the initial condition is located outside of the large unstable limit cycle, the vibration amplitude increases to infinite, which means the structure can
finally be destroyed; 
2) If the initial condition is located inside of the small limit cycle, the motion of the beam is bounded, therefore the structure may stay safe; 
3) If the initial condition is located inside of the large limit cycle and outside of the small limit cycle, the amplitude decreases to a certain value, and the
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system keeps vibrating around the positions of steady state;
4) Amplitude jumping phenomena is observed in the change of parameters, which means that the vibration amplitude of the system can be controlled
through adjusting system parameters.
The expression of Melnikov integral of the system is given based on the revised fundamental frequency, and the prediction accuracy of the threshold value
of chaotic motion is improved. The numerical results show that the system's motions change from a periodic way to chaos when the conditions vary, and
chaotic attractor is diffused when the intensity of excitation. 
The mechanical-electric coefficient of MSMA-KNN vibration energy harvester is determined. The effects of parameters on the dynamic characteristics and
mechanical-electric coefficient are analyzed. Finally, the results of theoretical analysis and numerical simulation were proved by experiment. The results
obtained in this study are helpful for engineering applications of MSMA-KNN vibration energy harvesters.
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In recent years the use of fiber-reinforced polymeric (FRP) materials has gained wider space in the CivilEngineering sector, due to some favorable
characteristics such as resistance to corrosion and fatigue and alsolightweight, which leads to high specific strength and stiffness. FRP materials have
been initially employedto retrofit structural elements, but nowadays they are also applied in the construction of new structuralsystems, particularly in
bridge and crosswalk systems. Innovative systems that combine concrete with FRPmaterials lead to lighter and more slender structures as compared to
conventional reinforced concretestructures, which can bring about vibration problems. In this work, a study on vibration analysis of acomposite slab
subjected to human activities, such as walking and jumping, is presented. The slab iscomposed of a fiber-reinforced concrete top laid on GFRP I-section
pultruded profiles, filled in with foamblocks. The study embraces experimental and numerical analysis using the Finite Element Method. In
theexperimental analysis, two prototypes of 0,80 m width, representing a slab strip, are utilized. The prototypesare subjected to walking and jumping by
several volunteers, using different kind of shoes. In the FE analysis,a dynamic loading, simulating the walking and jumping carried out in the tests, was
applied. For bothanalyses the responses are presented in the time and frequency domain. At the end of the work, experimentaland numerical results are
compared, and a few conclusions on the dynamic behavior of the composite slabare drawn.
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In recent years, non-structured, non-metallic materials have spurred considerable interest in the materials community partly because of their potential for
large gains in mechanical and physical properties as compared to standard structural materials. In particular, carbon nanotube/polymer composites may
provide order-of-magnitude increase in the strength and the stiffness when compared to typical carbon fiber/polymer composites (Jia et al., 2011). Due to
these reasons, structures made of such materials have great potentials in the construction of future supersonic/hypersonic space vehicles and reusable
transportation systems. Among the various structural constructions, the sandwich type of structures are more attractive due to their outstanding bending
rigidity, low specific weight, excellent vibration characteristics and good fatigue properties. These sandwich constructions can be a candidature for the
requirement of lightweight and high bending stiffness in the design. A typical sandwich structure may consist of a homogeneous core with face sheets. To
improve the characteristics of these structures, the face sheets can be laminated composites (Whitney, 1972), functionally graded materials (Zenkour,
2005) or polymer matrix with reinforcements (Ugale and Singh Mishra, 2014). The definite advantages offered by the carbon nanotube reinforced
composites (CNTRCs) over the carbon fiber-reinforced composites have prompted the engineers to design and analyze sandwich structures with CNTRC
facings (Tjong, 2009).
In view of the above, here, the flutter characteristics of sandwich shells with carbon nanotube (CNT) reinforced face sheets are investigated using QUAD-
8 shear flexible element developed based on higher-order structural theory. The formulation accounts for the realistic variation of the displacements
through the thickness, the possible discontinuity in the slope at the interface, and the thickness stretch affecting the transverse deflection. The in-plane
and rotary inertia terms are also included in the formulation. The first-order high Mach number approximation to linear potential flow theory is employed for
evaluating the aerodynamic pressure. The solutions of the complex eigenvalue problem, developed based on Lagrange's equation of motion are obtained
using the standard method for finding the eigenvalues. The accuracy of the present formulation is demonstrated considering the problems for which
solutions are available. A detailed numerical study is carried out to bring out the efficacy of the higher-order model over the first-order theory and also to
examine the influence of the volume fraction of the CNT, core-to-face sheet thickness, shell thickness and the aspect ratio, shallow/deep shells, and the
temperature on the flutter boundaries and the associated vibration modes.

References:
1. J. Jia, J. Zhao, G. Xu, J. Di, Z. Yong, Y. Tao, C. Fang, Z. Zhang, X. Zhang, L. Zheng, Q. Li, A, Comparison of the mechanical properties of fibers spun
from different carbon nanotubes, Carbon 49 (2011) 1333–1339.
2. J. Whitney, Stress analysis of thick laminated composite and sandwich plates, Journal of Composite Materials 6 (1972) 426–440. 
3. A. Zenkour, A comprehensive analysis of functionally graded sandwich plates: Part 1 – deflection and stresses, International Journal of Solids and
Structures 42 (2005) 5224–5242.
4. V. Ugale, K. Singh, N. Mishra, Comparative study of carbon fabric reinforced and glass fabric reinforce thin sandwich panels under impact and static
loading, Journal of Composite Materials-doi:10.1177/0021998313514874.
5. S. C. Tjong, Carbon nanotube reinforced composite, John-Wiley, 2009

8762 | PPF MIMO Control of a Composite Carbon Fiber Plate (28. Vibrations)

Zippo, Antonio (antonio.zippo@unimore.it), Università di Modena e Reggio Emilia, Italy
Pellicano, Francesco (francesco.pellicano@unimore.it), Università di Modena e Reggio Emilia, Italy
Barbieri, Marco (mark@unimore.it), Università di Modena e Reggio Emilia, Italy
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Strozzi, Matteo (mateo.strozzi@unimore.it), Università di Modena e Reggio Emilia, Italy 

Active vibration control of a free-edge rectangular sandwich plate is proposed and tested. The experimental setup consists of a honeycomb panel having
a carbon-fiber reinforced polymer (CFRP) outer skins and a polymer-paper core, subjected to an orthogonal disturbance, due to an electrodynamics
exciter and controlled by Macro Fibre Composite (MFC) actuators and sensors. MFC parches consist of rectangular piezoceramic rods sandwiched
between layers of adhesive, electrodes and polyamide film. The MFC actuators and sensors are controlled by a programmable digital dSPACE controller
board. The control algorithm proposed in this paper is based on the Positive Position Feedback (PPF) technique and is successfully applied with different
combinations of inputs/outputs (Single Input Single Output, MultiSISO, Multi Input Multi Output) in order to control the first four normal modes. The control
appears to be robust and efficient in reducing vibration in linear (small amplitude) and nonlinear (large amplitude) vibrations regimes, although the
structure under investigation exhibits a relativity high modal density, \emph{i.e.} four resonances in a range of about 100Hz. The control strategy allows to
effectively control each resonance both individually or simultaneously.

8900 | Numerical analysis vibration suppression of FGM beam with piezoelectric layers (28. Vibrations)

BOUKHOULDA Farouk Benallel (boukhoulda_22000@yahoo.fr), Mechanical of structures and solids laboratory, Algeria
Zouaoui Satla (satlazouaoui@hotmail.fr), Mechanical of structures and solids laboratory, Algeria
Amine Samahat (aminesba13@hotmail.fr), Mechanical of structures and solids laboratory, Algeria 

This paper presents a methodology to use the software ANSYS in active vibration control of a functionally graded (FGM) beam with integrated
piezoelectric actuation layer. The FGM beam material is assumed to be functionally graded in the thickness direction according to the power low
distribution. First FGM beam with piezoelectric layers is modeled using APDL language in ANSYS. Through the modal analysis the first six rank
frequencies has been extracted. velocity feed back analysis feedback controller is introduced to realize the vibration control through a closed loop. Results
for various volume fraction indexes are presented.

8931 | Plate Vibrations Using Static Analysis (28. Vibrations)

Eisenberger, Moshe (cvrmosh@technion.ac.il), Technion - Israel Inst. Technology, Israel
Deutsch, Aharon (tvruis@gmail.com), Technion - Israel Inst. Technology, Israel 

The vibration analysis of structures is a widely researched area. Hundreds of papers were published on the topic. The problem can be divided into two
groups: the first group includes cases for which an analytical solution is known, and the second group includes cases with no known analytic solutions.
Benchmark solutions for the cases in the second group are highly desired for validation and comparison of existing and future numerical solutions. In this
work using a new method, the solutions for the natural frequencies are found by performing a static analysis. Starting from the equations of motion for a
structure supported by elastic foundation, we realize that the foundation stiffness and the inertia of the mass have opposite effect on the solution for the
vibrating structure: The difference of these two factors is treated as a generalized elastic foundation parameter, and it can have a positive or negative
value. In either case, one can solve the displacements under a given concentrated load. Then, the solution for the vibration frequencies of the plate is
equivalent to finding the values of the negative elastic foundation that will yield infinite deflection under a point load on the plate. This deflection will be
infinite if the structure losses its stiffness, or in other words, the generalized foundation is causing the structure to be unstable. Then, the solution for the
vibration frequencies is equivalent to finding the values of the negative elastic foundation that will yield infinite deflection under a point load. Several
examples, for rods, beams and plates, are given in this work. The exact values for the natural frequencies of vibration are obtained with smaller
computational effort.

9095 | Variable Kinematic 1D Theories for Flutter Analysis of Wings and Blades (28. Vibrations)

Carrera, Erasmo (erasmo.carrera@polito.it), Politecnico di Torino, RMIT University, Italy
Filippi, Matteo (matteo.filippi@polito.it), Politecnico di Torino, Italy 

According to Collars definition, aeroelasticity is ”the study of the mutual interaction that takes place within the triangle of the inertial, elastic, and
aerodynamic forces acting on structural members exposed to an airstream, and the influence of this study on design”. In the past, the fluid-structure
interaction (FSI) has brought to catastrophic events due to sudden failures of bridges, airplanes, helicopters, etc. A correct and safe design must require,
therefore, an accurate prediction of aeroelastic phenomena. Unfortunately, FSI analyses are, in most cases, too computationally expensive. Hence, a
trade off between accuracy and cost is often mandatory. Although based on restrictive assumptions, the strip theories developed in the first half of the
twentieth century have been extensively combined with simplified structural models, in order to provide reliable aeroelastic tools for preliminary analyses
[1-3]. Moreover, a proper description of the kinematics is of primary importance for the prediction of instabilities especially when dealing with complex-
shaped structures made of anisotropic materials. In this paper, refined beam theories obtained through the Carrera Unified Formulation (CUF) [4,5] have
been combined with unsteady aerodynamic models to perform flutter analyses of wings and blades. The displacement field over the beam cross-section is
obtained by an expansion of arbitrary functions, F (x,z),

u(x, y, z, t) = F (x, z)u (y, t),  = 1, 2, ....,M (1)

in which u (y,t) is the displacement vector and M stands for the number of terms in the expansion. The governing equations written in terms of
”fundamental nuclei” have been derived in a weak form through Hamilton’s Principle and solved by means of the Finite Element (FE) method. The
analyses have aimed to evaluate the effects of the sweep angle and lamination scheme on flutter conditions. The results have been compared, when
possible, with solutions obtained from two-dimensional theories, experimental tests and aeroelastic analysis carried out with Doublet Lattice Method.
These comparisons have revealed that the unsteady theories combined with the 1D CUF elements can represent a valuable and cost-effective tool for the
preliminary study of the aeroelasticity of complex-shaped blades and wings.

References
[1] Z. Qin and L. Librescu. Aeroelastic instability of aircraft wings modelled as anisotropic
composite thin-walled beams in incompressible flow. Journal of fluids and structures,
18:43–61, 2003.
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[2] P.K. Masjedi and H.R. Ovesy. Aeroelastic instability of composite wings by the consideration
of different structural constitutive assumptions. Journal of Fluids and Structures,
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[3] C.E.S. Cesnik, D.H. Hodges, and M.J. Patil. Aeroelastic analysis of composite wings.
1996. In Proceedings of the 37th Structures, Structural Dynamics and Materials Conference,
Salt Lake City, Utah.

[4] E. Carrera, G. Giunta, and M. Petrolo. Beam Structures. Classical and Advanced Theories.
ISBN: 978-0-470-97200-7 Wiley, 2011.
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9339 | Nonlinear vibrations of viscoelastic laminated composite shells by using 3rd order shear deformation theory (28.
Vibrations)

Amabili, Marco (marco.amabili@mcgill.ca), McGill University, Canada 

A geometrically nonlinear theory is developed for shells of generic shape allowing for third-order shear deformation and rotary inertia by using five
parameters: in-plane and transverse displacements and the two rotations of the normal; geometric imperfections are also taken into account. The novelty
is that geometrically nonlinear strain-displacement relationships are derived retaining full nonlinear terms in all the five parameters. These relationships
are presented in curvilinear coordinates, ready to be implemented in computer codes. Higher order terms in the transverse coordinate are retained in the
derivation so that the theory is suitable also for thick laminated shells. The theory is applied to viscoelastic laminated composite circular cylindrical shells
complete around the circumference and simply supported at both ends. Large-amplitude forced vibrations under radial harmonic excitation are
investigated and results are compared to those obtained by using viscous damping. The Kelvin-Voigt viscoelasticity model is used and it introduces
quadratic and cubic nonlinear dissipation terms in addition to linear damping.

9404 | A novel spectral dynamic stiffness method for exact modal analysis of composite plates and plate assemblies
with mass and spring attachments (28. Vibrations)

Liu, Xiang (xiangliu06@gmail.com), City University London, United Kingdom
Banerjee, J. R. (J.R.Banerjee@city.ac.uk), City University London, United Kingdom 

A novel method named spectral-dynamic stiffness method (S-DSM) is developed in this paper for exact free vibration analysis of composite plates and
their assemblies with mass and spring attachments. The method has no restrictions and is completely general to handle complex plated structures with
any arbitrary boundary conditions, and importantly the method gives exact results within any frequency range with high computational efficiency.
Modal analysis of plate structures with spring and mass attachments have been a significant problem in many areas. Such an analysis is very important to
avoid resonance or undesirable dynamic phenomena. The applications of research on this topic include, but not limited to, building, bridges, ships,
aeroplanes, space structures, armoured vehicles, automobiles, machines, robots, optical beam pointing system and etc. The masses and/or springs
attached to the parent structure usually change the dynamic behaviour significantly. Of course, the analytical or exact solution of such systems is without
doubt a demanding problem which has received only sporadic coverage in the literature. For the first time, the problem has been addressed in an elegant
way by a novel S-DSM method, which utilises the procedure of the dynamic stiffness method combined with the benefits of the spectral method.
At first, by using the spectral method, the shape function of a plate element in an exact sense is derived, which satisfies the governing differential equation
exactly and provides complete flexibility to describe any arbitrary boundary conditions. The dynamic stiffness (DS) matrix of a composite plate element
with unspecified boundary conditions is developed systematically using symbolic manipulations. A plate structure with complex geometry can thus be
accurately represented by an overall DS matrix assembled by using elemental DS matrices of different geometry or material parameters. The attached
masses and/or springs are then formulated as extra dynamic stiffnesses in the frequency domain that are superposed onto the overall DS matrix of the
parent structure. Arbitrary boundary conditions are prescribed accurately upon ensuring DS matrix for the whole structure. As the solution technique, the
Wittrick-William (WW) algorithm is enhanced to compute the natural frequencies of the complete system. The problem of solving the natural frequencies of
a fully clamped plate is an essential, but fundamental prerequisite in the application of the WW algorithm. This difficult problem is resolved by some novel
techniques which enable the current method to compute the natural frequencies efficiently within any desired accuracy and frequency range (from low to
high). It is ensured by the algorithm that no natural frequency of the structure is missed. Mode shapes are also recovered accurately. For illustrative
purposes, the current S-DSM is applied to complex engineering composite plate structures with mass and/or spring attachments. Exact results (accurate
for all figures presented) for representative cases are given in the paper. The method is shown to be highly efficient with as much as 100-fold advantage
over conventional finite element method. With less than 1% of computation time required by the usual finite element method, the S-DSM provides more
accurate results. The research is of great significance in the design of plate-like composite structures especially in solving frequency attenuation problems
for all frequency range.

5608 | Seismic Earth Pressures of Retaining Wall from Large Shaking Table Tests (29. Experimental Methods)

Yang Changwei (1209732335@qq.com), Southwest Jiaotong University, China
Zhang Jianjing (yangchangwei56@163.com), Southwest Jiaotong University, China 

To ascertain seismic response of retaining wall in the Wenchuan earthquake, large shaking table tests are performed and an acceleration record is acted
in 3 directions. In the tests, acceleration time history recorded at Wolong station in the Wenchuan earthquake is used to excite the model wall. Results
from the tests show that the location of dynamic resultant earth pressure is 0.35-0.49H from toe of the wall for road shoulder retaining wall on rock
foundation, 0.33-0.42H for embankment retaining wall on rock foundation and 0.46-0.77H for road shoulder retaining wall on soil foundation. Besides,
dynamic earth pressure increases with the increase of ground shaking from 0.1g to 0.9g and the relationship is nonlinear. The distribution is close to for
PGA less than 0.4g, but larger for PGA larger than and equal to 0.4g, especially on the soil foundation.



08/05/15 15:14Conferências 5: Book of Abstracts

Page 275 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

6716 | Influence of graphite on the tribological behaviour of Al 6061 hybrid composites (29. Experimental Methods)

Baradeswaran A (barathme@yahoo.co.in), Madha Engineering College, India
Elayaperumal A (profelaya@gmail.com), Anna University, India
Padma Priya R (barathaec@gmail.com), Madha Institute of Engineering & Technology, India
Arul Selvi A (arul_selvia@yahoo.com), Madha Engineering College, India 

This paper reports a study on the tribological behaviour of Al 6061 hybrid composites fabricated by liquid casting technique. Aluminium matrix composites
with several reinforcements (hybrid) are finding increased applications because of improved mechanical and tribological behaviour and therefore are
better alternate for barely reinforced composites. Al 6061 matrix were reinforced with SiC and graphite particles were studied. Addition of graphite with
aluminium is decreased the wear rate, but it results in reduce the mechanical properties. SiC can be beneficially used as a succeeding reinforcement to
trounce the problem of strength lessening of graphite reinforced composites. Dry sliding wear tests were conducted by using pin on disc apparatus with
varying sliding distance and load. The scanning electron microscope is used to analyze the worn surfaces. Results indicate that the wear rate of the hybrid
composite is lower than that of the matrix alloy and Al-graphite composites. Mechanical properties are also increased as compared to base alloy and
graphite reinforced composites. Al 6061 hybrid composites have superior wear and mechanical properties than that of Al 6061-graphite composites. The
optimized parameters of aluminium hybrid composite were found by Taguchi’s L9 orthogonal array experimentation.

6717 | Influence of Al2O3 and graphite on the tribological and mechanical behavior of Al 6061/Al2O3(p) /Gr(p) hybrid
composites (29. Experimental Methods)

Baradeswaran A (barathme@yahoo.co.in), Madha Engineering College, India
Elaya Perumal A (profelaya@gmail.com), Anna University, India
Padma Priya R (barathaec@gmail.com), Madha Institute of Engineering & Technology, India
Arul Selvi A (arul_selvia@yahoo.com), Madha Engineering College, India 

This research investigates the influence of Al2O3 and graphite on the tribological and mechanical behavior of Al 6061/ Al2O3/ graphite hybrid composites.
The investigation reveals the effectiveness of incorporation of graphite in the composite for gaining wear reduction and Al2O3 for improving mechanical
properties. The Al 6061 was reinforced with Al2O3,Graphite and fabricated using liquid metallurgy route was investigated. The Ceramic particles along
with solid lubricating materials were incorporated into aluminium alloy matrix to accomplish reduction in both wear resistance and co-efficient of friction.
The Al 6061/ Al2O3/ Graphite hybrid composite was prepared with 2, 4, 6 & 8 % Al2O3 along with 5 Wt. % graphite particles addition. The wear tests
were carried out using pin on disc apparatus. The presence of Al2O3 in the Al 6061 hybrid composite has contributed towards the improvement in
hardness and wear reduction of Al 6061. The presence of graphite in the hybrid composite has been capable to work for wear reduction and reduction in
the co-efficient of friction of the hybrid composites. As a result the effect of graphite in the hybrid composite exhibited a quality of wear reduction and
effected reduction in the co-efficient of friction. The worn surfaces were analyzed through SEM.

6882 | Experimental analysis of slim-floor composite systems (29. Experimental Methods)

Marcela Novischi Kataoka (kataoka@sc.usp.br), University of São Paulo - USP, Brazil
Ana Lúcia H. C. El Debs (analucia@sc.usp.br), University of São Paulo - USP, Brazil
Juliana Teodoro Friedrich (jufri@sc.usp.br), University of São Paulo - USP, Brazil 

Composite elements are constituted by two or more components of different materials working together to resist the loading applied to the structure. In the
case of elements comprised of steel and concrete, there is always a steel profile combined with concrete in order to use the advantages of both materials.
The traditional composite floor consists of composite beam, composite slab placed on the top flange of the beam and shear connectors to provide the
composite behavior. Taking this concept into account, the slim-floors systems have the slab supported by the bottom flange of the beam. This detail
produces an important advantage of this solution due to the reduction of overall height of the floor. The steel profiled sheet used in this system is usually
three times higher than the usual ones. As the steel profiled sheets for using in slim-floors systems are not produced in Brazil, this study presents the
development of a steel profiled sheet with trapezoidal cross section to be used in this solution. Bending tests with specimens of the produced slim-floor
were carried out aiming to evaluate the strength and the behavior of the obtained composite structure. The specimens presented satisfactory strength and
behavior, indicating that the solution could be used in multistory buildings in Brazil.

7539 | Traction-compression biaxial testing for shear failure determination of a chopped glass reinforced polyester (29.
Experimental Methods)

Serna Moreno, M.C. (mariacarmen.serna@uclm.es), University of Castilla-La Mancha, Spain
Martínez Vicente, J.L. (juanluis.martinez@uclm.es), University of Castilla-La Mancha, Spain
López Cela, J.J. (juanjose.lopez@uclm.es), University of Castilla-La Mancha, Spain 

There is a big variety of testing methods for determining shear properties in composites. In this work we propose to evaluate if the traction-compression
biaxial testing by means of cruciform specimens is suitable to develop pure shear tests. Tasks as the shear strength, the shear strain and the shear
modulus in the moment of failure are estimated. The studied material is a chopped-glass reinforced polyester whose behaviour is linear and quasi-
isotropic, but different under tension and under compression. The experimental failure values are plotted in the traction-compression stress quadrant and
they are contrasted with the Maximum stress, Maximum strain, Tsai-Hill and Tsai-Wu failure criteria.

7721 | Bond Properties of Arch-type Steel Fibre-reinforced Cementitious Composites (29. Experimental Methods)

Lee, Jae-Ho (jpwon111@msn.com), Konkuk University, Korea, South
Lee, Su-Jin (jpwon111@msn.com), Konkuk University, Korea, South
Won, Jong-Pil (jpwon@konkuk.ac.kr), Konkuk University, Korea, South 
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Cementitious composites are brittle and fracture under tensile or dynamic load. It is difficult to prevent the generation and development of cracks in
composites over time. To compensate for the intrinsic disadvantages of cementitious composites, steel fibre has been used as a reinforcing material. The
bond properties of cementitious composites have been enhanced using steel fibre of various shapes, including hooked ends, enlarged ends, crimped, and
twisted. Among these, the hooked-ends steel fibre has generally been used. However, this fibre caused a dramatic decrease in the pull-out resistance
strength under applied tensile stress after initial cracking of the cementitious composite along the straight part of the fibre, which was followed by the
hooked end of the fibre. For this reason, hooked-end fibre cannot sufficiently improve the mechanical properties of cementitious composites. Thus, arch-
type steel fibre was used to improve the pull-out resistance of cementitious composites in this study. The pull-out resistance properties of arch-type steel
fibre-reinforced cementitious composites were evaluated according to JCI SF-8. Results showed that the pull-out resistance of arch-type steel fibre-
reinforced cementitious composites was superior to that of steel fibre-reinforced composites.

7736 | Experimental studies focus on the drilling-induced damages when cutting high-strength T800S/250F CFRP (29.
Experimental Methods)

Xu, Jinyang (Jinyang.XU@ensam.eu), Arts et Métiers ParisTech, France
An, Qinglong (Jinyang.XU@hotmail.com), Shanghai Jiao Tong University, China
Chen, Ming (history.field@qq.com), Shanghai Jiao Tong University, China 

High-strength T800S/250F CFRP is commonly identified as an innovative composite material with the sufficient ability of characteristic enhancement and
energy consumption for manufacturing advanced aircraft structures in modern aerospace industry. However, mechanical drilling of high-strength CFRP is
still characterized as a highly cost and time-consuming task among the manufacturing sectors due to its extremely poor machinability. The inherent nature
of the fiber/matrix system typically results in severe geometric imperfections and serious hole damages in drilling, e.g., irregular hole diameter, fiber
pullout, delamination, as compared to conventional low-strength CFRP cutting cases. The drilling-induced damage commonly plays a pivotal role in
determining the final composite-part acceptance or rejection prior to its post-application. Revealing the mechanism dominated the hole damage formation
and distribution would provide a beneficial guideline for its controlling and elimination in actual production. Based on this, the main objective of the work
aims to characterize the distribution of drilling-induced damages and to correlate them to the used cutting conditions when drilling high-strength
T800S/250F CFRP. The multiple aspects of hole damages and geometric defects were carefully quantified versus the input cutting parameters. After that,
some key conclusions were drawn from this study.

7758 | Application of resorbable PGF/PLA composite for orthopedic implants: In vitro characterization of mechanical
properties (29. Experimental Methods)

Hassan (hassan_fsd83@hotmail.com), Chung-Ang University, Korea, South
Kyung-Chae (kongche1@naver.com), Chung-Ang University, Korea, South
Min-Gu (loded@hanmail.net), Chung-Ang University, Korea, South
Seung-Hwan (phigs4@cau.ac.kr), Chung-Ang University, Korea, South 

Completely bioresorbable materials are attractive alternatives for metallic materials. Metallic prostheses have many adverse effects which can be resolved
using biocompatible, bioresorbable and bioactive materials such as magnesium and their alloys, polymer, ceramics, bio-glass and their composites.
Among these materials, polymers such as polylactic acid (PLA), polyglycolic acid (PGA), lactic-co-glycolic acid (PLGA), poly-L-lactide (PLLA) and
polycaprolactone (PCL) are known as excellent materials for the use of medical devices due to their unique characteristics. However, pure polymers
provide insufficient strength and stability for weight bearing long bone fractures. Poor material properties of these polymers (1-4 GPa) could allow
excessive interfragmentary movement at the fracture site which would deteriorate the healing process of bone fractures. For load bearing long bone
fractures, the initial material properties of prostheses matching to the cortical bone (10-20 GPa) or higher is necessary for the bone structure integrity and
successful bone healing. Also appropriate degradation rate of a material is required to ensure the optimal stress transfer at fracture site. Therefore,
bioresorbable materials with higher Young’s modulus (such as hydroxyapatite, calcium phosphate etc.) are used to reinforce the bioresorbable polymers
to make construct composite materials, which exhibit appropriate initial material properties to provide enough stability to the weight bearing long bone
fractures. The material properties of these composites can be tailored using different volume fractions of reinforcements to achieve the desired material
properties. Completely bioresorbable composites degrade when exposed to the human body fluid. The degradation rate of these materials can be
controlled using various techniques such as different manufacturing processes, fiber treatments and coatings. For successful bone healing, an appropriate
degradation rate of material is required to transfer the body weight gradually to the fracture site. 
In our study, the properties of pure polymer and bioresorbable glass fiber-reinforced composite materials were studied. Composite materials were
fabricated using phosphate glass fibers (PGF) and polylactic acid (PLA) and other types of reinforcements such as hydroxyapatite (HA) to determine the
degradation mechanism and physicochemical changes under the in vitro conditions. Two types of composites were fabricated to evaluate their
performances; one was homogenous material and other was functionally graded material (FGM). In vitro degradation tests of PLA and PGF/PLA
composites were carried out in saline buffer solution (SBF) at 37 °C to simulate the in vivo conditions. Characterizations of composites were performed to
evaluate the various properties (such as tensile and flexural tests, water accumulation, mass loss etc.) during the degradations study. 

7815 | Flexural behaviour of unidirectional composite laminates with different tensile and compressive strength (29.
Experimental Methods)

Martínez Vicente, J.L. (juanluis.martinez@uclm.es), University of Castilla-La Mancha, Spain
Serna Moreno, M.C. (mariacarmen.serna@uclm.es), University of Castilla-La Mancha, Spain
Romero Gutiérrez, A. (ana.rgutierrez@uclm.es), University of Castilla-La Mancha, Spain 

Key words: carbon fiber reinforced, unidirectional laminate, three-point bending test, failure mode

The composite materials have been traditionally used in the aerospace and aeronautical industries in the hardest working conditions. Nowadays, the use
of these materials has increased in a large number of applications such as wind energy, shipbuilding and automotive industries. In these applications,
reinforced fiber composites usually have the compression strength lower than the tension strength. Hence, these composite laminates reinforced with
fibers develop different failure modes depending on the relationship between the tensile and compressive strengths and the thickness of the laminate. In
this work, experimental tests have been performed in order to analyse the flexural behaviour of unidirectional composite laminates manufactured from
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carbon fiber prepreg using a hot platen press and a vacuum system.

7841 | Microstructure and Mechanical Properties of Magnesium based Composites produced by SPS sintering (29.
Experimental Methods)

Mondet, Mathieu (mathieu.mondet@univ-lorraine.fr), French-German Research Institute of Saint-Louis (ISL), France
Barraud, Elodie (elodie.barraud@isl.eu), French-German Research Institute of Saint-Louis (ISL), France
Lemonnier, Sébastien (sebastien.lemonnier@isl.eu), French-German Research Institute of Saint-Louis (ISL), France
Allain-Bonasso, Nathalie (nathalie.allain@univ-lorraine.fr), Laboratoire d''Etude des Microstructures et de Mécanique des Matériaux (LEM3), France
Grosdidier, Thierry (thierry.grosdidier@univ-lorraine.fr), Laboratoire d''Etude des Microstructures et de Mécanique des Matériaux (LEM3), France 

The decrease in the world energy resources combined with a global trend towards a reduction of the greenhouse gas emission, have contributed to grow
the scientists’ interest in structure lightweighting. This approach particularly concerns the sectors of civilian and military transport. In this problem,
magnesium appears to be a promising candidate, with a density respectively 30% and 75% inferior to those of aluminium and steel - main structural
metals used. In addition, magnesium offers other advantages like good specific strength, thermal stability and damping resistance. However, its low
ductility and mechanical strength associated to a high oxidation sensibility, represent limiting parameters for using it as structural material. Therefore,
magnesium is rarely employed in its pure form. It is generally alloyed with elements such as aluminium, rare earths and zirconium, and strengthened
through the introduction of ceramic reinforcements.

This study aims to implement the powder metallurgy process, especially Spark Plasma Sintering (SPS), for developing magnesium alloys reinforced by
ceramic particles. Contrary to the usual foundry process, powder metallurgy ensures a fine microstructure control through the powder synthesis and
sintering steps. Based on this advantage, materials with high mechanical strength can be obtained.

In this study, attention is focused on the influence of the sintering conditions and the reinforcements ratio and size, on the microstructure and mechanical
properties of the developed composites. The conducted mechanical characterisation includes quasi-static and dynamic tests (Split-Hopkinson pressure
bar), as well as ballistic tests.

7937 | THE MECHANICAL BEHAVIOR OF EPOXY PARTICULATE COMPOSITES (29. Experimental Methods)

Nebbia, Giulia (giulia.nebbia@edu.unige.it), University of Genova, Italy
Rizzo, Cesare M. (cesare.rizzo@unige.it), University of Genova, Italy
Gaiotti, Marco (marco.gaiotti@unige.it), University of Genova, Italy
Caleo, Alessandro (alessandro.caleo@fincantieri.it), FINCANTIERI S.p.A. , Italy 

The aim of the present paper is to describe the experimental tests designed and conducted in order to analyse the mechanical behaviour of epoxy
particulate composites, better known as fillers. 
The fillers are two-component composites characterized by type, size and a variable amount of glass microsphere randomly embedded in an epoxy
matrix. The microspheres may be full or empty of gas inside, depending on the desired characteristics of the filler. The proportion and the peculiar
properties of the two components affect the particle-composites mechanical behaviour.
The fillers application field is the coating of hull and superstructure of yachts in order to mould the surface and protect it from corrosion. Since the outer
layer of a yacht will be painted to obtain a shiny surface, the filler should be perfectly levelled, faired and smoothed. Moreover, the fillers should be stiff in
order to avoid paint's deformation, but at the same time soft enough in order to avoid cracking. Due to the geometry irregularities of the hull and
superstructure shells and to the harsh environmental loads, the displacements to which the yacht structures are subject may be considerably high,
possibly causing cracks on coating. 
Several works, which investigate on the micromechanical behaviour of similar composites, are presented in literature. Nevertheless, the studies focus on
the effect of debonding between particles and matrix or on the influence of the inert shape and dimension. The study presented in this paper is instead a
macromechanical analysis regardless the fillers’ internal mechanic. 
Experimental tests were designed and conducted on six fillers with specific chemical and micromechanical structure. The laboratory procedure consisted
in two tests to define the behaviour of the fillers subject to compressive and tensile stress. 
The aim of the compressive test was to analyse the trend of load-displacement curves of different composites under pressure, in order to underline the
stiffness and the breaking point related to filler specimen shortening. 
The three point bending test has supplied the elongation of the filler specimen and the corresponding load when applying a constant displacement at
midspan. In order to evaluate the mechanical response of fillers subject to tensile stress, layer thicknesses of a specimen made of steel and filler were
studied such that the composite was entirely under tension.
Results are repeatable and consistent for each filler, so it is possible to outline the characteristic load-displacement curves under compressive and tensile
stress. The trend of such curves provide information about the stiffness and allows a comparison among the analysed composites. 
The filler shows a non-linear trend of the displacement-load law when the specimens are under compression, therefore it is not possible to define a
constant elastic modulus. Conversely, applying a tensile stress, the trend of displacement-load curves is almost linear and stiffness parameters can be
properly defined.
The tests results provide a comparison between fillers allowing the mechanical characterization of the materials and understanding which features are
preferable depending on the type of application.
Further set of tests will be carried in order to verify the mechanical behaviour of the entire coating cycle of yachts and, in particular, to analyse the
interaction between filler and painted layers. 
While it will be interesting to investigate actual operating condition of these materials, testing a full/large scale panel characterized by irregular geometry
usual of shipyard practice, the current work also provided input data and preliminary validation of numerical models useful in hull structural design of large
yachts.

8138 | Infrared thermography to evaluate thermoplastic composites under bending load (29. Experimental Methods)

Meola, C. (carmeola@unina.it), Department of Industrial Engineering - Aerospace Division, University of Naples Federico II, Italy
Carlomagno, G.M. (carmagno@unina.it), Department of Industrial Engineering - Aerospace Division, University of Naples Federico II, Italy
Boccardi, S. (simone.boccardi@unina.it), Department of Industrial Engineering - Aerospace Division, University of Naples Federico II, Italy
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Simeoli, G. (giorgio.simeoli@unina.it), Department of Chemical, Materials and Production Engineering, University of Naples Federico II, Italy
Acierno, D. (acierno@unina.it), INSTM – Reference Centre for Processing Technologies of Polymers and Composites, University of Naples Federico II,
Italy
Russo, P. (pietro.russo@unina.it), Institute for Polymers, Composites and Biomaterials, National Council of Research, Italy 

Infrared thermography (IRT) is a non-contact, non-intrusive technique which detects thermal energy radiated from objects in the infrared band of the
electromagnetic spectrum. Such energy is transformed into a temperature map, which can be exploited for many purposes in many different application
fields. In particular, an infrared imaging device can be used to monitor the entire existence of a product, from its manufacturing process to completion as
well as in-service life. 
In this work, IRT is used to investigate composite materials which are based on a polypropylene matrix, which may be neat, or modified by addition of a
relatively low amount of a specific compatibilizing agent, and reinforced with glass or jute fibres. IRT is used with a twofold function: 
- for nondestructive evaluation of materials before and after cyclic bending; 
- to monitor thermal effects developing when the material is under load, either cyclic bending, or quasi-static bending. 
The obtained results show that:
• The presence of a compatibilizing agent in the matrix amplifies the material thermal response to cyclic bending.
• It is possible to follow the failure under quasi-static bending from the formation of the initial crack, to its enlargement and final material collapse. 
In particular, the comprehension of thermal effects may be useful to get information about the laden material behaviour in view of assessing the material
performance. 

8600 | Bond behavior of cement matrix-based composites for strengthening of masonry structures (29. Experimental
Methods)

Alecci, Valerio (valerio.alecci@unifi.it), University of Florence, Italy
De Stefano, Mario (mario.destefano@unifi.it), University of Florence, Italy
Luciano, Raimondo (luciano@unicas.it), University of Cassino, Italy
Rovero, Luisa (luisa.rovero@unifi.it), University of Florence, Italy
Stipo, Gianfranco (gianfranco.stipo@unifi.it), University of Florence, Italy 

The seismic risk mitigation of masonry buildings is one of the recent challenges of the scientific research. As regards historical buildings, the
strengthening techniques have to be used according to the basic principles of conservation, that require non-invasive, reversible and compatible
interventions.
Experimental assessments highlighted how technology of composite materials with epoxy matrix presents some disadvantages when applied to masonry
walls: delamination phenomena, impossibility of application on humid surface, lack of transpiration and deterioration at high temperatures. 
Textile reinforcements applied with inorganic matrices are currently receiving great attention for strengthening masonry structures thanks to the
overcoming of the disadvantages typical of polymer matrix composites [1-2]. As the development of cement matrix-based composites for structural
reinforcements is still at an early stage, the mechanical properties of such materials need to be properly investigated [3]. 
The paper presents an experimental study on the bond behaviour of different strengthening composite systems carried out by double shear tests on
samples made of two brick blocks and two sheets of cement matrix-based composites. The experimental analysis focused on three different composites
constituted by carbon, PBO and glass fiber textiles, each coupled with a different cement mortar. The constituent materials of tested samples were
mechanically characterized: direct tensile tests on textile samples, three point bending tests and compression tests on cement mortar samples. Double
shear tests were carried out involving three different bond lengths in order to identify an effective anchorage length. In particular, for each type of
composite, six tests were performed for each different bond lengths (150, 200 or 250 mm). On a sample having 200 and 250 mm anchorage lengths,
strain gauges were glued to a composite sheet in a longitudinal direction every 25 mm, in order to evaluate, for each composite, the strain distribution and
to get indications on the activation and propagation of the debonding phenomena and on the effective anchorage length.
Double shear tests allowed to study the effectiveness of the bond between brick and cement matrix and between reinforcement textile and cement matrix. 
The response under shear loads was investigated by the relationship between ultimate load in the reinforcement sheet and relative displacement between
reinforcement and substrate. Furthermore, the failure modes were also analyzed.
The results of the experimental campaign evidence that, in all three composites, the debonding phenomena occur at the fibers/matrix interface after
tensile fractures in the matrix and fibers/matrix slip. In particular, three mechanical features are involved: mortar tensile strength, adhesion between textile
and mortar and frictional adhesion among threads of a single yarn. 
The experimental results confirm the effectiveness of cement matrix-based composite materials, both in terms of ultimate load and strain capacity. The
comparison highlights that the PBO and glass composites exploit better textile properties, as the ratio between ultimate loads and textile tensile force
demonstrates. 
Increases of ultimate load, at varying bond length, occurred only for glass composites while an increase of strain capacity concerned all types of
composites varying bond length. As regards the strain performance the best results were obtained by glass composites. 

References
[1] Briccoli Bati S, Rovero L, Tonietti U. Strengthening of masonry arches with composite materials. J. Compos Constr, vol. 11(1), 2007, 33-41
[2] D’Ambrisi A, Focacci F, Caporale A, Strengthening of Masonry-Unreinforced Concrete Railway Bridges with PBO-FRCCM Materials, Compos Struct,
107, 2013, 193-204
[3] D’Ambrisi A, Feo L, Focacci F, Experimental and analytical investigation on bond between Carbon-FRCM materials and masonry, Compos Part B Eng
46, 2013 15-20

8763 | experimental study on nonlinear dynamics of circular cylindrical shell (29. Experimental Methods)

Zippo, Antonio (antonio.zippo@unimore.it), Università di Modena e Reggio Emilia, Italy
Pellicano, Francesco (francesco.pellicano@unimore.it), Università di Modena e Reggio Emilia, Italy
Barbieri, Marco (mark@unimore.it), Università di Modena e Reggio Emilia, Italy
Strozzi, Matteo (matteo.strozzi@unimore.it), Università di Modena e Reggio Emilia, Italy 

In this paper an experimental study on nonlinear dynamics of a circular cylindrical shell is presented. An ad hoc setup of the experiment has been built up
in order to investigate the linear and the nonlinear dynamic behaviour of a circular cylindrical shell, and to study the combined effect of compressive static
and a periodic axial load for different combinations of loads. The thin walled structure is investigated experimentally with an impact test to identify the
mode shapes; moreover, interesting nonlinear phenomena have been observed close to one of the resonances and they are presented for the different
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parameter combinations. Chaos is found and a very well defined softening behaviour can be observed together with a quasi periodic and multiple
periodicity. Non linear dependence of the response on the preload parameter is observed.

8767 | Investigation of Sintering Condition and Mechanical Property of Al-Si-Cu-Mg/SiCp MMC Fabricated by Powder
Metallurgy (29. Experimental Methods)

Jeongil Bang (wjddlf2578@pusan.ac.kr), Pusan National University, Korea, South
Jeong-Jung Oak (ojj69@pusan.ac.kr), Pusan National University, Korea, South
Eun Sun Lee (ilorangeli@pusan.ac.kr), Pusan National University, Korea, South
Yonghwan Kim (kyh871111@pusan.ac.kr), Pusan National University, Korea, South
Yongho Park (yhpark@pusan.ac.kr), Pusan National University, Korea, South 

Recently, the lightweight materials have been received a great deal of worldwide attention due to the significant increase environment-related issue and
energy depletion. Especially, Al-Si binary alloy components by powder metallurgy have higher ductility and excellent corrosion resistance. In addition,
ceramic reinforcement in this system is highly effective for wear resistance. However, as the fraction of reinforcement increases, mechanical property can
decrease because of their low formability and sinterability.
To solve these problem above mentioned, gas atomized Al-Si/SiCp and commercial Alumix231 powder were used in this study. These two kinds of
powder were blended with turbulent mixer in specific ratio. Thermal behavior of blended powder was estimated by differential thermal analysis (DTA).
Sintering with two variables (temperature and time) was proceeded by Hot-press technique with 70MPa pressure at vacuum atmosphere to optimize
condition of sintering. Microstructures and phases of each powder and sintered body were identified by X-Ray Diffraction (XRD), Optical Microscope (OM),
Field Emission Scanning Electron Microscope (FE-SEM) and Energy Dispersive X-Ray Spectroscope (EDS). Mechanical property of sintered body
manufactured with each condition was estimated by universal testing machine. Wear property of sintered body fabricated with optimized condition was
analyzed with Pin-on disc type wear tester. Variables of wear tests were set with vertical load and linear speed.
In the results of DTA, four endothermic peaks were occurred. Specimen sintered at 580ºC during 1hr had the highest ultimate tensile strength and
elongations. Optimized condition was set by the result of tensile test. In the result of wear test, as vertical load and linear speed increases, wear rate
increased and different wear behavior like oxidation, layer-form, layer-fracture, Fe-alloying and melting occurred at each condition.

8886 | Influence of the pressure dependent contact area between electrode and composite surface on the electrical
conductivity- novel approach to eliminate imperfect contacts in the testing procedure (29. Experimental Methods)

Liu, Xianhu (liuxianhu1234@126.com), Friedrich-Alexander University Erlangen-Nuremberg, Germany
Schubert, Dirk W, (dirk.schubert@fau.de), Friedrich-Alexander University Erlangen-Nuremberg, Germany 

In this work, the influence of the pressure dependent contact area between electrode (made from alumina foil and rubber) and composite surface on the
electrical conductivity of PMMA/ carbon black (CB) composite samples was investigated. It was found that the electrical conductivity dependent on the
applied pressure with the testing device and CB volume fraction (ϕ) of the composite. In addition, one observed that the logarithm of electrical conductivity
exhibits a linear relationship with ϕ^(-1/3) regardless of the pressures, indicating the presence of tunneling mechanism in the PMMA/ CB composites.
Furthermore, it was found that the electrical conductivity shows a specific relationship with the pressure regardless of the CB concentrations. Based on
this relation, the maximum electrical conductivity of the PMMA/ CB composites at a given CB volume fraction at infinite pressure can be revealed by
extrapolation. Thus, a novel approach is given to eliminate strong variations in conductivity measurements on composites due to imperfect contracts.

8959 | Microstructure and Wear Resistance of Semi-solid 7050 and TiB2/7050 Composites Produced by Serpentine Tube
Pouring Technique (29. Experimental Methods)

Bin Yang (byang@ustb.edu.cn), University of Science and Technology Beijing, China 

Recently, the development of semi-solid metal (SSM) for manufacturing wrought aluminum alloys with higher strength has attracted considerable interest.
Compared with traditional casting aluminum alloys, however, the change of solid fraction as a function of temperature for wrought aluminum alloys is too
sensitive to produce semi-solid wrought aluminum alloys slurries. On the other hand, semi-solid alloys slurries are known to be stirred in order to destroy
or hinder the formation of dendrite grains. Unfortunately, it is not easy to stir the wrought aluminum alloys due to the fact that the dendrite-like grains of
these alloys are fairly developed during their solidification process. In this study, 3, 6 and 9 wt.% TiB2/7050 composites slurries with globular grains were
synthesized successfully by in-situ reaction and serpentine tube pouring techniques. The results showed that the in-situ TiB2 particles and serpentine
channel are beneficial to increase number of solidification nuclei and to promote uniform distribution of a-Al nuclei. Moreover, the experimental results
showed also that the wear resistances of TiB2/7050 composites were improved simultaneously. The wear rate of 9 wt.%TiB2/7050 composite was
decreased 79% than that of 7050 alloy under 100 N applied load, 30 min sliding time and 0.15 m/s sliding velocity.

9158 | Synthesis and dielectrric and magnetic properties Spinel Ferrite Nanoparticles and Polymer Nanocomposites
Structures (29. Experimental Methods)

Harun (h.bayrakdar@comu.edu.tr), COMU, Turkey 

The complex dielectric permittivity was measured by Agilent 4287 A RF LCR Meter at room temperature in the frequency range of 1 MHz-3 GHz. The real
part of dielectric constant was calculated from the equation , where Cp is the parallel capacitance, d is the inter electrodes distance, is the permittivity of
free space, A is cross-sectional area. The coercivity (Hc) of a magnetic material is usually its magneto-crystalline anisotropy. CoFe2O4 is hard magnetic
materials. So, its magnetic moment value is higher than other samples. By the results of these samples can be clarified that Co referred to the anisotropic
properties of Mn. From hysteresis curves, it can be seen that these nanoparticles observe typical super paramagnetic ‘S’-like shape at room temperature
for all samples. The magnetization value is decrease with increasing Co contents. These results can be explained that Co attributed to the anisotropic
properties of Mn. It can be said that these structures are used for EMI and absorbing materials.
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9173 | Improving tensile strength of lime-treated clay using polypropylene fibres (29. Experimental Methods)

Dafalla, Muawia A. (mdafalla@ksu.edu.sa), King Saud University, Saudi Arabia
Moghal, Arif Ali Baig (mdafalla@ksu.edu.sa), King Saud University, Saudi Arabia 

Adding polypropylene fibres is an accepted practice for controlling shrinkage in concrete mix design. This work is aimed at investigating improving tensile
strength of lime treated subgrade soils where cracking and shrinkage are significant factors contributing in disintegration of clay rich subgrades. A series
of laboratory tests were conducted to investigate the indirect tensile strength for a range of fibre reinforced lime- treated sections of clay samples.
Preparation and mixing techniques of fibres was found to have role in the level of improvement. To optimize gain in tensile resistance, different
concentrations and fibre geometry were studied. It is concluded that adding fibre to lime-treated clay will enhance clay subgrade performance and
minimize cracks and shrinkage. Level improvement was found variable and subject to fibre concentration and fibre geometry.

9217 | Mechanical characterization of continuous fiber reinforced thermoplastic composites: Challenges and
recommendations (29. Experimental Methods)

Rui de Oliveira (rui.de-oliveira@basf.com), BASF SE, Germany
Henrik Schmidt (rui.de-oliveira@basf.com), BASF SE, Germany
Sebastian Allinger (rui.de-oliveira@basf.com), BASF SE, Germany
Martin Rheinfurth (rui.de-oliveira@basf.com), BASF SE, Germany
Adam Jaszkiewicz (rui.de-oliveira@basf.com), BASF SE, Germany 

Continuous carbon fiber reinforced composites are considered in transportation to maximize weight reduction of the car body. For cost effective mass
production of composites, some technical challenges must be overcome. In particular, automated processing concepts applicable to composites are
needed. Continuous fiber reinforced thermoplastic composites are characterized (or distinguish themselves) by promising performance, good
processability and high potential for cost effective light weight structures enabling mass production. In addition, recycling of such structures is considered
as favorable compared to thermoset solutions. Current car part design must be revised in order to fully use the benefit of these complex materials. For
that purpose, reliable mechanical characterization is fundamental. Most of the existing testing approaches and standards were established for
characterization of unidirectional or multidirectional laminates based on thermosetting resins. Some of these testing methods are not directly applicable to
thermoplastic composites. Innovative appropriate testing approaches and standards are needed in order to obtain reliable mechanical characterization of
these materials. This paper presents the development made in the last years towards characterization of the mechanical properties of continuous fiber
reinforced thermoplastic composites giving emphasis on interlaminar fracture toughness and in-plane shear properties of woven thermoplastic
composites.

9227 | Fast fabrication method and evaluation of performance of Hybrid FRTPs for applying them to automotive
structural members (29. Experimental Methods)


��������� (ben.goichi@nihon-u.ac.jp), ���������������, Japan
Sakata,Kazuhiro (sakata.kazuhiro@nihon-u.ac.jp), Nihon University, Japan 

�Thermoplastic resins used as a matrix of fiber reinforced thermoplastics (FRTPs) are composed of high polymers that remain highly viscous even at a
higher temperature than their melting points. As a result, they need a higher temperature, a higher pressure and longer process time to allow them to
bond with fibers that require large and specialized facilities. 
�In this paper, a fabrication method of vacuum assisted resin transfer molding method (VARTM) for hybrid fiber reinforced thermal plastic (FRTP) was
introduced. In order to fabricating hybrid FRTP with the VARTM, glass and carbon fabrics were used as reinforcement and in-situ polymerizable epsilon
caprolactam (ɛ-caprolactam) was used as the matrix. The obtained HFRTP had neither voids nor unfilled parts because the ɛ-caprolactam was very low
viscosity before polymerization. The Fabrication method of HFRTP proposed in this presentation showed a quicker fabrication time compared with
conventional fabrication methods without expensive facilities. 
�In order to apply this hybrid FRTP to automotive structures, the performances of HFRTP showed not only superior mechanical properties but also
suitable for high-speed molding, namely, within a few minute process time because they could be released from the mold without a cooling process.

9335 | Effect of friction stir process parameters on microstructure and sliding wear behavior of Cu/B4C surface
composite (29. Experimental Methods)

SATHISKUMAR R (sathiscit2011@gmail.com), Department of Mechanical Engineering, Coimbatore Institute of Technology, Coimbatore 641014, Tamil
Nadu, India, India
MURUGAN N (drmurugan@hotmail.com), Department of Mechanical Engineering, Coimbatore Institute of Technology, Coimbatore 641014, Tamil Nadu,
India, India
DINAHARAN I (dinaweld2009@gmail.com), Department of Mechanical Engineering Science, University of Johannesburg, Auckland Kingsway Campus,
South Africa., South Africa
VIJAY SJ (vijayjoseph.2001@gmail.com), School of Mechanical Sciences, Karunya University, Coimbatore 641114, Tamil Nadu, India, India 

An attempt was made to synthesize Cu/B4C surface composite using friction stir processing (FSP) and to analyze the influence of tool rotational speed on
microstructure and sliding wear behavior of the composite. The tool rotational speed was varied from 800 to 1200 r/min in step of 200 r/min. The traverse
speed, axial force, groove width and tool pin profile were kept constant. Optical microscopy and scanning electron microscopy were used to study the
microstructure of the fabricated surface composites. The sliding wear behavior was evaluated using a pin-on-disc apparatus. The results indicate that the
tool rotational speed significantly influences the area of the surface composite and the distribution of B4C particles. Higher rotational speed exhibits
homogenous distribution of B4C particles, while lower rotational speed causes poor distribution of B4C particles in the surface composite. The effects of
tool rotational speed on the grain size, microhardness, wear rate, worn surface and wear debris were reported.
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6712 | Porous piezoelectric ceramics (30. Porous and cellular materials)

Eichhorn, Franziska (franziska.eichhorn@fau.de), Department of Materials Science (Glass and Ceramics), University of Erlangen-Nürnberg, Germany 

Common sensor applications made use of porous piezoelectric ceramics and piezoceramic-epoxy-hybrid materials. Characteristic for this sensors are a
high figure of merit (FoM) and a high hydrostatic strain coefficient gh. The effect of different pore structure and distribution on piezoelectric properties of
the piezoceramic-epoxy-hybrid materials is determined. 
Processing is carried out by the Indirect solid free form fabrication negative structures (PLA) with mono- and bimodal pore structure filled with a 48 Vol%
PZT injection mold and sintered at 1250 °C / 2h. Additional pores are filled up with epoxy resin forming the hybrid material. Polarization is carried out on
metallized samples at 30°C and 3 kV/mm. The increase of pore diameter and porosity from 9 to 35 % decrease the d33 between 10 % and 40 % in
dependence from mono- or bimodal structures. Results from impedance measurement, relative permittivity ε33T/ε0 and the d31 are strongly influenced
by the interface between ceramic and polymer. Depending on the mono- and bimodal structure the ε33T/ε0 as well as │d31│ decrease to approximately
90 % or 80-90% of the reference value (1530 or 17 pC/N), respectively. In comparison to the d33 the decrease of the │d31│ and the ε33T/ε0 is twice
higher. By varying the pore size distribution the figure of merit (FoM) and the hydrostatic strain coefficient gh are set so that there is a different approach of
usage: monomodal for actuators or hydrophones and bimodal for sensors.

6905 | Influence of composition, strain rate and temperature on mechanical properties of novel 16Cr7Mn6Ni-TRIP-
matrix composite 196 cpsi honeycomb structures under compressive deformation (30. Porous and cellular materials)

Baumgart, Christine (Christine.Baumgart@iwt.tu-freiberg.de), TU Bergakademie Freiberg, Germany
Ehinger, David (David.Ehinger@iww.tu-freiberg.de), TU Bergakademie Freiberg, Germany
Krüger, Lutz (Krueger@ww.tu-freiberg.de), TU Bergakademie Freiberg, Germany 

Through powder metallurgy processing route and cold extrusion fabricated 16Cr7Mn6Ni steel 2D square-celled honeycomb columns with reinforcements
of 0-10 Vol.-% MgO partially stabilized Zirconia (Mg-PSZ) were investigated in quasi-static and dynamic out-of-plane compression tests. The insertion of
Mg-PSZ particles in the high-alloyed metastable austenitic matrix causes an increase of specific yield strength and strain hardening to certain deformation
degrees. By adjusting different strain levels microstructure evolution with regard to strain-induced martensitic transformation and steel/ceramic interactions
as well as the deformation mode of 196 cpsi columns are recordable in particular. A decrease of test temperature to -60 °C implies the reduction of
stacking fault energy and results in a higher driving force for the TRIP- (TRansformation Induced Plasticity-) effect accompanied by changes in
deformation characteristics. Furthermore, failure behavior of cell walls and outer skin differs with increasing volume fraction of Mg-PSZ. In comparison to
similar structures consisting of AISI 304 CrNi steel the energy absorption capability of 16Cr7Mn6Ni steel/composite is up to 50 MJ/m³ higher which makes
them more favorable for crash absorbing elements.

7011 | Multiscale structure of (Al2O3)CoAlO/CoAl porous ceramometal composites (30. Porous and cellular materials)

Tikhov, Serguei F. (tikhov@catalysis.ru), Boreskov Institute of Catalysis SB RAS, Russian Federation
Andreev, Andrey S. (aandreev@catalysis.ru), Boreskov Institute of Catalysis SB RAS, Russian Federation
Salanov, Aleksey N. (salanov@catalysis.ru), Boreskov Institute of Catalysis SB RAS, Russian Federation
Cherepanova, Svetlana V. (svch@catalysis.ru), Boreskov Institute of Catalysis SB RAS, Russian Federation
Lapina, Olga B. (olga@catalysis.ru), Boreskov Institute of Catalysis SB RAS, Russian Federation
Sadykov, Vladislav A. (sadykov@catalysis.ru), Boreskov Institute of Catalysis SB RAS, Russian Federation
Tanashev, Yuriy Yu. (tanashev@catalysis.ru), Boreskov Institute of Catalysis SB RAS, Russian Federation 

A multiscale structure of two CoxAlyOz ceramometal (cermets) with aims to get a high porosity or the mechanical strength was examined by a
combination of XRD, SEM with EDX techniques, NMR (59Co and 27Al), and the textural measurements. The strong CoAlO/CoAl monolith cermet
prepared by Co and Al powders mechanical alloying followed by the hydrothermal treatment and a calcination under the air was revealed to be composed
of two parts. The first metallic cores were presented by Co metal and Co-Al alloy, and the second oxide matrix contained the mixture of spinel CoxAl3-xO4
structures and cobalt oxides. The interface between these two cermet parts was represented by alumina shell protecting the metallic core against further
oxidation. On the other hand, the ceramometal Al2O3/CoAlO/CoAl prepared by mixing the Co-Al mechanical alloying product and a pure aluminum
hydroxide with subsequent hydrothermal treatment and the calcination under the air was found to consist of three main parts. The first showed the cobalt-
free large porous alumina globules surrounded by the second oxide part represented by spinel CoxAl3-xO4 oxides. The third one was the oxygen-free
metallic part consisting of cobalt-based metal particles covered by Co-Al oxide. An enhanced microwaves adsorption caused by a random distribution of
metallic particles distributed through oxides and the high porosity provided the catalyst activity prepared from porous cermet in the reaction of the hexane
dehydrogenation.

7707 | Compressive Behaviour of the Sandwiches with Aluminium Foam Core and CFRP Skins (30. Porous and cellular
materials)

Kursun, Ali (alikursun@hitit.edu.tr), Hitit University , Turkey
Kara, Emre (emrekara@hitit.edu.tr), Hitit University , Turkey
Haboglu, Mustafa R. (mrhaboglu@gmail.com), Hitit University , Turkey
Senel, Mehmet (msenel@dpu.edu.tr), Dumlupinar University , Turkey
Aykul, Halil (halilaykul@hitit.edu.tr), Hitit University , Turkey 

The main advantage of the sandwich technology is the combination of low weight with high strength value and high energy absorption capability.
Therefore, the use of these structures is suitable for several applications in the transport industry (automotive, aerospace, shipbuilding industry) and civil
works. These panels enable also a wide range of material selection in order to construct the entire structure. While sandwich structures with polymeric
foams have been applied for many years, recently there is a growing interest on a new generation composite sandwiches with metallic foam core.
The aim of this research was the analysis of the edgewise compressive behaviour of the sandwiches consisting aluminium alloy foam core and carbon
fiber reinforced plastic (CFRP) skins in order to compare the results in terms of absorbed energy applying various strain rate values. In the study, the skins
were manufactured via Vacuum Infusion (VI) method and those were bonded to the foam using a polyurethane based commercial adhesive. The CFRP
skins with two different thicknesses (t=1 and 1.5 mm) which were obtained using two and three layers of [0º/90º] 2x2 plain woven carbon fabric and the
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aluminium foam core with two different thicknesses (h=10 and 15 mm) were used in order to combine the composite sandwich panels. 
The edgewise compression tests were realized by a universal test machine applying three different constant loading rates of 3, 5 and 7 mm/min for each
typologies. A comparison database was reported respect to the effect of strain rate values and the thickness values of aluminium foam core and skin
materials in terms of absorbed energy and energy efficiency values obtained the integration of the stress-strain curves. The failure mechanisms of the
panels are also evaluated in order to clarify the edgewise compressive response.
The obtained experimental results presented that the sandwiches with aluminium foam core are great energy absorbers and the use of them can lead to a
weight reduction of the vehicles, providing an adequate structural strength under operating conditions. 

7767 | Effect of interlayer on the effective performance of piezoelectric composites with porous matrix (30. Porous and
cellular materials)

Della, Christian N. (christian.della@glasgow.ac.uk), University of Glasgow, United Kingdom
Eng, Li Qiang (2059223E@student.gla.ac.uk), University of Glasgow, United Kingdom
Shu, Dong Wei (mdshu@ntu.edu.sg), Nanyang Technological University, Singapore 

Abstract: A multi-step micromechanics method is developed to evaluate the performance of the 1-3 piezoelectric composites with porous matrix. Firstly,
the porous polymer matrix is homogenized using the Mori-Tanaka method. Secondly, the piezoceramic fibre coated with piezopolymer is homogenized to
obtain a piezocomposite fibre. Finally, the porous matrix with embedded piezocomposites fibre is analysed using the Mori-Tanaka method for piezoelectric
composite. A study is performed to examine the effect of the piezopolymer interlayer between the matrix and the piezoceramic fibre on the performance of
the composites. In addition, the effect of the porosity on the composite performance is also studied. Results from the study show that the interlayer
between the matrix and piezoceramic fibre can degrade the performance of the piezocomposites. However, the presence of porosity can significantly
improve the performance of the composite.

7833 | POLYURETHANE FOAM LOCLLY REINFORCED WITH FIBERS FOR CRYOGENIC APPLICATION (30. Porous and
cellular materials)

Young Ho Yu (younghomj@kaist.ac.kr), KAIST, Korea, South
Soohyun Nam (namsu0615@kaist.ac.kr), KAIST, Korea, South
Dai Gil Lee (dglee@kaist.ac.kr), KAIST, Korea, South 

Liquefied natural gas (LNG) is mainly carried by membrane type LNG ships, whose cryogenic containment system (CCS) is insulated with sandwiched
type thermal insulation boards. The insulation boards should not only have the cryogenic reliability against thermal load, but also have high thermal
insulation performance for safe and efficient transportation of LNG. Although fiber reinforced polyurethane foam (RPUF) has been widely used for the core
of insulation boards due to its reasonable mechanical properties with relatively low cost, the cryogenic reliability of RPUF with high thermal conductivity
are remaining concerns in marine fields.
Conventionally, the RPUF has been produced via a free rise process resulting in material waste and cracks on the surface during trimming operation,
which decreases the cryogenic reliability of RPUF. Therefore, in this study, an acceleration has been applied to the mold during curing operation to make
chopped fiber glass reinforcement align with mold surfaces with gradient fiber volume fraction. The optimal acceleration magnitude and processing time
were investigated experimentally by measuring flexural strength and modulus at both the room (25oC) and cryogenic (-150°C) temperatures. The
statistical analysis was conducted by the Weibull distribution considering the brittleness of RPUF at the cryogenic temperature. The foam cell configuration
and fiber alignments were observed with CAM and SEM analyses. From the experimental results, it was found that the molding process with the mold
acceleration much increased the structural performance of the RPUF much, especially at the cryogenic temperature. Therefore, the RPUF fabricated with
the developed molding process will improve both the reliability of the LNG cryogenic containment system during the voyage of LNG ships.

7882 | Organic-inorganic hybrid aerogels as composite materials for the emerging applications (30. Porous and cellular
materials)

Zielecka Maria (maria.zielecka@ichp.pl), Industrial Chemistry Research Institute, Poland
Legocka Izabella (izabella.legocka@ichp.pl), Industrial Chemistry Research Institute, Poland
Bujnowska Elżbieta (elzbieta.bujnowska@ichp.pl), Industrial Chemistry Research Institute, Poland
Suwała Katarzyna (katarzyna.suwala@ichp.pl), Industrial Chemistry Research Institute, Poland
Wenda Magdalena (magdalena.wenda@ichp.pl), Industrial Chemistry Research Institute, Poland 

The state-of-the-art in the field of organic-inorganic hybrid aerogels designed for the emerging applications will be reviewed. Aerogels are a unique class
of microporous materials with very low density. Typical aerogel consists of 95 - 98% air while the remaining 2-5% of the volume is a thin, delicate structure
of the material, eg. silica, coal etc. Aerogels are characterized by low density of solids (1.9 kg/m3), low thermal conductivity (0.01 - 0.3 W/mK), low speed
of sound propagation (100 - 300 m/s), low dielectric constant (1.007 - 2.0), low refractive index (1.0 - 1.4) as well as very high specific surface area (600 -
1500 m2/g). Due to these properties aerogels which are currently intensively studied by various research centers can found multiple applications such as
thermal insulation, acoustic and electric (carbon aerogels are good conductors), catalysts, thin film dielectrics, molecular detectors, "super" electrical
capacitors, absorbers, etc. The most intensively studied are primarily silica aerogels but also a broad spectrum of aerogels based on other metallic or
organic materials, including carbon aerogel based on the graphene. Despite the large research activity in this area and the time elapsed since obtaining
the first samples of aerogel only silica aerogel has been implemented into industrial production. Due to the limitations caused by the high price this
material has very limited use. Several organic components can be build in the structure of aerogel. The sol-gel process has been recognized as the most
successful method to synthesize hybrid organic-inorganic composites since the mild conditions of this process are ideal for avoiding damage of the
organic components. Original methods of synthesis of organic-inorganic hybrid aerogels can be proposed using synergy of very rich silicon compounds
chemistry and the possibility of precise steering of sol–gel process. The variety of inorganic and organic precursors available, as well as the multiplicity of
strategies to the synthesis of hybrid sol-gel materials, broaden the range of structures and properties achievable and allow to enlarge the area of possible
applications. The most widely used organic components are polyurethanes, acrylic resins, epoxides, cellulose and chitosan. 
The effect of organic component will be presented and discussed based on the results of supermolecular structure examination, thermal conductivity,
porosity and mechanical properties measurements as well as dust release evaluation. 
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This work has been financially supported by projects No GEKON1/O2/213318/2014 financed within GEKON Programme by The National Centre for
Research and Development and National Fund for Environmental Protection and Water Management in Poland.

7909 | Performance evaluation of APM (Advanced Pore Morphology) foam filled tubes (30. Porous and cellular materials)

Duarte, I. (isabel.duarte@ua.pt), Department of Mechanical Engineering, TEMA, University of Aveiro, Portugal
Vesenjak, M. (matej.vesenjak@um.si), Faculty of Mechanical Engineering, University of Maribor, Slovenia
Krstulović-Opara, L. (Lovre.Krstulovic-Opara@fesb.hr), Faculty of Electrical Engineering, Mechanical Engineering and Naval Architecture, University of
Split, Croatia
Ren, Z. (zoran.ren@um.si), Faculty of Mechanical Engineering, University of Maribor, Slovenia 

The current trend in transport industry is to increase the use of lightweight materials and integrate them into vehicle designs in order to improve the fuel
economy efficiency and reducing the vehicle weight, without comprising other attributes such as the cost, performance, comfort, safety, corrosion and
recyclability. The thin-walled walled structures filled with cellular materials have been developed and tested already in past to achieve the lightweight
construction and improve the vehicle crashworthiness. The use of foam material adds some further possibilities for structure design but also introduces
some technological issues. The structures are generally designed to follow the desired behaviour, to avoid unwanted vibrations and to increase their
impact energy absorption. This research work was focused on filling of a simple thin-walled structure with advanced pore morphology (APM) foam. The
APM foam consists of elements with sphere-like interconnected closed-cell porous structure and integral skin with 5 mm in diameter. The APM foam
elements were fabricated by heating small precursor material in a continuous belt furnace, based on powder compact foaming method. Two lightweight
structures were prepared and tested using the APM foam elements: (i) non-bonded APM foam filled tubes were prepared by pouring the APM foam
elements into an empty Al-alloy tube (without any bonding); (ii) polyamide-bonded APM foam filled tubes were prepared by pouring the APM elements
coated with polyamide into an empty Al-alloy tube and then submitted to a heat treatment curing the polyamide. Axial compressive crush performance of
these two composite structures was studied and evaluated using uniaxial compression tests, exploring their deformation and failure mechanisms. The
axial crush performance of the APM foam filled tubes was compared to that of the empty tubes (with and without heat treatment). The results demonstrate
a significant influence of the adhesive bonding on their compressive behaviour.

7972 | Indium-silica composite as an efficient heterogeneous green catalyst for multi-component and solvent-free
reactions (30. Porous and cellular materials)

da Silva, Tiago L. (tiagotirolin@yahoo.com.br), Instituto de Química, UFRGS, Brazil
Rambo, Raoní S. (ratoufrgs@ibest.com.br), Instituto de Química, UFRGS, Brazil
Radatz, Cátia S. (catiarad@yahoo.com.br), Instituto de Química, UFRGS, Brazil
Rampon, Daniel S. (danieldasrampon@yahoo.com.br), Instituto de Química, UFRGS, Brazil
Russowski, D. (dennis.russowsky@ufrgs.br), Instituto de Química, UFRGS, Brazil
Benvenutti, Edilson V. (benvenutti@ufrgs.br), Instituto de Química, UFRGS, Brazil
Schneider, Paulo H. (paulos@iq.ufrgs.br), Instituto de Química, UFRGS, Brazil 

Over the past few years, indium (III) salts have received increased attention as a novel type of green Lewis acid water-tolerant catalyst for organic
synthesis. As homogeneous catalysts, indium (III) salts have been widely used and investigated in cycloaddition reactions, Friedel-Crafts reactions,
Mannich reactions and allylation reactions but just a few examples of supported indium salts as heterogeneous catalysts have been reported in the
literature. 
In this work, we describe the synthesis, characterization and application of a new indium-silica composite (In-SiO2). The In-SiO2 was synthesized by
using the sol-gel method, starting from tetraethylorthosilicate and indium chloride as precursor. The amount of indium in the In-SiO2 was estimated by
using the EDS elemental analysis, which was performed using seven different SEM images. The obtained average result was 1.0 ± 0.1 mmol of indium
per gram of composite. From the x-ray photoelectron spectroscopy it was possible to identify that the indium (III) is bonded to the silica in a covalent way,
forming Si–O–In bonds. The 3d5/2 and 3d3/2 peaks of In3+ in In-SiO2 composite appear close to the InCl3 reported values, but slightly shifted to oxide
species. Additionally, the oxygen 1s spectrum shows two components, one at 533.4 eV in major proportion, which is compatible with the oxygen of SiO2,
and a second minor peak that appears at 531.6 eV. This minor peak presents an intermediate value between the reported SiO2 and In2O3 values. These
results suggest that the ions link with unsaturated oxygen and chloride forming Si–O–In–Clx species, where x = 1 or 2. From the N2 adsorption desorption
isotherms, it was obtained a BET specific surface area of 424 ± 15 m² g-1 and the pore size distributions, obtained from BJH and also from DFT analyses,
show a fraction of mesopores with diameter between 2 and 4 nm. These characteristics allow the use of In-SiO2 composite as heterogeneous catalyst.
Therefore, the In-SiO2 was applied as catalyst in one-pot multi-component A3-coupling of different aldehydes, amines and acetylene leading to
propargylamines with excellent yields in solvent free condition. The catalyst shows recyclability, even after four cycles, according to green chemistry
statements. 
Acknowledgment: CNPq, FAPERGS, CAPES and CME-UFRGS

8091 | Preparation of porous alumina-zirconia, mullite-alumina and mullite-zirconia composite ceramics by starch
consolidation casting and characterization of their elastic properties via impulse excitation (30. Porous and cellular
materials)

Pabst, Willi (pabstw@vscht.cz), ICT Prague, Czech Republic
Gregorová, Eva (eva.gregorova@vscht.cz), ICT Prague, Czech Republic
Uhlířová, Tereza (tereza.uhlirova@vscht.cz), ICT Prague, Czech Republic
Peyne, Julie (julie.peyne@ensci.fr), ENSCI Limoges, France
Hardy, Hélene (helene.hardy@ensci.fr), ENSCI Limoges, France 

Alumina-zirconia (AZ), mullite-alumina (MA) and mullite-zirconia (MZ) composite ceramics in the form of cylindrical rods have been prepared from
aqueous suspensions by starch consolidation casting using corn starch as a pore former (in amounts of 10 – 50 vol.% for AZ and 20 – 50 vol.% for MA
and MZ composites, related to solids). After firing at 1500 °C (AZ) and 1600 °C (MA, MZ), respectively, the bulk density has been determined from the
sample geometry (mass-to-volume ratio) and via the Archimedes technique (weighing of the water-saturated sample in water and in air). Based on the
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theoretical density of the solid composite (dense phase mixture) the total porosity was determined. The porosity ranges are 1–42 % in the case of AZ
composites, 45–58 % for MA composites and 26–40 % for MZ composites. Young’s moduli have been determined via the impulse excitation technique
(IMCE RFDA 23) using the resonant frequency signal. It is shown that the porosity dependence of Young’s modulus is far below the upper Hashin-
Shtrikman bound and the power-law prediction (Gibson-Ashby relation for open-cell foams) and that our exponential relation provides the best parameter-
free estimate (prediction) of effective Young’s moduli. In the case of alumina-zirconia composites also high-temperature Young’s moduli have been
measured using high-temperature impulse excitation equipment (IMCE RFDA 23 with furnace HT 1600). The measured curves are compared with
predictions based on previously determined master curves for the temperature dependence of pure alumina and zirconia ceramics. It is shown that when
the temperature dependence can be decoupled from the porosity dependence of the Young modulus, and the master curves for the temperature
dependence of the normalized Young’s moduli of the end members are known, it is possible to predict the temperature dependence of the Young’s moduli
of dense two-phase ceramic composites of arbitrary composition. Further it is shown that, since the porosity dependence of materials with porosities
below 60 % and essentially convex and approximately isometric pore shape usually obeys our exponential relation, it is possible to reliably predict
effective Young‘s moduli of two-phase composites for arbitrary composition, porosity (< 60 %) and temperature (< 1400 °C).

8098 | On the mechanical characterization of Spruce and Beech material parameters under impact loading. (30. Porous
and cellular materials)

Wouts, Jérémy (jeremy.wouts@etu.univ-valenciennes.fr), Laboratory LAMIH, University of Valenciennes / TN International, France
Houillon, Marie (marie.houillon@areva.com), TN International, France
Coutellier, Daniel (daniel.coutellier@univ-valenciennes.fr), Laboratory LAMIH, University of Valenciennes, France
Oudjene, Marc (marc.oudjene@univ-lorraine.fr), Laboratory LAMIH, University of Valenciennes LERMAB, University of Lorraine, France
Haugou, Grégory (gregory.haugou@univ-valenciennes.fr), Laboratory LAMIH, University of Valenciennes, France
Rahmoun, Jamila (jamila.rahmoun@univ-valenciennes.fr), Laboratory LAMIH, University of Valenciennes, France
Naceur, Hakim (hakim.naceur@univ-valenciennes.fr), Laboratory LAMIH, University of Valenciennes, France 

Wood like many other cellular materials can be used as an energy absorber. To perform accurate simulations and numerical predictions of the global
response of a structure, an accurate wood material model is essential. This paper presents the preliminary results of an experimental investigation to
characterize the mechanical properties of Spruce and Beech wood materials. Different apparatus are used to cover a large range of strain rates and they
were analyzed to evaluate the strain rate effects and to understand the complex failure mechanisms of wood under compression. The interest focuses
principally on specific key parameters, namely: the ultimate compression strength, the stress plateau and the densification regime. The studied specimens
have been chosen of similar shapes and dimensions to assess material parameters and therefore reduce the size effects on the material behavior. For the
quasi-static analysis a universal tension-compression machine was used. While for the impact analysis, a dynamic actuator has been used to handle
intermediate strain rates whereas high-rate experiments were conducted using the compression Slip-Hopkinson bars. Wood is characterized in the three
orthotropic directions with a particular attention given to the longitudinal one. For this direction, the results dispersion seemed to be somewhat larger than
the other directions but can be justified based on the analysis of the experimental images obtained with the high-speed cameras.

8184 | Investigation of novel magnetic porous glasses based composites (30. Porous and cellular materials)

Agnieszka Ciżman (agnieszka.cizman@pwr.wroc.pl), Wroclaw University of Technology, Poland
Waldemar Bednarski (waldemar.bednarski@ifmpan.poznan.pl), Institute of Molecular Physics, Polish Academy of Science, Poland
Krzysztof Rogacki (k.rogacki@int.pan.wroc.pl), Institute of Low Temperatures and Structure Research, Polish Academy of Sciences, Poland
Ewa Rysiakiewicz-Pasek (ewa.rysiakiewicz-pasek@pwr.wroc.pl), Wroclaw University of Technology, Poland
Tatiana Antropova (antr2@yandex.ru), 3Grebenshchikov Institute of Silicate Chemistry, Russian Academy of Science, Russian Federation
Ryszard Poprawski (ryszard.poprawski@pwr.wroc.pl), Wroclaw University of Technology, Poland 

A new type of the magnetic porous glass-hosted multiferroelectrics nanocomposites was synthesized. This is a report of the first experimental proof of
properties of the ferroelectric materials incorporated in magnetic porous glasses with the controlled pore size. This new system exhibits a very small
electrical conductivity which allows us to examine the dielectric and the magnetoelectric properties of the magnetic porous glasses. This exceptional
electrical properties show a good potential for a novel group of multiferroic. The magnetic experiments of empty magnetic porous glasses and with
multiferroelectrics nanocomposites demonstrate the Verwey transition in a magnetite. The specific heat was measured using the DSC method and the
anomaly of the ferroelectric phase transitions was indicated. We report on the magnetic properties of multiferroic nanocomposites investigated by EPR at
two frequencies (X, S band). Both the temperature and the frequency dependencies of the narrow and broad resonance lines fulfilled a condition for the
superparamagnetic behavior of porous glasses with ferroelectric particles inside.Finally, the ferroelectric phase transitions in both TGS-Fe20MAP and
NaNO2-Fe20MAP were observed. The results of NaNO2 embedded into magnetic glasses exhibit a ferroelectric hysteresis loop as a irrefutable proof of
the ferroelectricity in multiferroelectrics nanocomposites incorporated in magnetic porous glasses. It was shown that the ferroelectric nanocomposites
obtained on the basis of porous glasses exhibit both ferroelectric and ferromagnetic properties.

8245 | Acoustic Luneburg lens as Sonar (30. Porous and cellular materials)

KIm, Sang-Hoon (shkim@mmu.ac.kr), Mokpo National Maritime University, Korea, South 

Luneburg lens is a gradient index lens that focuses the incoming wave on the opposite side of the lens perfectly without aberration. We developed a two-
dimensional acoustic Luneburg lens by changing the refractive index of the medium inside the lens. The refractive index of acoustic wave is decided by
mass density and bulk modulus. The modulus of the lens is supposed to be constant, and then we changed the density inside the lens. The lens has
porous structure with a cylindrical shape of hundreds of circular aluminum columns. We tested the ability as sonar in the air. It focuses the incoming
acoustic wave on the edge of the opposite side of the lens as well in the frequency range of 1,000Hz ~ 3,000Hz. The ability of the acoustic Luneburg lens
as sonar was checked by VU meters in the air. It showed a dynamic response depending on the motion of the acoustic source accurately. It could be a
strong candidate of a next generation of sonar. It increases the amplitude of the incoming sound wave by 3 - 5 times, and the amplification corresponds to
the sound level difference of 10 - 15dB. It can be used as an acoustic window deep underwater, too. 

8608 | Platinum nanoparticles stabilized by ionic silsesquioxane dispersed on silica. Synthesis, characterization and
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catalytic properties (30. Porous and cellular materials)

de Menezes, Eliana W. (eliana@iq.ufrgs.br), Instituto de Química, Brazil
krloskneppele@hotmail.com (krloskneppele@hotmail.com), Instituto de Química, Brazil
Charqueiro, Douglas S. (dcharqueiro@gmail.com), Instituto de Química, Brazil
Schneid, Andressa C. (andressacschneid@gmail.com), Instituto de Química, Brazil
Costa, Tania M. H. (taniaha@iq.ufrgs.br), Instituto de Química, Brazil
Benvenutti, Edilson V. (benvenutti@ufrgs.br), Instituto de Química, Brazil 

Ionic silsesquioxanes are silica based hybrid materials with high organic content. They can be obtained by sol-gel synthesis method, from the gelation of
organosilanes that contain ammonium quaternary groups. The presence of ionic groups in their structure provides appreciable water solubility.
Additionally, the ionic silsesquioxanes present a silica moiety that contains silanol groups (Si-OH). This characteristic allows obtaining dispersion of ionic
silsesquioxanes, with strong adhesion, in inorganic matrices, such as silica, alumina or other metal oxides. Recently, it was reported that ionic
silsesquioxanes can be applied as metal nanoparticle stabilizers and also as metal nanoparticle size controllers, allowing the obtainment of aqueous
dispersion of noble metal nanoparticles, which remain stable for several months. The synthesis of metal nanoparticles with controlled size is a subject of
scientific and technological interest, due to its several applications. In the present work, an ionic silsesquioxane that contain the ionic 1,4-
diazoniabyciclo[2,2,2]octane chloride group was synthesized and it was used as stabilizing agent to obtain platinum nanoparticles, in aqueous dispersion.
The ionic silsesquioxane/platinum nanoparticle system was immobilized on silica matrix. The silica containing the platinum nanoparticles was
characterized by Transmission Electron Microscopy and Nitrogen Adsorption-Desorption Isotherms. The obtained platinum nanoparticles showed
diameters lower than 5 nm and they were homogeneously dispersed on the silica matrix. By analyzing the nitrogen isotherms it was possible to observe a
high surface area and a BJH pore size distribution in the mesoporous region. Therefore, the material presents appropriate characteristics to be used as
catalyst. The silica containing platinum nanoparticles was applied as heterogeneous catalyst for the reduction reaction of p-nitrophenol to p-aminophenol,
using NaBH4 as reducing agent. The rate of conversion was accompanied by UV-Vis spectroscopy. The results showed that silica containing platinum
nanoparticles stabilized by ionic silsesquioxane has high catalytic activity for the reduction of p-nitrophenol to p-aminophenol, with easy recovery.

Acknowledgment: CNPq, CAPES and FAPERGS.

8654 | Effect of replacement of metakaolin on the physical properties of fly ash-based light-weight foamed geopolymer
(30. Porous and cellular materials)

Seunggu Kang (sgkang@kgu.ac.kr), Kyonggi Univ, Korea, South
Jihwan Won (wonsiin88@hanmail.net), Kyonggi Univ, Korea, South 

Geopolymer concrete is concrete which does not utilize any Portland cement in its production geopolymer concrete is being studied extensively and
shows promise as a substitute to Portland cement concrete. Research is shifting from the chemistry domain to engineering application and commercial
production of geopolymer concrete. In this study, light-weight foamed geopolymer of fly ash/metakaolin composites were fabricated and its physical
properties were analyzed. Especially, the observed mechanical and physical properties according to the amount of metakaolin, Si/Na ratio. NaOH solution
was used an alkali-activator and curing temperature was 70℃.

8695 | Fabrication and Mechanical Properties of Aluminum Infiltrated Open Cell Structured NiCrAl Foam Composites
(30. Porous and cellular materials)

Taek-Kyun Jung (tkjung@kitech.re.kr), Korea Institue of Industrial Technology, Korea, South 

Al matrix composites reinforced with different materials from matrix are promising materials for structural applications due to their light weight and high
strength not only at room temperature but also at high temperatures. For manufacturing these composites, solid-state processes (powder metallurgy) and
liquid-state processes (melt infiltration, compo-casting and squeeze casting) have been conventionally used. However, these composites manufactured by
above processes have problems such as low ductility and toughness. Hence, development of new technique that can simultaneously obtain high strength
and high ductility is required.
In this study, we have tried to fabricate Al/NiCrAl 3D net-work structured composites. NiCrAl open cell structured foams with cell size of 450, 1200, 300 um
and Al powders of 30 – 40 um were used as raw materials. We inserted Al powders into open cell structured NiCrAl foam using vibration method and then
cold pressed under a pressure of 50 MPa. These cold compacts were sintered by spark plasma sintering or hot rolling. 
Microstructures were identified by optical microscopy, scanning electron microscopy (SEM), transmission electron microscopy (TEM) and X-ray diffraction
(XRD). Tensile samples with a gage portion of 25 mm in length and 6 mm in width were prepared by an electro-discharge machine. Tensile properties
were performed at room temperature and high temperatures with a strain rate of 10-3 s-1.

8766 | Numerical analysis of pore size distribution effects on compressive deformation behaviors of porous metals for
biomedical application (30. Porous and cellular materials)

Cho, Yi Je (yijecho@pusan.ac.kr), Pusan National University, Korea, South
Son, Yongguk (a489756@pusan.ac.kr), Pusan National University, Korea, South
Bae, Ki Chang (krship@pusan.ac.kr), Pusan National University, Korea, South
Park, Yong Ho (yhpark@pusan.ac.kr), Pusan National University, Korea, South 

Porous metals are getting attention in the biomedical industries due to their low elasticity, which is advantage to prevent the reduction in bone density
called as the stress shielding effect. Powder metallurgy methods are used to fabricate porous metals for biomedical applications due to good controllability
of microstructures compared with conventional casting methods. To make the artificial pores in microstructure, the organic materials, which are called as
binder, are added in pre-mixed powder and burned out during sintering process. Since the properties of the porous metals are strongly influenced by their
microgeometries such as pore shape, pore size and interactions between them, a detailed understanding about relationships between the microstructure
and properties is required for design and further development of these materials. On the other hand, micromechanical modeling of porous metals
continues to play a substantial role in the understanding new materials systems. The use of representative volume element approach, together with finite
element analysis can be useful for the investigation and analysis of microstructural factors of porous metals. 
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In this present work, pore size distribution effects on compressive deformation behaviors of powder metallurgical porous metals was investigated.
Representative volume elements of porous microstructures, having different size distributions of pore, were reconstructed using random sequential
adsorption algorithm. The compressive deformation and fatigue properties were analyzed using three-dimensional finite element method. The numerical
results suggested that consideration of pore size distribution can give qualitative information on deformation behaviors of porous metals, and thus may
helpful to design and optimize of the biomedical materials.

9015 | Sound absorption using composite layered medium for noise control (30. Porous and cellular materials)

Kim, Bo seung (r32gtr@hanyang.ac.kr), Department of Mechanical Convergence Engineering, Hanyang University, Korea, South
Cho, Sung jin (sjcho0407@hanyang.ac.kr), Department of Mechanical Engineering, Hanyang University, Korea, South
Min, Dong ki (jhsmdk@hanmail.net), Department of Mechanical Engineering, Hanyang University, Korea, South
Park, Jun hong (parkj@hanyang.ac.kr), Department of Mechanical Convergence Engineering, Hanyang University, Korea, South 

New sound absorbing method utilizing layered-shaped medium is proposed. Conventional sound absorbing materials converts sound energy into thermal
energy due to the porosity and tortuosity. New sound absorbing model has helical-like shape in layered format with composite materials, and it absorbs
incident sound energy through the change of the air cavity between layers. Acoustic impedance and sound absorption coefficients using impedance tube
are measured for comparing to conventional sound absorbing materials. According to the result of sound absorption coefficient, layered medium
absorption coefficient exhibited better sound absorbing properties. A simple method of improving the sound absorption and transmission especially at low
frequencies after incorporating periodic formation is proposed and verified through experimentation.

9028 | Rapid Rotomolding of Integral Skin Celullar Polymeric Composites (30. Porous and cellular materials)

Pop-Iliev, Remon (remon.pop-iliev@uoit.ca), UOIT-University of Ontario Institute of Technology , Canada 

The traditional rotational molding process was relatively recently deliberately modified to advantageously produce foamed plastics products, culminating
with the fabrication of integral-skin polymeric composite moldings that are characterized with adjacent, but clearly distinct, layers of non-cellular
(encapsulating) and cellular (encapsulated) polymeric structures, normally consisting of identical or compatible polyolefin grades. This paper focuses on
investigating and understanding the scientific fundamentals that would, enable the decoupling of the process of the formation and shaping of the solid
polymeric skin from the process of the development and propagation of the foamed polymeric layer or core the solid skin is supposed to encapsulate. As a
result, an innovative extrusion-assisted rotational foam molding processing approach that exploits the synergistic effects resulting from the deliberate
conjunction of extrusion melt compounding and traditional rotational molding was successfully developed to address and alleviate the identified
technological weaknesses of the conventional rotomolding process: the lengthy processing cycle time, the large energy consumption, and the lack of
means for real-time process control. Several processing concepts went through a number of refinements and developments the latest of which has been
prototyped, experimentally characterized, and verified. This rotational foam molding method has been recently patented and is referred to as Rapid
Rotational Foam Molding (RRFM).This novel rapid rotational foam molding process is expected to advance the scientific knowledge in the field and
influence the direction of thought and activity by creating the scientific and engineering potentials for eliminating the blowing agent nature-related
limitations in the manufacture of advanced ultra lightweight multi-layered ultra low-density rotationally foam molded cellular composites with or without
nano-fillers. The resulting new classes of ultra lightweight integral-skin rotationally foam molded cellular composites will be characterized with dramatically
improved mechanical, strength-to-weight, insulative, and morphological properties that are currently not achievable. 

9064 | On energy absorption behaviour of a metallic tube with honeycomb core (30. Porous and cellular materials)

Janardhan Reddy, T (janardhan.tjr@gmail.com), BITS Pilani-Hyderabad, India-500 078, India
Narayanamurthy, V (v.narayanamurthy@rcilab.in), Research Center Imarat, Hyderabad, India- 500 069, India
Rao, YVD (yvdrao@hyderabad.bits-pilani.ac.in), BITS Pilani-Hyderabad, India-500 078, India 

Sandwich structural members in the form of columns, beams and plates or panels are increasingly finding their structural applications in many fields of
engineering predominantly due to their high strength to weight ratio. Besides, their applications in crash worthiness and mitigation are on steady rise
primarily due to their high specific energy absorption and damping. The focus of this research is to analyse the specific energy absorption behaviour of an
aluminium tube filled with a pattern of honeycomb core. This paper presents a detailed parametric study based on nonlinear finite element analysis on
different thickness and pattern of honeycomb core within the tube which reveals a suitable one for increased specific energy absorption and crash
efficiency as compared to a standard plain tube. The methodology of analyses and results are expected to be more relevant and significant to crash
mitigation in automotive and aircraft applications.

9092 | The mechanical properties of a friction-stir-welded aluminum alloy (6005A) having a double skin structure for
railway applications (30. Porous and cellular materials)

Choi, Dooho (dhchoi@krri.re.kr), Korea Railroad Research Institute, Korea, South 

This study describes friction stir welding (FSW) for double skin structure for the applications of railway car body fabrications. Typical double skin (hollow)
structures made of aluminum alloy (6005A) were prepared for FSW, for which mechanical properties were evaluated with tensile tests and hardness
measurement. A comparison is made with the conventional metal inert gas (MIG) welding method. The results showed that FSW produced significantly
higher tensile/yield strengths than those of MIG. Various material characterizations such as X-ray diffractions (XRD) and electron backscattered diffraction
(EBSD) were conducted to evaluate the microstructure of the welded parts.

9155 | BI-MATERIAL LATTICE WITH HIGH STIFFNESS AND STRENGTH FOR LOW THERMAL EXPANSION (30. Porous and
cellular materials)

Xu, Hang (hang.xu@mail.mcgill.ca), McGill University, Canada
Pasini, Damiano (damiano.pasini@mcgill.ca), McGill University, Canada 
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Systems in space are vulnerable to large temperature changes when travelling into and out of the Earth's shadow. Variations in temperature can lead to
undesired geometric changes in sensitive applications requiring very fine precision, such as sub-reflector supporting struts. To suppress such failures,
materials with a low CTE over a wide range of temperatures are needed. Besides low CTE, these materials should also provide desirable stiffness,
strength and extraordinarily low mass. 

Bi-material lattices have been proposed as a potential family of low CTE materials [1, 2]. Lattices can deform by either bending or stretching of their
constituents. The majority of low CTE lattice materials have low structural performance as they are bending dominated. Their mechanical performances
are not well suited to fully satisfy the severe requirements of a space mission, such as ultra-light weight, extraordinary stiffness and strength. Lattices that
axially deform under loading are more weight-efficient and thus suitable in lightweight structural applications [3]. In 2D, a triangle is generally the basic unit
cell of most stretching-dominated lattices, as it is the only rigid polygon that can be constructed from inextensional pin-jointed struts. If the CTE of a
triangle can be tailored, then a stretching dominated lattice can be modified to obtain a low, or even zero, CTE structure. In this paper we use triangular
tessellation to create low CTE bi-material lattices. If a second material is introduced into these stretching dominated lattices, zero CTE can be achieved
via compensation of thermal expansion and member rotation at the nodes. For certain topologies, the process can lead to a zero CTE in a specific
direction at the cost of a large thermal expansion in the others. Thermal and mechanical anisotropy can thus become beneficial if the application requires
it. 

Asymptotic homogenization method is used in this work to characterize the mechanical and thermal performance, in particular stiffness, strength and CTE,
of bi-material lattices. Four quadrant charts are used to map and compare designed low thermal expansion concepts with current structural concepts in
literature. Proof-of-concept lattices are currently fabricated and their thermo-mechanical properties will be tested. The results show that the CTE can be
tailored in a family of robust stretch-dominated lattices to avoid major penalization of their mechanical property. 

[1]. Lakes, R., Cellular solid structures with unbounded thermal expansion. Journal of Materials Science Letters, 1996. 15(6): p. 475-477.
[2]. Steeves, C.A., et al., Concepts for structurally robust materials that combine low thermal expansion with high stiffness. Journal of the Mechanics and
Physics of Solids, 2007. 55(9): p. 1803-1822.
[3]. Vigliotti, A. and D. Pasini, Stiffness and strength of tridimensional periodic lattices. Computer Methods in Applied Mechanics and Engineering, 2012.
229: p. 27-43.

9174 | Effect of micropore clustering on mechanical properties of sintered porous metals (30. Porous and cellular materials)

Cho, Yi Je (yijecho@pusan.ac.kr), Pusan National University, Korea, South
Son, Yong Guk (a489756@pusan.ac.kr), Pusan National University, Korea, South
Bae, Ki Chang (krship@pusan.ac.kr), Pusan National University, Korea, South
Oak, Jeong-Jung (ojj69@pusan.ac.kr), Pusan National University, Korea, South
Park, Yong Ho (yhpark@pusan.ac.kr), Pusan National University, Korea, South 

In a microstructural point of view, clustering of microstructure such as a segregation of secondary phase, reinforcement and pore, is phenomena that
should be avoided. Non-uniform distributions of microstructural factors degrade the properties of materials. Porous metals fabricated by powder metallurgy
also have the problems with clustering of pores, which are essentially occurred in sintering process. One of them is clustering of artificial pores and the
other is clustering of micropores between sintered necks. Evolution of the micropores take place at areas near grain boundary due to insufficient driving
force of diffusions so that micropores isolate inside of the grains. It is generally agreed that the clustered pores act as stress concentration site, and
therefore influences significantly the mechanical properties such as the yield strength, the onset of damage, the ductility and fatigue crack growth. For this
reason, a detailed understanding about relationships between the microstructure and properties is required for design and further development of
materials. In present study, micropore clustering effects on mechanical properties of sintered porous metals was investigated. Representative volume
elements (RVEs) of porous microstructures, having different magnitudes of clustering, were reconstructed using random sequential adsorption (RSA)
algorithm. The compressive deformation was analyzed using three-dimensional finite element method (FEM).

9180 | Experimental Evaluation of Behavior of a Sandwich Structure With Metal Foam Core by Penetration of Spherical
Punch. (30. Porous and cellular materials)

H. Mata (dem09005@fe.up.pt), INEGI - Faculty of Engineering, University of Porto, Portugal
R. Natal Jorge (rnatal@fe.up.pt), DEMec - Faculty of Engineering, University of Porto, Portugal
A. D. Santos (abel@fe.up.pt), INEGI - Faculty of Engineering, University of Porto, Portugal
M. P. L. Parente (mparente@fe.up.pt), INEGI - Faculty of Engineering, University of Porto, Portugal
R. A. F Valente (robertt@ua.pt), Department of Mechanical Engineering, University of Aveiro, Portugal
A. A. Fernandes (aaf@fe.up.pt), DEMec - Faculty of Engineering, University of Porto, Portugal 

The main objective on this work is study the behaviour presented by a sandwich structure, composed by two out layers in aluminium sheets, separated by
a core in metal foam also in aluminium by penetration of a spherical punch. The structure is composed by two different materials, each one presents a
different mechanical behaviour separately [1, 2]. The set up used in the present experimental work is composed by a punch, with a radius r, which
imposes a displacement/force to a specimen fixed in its boundary. In these tests, were considered specimens with four different length; 25 mm, 50 mm, 75
mm and 150 mm. The values of force/displacement of the punch were registered and analysed.

References
[1] A.G. Hanssen et al., Validation of constitutive models applicable to
aluminium foams, International Journal of Mechanical Sciences 44 (2002)
359406, 2001.
[2] MF Ashby et al., Metal foams: a design guide, Oxford,
Butterworth-Heinemann, 2000.

9182 | ANALYSIS OF COMPOSITE MEMBRANES IN THE SEPARATION OF EMULSIONS SUNFLOWER OIL/WATER (30.
Porous and cellular materials)
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Zeni, M. (mzandrad@ucs.br), Caxias do Sul University, Brazil
Santos dos, V. (vsantos2@ucs.br), Caxias do Sul University, Brazil
Biron, D. (dbiron@ucs.br), Caxias do Sul University, Brazil
Bergmann, C.P. (cbergmann@ppgem.ufrgs.br), Universidade Fedral do Rio Grande do Sul, Brazil 

Among many membranes studied there are the ones called composites, which have as the main feature a combination of properties of different materials,
for example, the combination of inorganic and organic. In a tangential flow process, the ceramic tube (supporter) is responsible for the mechanical
strength of the membrane, yet the selective barrier of the membrane is established by the polymer to be impregnated into the inside of the tube. This
study aims at the preparation of composite membranes α-alumina/polyamide 66 (PA66) to apply in processes of microfiltration in demulsification of water.
For this purpose, ceramic tubes of α-alumina were impregnated internally with a solution of polyamide 66 (5% w/v) being formic acid used as solvent in
the preparation of the polymer solution. The hydraulic characterization tests were conducted with pure water solutions and water-oil concentrations of 50,
100 and 200 mg · L-1. The tests were performed for the ceramic support (MD0), membrane of one (MD1) and two (MD2) PA66 layers, using a pressure of
150, 200, 250 and 300 kPa. The oil retention for the ceramic tube was approximately 55-80% for the membrane layer varied between 84-94% and the
membrane with two layers maximum efficiency reached 98%.

9350 | Fabrication and Characterization of Fe doped TiO2 Membranes for Ultrafiltration (30. Porous and cellular materials)

Dong Sik Bae (dsbae7@changwon.ac.kr), Changwon National University, Korea, South 

Fe doped TiO2 nanoparticles have been synthesized using a reverse micelle and sol- gel technique combined with metal alkoxide hydrolysis and
condensation. The size of the particles and the thickness of the coating can be controlled by manipulating the relative rates of the hydrolysis and
condensation reaction of TTIP within the micro-emulsion. The average size and distribution of synthesized Fe doped TiO2 nanoparticles was about in the
size range of 10-20nm and Fe particles are 1-3nm. The intermediate layer of membranes was made with spherical SiO2 about 100nm. Fe doped TiO2
composite membranes were fabricated by slip casting. The FE-SEM image show the microstructure of the Fe doped TiO2 composite membranes was
homogeneous. Average pore size of the support was about 0.125㎛ and the pore size distribution was narrow. The average pore size of the Fe doped
TiO2 composite membranes have smaller than that of TiO2 composite membranes. It was observed that Fe doped TiO2 composite membranes showed a
crack-free microstructure and narrow particle size distribution even after heat treatment up to 1100℃.

7672 | Crashworthiness of Carbon/Aramid fiber filament winding composite tube (31. Crashworthiness of Textile Composite
(Yu-Qiu (Amy) YANG, Donghua University, China))

MA, Y (18818236962@163.com), Kyoto Institute of Technology, Japan
ZHANG, QJ (15262732003@163.com), Donghua University, China
XU, J (1016430995@qq.com), Donghua University, China
SUGAHARA, T (toshi@maruhati.co.jp), Kyoto Institute of Technology, Japan
YANG, YQ (amy_yuqiu_yang@dhu.edu.cn), Donghua University, China
HAMADA, H (hhamada10294@gmail.com), Kyoto Institute of Technology, Japan 

Fiber reinforced composites with light weight did not exhibit the ductile failure mechanism which was related to metals. FRPs absorb lots of energy
through progressive crushing modes by a combination of multi micro-crack, bending, delamination and friction. FRPs with half weight of traditional metals
while absorb more than doubled energy. But FRPs were not used as energy absorption components in wide range; one of the most important reasons is
their high manufacturing cost.
In this study, carbon fiber and aramid fiber were chosen as reinforcements and common epoxy resin was chosen as matrix to manufacture five types of
different structures and raw materials of carbon/aramid and carbon/carbon fiber reinforced composite tubes through high productive and low cost winding
method. Then specimens were dealt under 100℃ condition for 100 hours, 200 hours and 400 hours treatment respectively. After that, energy absorption
ability was tested by quasi static compression tests and microscope observation of cross section was taken to analyze the mechanism of failure. By
optimizing different hybrid method, ratio and reasonable geometry shape of composites, low cost and high energy absorption components could be
manufactured to put to use on vehicles.

7706 | Failure modelling of braided frames under bending loads (31. Crashworthiness of Textile Composite (Yu-Qiu (Amy) YANG,
Donghua University, China))

Sturm, Ralf (Ralf.Sturm@dlr.de), German Aerospace Center, Germany
Heieck, Frieder (heieck@ifb.uni-stuttgart.de), University of Stuttgart, Germany 

Braided structures consisting of carbon/epoxy composite are regarded as one promising concept for producing low cost, high quality components with
improved damage resistance. Whilst composite structures can exhibit excellent energy absorption capability under compression, brittle fracture modes
limit their energy absorption capacity during bending failure. Therefore, a virtual approach is beneficial to support the design process of large braided
structural components securing sufficient safety standards for crash and impact events. In this scope an explicit simulation approach was developed by
applying a macroscopic description for the braided material. The simulation was validated using the building block approach, investigating the numerical
prediction capability of bending failure of braided frames. Presented results show potentials and limitations of a macroscopic explicit description for failure
modelling of braided structures.

7713 | Calibration and validation of Ladeveze ply model for predicting the crush performance of energy absorbing
structures made of carbon-fiber reinforced plastics (31. Crashworthiness of Textile Composite (Yu-Qiu (Amy) YANG, Donghua
University, China))

Qianjin Zhang (15262732003@163.com), College of Textiles, Donghua University, Shanghai 201620, China, China
Jing Xu (1016430995@qq.com), College of Textiles, Donghua University, Shanghai 201620, China, China
Yichen Shen (yichen.shen@esi-group.com), ESI-group Shanghai representative�Shanghai 201620, China, China
Pierre Culiere (pierre.culiere@esi-group.com), ESI-group Shanghai representative�Shanghai 201620, China, France
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Yuqiu Yang (amy_yuqiu_yang@dhu.edu.cn), College of Textiles, Donghua University, Shanghai 201620, China, China 

Lightweight car design is an important research field that will contribute to the reduction of emissions and the slow-down of climate change. Many
researchers seek the replacement of metallic materials by fiber reinforced plastics to significantly reduce the weight of car body. While automotive
engineers rely increasingly on performance predictions by simulation, predicting the behavior of composites structures in crash events remains a
challenge. This paper presents a methodology for predicting the crash performance of energy absorbing cones made of unidirectional carbon fiber-epoxy
laminates. The Finite Element simulations are performed with VPS/PAM-CRASH using the Ladeveze ply model for multi-layer shell elements. The
material model parameters are derived from five experiments on flat specimens. Crash can simulation predictions are then compared to results of drop
tower tests in terms of deformation and impact force histories.

7928 | Transition of longitudinal compressive failure mode in a unidirectional carbon fiber reinforced plastic (31.
Crashworthiness of Textile Composite (Yu-Qiu (Amy) YANG, Donghua University, China))

Tae-kun Jeong (cste13001@g.nihon-u.ac.jp), Nihon University, Korea, South
Masahito Ueda (ueda@mech.cst.nihon-u.ac.jp), Nihon University, Japan 

Kink-band failure is a typical mode of longitudinal compressive failure for unidirectional carbon fiber reinforced plastics (UD CFRP). It results from in-phase
micro-buckling of fibers within the polymer matrix and is known as the primary cause of its low compressive strength. Many researches on the microscopic
failure mechanism have been reported to reveal the resultant compressive strength. However, the transition of longitudinal compressive failure modes
from fiber crush (pure compressive failure of the fiber) to kink-band failure has not clarified.
In this study, the transition between the two failure modes was studied using model composites. Carbon fibers were aligned and embedded in an epoxy
matrix and the compression test was performed. The number of carbon fiber was changed from one to several thousands, by which the effect on
compressive behavior was investigated. Longitudinal compressive failure mode was fiber crush when the number of carbon fiber was small. By contrast, it
was kink-band failure when the number of carbon fiber was relatively large. The longitudinal compressive failure mode changed from fiber crush to kink-
band with increasing number of fibers. Kink-band parameters, i.e. kink-band width and kink-band angle, were also changed dependent on the number of
fibers, which could affect resultant compressive strength. The transition of longitudinal compressive failure mode and influencing factors to kink-band
parameter was discussed.

8613 | The effect of defects on the crashing characteristics of CFRP square tubes (31. Crashworthiness of Textile Composite
(Yu-Qiu (Amy) YANG, Donghua University, China))

Qiang Liu (liu5168198110@126.com), School of Engineering, Sun Yat-Sen University, Guangzhou City 510006, China, China
Zhengyan Ou (273797922@qq.com), School of Engineering, Sun Yat-Sen University, Guangzhou City 510006, China, China 

Experimental and numerical investigations into the crashing characteristics of weave carbon fiber reinforced plastic (CFRP) square hollow tubes with
different holes in the walls were presented in this paper. The radius, the shape (circular, square and rhombic) and the location (opposing and adjacent) of
the holes were varied respectively, and the significance of their effect on the peak force, energy absorption and failure mechanics of the tubes were
evaluated under the axial crushing tests. It was shown that a slight influence in the peak force and a significant reduction in the energy absorption
capability were occured in the tubes with defects compared to those without defects. The radius had a stronger influence on the crashing characteristics
than the shape and location. The increase in radius of hole led to the about exponential reduction in specific energy absorption. The finite element
analysis closely predicted the failure modes of the tested specimens, and showed a significant stress and strain increase around the holes under the
crushing, thereby causing the mid-length collapse of tube.

9029 | Experimental characterization of hybrid material systems consisting of sheet metal and advanced composites
(31. Crashworthiness of Textile Composite (Yu-Qiu (Amy) YANG, Donghua University, China))

Dlugosch, Michael (Michael.Dlugosch@emi.fraunhofer.de), Fraunhofer Ernst-Mach-Institute (EMI), Germany
Lukaszewicz, Dirk (Dirk.Lukaszewicz@bmw.de), BMW Group, Germany
Fritsch, Jens (Jens.Fritsch@emi.fraunhofer.de), Fraunhofer Ernst-Mach-Institute (EMI), Germany
Hiermaier, Stefan (Stefan.Hiermaier@emi.fraunhofer.de), Fraunhofer Ernst-Mach-Institute (EMI), Germany 

1. Introduction
Motivated by efficiency goals and upcoming strict EU-regulations for CO2 emissions [1], lightweight design plays an increasingly important role in
automotive engineering.
Novel materials are one way to reduce the weight of the body-in-white while simultaneously meeting the growingly stringent crash safety requirements.
Advanced composites like carbon or glass fiber reinforced plastics (cfrp/gfrp) exhibit weight specific crashworthiness characteristics that, though strongly
dependent on the composite’s constituents and their arrangement, mostly outrival those of metals [2–4]. Metals in turn offer relatively cost efficient
solutions with well understood and stable energy absorbing mechanisms. This study explores the possibilities to form synergetic “hybrid” combinations of
those different types of materials aiming to exploit their respective benefits in future crash structural applications.
Studies by Bouchet et al. [5], Wang et al. [6], Kim et al. [7] and Bambach et al. [8] that focus on hybrid steel or aluminum crush tubes externally reinforced
with advanced composites have found a significant weight saving potential compared to conventional solutions. Uriayer [9] and Mildner [10] performed
quasistatic tension and bending tests on hybrid coupon specimens to isolate material effects and found a bilinear response in the stress-strain curve
before and ductile behavior after laminate fracture, which generally indicates auspicious characteristics for automotive crash structural applications.
The main goal of this extensive study is to experimentally identify basic mechanisms within hybrid material systems on a coupon level. Different loading
conditions and the effects of a broad variation of major material parameters are being investigated. A full bibliography will be included in the final paper.
2. Experimental procedures
The coupon specimens consist of a flat sheet metal strip with a composite laminate adhesively bonded to its surface. The variation of material parameters
results in a broad set of hybrid material combinations and includes the type of steel and reinforcing fibers as well as the layup and the thickness of the
laminates. The specimens are tested under quasistatic and dynamic tension and 3-point-bending (from both sides) on Instron machines. Additional
experiments are at the planning stage.
3. Results
A number of different constitutive mechanisms during loading and controlled failure can be observed. One striking example would be the effect of the



08/05/15 15:14Conferências 5: Book of Abstracts

Page 290 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

loading direction on the bearable load and thus the total energy absorbed in 3-point-bending. Having the cfrp-laminate on the pressure loaded side results
in twice the amount of absorbed energy during plastic deformation than vice versa. The full scope of findings and their implications concerning hybrid
automotive crash structural applications will be discussed in the final paper.

7710 | Prestressed Concrete Beams under Fatigue Loading with Strengthened with Textile Reinforced Concrete (32.
Textile Structural Composites (Prasad Potluri, University of Manchester, UK))

Herbrand, Martin (mherbrand@imb.rwth-aachen.de), Institute of Structural Concrete, RWTH Aachen University, Germany
Hegger, Josef (jhegger@imb.rwth-aachen.de), Institute of Structural Concrete, RWTH Aachen University, Germany 

A large part of the existing highway bridges in Germany exhibits calculative shear capacity deficits under static and cyclic loading. More structures are
expected to demand refurbishment and strengthening within the next years, especially due to the current conditions of many older road bridges in Europe.
Since a re-construction of the respective bridges is not reasonable or financially feasible in many cases, the assess-ment and development of effective
strengthening methods becomes more important.
Many strengthening methods have proven to be suitable for the shear strengthening of bridges, e.g. addi-tional external prestressing, additional concrete
layers, additional steel reinforcement in slots or glued CFRP-stripes (Carbon Fibre Reinforced Polymer). However, the applicability and effectiveness of
these methods are also influenced by some disadvantages. Besides these common strengthening methods, the use of textile reinforced concrete (TRC)
offers an innovative alternative for strengthening measures by combining the advantages of lightweight glued CFRP-stripes and additional concrete
layers, which pos-sess better bond characteristics and lower temperature sensitivity. As the textile reinforcement does not require protection against
corrosion, thin layers of reinforcement are possible.
For the above reasons, two full scale tests on I-shaped prestressed concrete beams (h = 0,7 m, l = 6,5 m) under cyclic shear loading were carried out at
the Institute of Structural Concrete at RWTH Aachen Uni-versity. Previous tests on identical non-strengthened beams served as a reference for the tests
on members strengthened with textile reinforced concrete. The paper presents the test results with regard to the effec-tiveness, advantages and possible
fields of application of this innovative strengthening method.

8081 | The Effect of Fiber Entanglement on Dry Carbon Fiber Tows (32. Textile Structural Composites (Prasad Potluri, University of
Manchester, UK))

Stapleton, Scott E. (scott.stapleton@rwth-aachen.de), Institute for Applied Mechanics, RWTH Aachen University, Germany
Appel, Lars (lars.appel@ita.rwth-aachen.de), Institute for Textile Technology, RWTH Aachen University, Germany
Reese, Stefanie (stefanie.reese@rwth-aachen.de), Institute for Applied Mechanics, RWTH Aachen University, Germany 

One of the main drivers of the limited use of carbon fiber composites is the raw material cost. To bring this cost down, tows with higher fiber counts (~50k
fibers) are becoming more popular. These so-called “heavy tows” carry with them several challenges in manufacturing and a decrease in performance.
One aspect that affects the performance and manufacturability of heavy tows is the degree of fiber entanglement. Highly entangled tows may increase the
manufacturability because it binds the tow together, but non-aligned fibers result in decreased stiffness in the tow axial direction in the final part. The
present research looks at the effects of entanglement on the mechanical response of a dry tow under different loading conditions using multiple models,
such as a representative volume element (RVE) and a fiber-scale finite element model. Comparison is made between the models with and without
entanglement, and finally compared with laboratory experiments which contain entanglement. Finally, conclusions will be drawn about the necessity of
including entanglement in predictive models to predict the behavior of dry carbon fiber tows during manufacturing.

8146 | Improving adhesion at the fibers/matrix interface in FRCM for masonry strengthening (32. Textile Structural
Composites (Prasad Potluri, University of Manchester, UK))

CORINALDESI, Valeria (v.corinaldesi@univpm.it), Università Politecnica delle Marche, Ancona, Italy
DONNINI, Jacopo (j.donnini@univpm.it), Università Politecnica delle Marche, Ancona, Italy 

Structural reinforcement system constituted by coupling of network (carbon, PBO, glass, or basalt fibers) and inorganic binder (either cement or lime
based) seems to acquire an increasing interest in applications to masonry structures, due to many advantages compared to more traditional reinforcement
systems. The effectiveness of these interventions strongly depends on the bond between strengthening material and masonry, on the fibers/matrix
interface, as well as on the mechanical properties of the masonry substrate. 
This work aimed at studying the effectiveness of a pre-treatment finalized to improve the bond between fibers and inorganic matrix, in particular carbon
and basalt net. This special treatment would be able to improve the bond between the net and the matrix, keeping the network flexible and easy to apply.
This pre-treatment consists in pre-impregnating the net with epoxy resin, and then in sandblasting the impregnated net itself in order to improve
adherence with inorganic matrix.
In fact, experimental works reported in the literature show that the main problem of FRCM is the debonding at fibers/matrix interface, and this is due to the
lower adhesive capacity of the inorganic matrix (compared with that of epoxy resin in FRP), and also because the matrix is unable to completely wet the
fibers. Consequently, only the outer filaments of a roving can really have an adhesion to the surrounding concrete while the rest can slip easily within the
roving at low friction (the so called ‘telescopic effect’). The relatively slippage between the filaments reduces the transfer of stress fibers/matrix and the
effectiveness of this reinforcement system. The use of a pre-impregnated and sandblasted net with improved adhesion can reduce the slippage effect with
a consequent increase of the mechanical properties of the reinforcement.
Preliminary results showed that this technique could be very promising for improving reinforcing ability of FRCM with respect to conventional FRCM
reinforced by means of carbon net. 
The mechanical properties of the FRCM systems were studied by means of two different tests: tensile tests on composite reinforcement system and
debonding tests of the strengthening applied to masonry substrate.
For the tensile test, the specimens are constituted of two layers of mortar and a layer of fiber grid located in the middle with an overall thickness that is no
more than 10 mm. After 28 days of curing the tensile tests were carried out under displacement control, with an initial rate between 0.1 and 0.6 mm/min
and, after the cracking phase, a rate increased to 0.5-1.2 mm/min, on five samples for each reinforcement system.
For testing the debonding with respect to masonry substrate several “double-lap” tests were carried out. The general scheme of the “double-lap” test set-
up consists of a steel frame composed of two transversal beams (or a beam and a plate) connected by two or four bars. The alignment between the
specimen and the loaded ends were ensured by means of spherical joints in order to avoid normal stresses at the reinforcement-to-substrate interface.
Furthermore, in order to guarantee equal loading of the two composite strips, the textiles were placed around a cylinder with a diameter equal to the
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distance between the two textile strips. By doing so, the total load can be equally subdivided between the two sides of the specimen. The slippage
between substrate and reinforcement was derived after the test by post-processing test data. Tests were carried out under displacement control at a rate
lower than or equal to 0.3 mm/min, on five samples for each reinforcement system.

8587 | Intraply Shear Characterisation of Carbon/Epoxy Prepregs for Automotive Press-forming Applications at
Appropriate Temperatures and Strain Rates (32. Textile Structural Composites (Prasad Potluri, University of Manchester, UK))

Khan, M. A. (m.a.khan@warwick.ac.uk), WMG, The University of Warwick, Coventry, The United Kingdom, United Kingdom
Reynolds, N. (Neil.Reynolds@warwick.ac.uk), WMG, The University of Warwick, Coventry, The United Kingdom, United Kingdom
Williams, G. J. (G.J.Williams@warwick.ac.uk), WMG, The University of Warwick, Coventry, The United Kingdom, United Kingdom
Kendall, K. N. (K.N.Kendall@warwick.ac.uk), WMG, The University of Warwick, Coventry, The United Kingdom, United Kingdom 

After the recent environmental regulations about the low carbon dioxide emissions to the atmosphere, the automotive industries have been seriously
working to develop lightweight composite body structures for the new commercial cars. The nature of work for the automotive industries necessitates
developing high volume manufacturing processes and very short cure cycle materials. The present work is carried out in the scope of VARCITY project.
Intraply shear behaviour on the newly developed Carbon/Epoxy based thermoset prepregs has been studied. Two different types of prepreg materials
having 2x2 twill weaves with aerial weights of 240gsm and 400gsm have been investigated. The viscosity of the resins and prepreg cure cycles in the
press-forming processes are also different. The shear characterisation has been made at the strain rates and temperatures relevant for the prepreg
compression moulding process and also appropriate for high volume manufacturing of structural composites. The two de fact standard tests of ‘picture
frame’ and ‘bias extension’ have been used for measuring the shear behaviour of prepregs. It has been observed that the intraply shear behaviour as well
as the drapeability of thermoset prepregs is largely dependent upon the selection of testing parameters. Further to the above, the tests have also been
conducted on the dry fabric reinforcements of the two selected prepregs. The results have been compared with the temperature dependent behaviour of
the prepregs. It has been found that the shear behaviour of the dry fabric falls at some stage in-between the prepreg material temperature dependent
states. It can be concluded with these investigations that the resin that resists at some stage to the scissoring of the woven reinforcement assists to shear
more easily on another state of the material. Some further investigations related to the stitched aligned-fibre thermoset prepregs are also in progress. 

8707 | Tribological characteristics of Carbon/PVDF composites (32. Textile Structural Composites (Prasad Potluri, University of
Manchester, UK))

Seung A Song (ascl8564@naver.com), Chonbuk National University, Korea, South
Seong Su Kim (sskim@jbnu.ac.kr), Chonbuk National University, Korea, South 

Carbon fibers are widely used as low friction material such as bearing material because of its advantageous mechanical, chemical, and frictional
properties. Poly(vinylidene fluoride) as matrix of composites has low friction coefficient due to high electro-negativity of fluorine. However, the
Carbon/PVDF composite has poor interfacial interaction between PVDF and carbon fiber. In this study, the carbon fiber was sized using the PVP
(Polyvinylpyrrolidone) to improve the interfacial interaction due to strong dipolar interaction between the carbonyl group (C=O) of PVP and C=F2 group of
PVDF. The interfacial interaction between PVDF and PVP sized carbon fiber was investigated by short beam shear (SBS) test. The tribological
characteristics of Carbon/PVDF composites were studied using a pin on disc tester and the wear mechanisms of the Carbon/PVDF composites are
discussed based on the SEM result of the worn surfaces.

8719 | Investigation of the Acoustic Insulation of Polyester and Acrylic Fabrics Coated with White Tuff Stone Powder
(32. Textile Structural Composites (Prasad Potluri, University of Manchester, UK))

Seyda Canbolat (scanbolat@ticaret.edu.tr), Istanbul Commerce University, Turkey
Habip Dayioglu (hdayioglu@ticaret.edu.tr), Istanbul Commerce University, Turkey
Nigar Merdan (nmerdan@ticaret.edu.tr), Istanbul Commerce University, Turkey
Mehmet Kilinc (mkilinc@ticaret.edu.tr), Istanbul Commerce University, Turkey 

In this study; polyester microfiber, polyester and acrylic fabrics were coated with the white tuff stone powder (Alacatı stone) with different particle sizes.
And then, the acoustic insulation of samples was investigated on the bases of fabric types. Furthermore, the effect of particle size on acoustic insulation of
samples was investigated. Sound absorption coefficient of materials was measured in accordance with ISO 10534-2 standard by using a measuring
instrument of Brüel & Kjaer Impedance Tube, which is based on two microphone transfer function method. 
According to the results, it is advised that the white tuff stone powder can be used in building textiles in order to increase acoustic insulation properties of
the walls. 

Keywords: White Tuff Stone, Polyester Microfiber, Polyester Fiber, Acrylic Fiber, Acoustic Insulation, Coating.

8722 | The Evaluation of Thermal and Acoustic Insulation of Different Particle Size Perlite Coated Materials Having
Gecko Properties (32. Textile Structural Composites (Prasad Potluri, University of Manchester, UK))

Habip Dayioglu (hdayioglu@ticaret.edu.tr), Istanbul Commerce Universty, Turkey
Nigar Merdan (nmerdan@ticaret.edu.tr), Istanbul Commerce Universty, Turkey
Seyda Canbolat (scanbolat@ticaret.edu.tr), Istanbul Commerce Universty, Turkey
Mehmet Kilinc (mkilinc@ticaret.edu.tr), Istanbul Commerce Universty, Turkey 

In this study, different particle size perlite coating material applied to polyester microfiber fabric in order to provide thermal and acoustic insulation. Besides
this work, the back side of this fabric was coated with a polymer having gecko effect and therefore the fabrics had permanent sticking properties. The
acoustic and thermal insulation properties of the samples were analysed. 
In order to improve the thermal and acoustic insulation properties, the perlite was used together with polyurethane based coating material, isocyanate
based cross linking agent and acrylic based synthetic thickener materials. In order to provide gecko effect, polyacrylic based polymeric material was used.
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8800 | A new method on the elastic properties of stitched composites (32. Textile Structural Composites (Prasad Potluri,
University of Manchester, UK))

Zhang� Hongjian (dr.h.j.zhang@gmail.com), Nanjing University of Aeronautics and Astronautics , China
Gao, Hongyan (794158296@qq.com), Nanjing University of Aeronautics and Astronautics , China
Wen�weidong (gswwd@nuaa.edu.cn), Nanjing University of Aeronautics and Astronautics , China
Cui�Haitao (cuiht@nuaa.edu.cn), Nanjing University of Aeronautics and Astronautics , China 

Stitched composites strengthens the Z-direction mechanical properties by add stitches in the thickness direction, overcoming the weak impact resistance,
damage tolerance and low defects in thickness direction of the traditional laminate, which has a wide range of applications in engineering practice.
Accurately predict the mechanical properties of stitched composites, is a prerequisite for its application and development. In this paper, a stiffness model
is developed he flow around the column - suture analogy model. Compared with experiments, the predicted data fit well.

9209 | Analysis and modelling of physical and mechanical properties of 2D and 3D circularly braided composites. (32.
Textile Structural Composites (Prasad Potluri, University of Manchester, UK))

Gabor, Aron (aron.gabor@univ-lyon1.fr), University Claude Bernard Lyon 1, France
Hamelin, Patrice (patrice.hamelin@univ-lyon1.fr), University Claude Bernard Lyon 1, France
Guyader, Guillaume (guillaume.guyader@etu.univ-lyon1.fr), University Claude Bernard Lyon 1, France 

This paper gives an overview of the main characteristics of circular braid manufacturing processes with special attention to the interaction between
process parameters and structural, mechanical properties of braided preforms. Circular 2D and 3D interlock processes are considered. 
The analytical relationships between specific parameters of the manufacturing process and the structural characteristics of the braid in the case of
complex- shaped mandrels are described. 
Analytical modelling approach of the influence of process parameters, corresponding to a transient or a steady state production phase, on the final
structure of braids is presented too. The model is successfully compared to other analytical models found in the literature. Additionally, the analytical
model is validated experimentally for the case of 2D and 3D circular braiding processes run in transitory stage. 

The analysis of the structure of the braid in the final composite is approached using non-destructive tests, such as X-ray tomography, allowing through the
depth analysis of the composite product in the case of different braided composites. 

Mechanical properties are estimated on braided composite tubes using classical testing and extensometry methods. Individual or combined tensile,
torsional and internal pression tests allow to analyse the variation of the mechanical properties as a function of the braiding angle. The terms of a
generalised Hooke’s law are established, based on a plain stress approach. Elastic constants are obtained depending by an optimization step considering
the relations ships relative to the different tests.

9698 | Minimum-weight design for three dimensional woven composite stiffened panels using neural networks and
genetic algorithms (32. Textile Structural Composites (Prasad Potluri, University of Manchester, UK))

Fu,Xinwei (xinwei.fu@polimi.it), Department of Aerospace Science and Technology, Politecnico di Milano, China
Ricci,Sergio (sergio.ricci@polimi.it), Department of Aerospace Science and Technology, Politecnico di Milano, Italy
Bisagni,Chiara (chiara.bisagni@polimi.it), Department of Aerospace Science and Technology, Politecnico di Milano, Italy 

The paper describes an optimization strategy applicable for the design of structural components made of 3D woven composites. This type of materials
includes several design variables describing the material topology that can be used to optimize specific structural performance indices. However, any
optimization strategy requires a multi-scale hierarchical approach ranging from the description of the fibers, the yarns, the mechanical properties of the
material at the scale of a Representative Volume Element, till the macro-mechanical properties of the structural component. Consequently, the
optimization could result computationally expensive, especially in the case of non-linear structural problems. 

A modeling strategy is here proposed for the multi-scale analysis and optimization. The procedure is based on combining the commercial code Abaqus for
the Finite Element analysis, and ad hoc developed scripts written in Matlab and Pyton language for the optimization. In particular, artificial neural network
techniques are utilized to generate an approximate response of optimum structural design in order to increase efficiency and applicability. The artificial
neural networks are integrated with genetic algorithms to optimize mixed discrete-continuous design variables for 3D woven composite structures. 

The proposed procedure is then applied to the multi-objective optimal design of a stiffened panel made of 3D woven composite subject to buckling and
post-buckling requirements.

7537 | Interpenetrating phase composites: new opportunities for multifunctional materials (33. Multifunctional and smart
composites (Rui Moreira, Univ. Aveiro, Portugal and Ever Barbero, West Virginia University, USA))

Wang, Lifeng (lifeng.wang@stonybrook.edu), Stony Brook University, United States America 

Recent advances in aerospace, automotive, defense, energy, and semiconductor industries require new materials and structures to have superior
combinations of high performance, light weight, affordability, and versatility. This promotes the development of innovative multifunctional materials that
integrate at least one other function beyond the mechanical. Composite materials can be designed to have integrated thermal, electrical, magnetic,
optical, mechanical and possibly other functionalities to provide a unique combination of the individual capabilities. Interpenetrating phase composites
(IPCs), also known as co-continuous composites, have been proposed to improve the dispersion and to increase the volume fraction of reinforcing
phase(s) over conventional composite materials. Here, we demonstrate the potential to design and fabricate periodically ordered polymer IPCs. These
IPCs are shown to have a unique combination of stiffness, strength, and energy absorption, as well as damage tolerance. The results provide guidelines
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to advance the digital design (materials by design) and manufacturing concepts (advanced manufacturing) into the realm of engineered materials with
desired properties and further to create multifunctional materials. For example, the periodic nature of the structures enables mechanically tunable
phononic band gap materials, and tunable sensors in tissue engineering.

7662 | Development of organic aerogels reinforced with carbonaceous nanomaterials (33. Multifunctional and smart
composites (Rui Moreira, Univ. Aveiro, Portugal and Ever Barbero, West Virginia University, USA))

Sanchez-Silva, Luz (marialuz.sanchez@uclm.es), University of Castilla La Mancha, Spain
Simon-Herrero, Carolina (krol_s_h@hotmail.com), University of Castilla La Mancha, Spain
Romero, Amaya (amaya.romero@uclm.es), University of Castilla La Mancha, Spain
Valverde, Jose Luis (joseluis.valverde@uclm.es), University of Castilla La Mancha, Spain 

Aerogels are currently claimed as one of the most promising materials for different applications such as aerospace, high temperature insulation, cryogenic
applications, refrigeration systems, outdoor clothing and building insulation [1]. Aerogel [2,3] is a synthetic porous ultralight material derived from a gel, in
which the liquid component of the gel has been replaced with a gas. Basically, an organic polymer aerogel is an aerogel with a framework primarily
comprised of organic polymers. They are generally less crumbly and brittle than inorganic aerogels. The most common method to obtain wet gels is sol
gel process [4,5]. Nevertheless, the resulting products have some disadvantages such as low porosity, low flexibility and low lightness. However, the
freeze-drying method, in which the pore liquid is frozen and then sublimed in vacuum, allows the production of porous aerogels with interesting insulating
behavior [6]. This method is simple, low-cost and environmentally friendly. Up to date, few works have been reported about the freeze-drying process to
produce organic aerogels [7-9]. 
Carbonaceous nanomaterials are widely employed as reinforcements to form carbon-reinforced composites which have exhibited enhanced mechanical,
electrical and functional properties compared to monolithic materials [10]. Carbon nanofibers or nanotubes (CNF, CNT), carbon nanospheres (CNS),
reduced graphene oxide (RG) and, graphene oxide (GO) exhibit outstanding physical and mechanical properties, including high surface to volume area,
high Young´s modulus, low coefficient of thermal expansion and an entangled structure. Therefore, the mechanical properties and the thermal and the
electrical conductivity of the organic aerogels could be enhanced with the addition of these nanomaterials.
In the present study, the synthesis of carbon nanostructured-reinforced aerogels were studied using freeze-drying method. Furthermore, the physical,
morphological and mechanical properties of the final aerogel composite were evaluated using different characterization techniques (X-ray diffraction
(XRD), N2 adsorption/desorption static volumetric apparatus, transmission electron microscopy (TEM), emission scanning electron microscopy (ESEM),
thermogravimetric analyzer (TGA), dynamic mechanical analyzer (DMA), IR spectroscopy (FTIR) and Helium pycnometry).
[1] M. Koebel, A. Rigacci, P. Achard, Aerogel-based thermal superinsulation: An overview, Journal of Sol-Gel Science and Technology, 63 (2012) 315-339.
[2] M. Pääkkö, J. Vapaavuori, R. Silvennoinen, H. Kosonen, M. Ankerfors, T. Lindström, L.A. Berglund, O. Ikkala, Long and entangled native cellulose i
nanofibers allow flexible aerogels and hierarchically porous templates for functionalities, Soft Matter, 4 (2008) 2492-2499.
[3] R.T. Olsson, M.A.S. Azizi Samir, G. Salazar-Alvarez, L. Belova, V. Ström, L.A. Berglund, O. Ikkala, J. Nogués, U.W. Gedde, Making flexible magnetic
aerogels and stiff magnetic nanopaper using cellulose nanofibrils as templates, Nature Nanotechnology, 5 (2010) 584-588.
[4] M.B. Bryning, D.E. Milkie, M.F. Islam, L.A. Hough, J.M. Kikkawa, A.G. Yodh, Carbon nanotube aerogels, Advanced Materials, 19 (2007) 661-664.
[5] T. Yamamoto, T. Ohmori, Y.H. Kim, Preparation and characterization of monodisperse carbon cryogel microspheres, Microporous and Mesoporous
Materials, 112 (2008) 211-218.
[6] L. Sánchez-Silva, S. Víctor-Román, A. Romero, I. Gracia, J.L. Valverde, Tailor-made aerogels based on carbon nanofibers by freeze-drying, Science of
Advanced Materials, 6 (2014) 665-673.
[7] H. Tamon, H. Ishizaka, T. Yamamoto, T. Suzuki, Freeze drying for preparation of aerogel-like carbon, Drying Technology, 19 (2001) 313-324.
[8] X. Tang, M.J. Pikal, Design of Freeze-Drying Processes for Pharmaceuticals: Practical Advice, Pharmaceutical Research, 21 (2004) 191-200.
[9] W. Abdelwahed, G. Degobert, H. Fessi, Freeze-drying of nanocapsules: Impact of annealing on the drying process, International Journal of
Pharmaceutics, 324 (2006) 74-82.
[10] S. C. Tjong, Recent progress in the development and properties of novel metal matrix nanocomposites reinforced with carbon nanotubes and
graphene nanosheets, Materials Science and Engineering R, 74 (2013) 281-350.

7749 | Mechanical and rheological characteristics of carbonyl iron based magnetorheological elastomer composite (33.
Multifunctional and smart composites (Rui Moreira, Univ. Aveiro, Portugal and Ever Barbero, West Virginia University, USA))

Bica, Ioan (ioanbica50@yahoo.com), West University of Timisoara, Romania
Liu, Ying Dan (ydliu2000@naver.com), Yanshan University, China
Choi, Hyoung Jin (hjchoi@inha.ac.kr), Inha University, Korea, South 

Magnetorheological (MR) elastomer composites, composed of magneto-responsive magnetizable particles such as carbonyl iron dispersed in an
elastomer matrix, are one of the most interesting smart composite materials along with MR fluids, while in the MR elastomers the matrix is an elastic body
and in the MR fluids the matrix is a liquid medium [1]. Along the magnetic field directions, the particles orient themselves under an applied magnetic field.
Mechanisms that give both MR elastomers and MR fluids physical properties of interest for applications take place as a function of the applied field
intensity and of the magnetic properties of the particles [2]. Thereby, MR elastomers can be used in practice such as engine mount, shock and vibrations
absorbers, etc [3]. 
In this work, both isotropic and anisotropic composite magnetorheological (MR) elastomers were fabricated based on silicone rubber and well chosen
proportions of MR suspensions which are based on silicone oil, stearic acid and soft-magnetic iron carbonyl, and then plane capacitors were
manufactured. Among various magnetic materials of magnetite, iron oxide and carbonyl iron (CI) particle, the CI was selected due to its high magnetic
permeability and low hysteresis in this study. In the case of the anisotropic MR elastomer sample, it was cured while an external magnetic field was being
applied. Therefore the CI particles were pre-aligned in the direction of the applied magnetic field. The influence of the magnetic field intensity upon the
obtained capacity of capacitors is studied. From the capacity and rheological measurements, the tension state and the deformation induced by the
transverse magnetic field intensity inside composite MR elastomers are determined. MR effect of these MR elastomer samples was measured using a
rotational rheometer under external magnetic fields [4]. Results showed that as the magnetic field strength increases, storage moduli depending on the
angular frequency are observed to be increased at a constant shear strain. 

Reference
[1] J. de Vicente, D. J. Klingenberg, and R. Hidalgo-Alvarez, Soft Matter 7, 3701 (2011)
[2] B. J. Park, F. F. Fang, and H. J. Choi, Soft Matter 6, 5246 (2010)
[3] I. Bica, Y. D. Liu, and H. J. Choi, J. Ind. Eng. Chem. 19, 394 (2013)
[4] I. Bica, Y.D. Liu, and H.J. Choi, Colloid Polym. Sci. 290, 1115 (2012)
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7768 | Vibration of Porous Beams with Embedded Piezoelectric Sensors and Actuators (33. Multifunctional and smart
composites (Rui Moreira, Univ. Aveiro, Portugal and Ever Barbero, West Virginia University, USA))

Della, Christian N. (christian.della@glasgow.ac.uk), University of Glasgow, United Kingdom
Shu, Dong Wei (mdshu@ntu.edu.sg), Nanyang Technological University, Singapore 

A micromechanics-based method is proposed to study the vibration of porous beams with embedded piezoelectric sensors and actuators. The proposed
method is a two-step process. First, the porous polymer matrix is analyzed using the classical Mori-Tanaka method. Next, the piezoelectric sensors and
actuators embedded in the porous beam are analyzed using Eshelby’s equivalent inclusion method. The natural frequency of the beam is determined from
the variational principle in Rayleigh quotient form. In addition, the Euler-Bernoulli beam theory and Rayleigh-Ritz approximation technique are used in the
analysis. A parametric study is conducted to investigate the influence of the volume fraction, shape and orientation of the pores on the natural frequency
of the beam. The results of the study show that the presence of porosity can significantly affect the natural frequency of the beam.

7883 | Electrostatic Adhesion in Composite Structures (33. Multifunctional and smart composites (Rui Moreira, Univ. Aveiro,
Portugal and Ever Barbero, West Virginia University, USA))

Heath, Callum J. C. (ch8193@bristol.ac.uk), University of Bristol, United Kingdom 

Efficient load bearing structures are, for the most part, optimised for a given load case or operational environment. As a result, off-design point operation
leads to a performance compromise. Introduction of structural functionality could increase the adaptability of global structures or products and minimise
this compromise. The concept of adaptable structures could be applicable for a range of applications, from aerospace components to consumer products.
This paper considers the incorporation of existing electroadhesive technology, primarily used (to date) in wall climbing robotics, for the purpose of
providing reversible adhesion within composite structures. The use of controllable internal structural connectivity to introduce variable global stiffness to
composite structures is investigated in some detail. Further potential applications of electrostatic latching of composite structures are also considered.
Flexible copper-polyimide laminate material is etched to produce the electroadhesive elements, allowing for high resolution interdigitated electrode
designs with thin film dielectric coatings down to 25 μm in thickness. The use of glass fibre reinforced epoxy pre-preg allows for the incorporation of the
electrode elements during the primary manufacturing process, showing scope for value-added structural functionality, with minimal additional fabrication
complexity.

8035 | Plasmonic and Carbonaceous Composite Nanostructures for Versatile Applications (33. Multifunctional and smart
composites (Rui Moreira, Univ. Aveiro, Portugal and Ever Barbero, West Virginia University, USA))

Kim, Dong Ha (dhkim@ewha.ac.kr), Ewha Womans University, Korea, South 

In the presentation we introduce a comprehensive approach for the design and synthesis of multifunctional hybrid nanomaterials that have been
systematically tailor-designed to seek their potential applications as key elements in green nano- and bio-technology. Representative subject areas of
interest include energy conversion and storage, environmental remediation, optical (bio-)sensing, light-emission, and memory devices. Of the numerous
methodologies to achieve these goals, we actively utilize complementary self-assembly processes to construct well-defined hybrid nanoscopic objects
suitable for target-oriented applications. Recently, we also pay special attention to surface plasmons as a versatile platform,[1,2] based on which target-
oriented properties can be obtained by integrating plasmonic nanostructures into the elements of optical (bio-)sensors, photovoltaic devices,
photocatalysts, and light-emitting materials.
Another class of advanced functional composite nanomaterials include hybrid carbonaceous materials fabricated from 'direct carbonization' of block
copolymer templates containing inorganic precursors. This protocol opened a creative pathway to the generation of hierarchical carbon-semiconductor
inverse opals, mesoporous structures and 2D nanopatterns, which showed viable function and enhanced performance in solar cells, photocatalysis,
electrocatalysis, sensing, etc.[3-6]
In surramy, I’ll introduce our recent activities with a special focus on the synthesis and applications of active nanomaterials for highly selective/sensitive
sensing, plasmonic dye-sensitized solar cells, visible light active photocatalysis, and enhanced fluorescence.

1. S. T. Kochuveedu, Y. H. Jang, D. H. Kim,* Chem. Soc. Rev. 2013, 42(21), 8467 − 8493.
2. S. T. Kochuveedu, T. Son, Y. Lee, M. Lee, D. Kim, D. H. Kim,* Sci. Rep. 2014, 4, 4735.
3. Y. J. Jang, Y. H. Jang, S. B. Han, D. Khatua, C. Hess, H. Ahn, D. Y. Ryu, K. Shin, K.-W. Park, M. Steinhart, D. H. Kim,* ACS Nano 2013, 7(2), 1573 −
1582.
4. Y. H. Jang, X. Xin, M. Byun, Y. J. J., Z. Lin,* D. H. Kim,* Nano Lett. 2012, 12(1), 479–485.
5. L. N. Quan, Y. J. Jang, Y. H. Jang, J. Kim, W. Lee, J. H. Moon, D. H. Kim,* ChemSusChem 2014, 7(9), 2590 − 2596.
6. D. Li, J. F. Zhang, Y. H. Jang, Y. J. Jang, D. H. Kim,* J. S. Kim,* Small 2012, 8(9), 1442–1448.

8166 | Potential of Cyanoacrylate as Structural Adhesive for Fibre Reinforced Polymer Composites (33. Multifunctional and
smart composites (Rui Moreira, Univ. Aveiro, Portugal and Ever Barbero, West Virginia University, USA))

Fifo, Omosola (fifoo@tcd.ie), Trinity College Dublin, Ireland 

Many research articles [1-3] have been published on the propensity of the fibre reinforced polymer (FRP) composite material to develop micro-cracks.
This type of damage has been reported as the genesis of progressive failure, debonding, macro-cracks, structural disintegration etc. in composite. One
way of mitigating this minuscule damage is through autonomous repair--developing a smart structure with inherent damage repair capabilities. This
methodology is also known as self healing. The effectiveness of the named intrinsic repairing technique mainly depends on the capabilities of the repairing
chemical(s) in; bond strength, shelf life, prerequisite treatment, curing time and condition, and viscosity. Among the potential adhesives available, few
meet the stringent conditions necessary to carry out an autonomous healing. 
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This article reports the potentials of cyanoacrylate (CA) adhesive as a structural adhesive for FRP materials. CAs are well known to be rapidly curing,
single part adhesives. This makes them ideal for autonomous repair of composites to counteract early damage progression. The tests reported in this
article examine the influence of the CA on the mechanical response of functional self healing glass-polyester samples. The samples were subjected to pre
and post-repair flexural tests for damage initiation and evaluation of the adhesive effectiveness. The results indicate that the adhesive was instrumental in
the recovery of the samples' mechanical properties. Also, the effects of the interactions between the polymer matrix and the adhesive, and the glass fibres
and adhesive were experimentally investigated. These were carried out after the fracture toughness of the CA bonded glass-polyester coupons had been
determined through double cantilever beam test. It was found that the CA adhesive profoundly enhanced the mode-I fracture toughness of the FRP
samples.

Reference
[1] Kathleen S. Toohey, Christopher J. Hansen, Jennifer A. Lewis, Scott R. White, and Nancy R. Sottos. Delivery of two-part self-healing chemistry via
microvascular networks. Advance Functional Materials, 19:1399 1405, 2009.
[2] Amit J. Patel, Nancy R. Sottos, Eric D. Wetzel, and Scott R. White. Autonomic healing of low-velocity impact damage in fiber-reinforced composites.
Composites Part A: Applied Science and Manufacturing, 41(3):360 - 368, 2010.
[3] Jody W.C. Pang and Ian P. Bond. A hollow fibre reinforced polymer composite encompassing self-healing and enhanced damage visibility. Composites
Science and Technology, 65(1112):1791 - 1799, 2005.

8523 | Multifunctional composites with radar absorbing and flame retardant properties (33. Multifunctional and smart
composites (Rui Moreira, Univ. Aveiro, Portugal and Ever Barbero, West Virginia University, USA))

Yılmaz Atay, Hüsnügül (hgulyilmaz@gmail.com), Department of Metallurgical and Materials Engineering, Turkey
Çelik, Erdal (erdalcelik@deu.edu.tr), Department of Metallurgical and Materials Engineering, Turkey 

Many different properties can be combined to create a new item with composite materials due to their suitability for achieving multi-functionality with the
best characteristics of different materials. In this study, the aim is the formation of a novel material for applications across different scientific disciplines. In
this regard, two types of materials were added to a polymer matrix to obtain radar absorbing and flame retardant properties. In order to reinforce an epoxy,
barium hexaferrite particles and huntite/hydromagnesite minerals were utilized for multifunction property. By adding those materials to the polymer matrix
(resin) with different loading level, different types of coated samples were obtained. Subsequently, the samples were characterized by radar absorbing test
and flame-retardant test besides other characterization tests; FTIR, SEM, XRD, scratch, surface profilometer, etc. It was concluded that these materials
exhibited a synergetic beneficial effects.

8553 | Hybrid epoxy/carbon fibre composites containing nano/micro silica particles (33. Multifunctional and smart composites
(Rui Moreira, Univ. Aveiro, Portugal and Ever Barbero, West Virginia University, USA))

Santos, Júlio C. (sanjulio2000@yahoo.com.br), Federal University of Sao Joao del Rei - UFSJ, Brazil
Vieira, Luciano M.G. (lucianomg@yahoo.com.br), Federal University of Sao Joao del Rei - UFSJ, Brazil
Panzera, Túlio H . (panzera@ufsj.edu.br), Federal University of Sao Joao del Rei - UFSJ, Brazil
Schiavon, Marco A. (schiavon@ufsj.edu.br), Federal University of Sao Joao del Rei - UFSJ, Brazil
Christoforo, André L. (alchristoforo@yahoo.com.br), Federal University of São Paulo - UFScar, Brazil
Scarpa, F. (f.scarpa@bristol.ac.uk), Federal University of Bristol, United Kingdom 

The work describes the manufacturing and testing of novel hybrid epoxy/carbon fibre composites (CFC) with silica micro and Poly
Diallyldimethylammonium Chloride (PDDA)-functionalised nanoparticles. A specific chemical dispersion procedure was applied using the PDDA to avoid
clustering of the silica nanoparticles. The influence of the various manufacturing parameters, particles loading and mechanical properties of the different
phases has been investigated with a rigorous Design of Experiment (DoE) technique based on a full factorial design (2131). The matrix phase reinforced
with silica nanoparticles provided superior tensile modulus (10%) and strength (7%) compared to the specimen with silica microparticle dispersions.
However, the use of 2wt% of silica nanoparticles provided not only an increase in tensile modulus but also a decrease of the tensile strength of the matrix
phase. The tensile modulus of pristine epoxy resin was increased when adding silica particles. The use of silica nanoparticles was seen as beneficial for
the tensile strength only at a 1wt% loading. PDDA functionalised silica nanoparticles were able to provide a homogenous dispersion, with a decrease of
the apparent density and enhancement of the mechanical properties in the hybrid CFCs. The apparent density of the CFCs reduced nearly of 3% when
the silica microparticles were replaced by silica nanoparticles. The particle loading increasing leads to reduce the density of CFCs. The main factors
influencing the tensile modulus were the silica particle sizes and their weight loading, with higher stiffness when the CFCs were manufactured using 2wt%
of silica nanoparticles. An interaction effect significantly affected the tensile strength, revealing superior strength when using 2wt% silica nanoparticles.
The interaction between factors significantly affected the flexural modulus and strength of the CFCs, showing improved mechanical performance when
2wt% loading of silica nanoparticles was added.The microstructural analysis and correlation between the tensile modulus and strength data indicated a
strong matrix/fibre adhesion existing in the CFCs. The strength of the hybrid composites is strongly influenced by the interfacial condition, while the
modulus is more affected by the stiffness of the matrix. The hybrid CFC reinforced by 2wt% of silica nanoparticles coated with PDDA demonstrated
superior mechanical properties compared to the reference pristine condition (without particles). For these new hybrid CFC silica composites, the flexural
modulus featured a significant improvement (47%), and a noticeable enhancement of the tensile strength (5.6%).

8666 | Aligned discontinuous fibre hybrid composites (33. Multifunctional and smart composites (Rui Moreira, Univ. Aveiro, Portugal
and Ever Barbero, West Virginia University, USA))

Yu, HaNa (Hana.Yu@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
Longana, Marco L. (m.l.longana@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
Jalalvand, Meisam (M.Jalalvand@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
Wisnom, Michael R. (M.Wisnom@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
Potter, Kevin D. (K.Potter@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom 

Keywords: Discontinuous reinforcement, Aligned short fibre composites, Intermingled hybrids 
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Abstract
Hybrid composites, made with different types of fibres that provide a balanced suite of modulus, strength and ductility, allow avoiding catastrophic failure
that is a key limitation of composites. The aim of this research is to manufacture intermingled hybrid composites using highly aligned discontinuous fibres
to achieve pseudo-ductility through fragmentation of the lower elongation constituent. The HiPerDiF (High Performance Discontinuous Fibres) method [1],
recently developed at the University of Bristol, is a unique fibre orientation method that uses a momentum change of fibres suspended in a low-viscosity
fluid to achieve a high level of fibre alignment. It was previously noted that tensile modulus, strength and failure strain of aligned discontinuous fibre
composites were close to those of continuous fibre composites provided that the fibres are accurately aligned and their length is sufficiently long
compared to the critical fibre length [2]. This novel process can also produce a wide range of hybrid preforms or prepregs with different fibre mixing ratios.
In this work, the overall stress-strain response of intermingled hybrid composites is investigated with variations of fibre type and ratios by the HiPerDiF
method. To analyse the experimental results, the modelling approach developed by Jalalvand et al. [3] for continuous fibre hybrids is applied to
intermingled aligned short fibre hybrid composites. The experimental results show that combining high modulus carbon and E-glass can result in a very
good pseudo-ductile tensile response. 
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In the last two decades the number of reviews and scientific papers published on cellulose research increased exponentially. This is due to the fact that
cellulose has been recognized as an emerging renewable material owing to their fascinating physico-mechanical properties derived from its structure. In
addition, irrespective of its source, cellulose is biodegradable, presents low toxicity and it is a natural raw material, which can answer to the unwearying
and increasing demand of environmentally friendly, sustainable and biocompatible products from consumers, industries and governments [1-3].
The available research works provide a depth analysis and comprehensive knowledge about issues as cellulose extraction, preparation, chemical
composition, treatment, morphology, properties and characterization. Furthermore, its suitability for use in very different application areas such as
additives in food, reinforcing agents for use in bio-based composite materials, biodegradable films and barriers for food and pharmaceutical packaging,
texturing agents in cosmetics, porous dense aerogels for electronics and medicine, medical implants and devices, automotive components, among others
that were also investigated in detail and properly reported in literature [1-6]. It is well recognized that cellulose is very attractive for use as reinforcement in
the preparation of bionanocomposites. Therefore, it is common to see weak filler-matrix interactions because cellulose presents compatibility problems
with hydrophobic matrices. Its highly hydrophilic surface leads to low resistance properties which are not intended in many potential applications. The
improvement of compatibility with non-polar materials requires chemical modifications, so there are still some challenges related to cost-effective methods
to produce cellulose biocomposites, due to its difficult dispersion in a polymer matrix and interfacial adhesion. Therefore, more research targeting using
environmentally-friendly and industrial practicable methods of cellulose modification is required. In this work composites of carrot cellulose dispersed in
PEO matrices were prepared without addition of any coupling agent. The initial idea was to demonstrate if that blend can or cannot have a masterbatch
function. Synthetic polymers, such as PE and PCL, were added to masterbatch.
Another topic which requires more attention from research community is the processability of cellulose with thermoplastic materials. Thermoplastics can
be processed by usual technologies such as extrusion, injection molding, sheet extrusion, blow molding and thermoforming. A bioextruder equipment was
used in this work to process masterbatch biocomposites. Processed and non-processed cellulose polymer composites were analyzed by DSC, TGA,
FTIR, SEM and DMA.

[1] M. Poletto, V. Pistor A. J. Zattera: Structural characteristics and thermal properties of native cellulose, Licensee InTech, Chapter 2, (2013), pp. 45-68.
[2] N. Lavoine, I. Desloges, A. Dufresne, J. Bras: Microfibrillated cellulose – Its barrier properties and applications in cellulosic materials: A review,
Carbohydrate Polymers, Vol. 90 (2012), pp. 735– 764.
[3] I. Siró, D. Plackett: Microfibrillated cellulose and new nanocomposite materials: a review, Cellulose, Vol. 17 (2010), pp. 459–494.
[4] A. Abdulkhani, J. Hosseinzadeh, A. Ashori, S. Dadashi, Z.Takzare: Preparation and characterization of modified cellulose nanofibers reinforced
polylactic acid nanocomposite, Polymer Testing, Vol. 35 (2014), pp. 73–79.
[5] VK Thakur, MK Thakur: Processing and characterization of natural cellulose fibers/thermoset polymer composites, Carbohydrate Polymers, Vol. 109
(2014), pp. 102–117.
[6] M.Y. Abdelaal, E. H. Elmossalamy, S. O. S. Bahaffi: Enhancement of polyolefins compatibility with natural fibers through chemical Modification,
American Journal of Polymer Science, Vol. 2 (5) (2012), pp.102-108.

8998 | FULLY COUPLED NONLINEAR ELECTRO-THERMO-VISCOELASTIC ANALYSES OF SMART COMPOSITES (33.
Multifunctional and smart composites (Rui Moreira, Univ. Aveiro, Portugal and Ever Barbero, West Virginia University, USA))

Khan, Kamran A. (kamran.khan@kustar.ac.ae), Khalifa University of Science Technology and Research, United Arab Emirates
Muliana, Anastasia H (amuliana@tamu.edu), Texas A&M University, United States America 

Ferroelectric ceramics of fibrous and particle shapes are often added in polymer matrix to form flexible and compliant electro-active composites. The
ferroelectric ceramics experience hysteretic polarization response under cyclic electric fields while the polymer matrix exhibit viscoelastic response. Both
ferroelectric inclusions and viscoelastic matrix can dissipative energy when subjected external electrical and mechanical stimuli, which is converted into
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heat and thus increasing the temperature of the composites. The properties of materials generally depend on temperatures; thus, the dissipative effect
leads to a fully coupled electro-thermo-mechanical response in active composites.
This study presents a simplified micromechanical model to predict the effective electro-thermo-mechanical behaviors and time-dependent micro-macro
field variables due to coupled heat conduction and nonlinear electro- thermo-mechanical deformation of smart composites that takes into account the
dissipation of energy from the viscoelastic constituents and hysteretic polarization response of ferroelectric ceramics. The studied active composite
comprises of ferroelectric fibers dispersed in polymeric matrix. A nonlinear rate-dependent constitutive model for describing hysteric polarization and strain
responses is used for the ferroelectric fibers, while the matrix is assumed to follow linear viscoelastic response. The constitutive model for the heat flux
follows the classical Fourier law. A time integration algorithm for simultaneously solving the equations that govern the heat conduction and electro-
viscoelastic deformations of isotropic materials is developed. The algorithm is then incorporated with the micromechanical model together with the
macroscopic energy equation to determine the effective coupled electro-thermo-viscoelastic response of the active composites. The integrated
micromechanical-FE framework is used to analyze coupled heat conduction and deformations of electro-viscoelastic composite structures. The effect of
mismatches in the properties of the constituents in an active composite on the effective field coupling responses in the active composite is studied.

9167 | Optimization of constrained viscoelastic damping treatments (33. Multifunctional and smart composites (Rui Moreira, Univ.
Aveiro, Portugal and Ever Barbero, West Virginia University, USA))

Moreira, Rui A.S. (rmoreira@ua.pt), Universidade de Aveiro, Portugal
Oliveira, Monica (rmoreira@ua.pt), Universidade de Aveiro, Portugal 

Viscoelastic damping treatments are efficient solutions for passive vibration control of light structures. When constrained layer damping configuration is
used, especially when following a partial location procedure, it is difficult, even for the experienced designer, to identify the optimized design parameters.
Thickness of layers, location of damping patches and material properties should be properly selected in order to maximize damping effect, while reducing
treatment cost, added weight and structural modification in general. 
This work explores the use of generic algorithms as an optimization tool in order to identify general guidelines to aid the structural engineer during the
design of partial damping treatments or treatments with variable thickness.
A general result, based on the analysis of strain energy of homogeneous damping layer, was observed. According to the results obtained, the distribution
of the shear strain energy developed inside the viscoelastic layer for an homogeneous distribution is a good indicator for the best location strategy or
defines a good trial configuration for a variable thickness treatment. 

7556 | The CGSM for static finite element analysis of composite structures with variability (34. Probabilistic methods (Marcin
Kaminski, Univ. Lodz, Poland))

Yin, Qi (qi.yin@utc.fr), Laboratoire Roberval, Centre de Recherches de Royallieu, Université de Technologie de Compiègne, France
Druesne, Frédéric (frederic.druesne@utc.fr), Laboratoire Roberval, Centre de Recherches de Royallieu, Université de Technologie de Compiègne, France
Lardeur, Pascal (pascal.lardeur@utc.fr), Laboratoire Roberval, Centre de Recherches de Royallieu, Université de Technologie de Compiègne, France 

In this paper, the Certain Generalized Stresses Method (CGSM) is developed for probabilistic analysis of laminated composite structures modeled by finite
elements. The material properties are considered as random parameters and are represented by random fields. A random field is discretized by the
Karhunen-Loève expansion and two approaches are used: the midpoint method and the local average method. The CGSM is based on the assumption
that the generalized stresses are stable even with the presence of uncertain parameters. An explicit expression of the displacement at a point is obtained
by using Castigliano's theorem. The mean value, the standard deviation and the distribution of the displacement can be evaluated by a Monte Carlo (MC)
Simulation using this expression. For calculating the variability of a displacement, only two nominal finite element analyses with the standard finite element
software Abaqus are required, then a post-processing stage is performed. In addition to the displacements, the variability of strains, stresses and failure
criteria can also be evaluated. Two examples, a two-layer bending plate and an eight-layer bending plate, are studied. The results are compared with
those obtained by the direct MC Simulation, considered as a reference, and those presented in the literature. The comparison shows that the CGSM + MC
approach provides quite accurate results and highlights the high computational efficiency of the method proposed.

8284 | 2 AND 3D PROBABILISTIC HOMOGENIZATION OF THE CARBON FIBER-REINFORCED POLYMERS (34. Probabilistic
methods (Marcin Kaminski, Univ. Lodz, Poland))

Kaminski, Marcin (Marcin.Kaminski@p.lodz.pl), Technical University of Lodz, Poland
Pawlak, Anna (a.pawlak@o2.pl), Technical University of Lodz , Poland 

The main aim of this paper is determination of basic probabilistic characteristics of the homogenized elastic properties [1] for the perfectly periodic carbon
fiber reinforced polymers. The homogenization problem, solved thanks to the Stochastic Finite Element Method implemented according to the stochastic
perturbation technique, is related to the cubic Representative Volume Element (RVE) as well as to its 2D counterpart, where the plane perpendicular to
the fiber direction is considered. The 3D homogenization scheme is based on numerical determination of the strain energy of the CFRP Representative
Volume Element under uniaxial and biaxial constant deformations and a comparison to the homogenized RVE and this is done thanks to an application of
the FEM system ABAQUS with its 8-noded brick solid finite elements [3]. The entire series of the solutions are numerically available in the FEM context
because of an application of the Response Function Method (RFM) [2], where polynomial approximations of the homogenized tensor components in
addition to randomized material parameters of the CFRM composite are recovered in the system MAPLE thanks to the Weighted Least Squares Method
scheme. Alternatively, the 2D simulation is based on the stress averaging over the RVE that result from its static equilibrium under periodicity conditions
on the outer edges of the CFRP cell and specific stress boundary conditions at the carbon fiber – polymer matrix interface. Once more, the RFM is applied
to determine the additional polynomial representations of the effective elasticity tensor in 2D model with respect to random Young moduli and Poisson
ratios of both CFRP components. It is necessary to mention that all these material characteristics of the CFRP are assumed as Gaussian with the given
expectations and some intervals of the admissible stochastic fluctuations (coefficients of variation smaller or equal than 0.20 each time). We investigate
numerically (1) if the resulting homogenized characteristics are also Gaussian and (2) if both homogenization methods return the same results in the
context of probabilistic analysis. We determine expected values, coefficients of variation, skewness and kurtosis for all available components of the
effective elasticity tensor in 2 and 3D homogenization problems – all as the functions of the coefficient of random dispersion for the input random
parameter. It needs to be underlined that the correlation effect for various material parameters can be taken into account also but the lack of the additional
experimental data lead to the lack of these cross-correlations in our model. Probabilistic method engaged to this computation is dual – contains both the
generalized stochastic perturbation technique of the tenth order as well as semi-analytical technique implemented in the symbolic computer program and
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consisting in direct determination of probabilistic characteristics from their integral definitions. Further SFEM computational studies will concern stochastic
ageing influence of both components (especially for the polymers) on the effective parameters of the CFRP composites and also numerical simulation of
the stocahstic interface defects on probabilistic homogenized characteristics of such composites. 
References 
[1] M. Kamiński, Computational Mechanics of Composite Materials. Sensitivity, Randomness and Multiscale Behaviour, Springer Verlag, 2005, London–
New York.
[2] M. Kamiński, The Stochastic Perturbation Technique for Computational Mechanics, Wiley, Chichester, 2013. 
[3] M. Kamiński, A. Pawlak, Sensitivity and uncertainty in homogenization of the CFRP composites via the Response Function Method. Composite
Structures, 118: 342-350, 2014. 

8547 | On the efficiency of fibrous reinforcement as a function of matrix crack density (34. Probabilistic methods (Marcin
Kaminski, Univ. Lodz, Poland))

Rypl, Rostislav (rypl.r@fce.vutbr.cz), Inst. of Structural Mechanics, Czech Republic
Chudoba, Rostislav (rostislav.chudoba@rwth-aachen.de), Inst. of Structural Concrete, Germany
Vořechovský, Miroslav (vorechovsky.m@fce.vutbr.cz), Inst. of Structural Mechanics, Czech Republic 

Recently, a connection between the tensile strength of brittle matrix composites and crack density (or crack spacing) has been discovered Rypl et al.
(2013). In particular, significant increase in reinforcement efficiency (up to 100%) has been experimentally measured in tensile tests with textile reinforced
concrete. Such a high value indicates that this effect has to be taken into account in structural design.
The present paper provides the theoretical background for this phenomenon and explains it by employing a multiscale semi-analytical model of a crack
bridge with multivariate random parameters. We show that the increase in strength depends on the level of heterogeneity of the fibrous reinforcement. In
general, the reinforcement heterogeneity can be caused by randomness in fiber stiffness, fiber geometry, bond strength or by the use of hybrid
reinforcement. Since these causes occur rather frequently in practice, the model is applicable to a large class of composite materials.
Knowing that the crack spacing of brittle matrices can be controlled by the reinforcement ratio, the matrix tensile strength, the addition of particles etc., a
quantified dependency of the reinforcement efficiency on the crack spacing provides the engineers with an additional control parameter for material design
and optimization.
In order to validate the model, we use experimental data published in Rypl et al. (2013) and employ a calibration-validation procedure. Tests with three
levels of reinforcement ratio are available so that the model is calibrated using a particular reinforcement ratio and predictions made for the other two
configurations are validated.

9142 | A Diffuse Approximation model for stochastic free vibration analysis of laminated composites (34. Probabilistic
methods (Marcin Kaminski, Univ. Lodz, Poland))

Haeri, Ali and Fadaee Mohammadjavad (alihaeri92@eng.uk.ac.ir), Shahid Bahonar University of Kerman, Iran, Iran 

This paper addresses the effect of random variations of basic input parameters on composite laminated shell’s natural frequencies. Material and
geometric properties such as longitudinal and transverse elastic modulus, longitudinal and transverse shear modulus, Poisson’s ratios, mass density and
ply-orientation angle are considered as stochastic input variables. A variant of Latin Hypercube Sampling combined with Diffuse Approximation is adopted
to reduce the sampling size and computational cost. The finite element method is applied to represent the mechanical model of laminated composite
shells. Output is considered as the frequency domain composed of first three natural frequencies. Statistical analyses are carried out to indicate the
results of proposed method. Furthermore, the proposed method is compared with a benchmark problem and its accuracy is confirmed through
convergence studies and error analysis. 

Keywords: Laminated composites, Free Vibration, Stochastic analysis, Diffuse Approximation

7518 | Study on Behavior of Compresive Deformation and Failure of Mo Fibres Reinforced TiAl Based Composites (35.
Fibre metal laminates and composites)

Sun, Dongli (sundl1958@hit.edu.cn), Harbin Institute of Technology, China
Wang, D Q (wangdaqun@hit.edu.cn), Harbin Institute of Technology, China
Wang, Q (wqhit@hit.edu.cn), Harbin Institute of Technology, China 

The effect of temperature and loading direction on the behaviors of compress deformation and failure and the properties of Mof/TiAl composites were
studied. It showed that the yield strength of composites reinforced by unidirectional fibers in longitudinal direction was superior to that in normal direction,
and that the yield strength of composites reinforced by unidirectional fibers in normal direction was close to that of composites reinforced by orthogonal
fibers. The compressive yield strength of composites decreased with the increase of temperature. In addition, there was a long steady-state flow stage in
the composite compressed at high temperature, and the flow stress-strain curves moved down with the increment of temperature. The samples cracked at
the Mo/δ interface along the axial direction of fibers under the compression in longitudinal direction, however, the fibers in the composite did not fracture
and were bended only. The matrix fractured in shearing mode in the direction of maximum shear stress, and the crack deflected as meeting the fibers and
then propagated along the Mo/δ interface, as a result, the interface was debonded. While compressing in the normal direction, the composites reinforced
by unidirectional fibers and those reinforced by orthogonal fibers both occurred shear failure in the direction which is with the axial angle of 45 degrees.

7519 | Deformation and fracture behavior of Mof/TiAl composites under uniaxial tensile loading (35. Fibre metal laminates
and composites)

Wang, Qing (wqhit@hit.edu.cn), Harbin Institute of Technology, China
Wang, D Q (wangdaqun@hit.edu.cn), Harbin Institute of Technology, China
Sun, Dongli (sundl1958@hit.edu.cn), Harbin Institute of Technology, China 

The Mo reinforced fiber preforms were prepared by powder slurry casting and Mof/TiAl composites were fabricated by vacuum hot pressing. The interface
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structure of composites and the behaviors of deformation and fracture were studied. The tensile deformation and fracture process and mechanism were
analyzed based on. The results showed that the deformation and fracture process of composites can be divided into three stages under the longitudinal
direction tension. In the first stage, the deformation of the whole composites came from the jointly elastic deformation of the matrix and fibers thus they
carried the load together; in the second stage, when the load increased to the breaking strength of the matrix, lots of microcracks initiated and propagated
within the scope of the entire length of the samples, and finally the quantity of the cracks reached saturation with the increasing of the load�in this stage,
the load carried by the matrix decreased gradually while fibers increased slowly; in the third stage, the fibers carried the load alone. The load-bearing of
composites reached maximum after the necking of fibers. Then the fibers initiated cracks in the necking place which resulted in the bearing capacity of
composites falling sharply. After the fibers broke and uprooted from matrix, composites were completely fractured. The tensile fracture surface showed
that the intergranular and transgranular mixed fracture mode occurred in the composite.

7675 | Experimental versus analytical-numerical study of buckling and postbuckling of open cross section FML profiles
(35. Fibre metal laminates and composites)

Mania, R.J. (Radoslaw.Mania@p.lodz.pl), Lodz University of Technology, Poland 

The literature research confirmed the lack of works devoted to buckling and post-buckling analysis of Fiber Metal Laminates thin-walled profiles. There is a
relatively large number of publications devoted to material properties and post impact behavior of FML members but only a few works deal with buckling
problems. The increasing area of FML structure applications what includes thin-walled profiles as load carrying members and stiffeners, focuses the
research interest on the stability of this structures. In many practice applications of these elements the stability resistance decides on the load capacity
more than their strength. Laboratory experiment seemed to be the best way of investigation of thin-walled structure behavior which has given additionally
the opportunity to validation of analytical and numerical tools and further development of modeling and computation of FML structures.
In modern engineering applications one can find FML profiles as stiffeners or stringers of open cross section shape. Therefore, it was decided to perform
the research of complex panels of flat walls as the channel section, Z-section or hat profiles are. For investigations devoted to buckling and nonlinear
post-buckling behavior of indicated structures three approaches were employed. For comparison reason the FML profiles were tested in the laboratory,
modeled and computed with application of finite element method and finally assessed according to asymptotic Koiter’s theory with application of own
procedure and software. Within the theoretical approaches two composite plate theories were employed and compared i.e. classical laminate plate theory
and first order shear deformation theory. In laboratory tests the strain gauge technique and laser displacement measurement were exploited. 
Among the performed laboratory tests and numerical and theoretical analysis there were some chosen parameters investigated. It was: number of
composite layers in FML stack, composite layers mutual orientation, imperfection sensitiveness, component material properties and the profile shape
itself. Analyzed open cross section profiles were subjected to axial compression load where the simply support constrains were assumed on the loaded
profile edges. In all methods applied there were critical loads determined as well as a post-buckling equilibrium path.
Presented experimental studies allowed for verification of applied computational methods – in particular in the frame of constitutive modeling. The
credibility of computational techniques in application for thin-walled structures is especially important in the case when these members are used in the
constructions of high security regime.

7703 | On suppressing the indentation failure of glass-epoxy cross ply laminates by elasto-plastic interleaves (35. Fibre
metal laminates and composites)

Periyasamy, Manikandan (manikand003@e.ntu.edu.sg), Nanyang Technological University, Singapore
Gin Boay, Chai (mgbchai@pmail.ntu.edu.sg), Nanyang Technological University, Singapore 

Title: On suppressing the indentation failure of glass-epoxy cross ply laminates by elasto-plastic interleaves

The present article primarily focus on indentation response of hybrid cross ply glass fibre reinforced composite laminate. In the physical context of normal
localized transverse loading like indentation and impact, the local stress concentration arising due to the elastic mismatch of differentially oriented
adjacent unidirectional plies was believed to be the major triggering factor for severe resultant damage in conventional composite. During indentation load,
matrix cracks are originated at the loci of maximum tensile stress developed perpendicular to the fibres and these multitude tiny cracks are continue to
progress towards the interlaminar region and finally causes delamination.

From the lessons of fibre metal laminates (FML), a class of hybrid interply metal bonded composite laminate; the enhancement in impact resistance was
known mainly attributed by the plastic deformation of metal layer. Besides, it was well-known that the plastic yielding can smooth the stress concentrated
regions by redistributing the loads. The present article has been stepped off from this base to incorporate plastic interleaves to the composite laminates to
investigate the influence of final indentation failure. Keeping the overall laminate thickness as constant, case studies based on different volume fraction of
plastic interleaves and distinct stacking sequence are performed in order to attenuate the indentation failure more effectively. Furthermore, a contribution
of each layer to energy absorption has been quantified through virtual indentation experiments using ABAQUS FE platform. The obtained results reveal
the plastic deformation of interleaves would weaken the interlaminar stress concentration and thereby delay the indentation failure of composites. Also,
compared to agglomerated stacking sequence, the performance of distributed stack laminate is substantially enhanced.

Keywords: Hybrid composites, Indentation, Fibre metal laminate, Finite element simulation.
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Due to their specific characteristics and their great structural variety fibre and fabric semi-finished products with thermosetting and thermoplastic matrices
are indispensable in lightweight construction. In addition to the good lightweight properties, many applications require additional defined properties, such
as ductility, impact and crash behaviour, damping properties and burn-through properties. To fulfil these sometimes contradictory demands fibre-reinforced
plastics (FRP) are combined with metals to create so called hybrid laminates (HL). Previous research projects regarding HL´s mainly dealt with
thermosetting plastics as matrix material.
A new approach is the use of thermoplastic components. The different profiles regarding properties could fulfil new requirements, even economic ones.
Having said that the suitability for mass production as well as the formability need to be mentioned in particular. In addition to the metal layers the
thermoplastic matrix allows for a moulding in a hot state and thus provides a certain freedom of designing the laminates. They also provide good damping
properties combined with excellent mechanical properties.
The production of hybrid thermoplastic laminates is characterised by a great freedom in regards to the design. The resulting property profiles allow for an
exploitation of different areas of application. Varying factors are for example the materials used, which allow a variation of the metallic component, the
fibre type as well as the thermoplastics. The number of layers and their thicknesses can be adjusted, which also determines the metal volume content. In
addition to the previously mentioned there are a lot of other adjusting parameters. The result is that every hybrid laminate in each structure has its own
very specific properties. The article sets out to determine the general influences of individual factors and assess them. This allows a reduction of
development steps for future cases of utilisation by developing an application oriented design.

7906 | Intrinsic Manufacturing of Metal-FRP-Hybrid Structural Automotive Components by Resin Transfer Moulding (35.
Fibre metal laminates and composites)

Wang, Zheng (zheng.wang@uni-paderborn.de), Chair for Automotive Lightweight Construction (LiA), University of Paderborn, Germany
Lauter, Christian (christian.lauter@uni-paderborn.de), Chair for Automotive Lightweight Construction (LiA), University of Paderborn, Germany
Sanitther, Bamned (bamned.sanitther@uni-paderborn.de), Chair for Automotive Lightweight Construction (LiA), University of Paderborn, Germany
Frantz, Meike (meike.frantz@uni-paderborn.de), Chair for Automotive Lightweight Construction (LiA), University of Paderborn, Germany
Troester, Thomas (thomas.troester@uni-paderborn.de), Chair for Automotive Lightweight Construction (LiA), University of Paderborn, Germany 

Keywords: Automotive lightweight construction, Hybrid material, Multi material design, FRP, Fibre reinforced plastic, Resin Transfer Moulding.

The sparing use of resources and the avoidance of pollution emissions are globally recognized tasks of the international community. In this context,
especially the development of lightweight concepts becomes important. In the automotive sector hybrid systems contribute to reduce the weight of
structural components. In this case different materials are combined to a single part in order to allow a symbiotically usage of the specific advantages of
each material. The manufacturing of high-strength multi-material structural parts, which are consisting of metal blanks and local fibre reinforced plastic
(FRP) patches in highly loaded areas of highest stress, is a promising approach. Hybrid systems can offer a large weight saving potential, if technological,
mechanical and economical aspects are considered.The wall thickness of the metallic component can be reduced by using this load-adapted structure, so
that the parts can be up to 35% lighter than mere steel approaches (Lauter, 2012). As further advantage the costs of hybrid structures can be effectively
reduced due to the limited usage of high-priced carbon fibre reinforced plastic (CFRP). For example, they can be manufactured in large volumes by using
the resin transfer moulding (RTM) process.
The research focuses at the Chair for Automotive Lightweight Construction (LiA) at the University of Paderborn include high-performance materials for the
use in automobiles and new manufacturing processes for lightweight structures. One important research field is the investigation of hybrid materials and
their processing. Until now it is not possible to produce hybrid components directly with a conventional RTM process. The single-components have to be
manufactured and then assembled. In addition to the process-related disadvantages this leads to coercible adding weight into the structural components.
To make hybrid components attractive and available for automotive mass production a fundamental knowledge is required, for example approaches for
reducing cycle times or eliminating additional assembly processes. 
This paper will show basic technological investigations in the field of the direct manufacturing of hybrid materials and structures by RTM-technology. This
means, a one-step production without additional assembly processes can reduce time and costs significantly. In this process, a resin system is injected
into a dry textile preform on a sheet metal surface. In this paper the following tasks will be discussed. First, possible applications of an intrinsic hybrid
component in the automotive sector will be confirmed. Depending on the application, specific requirements on the process and the structural components
will be made. Second, research results regarding tool design, process parameters, for example the curing temperatures, cycle times and process
pressures will be illustrated and discussed. Possible influences of variable process parameters on the bond strength of adhesive connections will be
investigated by tensile tests. In addition, sealing concepts and the bonding between sheet metal and FRP especially regarding the boundary layer will be
investigated in the context of the production technology. Finally, detailed concepts for high-volume processing of structural automotive components made
of hybrid systems will be discussed.

REFERENCES
Lauter, C.; Tröster, T.; Hochschulz, Influences of automotive process characteristics on hybrid structures, 17th International Conference on Composite
Structures (ICCS17), Porto (Portugal), 2012.

8088 | Closed Form Solution to Estimate the Residual Stresses and Warpage During Cure of GLARE (35. Fibre metal
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Sinke, Jos (J.sinke@tudelft.nl), Delft University of Technology, Netherlands
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Although, extended work is done on design aspects in recent years, the effects of manufacturing processes on Fibre metal laminates (FMLs) are not yet
studied in detail. Integrated fuselage panels made of FMLs encounter deviations in shape and residual stresses after cure and post-cure processes. The
shape deviations need to be compensated during assembly and the residual stresses produced in manufacturing and assembly reduce the mechanical
performance regarding the load capacity, fatigue, residual strength and damage tolerance of the component. A predictive model is needed to adapt the
mould to produce accurate integrated panels from glass fibre reinforced aluminium laminates (GLARE).
In the first phase, primary modelling and experiments on FMLs with non-symmetric lay-up of prepreg layers were performed from which the results are
already published in previous papers [1, 2]. The research methodology was also presented in ECCM16 [3]. 
For the purpose of predicting the residual stresses after cure cycles of GLARE panels, the material properties of the constituents were needed to be
determined. Some material characterization procedures have already been followed. Thermo-Mechanical Analysis (TMA) is carried out on the epoxy
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material (FM-94) and time/temperature dependency of the stiffness parameters are determined using Dynamic-Mechanical Analysis (DMA). Accordingly,
the thermo-elastic and thermo-viscoelastic response of the polymeric part of GLARE was determined.
During cool down process in composite laminates, contraction or shrinkage occurs in all constituents of the material. The time-temperature dependent
response of the prepreg layer can be used in the analysis of residual stresses during the cool-down part of the cure cycle and in the prediction of the
material responses in other applications and/or thermal and aging environments.
Besides the major part of residual stresses that are produced during the cooling part of the cure cycle, residual stresses are developed during cure (before
cool-down) due to the “curing effects” including:
- Evolution (increase) of the epoxy stiffness with degree of cure
- Cure (chemical) shrinkage of the epoxy that in the fibre direction is restrained by the fibres but it will produce strains in the directions normal to the fibres
The focus of this paper is the solution to estimate the residual stresses and distortion during cure of FMLs considering the above mentioned curing effects.
Modelling is based on Classical Laminate Theory incorporating the effects from the whole cure cycle including curing and cool-down parts. The evolution
of the prepreg properties and also the developing cure shrinkage are considered in the equations during cure of GLARE. The stiffness of the prepreg
layers is presented as a function of degree of cure. As a result, development of residuals stresses during cure and the curvature of non-symmetric panels
after the polymer cure are predicted within a closed form solution of governing equations. Results are formulated for both free curing (without mould) and
constrained curing in a vacuum bag on a mould in an autoclave. The analysis presented in this paper is a novel approach on FMLs which can be
extended to any composite laminate. The final curvature of some non-symmetric panels are calculated. The accuracy of the model predictions are shown
by comparing them to the experimental measurements.
REFERENCES
1. Abouhamzeh M, Sinke J, Benedictus R. On the prediction of cure-induced shape deviations in fiber metal laminates. Journal of Composite Materials.
2014; In press.
2. Abouhamzeh M, Sinke J, Benedictus R. Investigation of curing effects on distortion and residual stresses of fibre metal laminates. Composite
Structures. 2014;Under Review.
3. Abouhamzeh M, Sinke J, Benedictus R. On the investigation of residual stress and shape deviation development in manufacturing of GLARE.
ECCM16-16th European Conference on Composite Materials. Seville, Spain22-26 June 2014.

8786 | Study On Effect of Anodizing on Interfacial Properties of Aluminum-Carbon Fiber Laminated Composites (35. Fibre
metal laminates and composites)

A.Marzuki, Haslan F. (haslan@sirim.my), SIRIM Berhad, Malaysia
Mohamad, Mawarni (mawarni@sirim.my), SIRIM Berhad, Malaysia
E.Ubaidillah, Engku A. (hilmi@sirim.my), SIRIM Berhad, Malaysia
Nordin, Mohd N. (nashaain@sirim.my), SIRIM Berhad, Malaysia
Z.Abidin, Mohd F. (fadzlee@sirim.my), SIRIM Berhad, Malaysia
Jaafar, Mariatti (mariatti@usm.my), Universiti Sains Malaysia, Malaysia 

Fiber Metal laminates, (FMLs) is a combination of metal with fiber and polymeric resin laminates. Aluminum-Carbon fiber laminated composite is one of
the FMLs composites that preferably to be applied in engineering fields due to its dimension stability and properties consistency. However, if the aluminum
is not well-treated, a corrosion event may occur on the interfacial region when exposing the FMLs to humid environment due to electrode potential
between the two materials. Besides, the applied treatment may also improve the interfacial strength of the laminated composite to perform an efficient
load-transfer mechanism on the laminate systems. In this research, an anodizing treatment was used on the aluminum surfaces to encounter the
corrosion event as well as improving the interfacial strength of the laminated composites. The laminated composites were exposed in two different
conditions which were in an extreme temperature (80 degree Celsius, 95%RH) and in a corrosive temperature (35 degree Celsius, 45%RH, 5% sodium
chloride) for 1000 hours to study the effectiveness of the anodized layer in preventing or inhibiting the corrosion event and to analyze its strength. From
the experiment done, it is observed that the interfacial region of laminates with the anodized treatment was still intact but there were major delamination
failure occurs on the laminates without the anodized treatment. Furthermore, the strength of laminates with the anodized treatment only shows a minor
decrease as in range of 10% to 15% after exposure in both environments. In comparison, the laminates without the anodized treatment show a major
decrease of strength as in the range of 45% to 60%. Therefore, it shows that the anodized layer is suitable to inhibit corrosion event that cause
delamination failure, as well as maintaining the strength of aluminum-carbon fiber laminates composite systems.

8954 | Stress intensity factor of a cylindrical interface crack in multilayered composites under torsion (35. Fibre metal
laminates and composites)

Hu, Keqiang (keqianghu@163.com), University of Alberta, Canada
Chen, Zengtao (zengtao@ualberta.ca), University of Alberta, Canada 

Cylindrical composites are a kind of functional materials widely used in engineering. The interfaces in them are key parts but at the same time weak
regions. These weak regions are generally subjected to various damages such as debonding or cracking. Therefore, fracture analysis is of great
significance for the design and optimization of these composites, and has absorbed the attention of many researchers.
In this paper we investigate the problem of a cylindrical interface crack in a multi-layered cylindrical composite of finite thickness under torsion. Fourier
transform technique and state-transfer method are applied and the mixed boundary value problem of the interface crack under torsion is reduced to
solving a Cauchy singular integral equation. The method of Lobatto-Chebyshev collocation is adopted to solve the singular integral equation numerically.
The shear stress near the crack tip has been obtained in an explicit form and the stress intensity factor is determined. The current model may be used to
deal with the case of homogeneous cylinder by setting the properties of all the layers to be the same; also this model can be applied to simulate
functionally graded cylinder.
Numerical results of the stress intensity factor are discussed to reveal the coupled effects of the geometrical and physical parameters on the interfacial
fracture behaviour. The preferred values for the thickness ratio and the stiffness ratio are obtained, which provide necessary reference to the optimal
design in engineering. 

Keywords: Cylindrical interfacial crack; multilayered composites; Fourier transform; singular integral equation.
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9224 | FEM simulation of bending aspect in Fiber Metal Laminates (35. Fibre metal laminates and composites)

Ostapiuk , M. (m.ostapiuk@pollub.pl), Lublin University of Technology, Poland
Surowska, B. (b.surowska@pollub.pl), Lublin University of Technology, Poland
Bieniaś, J. (j.bienias@pollub.pl), Lublin University of Technology, Poland
Majerski, K. (k.majerski@pollub.pl), Lublin University of Technology, Poland 

Over the last decades the development of the aviation industry has forced the significant progress in the field of modern and lightweight aircraft structures.
A big expanding range of new materials applications like polymer composites entails closer look at the failure mechanisms of these materials. One of the
newest materials with superior quality are Fiber Metal Laminates (FML). They are hybrid composite materials composed of interlacing layers of thin metal
sheets and fiber reinforced adhesives. The biggest advantage of FML materials is excellent fatigue strength and high resistance to impact loadings. FML
is still in an evaluation stage. Specific properties of Fibre Metal Laminates is determined by the type of metal alloy and composite, layer thickness, number
of layers in a laminate, and the fibre orientations. 
Generally FML’s are adhesively bonded structure. Adhesive joining is static strength which is the most frequently taken into account. This is a highly
important indicator determined values and types of loads which may be applied to the adhesive line in operation. The knowledge of problems between
components allows the engineer to design the bond appropriately and determine operating conditions, i.e. loads, where the joint will retain required
properties. Appearing failure loads are realize to be of utmost importance. The analytic methods of adhesive bonding are based on bending analysis.
Nowadays is possible to use very attractive tool like Finite element analysis (FEA), which expands the possibilities of examining materials in different
conditions. 
The aim of preliminary research was to analyse stress distribution in Fiber Metal Laminates applying Finite Element Method and the numerical tool being
ABAQUS/Standard programme. The results were verified with the results of experimental tests. 
The analysed laminates was based on 3/2 layers (3 aluminium layers and 2 glass/epoxy layers). The modelling method ensures high quantitative and
qualitative consistency with the results of simultaneously conducted test (comparing failure force values for experimental and numerical tests). It was
modelled the distribution of the Tsai-Hill’s and Hashin’s criterions. The dominant failure in structure was compression load then the fibers are interrupted.
There were no changing in aluminium layers. 
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9225 | Failure analysis of Fiber Metal Laminates after bending strength test (35. Fibre metal laminates and composites)

Surowska, B. (b.surowska@pollub.pl), Lublin University of Technology, Poland
Ostapiuk , M. (m.ostapiuk@pollub.pl), Lublin University of Technology, Poland
Bieniaś, J. (j.bienias@pollub.pl), Lublin University of Technology, Poland
Majerski, K. (k.majerski@pollub.pl), Lublin University of Technology, Poland 

Fiber Metal Laminates are a group of hybrid materials with potential use among air structures, which can replace traditional metal alloys or fiber reinforced
polymer composites. This is a fairly new group of materials over which, there are still ongoing research. Fibre Metal Laminates (FML) are consisting of
alternating layers of thin metal sheets and polymer composites. They possess superior properties of both metals and fibrous composite materials. Fibre
Metal Laminates are characterized by excellent damage tolerance: fatigue and impact and their characteristics, high strength, low density, corrosion and
fire resistance. For apply these materials not only in aerospace manufacturing it is still needed to provide some research about behavior in structure in
different conditions. For example during bending in a particular state of stress, depending on the state of the material and the bending conditions, it is
desirable to obtain complex loading conditions, thereby producing a mixed nature of damage. So the aim of the research was carried out bending strength
test on the selected hybrid FML’s based on aluminium with carbon and glass fibers reinforced epoxy composites. The laminates could be then
characterized from the standpoint of their microstructure, selected strength properties and fractographic analysis of failure. 
The results after preliminary studies have shown that the impact of surface preparation of metal layers in a fiber metal laminates has the nature of
destruction in an attempt to bend. The important factor which influence on the properties of the laminate as a whole, is to provide high adhesive properties
of the composite-metal connections. Destruction laminates indicates the complexity of the process of degradation of these materials similar to carbon and
glass/epoxy polymer composites. Orientation of reinforcing fibers have an influence on the size of the destruction of the laminate structure which may
have a decisive effect on the ability of forming laminates. In all structures, occurrence of cracks were observed in the tension zone but in the compression
zone, there were no visible damage.
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9384 | Effect of thermal cycling on the mechanical behaviors of Fibre Metal Laminate based on carbon fibre reinforced
polyimide (35. Fibre metal laminates and composites)

Hu, Yubing (huyubing@nuaa.edu.cn), College of Material Science and Technology, Nanjing University of Aeronautics and Astronautics, China
Li, Huaguan (lihuaguan@nuaa.edu.cn), College of Material Science and Technology, Nanjing University of Aeronautics and Astronautics, China
Duan, Lixiang (lixiangduan@nuaa.edu.cn), College of Material Science and Technology, Nanjing University of Aeronautics and Astronautics, China
Dai, Qiwei (694735771@qq.com), College of Material Science and Technology, Nanjing University of Aeronautics and Astronautics, China
Tao, Jie (taojie@nuaa.edu.cn), College of Material Science and Technology, Nanjing University of Aeronautics and Astronautics, China
Pan, Lei (bettypan@nuaa.edu.cn), College of Material Science and Technology, Nanjing University of Aeronautics and Astronautics, China
Xu, Jiang (nuaa335@126.com), College of Material Science and Technology, Nanjing University of Aeronautics and Astronautics, China 

Effect of thermal cycling on the mechanical characteristics of Fiber Metal Laminates (FMLs) was studied in this work. The FMLs tested in this work were
manufactured by hot press process, utilizing titanium and carbon fiber reinforce PMR polyimide. Thermal cycling treatment was conducted in compressed
air heating-cooling equipment ranged from -65 oC to 135 oC. Scanning Electron Microscope (SEM) was used to observe the cross sections of the FMLs
after thermal cycling. Tensile and interlaminar shear tests were performed on specimens after 0, 250, 500, 750 and 1000 cycles, respectively. SEM
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showed that the FMLs stay unbroken after thermal cycling. The interface of the titanium/prepreg was continuous and no visible delamination or microcrack
was observed. The results of the tensile and interlaminar shear tests did not show any significant difference among the tested specimens, indicating that
the thermal cycling did not affect the mechanical behaviors of the FMLs.

9391 | The Preparation and Properties of Novel Fiber Metal Laminates Based on Aluminum-lithium Alloy (35. Fibre metal
laminates and composites)

LI, Huaguan (lihuaguan@nuaa.edu.cn), Nanjing University of Aeronautics and Astronautics, China
XU, Yiwei (ywxu@nuaa.edu.cn), Nanjing University of Aeronautics and Astronautics, China
HU, Yubing (huyubing@nuaa.edu.cn), Nanjing University of Aeronautics and Astronautics, China
ZHENG, Xingwei (xingweizheng@aliyun.com), Shanghai Aircraft Manufacturing Company Limited, China
LIU, Hongbing (lhongbing@163.com), Shanghai Aircraft Manufacturing Company Limited, China
TAO, Jie (taojie@nuaa.edu.cn), Nanjing University of Aeronautics and Astronautics, China 

The novel fiber metal laminates (FMLs) based on aluminum-lithium alloy was prepared to improve its damage tolerance and stiffness. The aluminum-
lithium sheets were rolled to 0.3mm by cold forming, and then aged to T3 and anodized in phosphoric acid. Moreover, the novel FMLs based on
aluminum-lithium alloy, together with conventional Glare, was prepared by an optimized process. The interlaminar properties of FMLs were characterized
by floating roller and interlaminar shear methods. Meanwhile, the mechanical properties were evaluated by tensile and bending test. The fatigue crack
growth (FCG) was also investigated. The results indicated that the aluminum-lithium alloy was mainly strengthened by δ' phases at T3 state and exhibited
rough micro morphology after anodized. The novel FMLs and conventional Glare presented similar density and quite excellent interlaminar properties. But
for mechanical properties, the novel FMLs exhibited slight strength increase and obvious modulus improvement than Glare regardless of the fibers plies
and sampling direction. A better resistance to FCG of the novel FMLs was also verified.
Keywords: aluminum-lithium alloy; fiber metal laminates; Glare; preparation; properties; 

6991 | Discrete ply modelling of failure scenario of open-hole tensile test (36. Design and application of composite structure
(Bruno Castanié, Institut Clément Ader, France))

Achard Victor (victor.achard@airbus.com), Airbus France, France
Castanié Bruno (bruno.castanie@insa-toulouse.fr), Institut Clément Ader, France
Bouvet Christophe (christophe.bouvet@isae.fr), Institut Clément Ader, France
Chirol Clément (clement.chirol@airbus.com), Airbus France, France 

The Discrete Ply Modelling (DPM) method, previously applied with success to out-of-plane loading such as impact or pull-through, is used to model open
hole tensile tests. According to the literature, this kind of test is relevant to assess the efficiency of a modelling strategy. Four different stacking sequences
are
tested and the failure scenario and patterns are well predicted. The main advantages of DPM are the very small number of parameters required and the
robustness of the models. The main drawback is the computation cost.

7093 | Static and dynamic analysis of bending-torsion coupling of a CFRP sandwich beam (36. Design and application of
composite structure (Bruno Castanié, Institut Clément Ader, France))

Bernard Loic (loic.bernard@isae.fr), Institut Clément Ader, France
Michon Guilhem (guilhem.michon@isae.fr), Institut Clément Ader, France
Castanié Bruno (bruno.castanie@insa-toulouse.fr), Institut Clément Ader, France
Negre Vincent (vincent.negre@airbus.com), Airbus Helicopter, France
Reveillon Damien (damien.reveillon@airbus.com), Airbus Helicopter, France 

A new and promising way of dynamic and aerodynamic behavior optimization of an helicopter rotor blade is to introduce a coupling between bending and
torsion inside the blade. A preliminary approach with a sandwich beam has been selected in order to be able to analyze all the inducted phenomena. A
sensibility study has been performed for ply orientations on the elastic and inertia couplings terms. It appears that a maximum effect of the ply angle on
the bending-torsion elastic terms occurs approximately at an angle of 20° or 70° and can reach up to 26% of the torsional rigidity. An another solution was
found by splitting the chord length into 4 and fulfilled them with different arrangements of foams densities (65, 80, 125 and 200 kg/m3). Calculations show
that smooth graded density foam generates less angle of torsion than the presence of a brutal density gradient. The combination of the ply orientation and
density graded core together can rather improve or cancel the coupling effects. From a static point of view, two optimal configurations have been found. A
dynamic study has then been performed in order to characterize the beams presenting good interest for bending torsion coupling. This characterization is
used to study the influence of technologies on the modal frequency placement, modal deformations and frequency response functions. An
experimental/numerical comparaisonn was performed and a methodology for analysing real blades defined. 

7121 | Digital Image Correlation and Thermography analysis of notched CFRP under tension (36. Design and application of
composite structure (Bruno Castanié, Institut Clément Ader, France))

Serra Joel (joel.serra@isae.fr), Institut Clément Ader, France
Bouvet Christophe (christophe.bouvet@isae.fr), Institut Clément Ader, France
Castanié Bruno (bruno.castanie@insa-toulouse.fr), Institut Clément Ader, France
Petiot Caroline (caroline.petiot@eads.net), Airbus Group Innovation, France 

The notch studied is a “two-bay crack” which means that the notch cuts two zones of the fuselage, separated by two frames and a stiffener, through the
entire thickness. This large notch can be the result of a strong engine dysfunction. However, to simplify, in a first approach, the specimen is a flat plate
with a center notch. Similar plate with open holes are also investigated. 

A new experimental technique to identify the sequence of failure mechanism on such plates is proposed. Different techniques of damage in situ, such as
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the use of strain gauges, the infrared thermography or digital image correlation, and post-mortem monitoring, as micrographs under microscope X-ray
radiography or by C-Scan are to be used. 
A set of open-hole laminates with specimen of different diameters (6.35mm, 3.175mm and 1mm) with a constant width to diameter ratio (5) and then a set
of “structural coupons” with 30mm “U-notch”, all under uniaxial tension, have been tested. Thanks to the monitoring with the Digital Image Correlation
(DIC) combined with thermography analysis, pre-failure damage such as delamination and fiber failure have been detected and correlated with the
acoustic noise emissions and the stress/strain curves. So the failure scenario can be correctly identified for future validation of numerical analysis. 
-

7123 | Discrete Ply Modelling analysis of notched CFRP under tension (36. Design and application of composite structure (Bruno
Castanié, Institut Clément Ader, France))

Serra Joel (joel.serra@isae.fr), Institut Clément Ader, France
Bouvet Christophe (Christophe.bouvet@isae.fr), Institut Clément Ader, France
Castanié Bruno (bruno.castanie@insa-toulouse.fr), Institut Clément Ader, France
Petiot Caroline (caroline.petiot@eads.net), Airbus Group Innovation, France 

The notch studied is a “two-bay crack” which means that the notch cuts two zones of the fuselage, separated by two frames and a stiffener, through the
entire thickness. This large notch can be the result of an engine dysfunction.To begin with, the specimen is a flat plate with a center notch. Plate with open
hole are also investigated. 

The objective is to develop a finite element model to simulate the experimental tests. This model is part of a series of advances established in the ICA
(Bouvet et al., 2012), (Achard et al., 2014), highlighting an original scale model based on observed damage phenomena. This led to the development of
an original model of the laminate based on both solid and interface elements ("Discrete Ply Model"). This type of modeling has been adapted to the
particular problem of notched CFRP laminates under tension.

First, A work on the mesh generation linked to DPM specific mesh constraints has been performed to correctly represent the notch shape. A satisfactorily
correlation of the tests has been obtained. 

7126 | THE VERTEX PROJECT: COMPLEX LOADING ANALYSIS AND VALIDATION OF COMPOSITE STRUCTURES (36.
Design and application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Castanié Bruno (bruno.castanie@insa-toulouse.fr), Institut Clément Ader, France 

The VERTEX project (see http://www.institut-clement-ader.org/vertex/) is funded by ANR (French Government). The consortium includes Institut Clément
Ader, LMT Cachan, ONERA, Airbus Group Innovation, HOLO 3 and LMS Siemens. It aims to develop a new methodology for analyzing, testing and
validating composite structures. The scale of analysis is the second level of the pyramid of tests with specimens of 400 x400 mm2. The choice of this
scale allows a unique positioning for investigating structural details and a wide range of fundamental problems. Moreover, the peculiarity of VERTEX is to
propose a method of analysis or validation by static tests under complex loading (tension / compression / shear /internal pressure) that involves an
experimental and theoretical dialogue between scales. The methodology will allow an improved and extended testing / calculation dialogue which is a
mandatory step towards the Virtual Testing. These two issues are major issues of competitiveness that will enable significant and reduced economic gains
and security design cycles for any composite structure of new generation. This methodology will also have the ability to discriminate the predictive nature
of the different approaches in the literature. Because of its universal nature, using instrumented test will allow industry and the scientific community to
validate composites research or technology at reasonable costs in view of the limited size of the specimens. 

7188 | BEARING RESPONSE OF CFRPs : COMPARATIVE STUDY OF WOVEN AND UD FABRIC QUASI ISOTROPIC
LAMINATES UNDER STATIC AND FATIGUE LOADS (36. Design and application of composite structure (Bruno Castanié, Institut
Clément Ader, France))

Sola Cyril (cyril.sola@airbus.com), Airbus Helicopter, France
Laurent Michel (laurent.michel@isae.fr), Institut Clément Ader, France
Lachaud Frédéric (frederic.lachaud@isae.fr), Institut Clément Ader, France
Castanié Bruno (bruno.castanie@insa-toulouse.fr), Institut Clément Ader, France
Delabie Arnaud (arnaud.delabie@airbus.com), Airbus Helicopter, France
Mermoz Emmanuel (emmanuel.mermoz@airbus.com), Airbus Helicopter, France 

Minimizing fuel consumption and increasing payloads is the constant design driver of all helicopters. CFRPs, with their exceptional mechanical properties,
could be used to produce hybrid drive system components, hence involving metal-composite joints.
Pin contact bearing tests are used in this research to evaluate the loss of stiffness and strength of such hybrid design . Tests under high cycle fatigue, at
room and high temperature, under low and high frequency are to be conducted. Both woven and UD fabric quasi-isotropic laminates are studied, so as to
have insight into the strengths and weaknesses of these two types of materials. The first experimental results (static) show that, at room temperature,
three main behaviors can be observed. The bearing failure can be defined as the sudden drop in stiffness resulting from the compressive failure of the
load-aligned fibres. Stopped tests were conducted and tomography analysis are performed. Fatigue test results at ambient temperature will also be
presented.

7774 | Flexible cell culture device made of organically modified montmorillonite (OMMT) reinforced silicone rubber
composites (36. Design and application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Han, Min-Gu (loded@hanmail.net), Chung-Ang University, Korea, South
Jung, Kyung-Chae (kongche1@naver.com), Chung-Ang University, Korea, South
Bae, Ji-Hun (ghunb16@gmail.com), Chung-Ang University, Korea, South
Chang, Seung-Hwan (phigs4@cau.ac.kr), Chung-Ang University, Korea, South 
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In the process of tissue differentiation, mechanical stimulus imposed on cells or tissues is the key factor to determine the speed and tissue phenotype.
The type and magnitude of mechanical stimulus can control the developing pathway of tissues. The relationship between mechanical stimulus and tissue
differentiation is well organized and utilized for various purposes. The aim of this study is to design and fabricate a new type cell culture device which
works in-vitro environment and gives tissues appropriate mechanical stimuli for effective and desirable tissue differentiation. To achieve human body
environments with large deformation electroactive polymers (EAPs) such as silicone rubber were used for the driving part of a cell culture device. EAPs
are a sort of smart materials which react electrical energy with large deformation and vice versa. To enhance the mechanical performance of EAP cell
culture device under the simulated human body environment 5wt% of organically modified montmorillonite (OMMT) was added to the silicone matrix. For
large deformation and various types of mechanical stimuli, EAPs need a special electrode with flexible and low electric resistance. Polymer based
electrode PEDOT:PSS with alcohol sugar (Xylitol) and other additives was used to fabricate flexible electrode. The weight ratios of Xylitol and additives
were controlled and resistance of the electrode according to those ratios was measured and the optimal composition was found. To give various
mechanical stimuli corrugated shape of silicone film was prepared and the deformation pattern was observed after imposing high level of voltages.
Moreover, various patterns of electrodes were tried to get most appropriate deformation of the cell culture device.

7780 | A study of the composite conductive materials for a bipolar plate (36. Design and application of composite structure
(Bruno Castanié, Institut Clément Ader, France))

Liu, Fwu-Hsing (fhliu@mail.lhu.edu.tw), Department of Mechanical Engineering, Lunghwa University of Sci. and Tech., Taiwan 

This paper reports the composite conductive materials used in a bipolar plate of fuel cell by using an extrusive-compressive forming method. The
composite conductive materials formed by a 22.5 wt.% of carbon black, 52.5 wt.% of graphite, and 25 wt.% of polypropylene (PP) have a low specific
weight, low cost, and high electric conductivity. It can be formed in particle shape after the kneading and extrusion procedure to increase the density of the
composite materials. The results show that the composite conductive materials have a bending strength of 20.5 Mpa, a surface conductivity of 138 S/cm2,
and a melting index of 1.92 g/min. The experimental results confirmed that the composite conductive materials can be applied to manufacturing a bipolar
plate of fuel cell.

7808 | Preparation of Al2O3/CaAl12O19/ZrO2 composite ceramic material by the hydration and sintering of
Ca7ZrAl6O18-reactive alumina mixture (36. Design and application of composite structure (Bruno Castanié, Institut Clément Ader,
France))

Madej, Dominika (dmadej@agh.edu.pl), AGH University of Science and Technology, Faculty of Materials Science and Ceramics, al. A. Mickiewicza 30,
30-059 Krakow, Poland, Poland
Szczerba, Jacek (jszczerb@agh.edu.pl), AGH University of Science and Technology, Faculty of Materials Science and Ceramics, al. A. Mickiewicza 30,
30-059 Krakow, Poland, Poland 

A ceramic material of composition belonging to the Al2O3-CaAl12O19-ZrO2 compatibility field was obtained as a result of hydration and sintering of the
mixture of Al2O3 and Ca7ZrAl6O18 powders. The hydrated Al2O3-Ca7ZrAl6O18 mixture products were studied by XRD, DTA-TG-EGA and FT-IR after 14
days of curing and hydration at 50°C. C3AH6, Al(OH)3 and CaZrO3 compounds were formed upon hydration. CaZrO3 and the lime-rich calcium
aluminates formed as transient phases during hydration and dehydration processes were converted to CA6 and ZrO2 in the presence of an excess of
Al2O3 during sintering at 1500°C. The Al2O3-based dense refractory composite material was investigated by XRD, FT-IR, SEM-EDS and mercury
porosimetry. The sintered ceramic microstructure consists of a homogeneous distribution of zirconia grains in an alumina matrix reinforced with the
calcium hexaaluminate phase. The presence of Al2O3, CaAl12O19 and ZrO2 in the synthesized material was confirmed by XRD and FT-IR techniques.
By applying the mercury intrusion porosimetry technique, the heterogeneous pore size distribution of the refractory composite material was determined. 
Characterization of the reaction in the Al2O3-Ca7ZrAl6O18-H2O system, its dehydration behavior and phase changes are important from the point of view
of possible application of Ca7ZrAl6O18 in high alumina refractory castables technology.

This work is supported by the grant no INNOTECH-K2/IN2/16/181920/NCBR/13 of the National Centre for Research and Development.

7898 | Benefit of a Damage Tolerant Design consideration and the role of SHM in the Structural Analysis of a Large Civil
Aircraft Spoiler (36. Design and application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Karna, Nitesh K. (nitesh_kumar.karna@jku.at), Institute of Constructional Lightweight Design, Johannes Kepler University Linz, Altenberger Straße 69,
4040 Linz, Austria: Christian Doppler Laboratory for Structural Strength Control of Lightweight Constructions, Johannes Kepler University Linz,
Altenberger Straße 69, 4040 Linz, Austria, Austria
Viechtbauer, Christoph (christoph.viechtbauer@jku.at), Institute of Constructional Lightweight Design, Johannes Kepler University Linz, Altenberger
Straße 69, 4040 Linz, Austria: Christian Doppler Laboratory for Structural Strength Control of Lightweight Constructions, Johannes Kepler University Linz,
Altenberger Straße 69, 4040 Linz, Austria, Austria
Schagerl, Martin (martin.schagerl@jku.at), Institute of Constructional Lightweight Design, Johannes Kepler University Linz, Altenberger Straße 69, 4040
Linz, Austria: Christian Doppler Laboratory for Structural Strength Control of Lightweight Constructions, Johannes Kepler University Linz, Altenberger
Straße 69, 4040 Linz, Austria, Austria 

The spoilers in the several large civil aircrafts are used as lift dumper, control the roll moment and bring the aircraft to halt by breaking the airflow over the
wing during landing. In this study, the spoiler of Airbus A340/A330 is used as a case example which is made of carbon fibre reinforced composite material,
instead of the traditionally used metallic materials. The spoiler is a sandwich design lightweight structure which consists of laminated upper and lower skin
and honeycomb core between them. They are attached to the wing by hinges and actuator bearing which forces the spoiler into the airflow at desired
angle. These type of lightweight structures design require the suffice knowledge of loads acting on them, the stresses and strains and the possible
damages that may occur during its operation. The current design approach for such structures is Safe-Life design approach where the damage growth in
the structures is not considered. However, this type of design concept limits the applicability of composite structures, since they have high residual
strength and tend to exhibit good fatigue resistance as compared to metallic structures. That is why, this article presents the damage tolerant design
approach for the considered spoiler where it is assumed that the damage may always be present in the structure and needs to be taken into account in
design. Therefore, critical loads acting on the spoilers are obtained by performing static analysis on the finite element model at retracted as well as
extended position. Furthermore, understanding and predicting the behaviour of damaged structure during the structural analysis is the key aspect of
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damage tolerant design, so that the identification, assessment and repair of the damage in the structure can be carried out, supported by the static
analysis. For this purpose, an appropriate structural health monitoring method is selected to evaluate the structural changes (e.g. strain developing in the
structure, structural impedance or temperature changes, etc.) on the spoiler and identify the damages respectively, based on the results of the static
analysis (e.g. optimal sensor selection, suitable measurable value and optimal sensor placement). Finally, the appropriate structural repairing technique,
such as patch repair and scarf repair, for the damages identified in the spoiler due to the existence of different types of load during its service life is
discussed.

7918 | State of the Art – Adaptive Structures, Highly Integrated Structures (36. Design and application of composite structure
(Bruno Castanié, Institut Clément Ader, France))

Univ.-Prof. Dr.-Ing. Jörg Feldhusen (feldhusen@ikt.rwth-aachen.de), Institute for Engineering Design (ikt) - RWTH Aachen University, Germany
Zhuzhell Montano (montano@ikt.rwth-aachen.de), Institute for Engineering Design (ikt) - RWTH Aachen University, Germany
Stephanie Dallmeier (dallmeier@ikt.rwth-aachen.de), Institute for Engineering Design (ikt) - RWTH Aachen University, Germany
Jonathan Schmidt (j.schmidt@ikt.rwth-aachen.de), Institute for Engineering Design (ikt) - RWTH Aachen University, Germany
Anna-Lena Beger (beger@ikt.rwth-aachen.de), Institute for Engineering Design (ikt) - RWTH Aachen University, Germany
Iliyas Raza (raza@ikt.rwth-aachen.de), Institute for Engineering Design (ikt) - RWTH Aachen University, Germany
Liliane Ngahane Nana (nana@ikt.rwth-aachen.de), Institute for Engineering Design (ikt) - RWTH Aachen University, Germany 

The reduction of weight and costs are two of the most important challenges for different branches of mechanical engineering, especially for the
automotive, aeronautical and aerospace industries. One of the major objectives for future development within these last areas is to reduce fuel
consumption. By doing this, not only will life-cycle costs be reduced, but also other negative consequences, such as high energy consumption and
environmental impact, could also be diminished. One promising solution for reaching this goal, but which has not yet really been implemented in the
industry, is the use of highly integrated light weight structures.

Highly integrated structures allow using different materials in a compliant structure in order to optimize the solution for the given requirements and thus
reduce weight.

One specific case of highly integrated structures, which represent one of the most interesting applications, is adaptive structures. These types of
structures have the capability of integrating different types of materials in the structure itself and also of integrating different functions within one structural
component. Examples of these are system functions for changing the overall shape of the structure if necessary or for control engineering purposes,
making it possible to simplify the whole system and considerably reducing weight.

The purpose of the paper will be to present an overview of the state of the art in multi-material, highly integrated structures, focusing on the advances in
adaptive aircraft structures.

7947 | Folded hierarchical sandwich structures made of self-reinforced polymers (36. Design and application of composite
structure (Bruno Castanié, Institut Clément Ader, France))

Velea, Marian N. (marian.velea@unitbv.ro), Transilvania University of Brasov, Romania
Lache, Simona (slache@unitbv.ro), Transilvania University of Brasov, Romania 

One typical way to obtain higher stiffness and strength to weight ratios within structural applications is to use sandwich structures containing lightweight
cellular cores. The latest research on improving the overall mechanical performance of sandwich structures focuses on developing novel core
configurations in order to gain a better behaviour of the core in out-of-plane compression and in-plane shear. Examples of such efforts include composite
corrugated cores [1], hierarchical corrugated cores [2-4], square honeycomb cores [5], rhombic and kagome honeycombs [6], pyramidal lattice truss cores
[7-11] and hierarchical pyramidal lattice cores [12]. Although many of these structures provide competitive weight specific stiffness and strength, they are
usually difficult and costly to manufacture. Within this study a novel 2nd order hierarchical sandwich structure and its manufacturing principle are
proposed. The whole hierarchical structure is made of a recyclable material – different forms of poly-ethylene terephthalate: poly-ethylene terephthalate
fibre reinforced poly-ethylene terephthalate (SrPET) and poly-ethylene terephthalate foam. The manufacturing path is developed such that it can be
implemented within a continuous production line. A numerical model is developed and validated experimentally in order to evaluate the mechanical
properties of the proposed structure in out-of-plane compression and in-plane shear loading conditions. Optimization techniques are implemented within
the validated numerical model in order to find out the optimal geometric parameters for specific loading conditions. 
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8064 | An investigation of the effect of silk fabric structure on the mechanical property of the insert molded FRP (36.
Design and application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Kiyoshi FUJIWARA (fujiwara.k@mazda.co.jp), Mazda Motor Corporation, Japan
Erika SUZUKI (erika-suzuki@toyugiken.co.jp), Toyugiken Co., Ltd., Japan
Tetsuo KIKUCHI (tetuo-kikuchi@toyugiken.co.jp), Toyugiken Co., Ltd., Japan
Takashi FURUKAWA (fujiwara.k@mazda.co.jp), HISHIKEN Co., Ltd., Japan
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Yuqiu YANG (amy_yuqiu_yang@dhu.edu.cn), Donghua University, China
Hiroyuki HAMADA (hhamada10294@gmail.com), Kyoto Institute of Technology, Japan 

Applications of FRP are widespread; it's used as exterior roofing material for individual resident terraces and carports, or lighting materials such as the
interior surface material for bathroom doors or room-partitioning windows. Polycarbonate, which is a type of GFRP lighting materials, has strong physical
properties but looks unpleasant, due to the visible glass pattern. In order to solve this problem we have developed a decorative molding technology using
kyo-yuzen (Kyoto-made, paste resist-dyed kimono fabric) as a reinforcing material, consisting of silk cloth used to make Japanese kimonos. By
incorporating this method fused with traditional Japanese design, the glass pattern can be utilized as a pattern in its own right. In the kimono industry,
cloth with soft and elegant textures is preferred over vivid finishing. This is expressed in the Kyoto-based Japanese word “han-nari”, which means not only
"soft and elegant", but “gorgeous”.
In this study, we have focused on the conventionally-overlooked artistic qualities of FRP. By combining superior FRP functionality produced with high
technology and the unique Japanese sense of aesthetics originating in ancient times, we developed these new concepts in FRP-applied products, then
combined them with Japanese traditional craftworks, such as kyo-yuzen. That is called “Artistic FRP”. We think that mutual support is necessary for the
progress of both science and the arts, allowing a new artistic, scientific, and technological culture to be actualized. 

At current study, 6 types of the different lamiantion structure composite were molded with 4-5 layers of glass mat fabrisc and 1 layer of silk fabric. In some
of them , gel coating was add in single or double faces of the composites. 3 point bending tests (normal bending, low/high cycle bending , crepe, after
degradtion of hot water and sunshine) and impact were carried out. In particurally, the effect of the thickness with diffrent twist of the silk fabrics on the
mechanical property of insert molded FRPs was discussed.

8065 | Robust design of composite golf shafts considering fiber orientation errors in stacking process (36. Design and
application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Hwang, Hui Yun (hyhwang@andong.ac.kr), Andong National University, Korea, South
Hwang, Sang Kyun (siriushwang@naver.com), Andong National University, Korea, South
Park, Se Gi (segi1101@naver.com), Andong National University, Korea, South
Hwang, Uh Kyun (xxzergsxx@naver.com), Andong National University, Korea, South
Kim, Kyu He (lovable614@hanmail.net), Andong National University, Korea, South 

Since golf became one of the popular sports, related industries have grown very rapidly. Performance of the golf club is dependent on the club head, shaft
and grip. Especially, The golf shaft is the important part to determine the dynamic characteristics of golf clubs. Now, laminated carbon composites are
widely used for golf shafts due to the light weight and controllable mechanical properties.
Generally, composite golf shafts consist of several materials with different orientations by sites to control the kick point and bending stiffness. Fiber
orientations might be different from the desired design during wrapping process on the tapered mandrel because layout design tends to be easy to cut the
materials without considering the mandrel shape. By using in-house material properties (which were obtained empirically), they have compensated for
designing the layout of composite golf shafts.
Therefore, we investigated the fiber orientation errors in stacking process and its effect on the dynamic performance of composite golf shafts.
We calculated the real fiber orientation of each layers of each sites in stacking process by CAD software. Then, we calculated the dynamic behaviors of
composite golf shafts with and without considering the fiber orientation errors by finite element analyses. Finally, we suggested the design method of
composite golf shafts considering fiber orientation errors with respect to the mandrel shapes.

8068 | Deep Drawing of Low Density Sandwich Laminates (36. Design and application of composite structure (Bruno Castanié,
Institut Clément Ader, France))

Harhash, Mohamed (mohamed.harhash@tu-clausthal.de), TU Clausthal, Germany
Palkowski, Heinz (heinz.palkowski@tu-clausthal.de), TU Clausthal, Germany 

Low density laminates find their applications in various fields due to the premium mechanical and physical properties such as flexural stiffness and
comparable specific strength. One of the most necessary needs is to investigate the behavior of the sandwich layers under different loading conditions.
Therefore, in this study the effect of different skin/core combinations of the deep drawability will be presented. Moreover, different setting conditions of the
laminate layers were utilized i.e. different skin sheet thickness in the same laminates with varying contact with the forming tool. One of the most interesting
points in this study is investigating the flow behavior of the core layer at different thickness combinations. The deep drawing behavior was characterized in
terms of the strain distributions especially the thickness reduction. The thickness reduction was determined using metallographical methods as well as
optical 3D forming analysis.
The results revealed a significant effect in varying the core thickness at constant skin thicknesses in terms of the thickness reduction. With increasing the
core thickness, the thickness reduction increases, too, leading to high cracking probabilities at the bottom/sidewall rounding. Moreover, the limiting draw
ratio (LDR) is negatively influenced with increasing core thickness. The core subjects to different thickness reduction profiles based on the thickness; the
thicker is the core, the lower degree of thickness reduction uniformity results. The results of the metallographical investigation were compared to the ones
of the optical forming analysis.

8116 | AlSi/SiCp+GRp hybrid composites obtained by suspension method (36. Design and application of composite structure



08/05/15 15:14Conferências 5: Book of Abstracts

Page 308 of 331http://conference.mercatura.pt/gestao4/index.php?pagina=1367&#

(Bruno Castanié, Institut Clément Ader, France))

Dyzia, Maciej (maciej.dyzia@polsl.pl), Silesian University of Technology, Poland
Dolata, Anna J. (anna.dolata@polsl.pl), Silesian University of Technology, Poland 

Composites obtained on the basis of light metal alloys are a new group of engineering materials. Applying the reinforcement in the form of particles, fibers,
or porous ceramic shapes allows to obtain materials with new properties compared to the unreinforced matrix material. Composite materials based on
aluminum alloys have a higher hardness, improved wear resistance under the conditions of friction, a low coefficient of thermal expansion while
maintaining low density of the base alloy matrix. Liquid phase technologies based on connection between the liquid metal and the reinforcing phase
allows to produce composites reinforced in both the volume and in the area of locally increased loads. 

The paper will be presented the suspension method (stir-casting) of obtaining the AlSi/SiCp+GRp. The procedure developed by the authors allows obtain
the suspension of the composite on a semi-technical scale which enable casting of more than 30 pcs. in one cycle of composite pistons for air
compressor.

Scientific work financed from funds allocated for The National Centre for Research and Development as project no. PBS1/B6/13/2012

8119 | THE SELECTION OF THE PHASE COMPOSITION OF THE COMPOSITE DESIGNATED FOR PISTONS (36. Design and
application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Dolata, Anna J. (anna.dolata@polsl.pl), Silesian University of Technology, Poland
Dyzia M. (maciej.dyzia@polsl.pl), Silesian University of Technology, Poland 

Increasingly, the composite materials of aluminium matrix alloy are applied to the production of structural components and machine parts, such as slide
bearings, brake discs, sleeves and pistons. The strong interest both in the theoretical studies and the practical use of such composite materials are result
from a number of their creative properties, which can be designed by the proper selection of reinforcing components and technological parameters. The
presence of the ceramic reinforcement (i.e: SiC, Al2O3) has a beneficial effect on the properties of matrix alloy, particularly on its hardness, wear
resistance, thermal conductivity and thermal expansion. Unfortunately, at the same time increase wear and reducing the durability of cutting tools were
observed. Therefore, most new studies focuses on the formation of structure and properties of hybrid composites. Such composites (i.e: Al/SiCp+Cp or
Al/SiCp+GRp) have a better physical, mechanical, and tribological properties than the composites which are reinforced by only one type of
reinforcements. It has been shown that graphite particles may create a protective lubricating layer between two contact surfaces during sliding. The
possibility to obtain of lubrication effect is very important and useful from the point of view of the machining of the finished composite product. Therefore
the possibility of machining the external surfaces of products produced of composite materials is the key to proper selection of the type and volume
fraction of reinforcing phases.

In the article the results of selection of the phase composition of the composite materials designated for pistons will be presented. The investigations
showed, that the correct selection of chemical and phases composition in such composite materials must take into consideration necessity to obtain both
the advantageous casting properties of composite suspensions as well as possibility of pistons machining surface.

Scientific work financed from funds allocated for The National Centre for Research and Development as project no. PBS1/B6/13/2012

8701 | Effect of Composite Structure on the Ablation Behavior of Carbon/carbon Composites Modified by [Mo-Si-C-
X(X=Al,Ti)] System (36. Design and application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Wei,Sun (sunweimse@csu.edu.cn), State Key Laboratory of Powder Metallurgy, Central South University, China
Xiang,Xiong (xiongx@csu.edu.cn), State Key Laboratory of Powder Metallurgy, Central South University, China
Zhaoke, Chen (pattenel@163.com), State Key Laboratory of Powder Metallurgy, Central South University, China
Yalei, Wang (wyl@csu.edu.cn), State Key Laboratory of Powder Metallurgy, Central South University, China
Zhenhua, Hao (8936854@qq.om), State Key Laboratory of Powder Metallurgy, Central South University, China 

The Cf reinforced carbon substrate composites (Carbon/carbon, C/C) are attractive materials for use in ultra-high temperature structural components in
aerospace vehicles. However, the C/C composites will be subjected to thermochemical ablation by oxidation and evaporation due to high temperature and
oxygen-enriched environment, and also mechanical erosion by high-pressure gas and high-velocity grains. It is the hot issues that development of
effective oxidation or ablation protection for C/C composites. For potential long time (	600s) application between 2000-2400℃, previous research
indicated that the ablation resistance of C/C composites was significantly improved by addition of Mo-Si-C-X(X=Al,Ti) system, which include high-melting-
point MoSi2, Mo(Si,Al)2, (Mo,Ti),Si2, Mo5(Si,Al)3C, SiC and so on. And many paper pay attention to the effect of phase constituent on the properties of
final composites. As reported by Yin et al., the ablation rates of C/C composites with 3D fine-woven-pierce preform were higher than those of the C/C
composites with unidirectional fiber needled preform. However, there’s little systematic work about the effect of intrinsic composite structure which are
directly related to the ablation resistance.

In this paper, we focus on the effects of composite structure on the ablation behavior of composite with Mo-Si-C-X(X=Al,Ti). Three C/C composites
modified by Mo-Si-C-X(X=Al,Ti), with different fiber architecture in performs and the same density, were prepared by chemical vapor infiltration (CVI) and
reactive melt infiltration (RMI). Sketches of the three kinds of carbon fiber architectures are fine-weave pieced perform (FWPP) in which a plurality of
layers of woven fabric were stacked parallel to X–Y plane and the resulting stack of fabric layers was pierced in the Z-direction with a plurality of rods to
provide a mutually orthogonal structure; needle integrated preform (NIP) which was fabricated by a threedimensional needling technique, starting with
repeatedly overlapping the layers of 00 non-woven fiber cloth, chopped fiber web, and 900 non-woven fiber cloth with needle-punching step by step;
chopped web needled perform (CWNP) that was randomly stacked by chopped fiber webs with needled bundles of carbon fibers.

Firstly, we study the effect of composite structure on microstructures of final composites from same infiltrating alloy, including morphologies, phase
constitute and distribution, element distribution. Especially study the interface of between carbon and heterogeneous phase. Then under the same
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ablation condition by oxy-acetylene flame, compare the ablation properties of three C/C modified Mo-Si-C-X(X=Al,Ti). Study the features of ablation
morphologies from different samples. Analyze the ablation behavior, then give the ablation mechanism. 

8705 | Development of carbon fiber/polypropylene composite bipolar plates for polymer electrolyte membrane fuel cell
(36. Design and application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Song Hee Han (sh0921@jbnu.ac.kr), Chonbuk National University, Korea, South
Seung Jin See (tltmdwls8706@jbnu.ac.kr), Chonbuk National University, Korea, South
Ha Eun Lee (gkdms5797@jbnu.ac.kr), Chonbuk National University, Korea, South
Seong Su Kim (sskim@jbnu.ac.kr), Chonbuk National University, Korea, South 

Polymer electrolyte membrane fuel cells (PEMFCs) have the potential to play a major role as energy sources for transportation and portable applications
because it features a high power density at a relatively low operating temperature. Bipolar plates are accounts for a great part in weight, volume, and cost
of PEMFC. Generally, bipolar plates need high electrical conductivity, flexural strength, gas tightness, and chemical stability. Among various materials,
carbon fiber reinforced thermoplastic composite bipolar plates have been attracted by the researchers owing to its excellent corrosion resistance, high
flexibility, and easy fabrication process. But the molten viscosity of thermoplastic resins is extremely high, which makes it difficult to impregnate
thermoplastic resin into fiber bundles. In this study, a bipolar plate for PEMFCs was fabricated by using carbon fiber/polypropylene (PP) composites.
Carbon fiber/PP prepregs were prepared by using PP sol impregnation method to improve the degree of impregnation. The interfacial contact resistance
was measured with respect to the surface treatment of the composite bipolar plates. The total resistance, flexural strength, and gas permeability were
investigated by using four point prove method, three point bending test, and unsteady-state permeability measurement method. Moreover, unit cell
performance assessment was conducted with the thermoplastic composite bipolar plates and the results were compared with the commercial bipolar
plate.

8706 | Design of the composite journal bearing for turbine/generator application (36. Design and application of composite
structure (Bruno Castanié, Institut Clément Ader, France))

Kang Yeong Choe (kychoi1077@naver.com), Chonbuk National University, Korea, South
Seong Su Kim (sskim@jbnu.ac.kr), Chonbuk National University, Korea, South 

Composite journal bearings for turbine/generator application have been increasingly employed in industry because the composite bearings can solve the
white metal’s endemic problems such as abrasive wear, wiping, tinoxide damage, cavitation erosion, and corrosion. Especially, in the oil cut situation the
white metal bearing was stopped by rotor seizure and induced serious failure on the rotor. 
In this work, two different materials, carbon/phenolic composite and carbon/epoxy composite, were used to fabricate composite journal bearings. The
tribological characteritics and interlaminar shear strength at high temperature which are required properties for the journal bearing were compared.
Nonlinear stress analysis with ABAQUS was conducted to compare the failure indexes at the composite liner and adhesive layer of each composite
journal bearings. To verify the FE-analysis results, oil cut tests of the journal bearings were performed and damges were monitored by SEM and C-scan
method. Based on the results of FEA and oil cut test, the criteria for the optimized operating condition of the composite journal bearing was suggested.

8736 | Design of Filament-wound Elbows Based on Non-geodesic Winding Patterns (36. Design and application of composite
structure (Bruno Castanié, Institut Clément Ader, France))

Zu, L (zulei@whut.edu.cn), Wuhan University of Technology, China
Wang, J (jihui_wang@yahoo.com), Wuhan University of Technology, China
Li, S (zulei83@163.com), Wuhan University of Technology, China 

More recently, filament-wound elbows have emerged as an attractive alternative to joints for piping, cylinders, pressure vessels, etc., where the
connection between two unparallel composite parts is required. It is desirable to develop an effective design method to improve structural performance
and load carrying capacity of filament-wound elbows while satisfying their windability. For winding a rotationally axisymmetric body, a reference fiber
trajectory is repeated continuously by indexing the axis of rotation, opposed to an elbow, which is an open-ended asymmetric body. In this paper two
winding methods were applied to produce filament-wound composite elbows, which are the whole application of non-geodesics, and the application of
geodesics for the torus section and non-geodesics for cylindrical end sections. The resulting winding patterns were numerically simulated using computing
language MATLAB. Tsai-Wu failure indices of the composite elbows obtained using various initial winding angles were calculated using finite element
software ANSYS and the burst pressure of the elbow was predicted. The results reveal that the whole application of non-geodesics leads to better
structural performance of the composite elbows than the partial application of non-geodesics for cylindrical end sections. The present non-geodesics-
based method provides a useful reference tool for design and production of filament-wound composite elbows.

8742 | NUMERICAL ANALYSIS OF A MASONRY PANEL REINFORCED WITH PULTRUDED GFRP PROFILES (36. Design and
application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Casalegno, Carlo (casalegno.c@gmail.com), IUAV University of Venice, Italy
Russo, Salvatore (russo@iuav.it), IUAV University of Venice, Italy
Sciarretta, Francesca (scifra@iuav.it), IUAV University of Venice, Italy 

The particular characteristics of pultruded FRP profiles, such as the reduced mass, the durability and the ease of erection makes them particularly suitable
for the use in the field of the reinforcing of traditional masonry structures, with particular regards for historical constructions in seismic areas. The structural
reinforcement of these buildings through the use of pultruded FRP profiles represents an efficient solution, not yet sufficiently explored, that allows
realizing non-invasive and reversible interventions for the improving of the structural performance with the addition of a very limited structural mass. The
paper presents a numerical study concerning a hypothesis of reinforcement of a traditional masonry building through the installation of a pultruded FRP
frame adjacent to the masonry structure and connected to it with mechanical fasteners. The behavior of the connection between pultruded FRP members
and masonry and of the pultruded frame joints is particularly investigated. The numerical analysis represents a preparative work in view of a planned
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experimental test on a masonry panel reinforced with pultruded FRP profiles.

8941 | Definition of complex mechanical testing through numerical simulations and the use of an advanced behaviour
law (36. Design and application of composite structure (Bruno Castanié, Institut Clément Ader, France))

JULIEN, Cédric (cedric.julien@onera.fr), ONERA, France
HUCHETTE, Cédric (cedric.huchette@onera.fr), ONERA, France
LAURIN, Frédéric (frederic.laurin@onera.fr), ONERA, France 

This work is part of the VERTEX project, a consortium of research laboratories (ICA, LMT, Onera) and industrials (Airbus Group Innovation, LMS
Samtech, Holo3) which purpose is to develop a novel multiscale analysis and validation method applied to relatively large specimens. The choice of this
characteristic size of specimens allows to study a whole new range of fundamental and industrial problems. This is made possible by the development of
a new bench for mechanical testing, able to submit large specimens to complex triaxial loadings. In that regard, the VERTEX project falls well within the
problematic of Virtual testing. This approach is supposed to replace the large and expensive test campaigns that the aeronautical structures have to
undergo in order to be certified, resulting in substantial economic gains for the aeronautic industry. But this goal will only be achieved if the material
models and numerical simulations are proven to be robust and predictive. The VERTEX project is aimed at providing a more accurate understanding of
the phenomena involved in the degradation of composite structures when submitted to complex loading, as well as evaluating the performance of the
material models on uncommon test cases.
In order to achieve this goal, the VERTEX project will focus on three different scientific problems. The first one consists in analysing and modelling the
phenomena involved in the propagation of large cuts in a composite plate. The second one is related to the prediction of the failure of specimens with
complex shapes (technological specimens). Finally, the third topic is focused on composite structures submitted to complex loadings, resulting in complex
failure patterns. The present work is a part of this final research axis.

Precisely, the goal of this task is to propose materials models able to describe the overall behaviour, including damage and failure, of a composite
laminated structure made of unidirectional plies. In this work, we thus propose an advanced damage model , which allows to predict (i) the non linear
behaviour of the material before the appearance of meso-damage (matrix viscoelasticity, non linear elasticity in fibre direction, …), (ii) the evolution of
matrix cracking density and the associated local microdelamination (from the tips of the cracks), and finally (iii) the final failure of the structure, caused by
a steep fall of the material properties (softening behaviour) following the failure of a single ply. This “micromechanical-based hybrid mesoscopic “ (MHM)
model is used for an approach written at the ply scale but with some micromechanical aspects introduced at the mesoscopic scale. The progressive
aspect of the laminate failure is taken into account, i.e. after the first ply failure, the mechanical properties of the failed ply are degraded progressively,
which reduces the effective stiffness of the material and leads to the overloading of the neighbouring plies, thus leading to more ply failures, and so on.

In this work, we will first present the formulation of the model, both in terms of material behaviour and of the prediction of failure. Then we will review the
process of the identification of materials parameters based on simple mechanical tests. We will show that great attention has been paid to the simplicity of
this process, in order to facilitate the implementation of this model in commercial FE software. Finally, we will show how this advanced model has been
used to define the experimental tests (type of loading, shape of the specimen, specific stacking sequences) that would exacerbate the different failure
mechanisms and exhibit the couplings between them. This test campaign is planned to be performed in order to validate the models, and/or identify their
weaknesses.

8950 | Measurement of regularised boundary conditions on a composite plate with Stereo Digital Image Correlation (36.
Design and application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Jean-Emmanuel, Pierré (jepierre@insa-toulouse.fr), Université de Toulouse, Institut Clément Ader, France
Jean-Charles, Passieux (passieux@insa-toulouse.fr), Université de Toulouse, Institut Clément Ader, France
Jean-Noël, Périé (jean-noel.perie@iut-tlse3.fr), Université de Toulouse, Institut Clément Ader, France
Florian, Bugarin (florian.bugarin@univ-tlse3.fr), Université de Toulouse, Institut Clément Ader, France
Laurent, Robert (laurent.robert@mines-albi.fr), Université de Toulouse, Institut Clément Ader, France 

This study is part of a project that aims to perform tests on composite plates of dimensions 500 x 500 mm² in order to validate damage models. This
sample size allows an original scale of structural details and allows treating fundamental problems. The drawback is that non conventional testing
resources in which instrumental ad hoc resources have to be used. In this project the boundary conditions needed by the partners in order to validate a
damage model will be given by an optical measurement method. For a plate model, boundary conditions are displacements but also rotations. A stereo
correlation method is more likely to measure the displacements of the upper skin, and the rotations are not directly estimated. For instance, the rotations
can be obtained by a posteriori numerical differentiation. Since the measured displacement is noisy, smoothing techniques are required even if they
usually do not consider the mechanical nature of the measured field. In this work, a plate finite element model is preferred to regularise the stereo
correlation measurement. A dedicated FE Stereo DIC method has to be developed accordingly.

More precisely, Digital Image Correlation (DIC) [Horn and Schunck (1981), Lucas and Kanade (1981), Sutton et al. (1983)] consists in measuring the
displacement field u between two images, f and g in two different loading conditions (at t0 and t1). The displacement field measured on the images is
assumed to correspond to the actual displacement of the object. Finite element interpolations have been proposed which allow bridging more efficiently
numerical models and experiments [Sun et al. (2005), Hild and Roux (2006), Fehrenbach and Masmoudi (2008), Hild and Roux (2012), Passieux et al.
(2014)]. Classically, the optical flow problem is written in a weak form over a region called Region of Interest (ROI) which is usually defined by a subset of
the reference state image f.

For one increment of Stereo Correlation [Lucas and Kanade (1981), Kahn-Jetter and Chu (1990), Luo et al. (1993), Orteu et al. (2010)], two image
registrations are performed independently. Both correlation problems involves unknowns that are not directly related to the physical (3D) displacement U
calculated after triangulation and shape variation. Thus, in FE studies, it is difficult to do an Integrated Correlation with a mechanical model in which the
unknown is a 3D displacement [Besnard et al. (2012), Réthoré et al. (2013)].

8956 | Structural Design Optimization of CFRP Chopper Disks (36. Design and application of composite structure (Bruno Castanié,
Institut Clément Ader, France))
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Weinzierl, Matthias (weinzierl@llb.mw.tum.de), Institute of Lightweight Structures, Technische Universität München, Germany
Schatz, Markus (schatz@llb.mw.tum.de), Institute of Lightweight Structures, Technische Universität München, Germany
Antonelli, Valeria (antonelli@llb.mw.tum.de), Institute of Lightweight Structures, Technische Universität München, Germany
Baier, Horst (baier@llb.mw.tum.de), Institute of Lightweight Structures, Technische Universität München, Germany 

Structural Design Optimization of CFRP Chopper Disks

M. Weinzierl*, M. Schatz, V. Antonelli, H. Baier
Institute of Lightweight Structures, Technische Universität München,
Munich, Germany
* Corresponding author (matthias.weinzierl@tum.de)

The Institute of Lightweight Structures of the Faculty of Mechanical Engineering of the Technische Universität München has been designing and producing
carbon fiber-reinforced polymer (CFRP) chopper disks for over a decade, specialising in designs for light disks with a high rotational speed. Chopper disks
are commonly used in neutron “Time-of-Flight” spectroscopy. They are disks with one or more apertures rotating around an axis parallel to the neutron
beam, reaching operational speeds of up to 22,000 rpm, correlating with accelerations of up to 200,000 g at the edge of the disk.
Up to now, the disks have been produced using a quasi-isotropic laminate layup in an autoclave process. In order to achieve an increase in performance,
three aspects have been investigated. First, a shape optimization of the apertures has been made, which directly impacts stress distribution. Second, the
layup stacking sequence and orientation has been optimized regarding strength constraints. Finally the influence of the mass distribution on the dynamical
behaviour of the disk has been studied.
The mathematical basis of the optimization allows for the simultaneous consideration of stiffness, strength and mass constraint throughout the
optimization process, leading to disks with an optimal mass and stiffness distribution. For a description of the detailed structural dynamic behaviour of the
whole system, which comprises the disk itself, the collar, the shaft and the bearings, several numerical analyses have been carried out. Finally, dynamic
tests have been performed, which are in accordance with the numerically determined natural frequencies.

8992 | Design, testing and finite element analysis of the new tank-container with composite tank for multimodal
transportations of chemically aggressive fluids and petrochemical products (36. Design and application of composite structure
(Bruno Castanié, Institut Clément Ader, France))

Sergeichev, Ivan V. (i.sergeichev@skoltech.ru), Skolkovo Institute of Science and Technology, Russian Federation
Safonov, Alexander A. (a.safonov@skoltech.ru), Skolkovo Institute of Science and Technology, Russian Federation
Ushakov, Andrey A. (a.ushakov@skoltech.ru), Skolkovo Institute of Science and Technology, Russian Federation
Fedulov, Boris N. (b.fedulov@skoltech.ru), Skolkovo Institute of Science and Technology, Russian Federation
Timofeev, Mishael A. (matimof@gmail.com), Scientific and production enterprise ApATeCh LTD, Russian Federation
Klenin, Yuri G. (klenin@apatech.ru), Scientific and production enterprise ApATeCh LTD, Russian Federation
Kornienko, Evgeniy I. (cornienko@gmail.com), Scientific and production enterprise ApATeCh LTD, Russian Federation 

A complete cycle of design, manufacturing and finite element strength analysis of tank-container with fiberglass composite tank for multimodal
transportation of chemically aggressive fluids and petrochemical products is presented. The tank-container has been designed for road, rail and offshore
transportation that places high demands on the structure in accordance with ADR and IMDG requirements. The tank was manufactured by use of the both
filament winding and vacuum infusion technologies. The tank capacity is 24 cubic meters by volume and 32 tons by cargo. A geometry of the wound
layers was calculated by CadFil filament winding software. After that, a 3D finite element model was developed for representation of actual layups and
geometry of the wound and infused composite layers of the tank. All requested normative load cases were analyzed by the model. Due to asymmetry of
the applied loads for some load cases, total volume of the tank-container was included into the FE model as shown at the figure. Besides normative load
cases the FE simulation of the dynamic crash test was carried out by coupled Eulerian-Lagrangian analyses. As a result of such dynamic simulation the
threshold SRC curves were obtain to guarantee the requested minimum 4g longitudinal acceleration at low front fittings of the container frame. Strength
analysis of a manhole and valves was carried out as well. For verification of the developed FE models, the calculated results were compared with inner
pressure 0.6 MPa and crush tests data. Subcomponent tests were carried out as well for analysis of the critical zones of the structure and verification of
the models.

9042 | Edge effects modeling in the design of laminated beams with curved inherent configuration (36. Design and
application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Gorynin, Gleb L. (ggorynin@list.ru), Surgut State University, Russian Federation 

In the design of laminated beams, which height is much smaller than its width, must take into account great normal and tangent stresses, which occurs
near side edges. These stresses can result in beam failure near side edges. Using curved layers is the way of decreasing values of these stresses.
Method introduced by author in [1,2] is used for edge stresses calculation in this article. Method is based on solving of theory elasticity three-dimensional
problem with asymptotic expansion assistance. Stiffness functions are introduced in cross beam section. Stresses are found in finite sums of products of
stiffness functions and beam deflection derivatives. There is need to solve some auxiliary problems in beam section in order to find stiffness functions.
These problems are two-dimensional, they are solved by finite element method. Finally, all six stress tensor components are found with high accuracy.
Analysis of these stresses allows to choose curvature data for the purpose of reducing the value of interlayer stresses by beam designing. 

1. Gorynin G.L., Nemirovskii Yu.V. Deformation of laminated anisotropic bars in the three-dimensional statement 1.Transverse-longitudinal bending and
edge compatibility condition // Mechanics of Composite Materials, Vol. 45, № 3, 2009. – pp. 257–280. 
2. Gorynin G.L., Nemirovskii Yu.V. Deformation of laminated anisotropic bars in the three-dimensional statement 2. Effect of edge boundary layers on the
stress-strain properties of the composite // Mechanics of Composite Materials, Vol. 46, № 1, 2010. – pp. 130–143. 

9079 | A Hybrid Sandwich Design for Supporting a Large Vessel in the Ship Repair Industry (36. Design and application of
composite structure (Bruno Castanié, Institut Clément Ader, France))

Lim, Jae-Yong (jylim@krri.re.kr), Korea Railroad Research Institute, Korea, South
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Kim, Jeongguk (jylim@krri.re.kr), Korea Railroad Research Institute, Korea, South
Choi, Dooho (jylim@krri.re.kr), Korea Railroad Research Institute, Korea, South
Seo, Sungil (jylim@krri.re.kr), Korea Railroad Research Institute, Korea, South 

In this study, a suspension component has been designed using periodic cellular metals to replace the conventional material in ship-repair industry. Wood
has long been recognized versatile in structural applications. In addition to its reputation as a lightweight material, wood material has been also utilized for
supporting heavy vessels in the ship-repair industry. In practice, multi-axle freight cars, which support and pull the massive bodies to dry land, are
employing wood blocks as suspension components. However, it might be more desirable to replace the blocks by engineering metal since the durability
issue such as distortion from repeating wet-and-dry states can be raised. Accordingly, a hybrid sandwich design, a multilayered corrugated core structure
with metal foam, is proposed. The structure is designed so as to have equivalent stiffness and strength to those of wood blocks. Finally, the out-of-plane
structural performance is verified via Finite Element Analysis (FEA) and some experiments.

9133 | Large sandwich structures fire tests modelling (36. Design and application of composite structure (Bruno Castanié, Institut
Clément Ader, France))

Goupil, Anne-Charlotte (anne-charlotte.goupil@siemens.com), Siemens, France
Craveur, Jean-Charles (jccraveur@ismans.fr), ISMANS, France
Barabinot, Philippe (philippe.barabinot@siemens.com), Siemens, France
Mercier, Benjamin (bmercier@ismans.fr), ISMANS, France 

The SOLAS (Safety Of Life At Sea) allows using alternative designs for passenger ships if they satisfy the FTP code requirements (Fire Tests
Procedures), among which the ISO 834 fire test. In order to reduce the number of tested structures, shipyards want to compute the thermo mechanical
behavior of their composite structures made of composite skins and balsawood core. The first step consists in reproducing the standard fire test using
numerical simulation, which implies that the material properties are known up to decomposition. The second one deals with using fitted data from a typical
case to apply them to another one. A review of literature reveals that data provided cannot be used to feed numerical model and to validate results,
especially when data come from sample scale materials and are used to model large scales such as panels from naval industry.
The topic of this paper is to explain the encountered issues, the origin of the problems and tracks to solve them. First of all, experimental tests for
composite materials fire reaction are not well dedicated to these insulating materials, due to the size of their representative volume. Boundary conditions
are not accurately estimated, regulatory values are commonly used. Balsawood exhibits large variations in its properties. Thus, prediction of
thermomechanical behaviors for panels is not reliable, compared with experimental results when available. Numerical modeling must be able to provide
sufficient realistic results to be used for designing. 
The second challenge is to be able to achieve large scale models with a reduced cost in terms of time and disk space. The third one consists in describing
the mechanical behavior of materials when they degraded. Structural stiffness of sandwiches comes from skins. When the heated skin degrades and
cannot contribute to sustainability, the sandwich has lost a great part of its stiffness. Depending on the mechanical load and the thermal one the failure
modes differ and the time to failure evolves. 
This paper intends to explain which care has to be taken in order to obtain a good accuracy, without tuning input data. The aim is to show that using very
complex models or decomposing composites behavior from elementary constituents (fiber, resin) will not necessarily help to describe more accurately the
behavior of large structure sandwich panels.
In a first part, the article explains which phenomena take place when material is burning, how they are modeled in equations and how to determine
properties to supply with input data. Then, the initial equations are modified in order to reduce the size of the numerical model and the computational time.
A comparison is done between the two models for a laminate structure under different intensity of fluxes. 
In a second part, focus is maintained on the evolution of mechanical behavior under fire. Experimental tests are mainly conducted under compression
because mechanical load is essentially supported by fibers and the fibers cohesion is held by resin stiffness. Usually, resin behavior under temperature is
measured and this result is used as input data to model the mechanical behavior. This provides quite satisfying results for small scale structure but cannot
be used for larger ones. Thus, the paper intends to show which data are suitable to describe more physically the loss of mechanical properties. 
As a last part, the impact of mechanical delamination on heat transfer will be tackled. This is supposed to change considerably the distribution of
temperature especially at low fluxes.

9273 | Effect of patch shapes on fatigue life of aluminumpanel repaired with bonded composite patch - An experimental
Study (36. Design and application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Bel Abbes Bachir Bouiadjra (bachirbou@yahoo.fr), University of Sidi Bel Abbes, Algeria
Abdulmohsen Albedah (albedah@ksu.edu.sa), King Saud university, Saudi Arabia
Sohail Mohamed Khan (mmazheralikhan@KSU.EDU.SA), King Saud university, Saudi Arabia 

In this work, we studied the fatigue crack growth behaviour of cracked aluminum 2024-T3 plates repaired with bonded composite patch. We also,
investigated the effect of different patch shapes on the fatigue life and repair efficiency of aircraft structures (or cracked aluminum plates) bonded with
composite patch. The fatigue behaviour of crack emanating from unrepaired v-notched thin aluminum platesare studied to compare with the repaired
ones. The effect of stress ratio on the repair efficiency is also studied in this investigation. The obtained results show that the repair performance is very
much affected by the patch shapes. The square patch has the maximum efficiency,however, the inverted arrow has detrimental effects on the fatigue life.
Keywords: Al 2024-T3; bonded composite patch; fatigue life; repair efficiency

9347 | Aeroelastic Instability Analysis of a Composite Wind Turbine Blade (36. Design and application of composite structure
(Bruno Castanié, Institut Clément Ader, France))

Rafiee, Roham (roham.rafiee@ut.ac.ir), Composites Research Laboratory, Faculty of New Sciences & Technologies, University of Tehran, Iran
Moradi, Mohsen (m.moradi89@ut.ac.ir), Composites Research Laboratory, Faculty of New Sciences & Technologies, University of Tehran, Iran 

An investigation to explore the effect of static aeroelasticity of a composite wind turbine blade on power production of the wind turbine is presented. Blade
element momentum (BEM) theory is employed to determine aerodynamic loading. Accuracy of BEM code is acquired by comparing with real field
measurements. This loading is in terms of pressure distribution along the blade length and is applied on the blade. Then, by using finite element method
static behavior of blade is obtained. Displacement of the blade as changes in angle of attack is used in BEM code to determine new aerodynamic load.
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This iterative procedure is continued till convergence is met. At the rated wind speed deformed blade decreases pressure distribution and consequently
leads to reduction in output power.
Dynamic aeroelasticity instability is also investigated which may occur for an industrial wind turbine blade. Due to the large size of the blade and
application of composite materials which causes more flexibility, importance of aeroelastic analysis becomes more pronounced. The aerodynamic loading
is applied to the 3D finite element model of the blade. In order to detect dynamic response of the blade, transient analysis is done in FE commercial
package. Then aerodynamic loading is updated according to the deflected blade. This process is continued for a period of time and flapwise, edgewise
and torsional deflection is determined. It is concluded that dynamic instability may occurred near cut-out wind speed for the specific wind turbine blade
selected as a case study.

9482 | Design of a representative test probe of the state of stresses in the structural joint of the fuselage with main
landing gear and wing-strut, of a two seat-aircraft built with composites (36. Design and application of composite structure
(Bruno Castanié, Institut Clément Ader, France))

Vargas-Rojas Erik (erikvargasrojas@hotmail.com), Instituto Politécnico Nacional, Mexico
Parmentelat Bertrand (erikvargasrojas@hotmail.com), INSA Lyon, France
Hernández-Moreno Hilario (erikvargasrojas@hotmail.com), Instituto Politécnico Nacional, Mexico 

The objective of this research is to design a test probe able to reproduce the mechanical behavior of the structural joint of the fuselage with the main
landing gear, and the lower segment of the supporting strut of the strut-braced, high wing of the Stela-M1 aircraft, originally designed by Aeromoragon in
Spain, and afterwards adapted and constructed by Aeromarmi SA de CV in Mexico. The fuselage, the wing, the stabilizers, the control surfaces, and the
main landing gear are fabricated with C-Ep composites. The test probe under study considerably simplifies the geometry of the original structural joint
configuration and is designed in accordance with the method originally proposed by Collombet et al from Université Paul Sabatier (Toulouse III) .
Moreover, other methodologies are included in order to better understand the design problem, such as the Quality Functions Deployment. The parametric
design of the test probe is achieved by means of a numerical analysis based on the Finite-Element Method. This research is based on previous studies
that determine the flight loads, the safety factor of the structural joint under study for the most critical in-flight scenario, the quantification of external forces,
reactions, and stresses of the associated structural elements.

9553 | Optimum graphite foil coating on carbon/epoxy composite bipolar plates for vanadium redox flow batteries (36.
Design and application of composite structure (Bruno Castanié, Institut Clément Ader, France))

Choe, Jaeheon (jhchoe@kaist.ac.kr), KAIST, Korea, South
Lim, Jun Woo (jul170@jbnu.ac.kr), Chonbuk National University, Korea, South
Kim, Minkook (magicicada@kaist.ac.kr), KAIST, Korea, South
Kim, Jinwhan (jinwhan@kaist.ac.kr), KAIST, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South 

Composite bipolar plates (BPs) for hydrogen fuel cells and vanadium redox flow batteries (VRFBs) are coated with expanded graphite foils to decrease
electrical contact resistance of BP. The bipolar plates of vanadium redox flow batteries are exposed to sulfuric acid vanadium electrolytes under cell
voltage. When the cell voltage exceeds the potential of the water electrolysis, the water penetrated in the bipolar plates can be decomposed into hydrogen
and oxygen, which might cause delamination of the graphite coating layer. From the two types of graphite foil such as the pyrolytic graphite and expanded
flake-type graphite, the former has less water absorption because it has a single cleavage plane and its graphene sheets are partially covalently bonded.
In this study, the fabrication of the carbon/epoxy composite bipolar plate coated with pyrolytic graphite is optimized. The effects of porosity of coating layer
on the properties of composite bipolar plate are verified. The bonding between the coating and the composite was experimentally investigated. In addition,
the aspects of damages on pyrolytic graphite coating due to electrical aging is investigated with respect to the porosity of graphite. The changes of
graphite coating layer after electrical aging are analyzed both physically and chemically, from which the optimal coating condition is determined.

9559 | Light weight hybrid composite tie bars for PEMFC and VRFB (36. Design and application of composite structure (Bruno
Castanié, Institut Clément Ader, France))

Soohyun Nam (namsu0615@kaist.ac.kr), KAIST, Korea, South
Dongyoung Lee (missingnum@kaist.ac.kr), KAIST, Korea, South
Minkook Kim (magicicada@kaist.ac.kr), KAIST, Korea, South
Jinwhan Kim (jinwhan@kaist.ac.kr), KAIST, Korea, South
Dai Gil Lee (dglee@kaist.ac.kr), KAIST, Korea, South 

The stacks of energy conversion system such as proton exchange membrane fuel cell (PEMFC) or energy storage systems such as vanadium redox flow
battery (VRFB) stack are compacted with tie bars to decrease the electrical contact resistance and to prevent the leakage of fuels or electrolytes from the
stack. Since the sealing performance might be deteriorated under long operation time by creep deformation of the stack, it is important to maintain
consistent clamping force under the deformation of the stack for the long-term reliability.
In this work, a light weight hybrid composite tie bar was developed using carbon/epoxy and glass/epoxy composites with steel thread fasteners to achieve
high elastic strain and to provide consistent compaction pressure over long operation time. Based on the finite element analysis (FEA), the configuration
of carbon/epoxy and glass/epoxy composite rod with the steel thread fasteners was determined to minimize the stress concentration considering the
manufacturing of the tie bar. The mechanical properties were experimentally obtained and the change of clamping forces under creep condition was
investigated whose results were compared to that of the conventional steel tie bar.

Keywords: light weight hybrid tie bar, PEMFC, VRFB, manufacturing of tie bar.

6758 | Non-Local Beam Theory for Micro- and Macro-Structural Responses (37. Symposium on Mechanics of Composite
Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal,
Samit Roy, USA))
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Romanoff, J. (jani.romanoff@aalto.fi), Aalto University, Finland 

This paper presents the developments of the non-local sandwich beam theory that can be used to assess the micro- and macro-structural response of the
beam in terms of displacements and stresses. The theory utilizes homogenization-localization and modified couple stress beam theory developed by
Reddy. The homogenization considers all steps of the derivation of the prevailing differential equations from displacements through strains and stresses to
external loading. This enables accurate localization process that recovers the microstructural effects from the homogenized solution of the beam bending
and couples them to the global response. This allows the prediction of the local failure within the beam. The theory is presented as well as some case
studies that are supported by experiments: the shortest beams have only four unit cell along their length, while in the longest we approach the situation
where the unit cell length is infinitely small in comparison to the beam characteristic length. The presented theory can be utilized to deformations and
predict stresses accurately within all cases between these two extreme situations. It also converges to the physically correct solutions in case of infinite
and zero shear stiffness; especially the limit of zero shear stiffness is important as there the traditional Timoshenko beam theory fails to predict the
response correctly. Present theory can be extended to different microstructures and further to plates. The benefit of the presen

6805 | Dynamic prediction fatigue life of composite wind turbine blade (37. Symposium on Mechanics of Composite Materials and
FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal, Samit Roy,
USA))

Samir, Lecheb (samir_lecheb@yahoo.fr), University of Boumerdes, Algeria
Abdelkader, Nour (c.chellil@yahoo.fr), University of Boumerdes, Algeria
Ahmed, Chellil (abdelkader-nour@hotmail.fr), University of Boumerdes, Algeria
Hamza, Mechakra (h.mechakra@yahoo.fr), University of Boumerdes, Algeria
Hichem, Ghanem (g_hichem@yahoo.fr), University of Boumerdes, Algeria
Hocine, Kebir (h.kebir@yahoo.fr), University of Compiene, France 

In this paper we are particularly focusing on the dynamic crack fatigue life of a 25 m length wind turbine blade. The blade consists of composite materiel
(glass/epoxy). This work consisted initially to make a theoretical study, the turbine blade is modelled as a Timoshenko rotating beam and the analytical
formulation is obtained. After applying boundary condition and loads, we have studied the stress, strain and displacement in order to determine the critical
zone, also show the six first modes shape to the wind turbine blade. Secondly was addressed to study the crack initiation in critical zone which based to
finite element to give the results, then follow the evolution of the displacement, strain, stress and first six naturals frequencies as a function of crack
growth. In the experimental part the laminate plate specimen with two layers is tested under cyclic load in fully reversible tensile at ratio test (R=0), the fast
fracture occur phenomenon and the fatigue life are presented , the fatigue testing exerted in INSTRON 8801 machine. Finally which allows the knowledge
their effect on the fatigue life, this residual change of dynamic behavior parameters can be used to predicted a crack size and diagnostic of blade.

6840 | A FINITE ELEMENT FOR LAMINATED GLASS PLATES WITHIN THE FIRST ORDER SHEAR DEFORMATION
THEORY (37. Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N.
Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Altenbach, Holm (holm.altenbach@ovgu.de), Otto von Guericke University Magdeburg, Institute of Mechanics, Germany
Eisenträger, Johanna (johanna.eisentraeger@st.ovgu.de), Otto von Guericke University Magdeburg, Institute of Mechanics, Germany
Naumenko, Konstantin (konstantin.naumenko@ovgu.de), Otto von Guericke University Magdeburg, Institute of Mechanics, Germany
Eremeyev, Victor A. (victor.eremeyev@ovgu.de), Otto von Guericke University Magdeburg, Institute of Mechanics, Germany 

Photovoltaic modules are usually composed from front and back glass plates as well as a solar cell layer embedded in a soft polymer.

One feature of these laminated modules is the difference in properties of the rela-tively stiff skin layers and the thin and compliant core layer. Let Gs be
the shear modulus of the glass skin layer and Gc the shear modulus of the polymeric core layer. The ratio Gc/Gs for materials used in photovoltaics is in
the range between 10-5 and 10-2, depending on the type of polymer and the temperature. For classical sandwich applications this ratio is in the range of
10-2 and 10-1. To perform the structural analysis, the authors developed a first order plate theory and demonstrated that this theory provides accurate
results for a wide range of shear stiffness of the core layer. The key step concerning this theory is the computation of the effective transverse shear
stiffness of the laminate from the properties of the layers.

This contribution discusses a new approach to compute the transverse shear stiff-ness of the laminate for the analysis of laminated glass plates according
to the first order shear deformation theory (FSDT). A user-defined finite element is developed within an ABAQUS subroutine. Several benchmark tests
illustrate the efficiency of the developed element. The results are compared with the results according to the layer-wise plate theory. They show a good
performance of the FSDT for a range of shear moduli of the core layer.

6899 | Vibration Analysis of Laminated Thick Plates by an Improved Hierarchical Finite Element Method Using Reddy’s
Third-order Shear Deformation Theory (37. Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th
Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Bo Liu (liubo68@buaa.edu.cn), The Solid Mechanics Research Centre, Beihang University (BUAA), China, China
Yufeng Xing (xingyf@buaa.edu.cn), The Solid Mechanics Research Centre, Beihang University (BUAA), China, China 

Reddy’s third-order shear deformation theory is famous as a typical high-order shear deformation theory for its simplicity and high accuracy in analysis of
thick plates. The hierarchical finite element method (HFEM) is a typical p-version finite element method. The HFEM is famous for its high accuracy, simple
pre-post-processing, not requiring a change in the mesh to improve the accuracy of the solution, etc. However, the HFEM is also known as having
numerical stability problems in irregular domains while using high-order orthogonal polynomials. In this paper, an improved version of HFEM was used,
where the numerical stability problem was overcome by using the techniques of a differential quadrature finite element method (DQFEM). The improved
HFEM has both high accuracy and efficiency due to the simplicity and high accuracy of the DQFEM. The results obtained by the improved HFEM for
vibration of laminated thick plates based on Reddy’s third-order shear deformation theory was compared existed exact solutions for vibration of the plates,
which validated the high accuracy and efficiency of the improved HFEM. The improved HFEM have the potential of becoming the mainstream in
developing finite element software in future.
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6918 | Some fundamental problems of multiscale asymptotic expansion method (37. Symposium on Mechanics of Composite
Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal,
Samit Roy, USA))

Xing, Yufeng (xingyf@buaa.edu.cn), Beihang University, China
Chen, Lei (chenlei2012year@sina.com), Beihang University, China 

In present study, a few of fundamental problems of the widely used multiscale asymptotic expansion method have been discussed and some important
conclusions about the expansion term or the order of the expansion method and the influence function as well as the physical implication of each
perturbed term have been arrived at, and this study forms the mechanical basis for the application of the multiscale asymptotic expansion method. Some
numerical experiments are conducted to validate the conclusions.

7529 | Gradual degradation in two-phase polycrystalline ceramics due to time dependent thermal loading (37. Symposium
on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares,
Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Sadowski, Tomasz (sadowski.t@gmail.com), Lublin University of Technology, Poland
Golewski, Przemyslaw (pgolewski@gmail.com), Lublin University of Technology, Poland 

This work focuses on the description of gradual degradation of the two-phase metal–ceramic composites (MCC - brittle grains WC joined by the plastic
binder Co) due to time dependent thermal loading, including the modelling of a real material internal structure. Experimental observations of the WC/Co
composite subjected to mechanical loading indicate that the stress concentrations in MCC took places in the plastic binder Co (e.g. dimple rupture across
the binder or in the binder near the binder/carbide interface). Under thermal loading the heat transfer in mainly through metallic interfaces, where the
stress concentrations are present due to different thermal properties of both phases. They are sources of damage initiators at the binder/carbide interface
caused by the mismatch in the coefficient of thermal expansion.
This paper presents micromechanical modelling of gradual degradation process of the MCC response due to heat transfer with the application of the
Finite Element Analysis (FEA). The deformation process of the material comprises elastic deformation of brittle grains and elasto-plastic deformation with
damage of inter-granular layers. The different contents of metallic phase were taken into account. 
The analysis of micro-samples with imposed mechanical boundary conditions leads to the conclusion that the level of volume content qualitatively
changes the behavior of the MCC including deformation, rotation of grains, and level of plastic strains and damage process.

7544 | Computational Modeling of Female Pelvic System To Understand The Mechanics of Pelvic Organ Prolapse (37.
Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M.
Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Chanda, Arnab (achanda@crimson.ua.edu), University of Alabama, Tuscaloosa, United States America
Unnikrishnan, Vinu (vunnikrishnan@eng.ua.edu), University of Alabama, Tuscaloosa, United States America
Roy, Samit (sroy@eng.ua.edu), University of Alabama, Tuscaloosa, United States America 

Pelvic Organ Prolapse (POP) is a deformity of the female pelvic system, usually caused by weakening of the pelvic floor muscles due to remarkable
events such as multiple child births and menopause combined with morbid obesity. In POP, either the bladder slips on the vaginal canal (Cystocele)
causing urinary incontinence, the rectum slips on the vaginal canal (Rectocele) causing constipation problems, or the uterus slips into the vaginal canal
and eventually protrudes out of it (Uterine). POP hampers the daily activities, sexual life and wellbeing of an individual. As per 2010 statistics, 300,000
POP surgeries were performed in the U.S. only. Out of these, 60% of the patients were diagnosed with prolapse relapse conditions. A closer look into the
problem reveals that these POP surgery failures can be attributed mainly to the lack of understanding among medical practitioners on the biomechanics of
the pelvic system. There has been few attempts in literature to understand the mechanics of POP using computational modelling. Mainly, cystocele and
rectocele prolapse conditions, and the pelvic region changes during child birth have been studied using phenomenological models. This current work aims
to understand the mechanics of POP using a realistic full scale finite element model of the female pelvic system. The results of varying degree of prolapse
with the changes in the vaginal tissue properties would be presented.

7564 | ADVANCED APPLICATIONS FOR LAMINATED DOUBLY CURVED SHELLS WITH VARIABLE CURVATURES (37.
Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M.
Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Tornabene, F. (francesco.tornabene@unibo.it), University of Bologna, Italy
Fantuzzi, N. (nicholas.fantuzzi@unibo.it), University of Bologna, Italy
Viola, E. (erasmo.viola@unibo.it), University of Bologna, Italy 

The paper aims to describe laminated composite doubly-curved shells and panels with variable radii of curvatures using differential geometry. In this way
the geometry of the shell or panel is described mathematically through certain predefined parameters that depend on the geometry under consideration.
The mechanical model is based on the well-known Carrera Unified Formulation (CUF) with the curvature effect included in the formulation. Furthermore,
the theoretical model developed by the authors allows to consider variable mechanical properties along the shell surface and variable shell thickness
(according to a given smooth function). In addition, complete revolution shells are defined as special cases of panels by enforcing the kinematical and
physical compatibility conditions at the closing meridian. The solution is given in terms of displacement parameters using two advanced theoretical
approaches: the equivalent single layer and the layer-wise approach. It is a very well-known fact that collocation methods (known also as mesh-less or
mesh-free methods) have some limitations in treating special problems in engineering, since they can only deal with regular geometries. At the same time
one of the most important features of these techniques is connected to their high accuracy and stability for solving partial differential systems of equations.
It could be of interest for some applications to use collocation methods in order to solve a certain numerical problem when distorted geometry and material
or load discontinuities are taken into account. Thus, the governing partial differential system of equations for laminated composite doubly-curved shells
and panels is solved by using the Generalized Differential Quadrature (GDQ) method and related ones. The authors employ both the free vibration
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analysis and the static analysis with the recovery procedure for evaluating the through the thickness strain and stresses at each point of the 3D solid shell
for these advanced engineering problems. The accuracy of the present technique is verified through several comparisons with analytical and numerical
finite element models.

7613 | Structural Essentials for Modular Hybrid Wind Turbine Blades (37. Symposium on Mechanics of Composite Materials and
FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal, Samit Roy,
USA))

Ochoa, Ozden O. (oochoa@tamu.edu), Texas A&M University, United States America
Nanami, Norimichi (g0503150nu.mecst@gmail.com), Nihon University, Japan 

Innovative modular blade concepts require robust computational analysis to sift through design options. The robustness is exercised by coherent
simplification of complex material and structural attributes of hybrid composite construction. The static, vibration and impact response of a novel large
modular blade is proposed and carefully studied with a commercial code (Abaqus) addressing material heterogeneity, geometric tapers, hybrid
architecture and unique joints. The numerical results confirm that by selecting multi-segment blades and taking advantage of hybridization both in fiber
reinforcement (glass and carbon) as well as architecture(tape and textile) architecture in the design, one gains simplified manufacturing and installation
procedures without sacrificing single-blade response.

7666 | Layerwise mixed least-squares finite element models for free vibration analysis of multilayered piezoelectric
sandwich composite plates (37. Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary
of Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Mesquita, T. (teresamesquita82@gmail.com), IDMEC - Instituto Superior Técnico, Universidade de Lisboa, Portugal
Moleiro, F. (filipa.moleiro@dem.ist.utl.pt), IDMEC - Instituto Superior Técnico, Universidade de Lisboa; Escola Superior Náutica Infante D. Henrique, Paço
de Arcos, Portugal; ISEL - Instituto Superior de Engenharia de Lisboa, Lisboa, Portugal
Araujo, Aurélio L. (aurelio.araujo@ist.utl.pt), IDMEC - Instituto Superior Técnico, Universidade de Lisboa, Portugal
Mota Soares, C.M. (cristovao.mota.soares@ist.utl.pt), IDMEC - Instituto Superior Técnico, Universidade de Lisboa, Portugal
Mota Soares, C.A. (carlosmotasoares@dem.ist.utl.pt), IDMEC - Instituto Superior Técnico, Universidade de Lisboa, Portugal 

This work provides an assessment of a finite element model based on layerwise mixed formulation using least-squares applied to plate sandwich
structures with skins made of piezoelectric layers and the core with composite angle play laminate layers. The extension to free vibration analysis is
developed. The model assumes a layerwise variable description of displacements, transverse stresses and in-plane strains, taken as independent
variables. The layerwise mixed formulation enables the fulfilment of the so-called C0z, yielding, for free vibration analysis a symmetric quadratic
eigenvalue problem. The present model has nine degrees of freedom (dof) per node in the core and in the upper and lower piezoelectric skins thirteen
(nine to mechanical and four electrical) per node. 
The numerical examples show that the model predictive capabilities are in excellent agreement with three-dimensional exact solutions and also with
available alternative models, from very thick to very thin sandwich piezoelectric plates.

7934 | Electro-Mechanical Analysis of a Layered Hollow Sphere with Functionally Graded Piezoelectric Material (37.
Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M.
Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Sburlati R. (roberta.sburlati@unige.it), University of Genova, Italy, Italy
Atashipour S.A. (sa.atashipour@edu.unige.it), University of Genova, Italy, Italy 

Electro-Mechanical Analysis of a Layered Hollow Sphere with Functionally Graded Piezoelectric Material.

Nowadays, piezoelectric materials are widely used in sensor technology. Amongst variety of types, piezoceramics have been demonstrated as efficient
tools for sensing applications. Piezoelectric ceramics are more versatile so that their physical, chemical, and piezoelectric characteristics can be tailored to
specific purposes. Typical applications include undersea sonar systems, high-resolution ultrasonic imaging, non-destructive testing, materials evaluation,
medical diagnostic analyses and measurements, and therapeutic treatments [1]. Functionally Graded Materials (FGMs), that have been recently explored
in coating technology, are generally nonhomogenous composites with continuous variation of the constituents from one surface of the material to the
other. In such material, the composition and structure gradually change over volume, resulting in corresponding changes in the properties of the material.
This gradual change in composition eliminates the mismatch of material properties between the base structure and coating layer, which is the main reason
for cracking, debonding, and in some cases eventual failure of the structure [2]. The efficiency of FG coating within a spherical pressure vessel has been
recently studied by authors in which the role of graded coating in enhancement of through-the-thickness stress distribution is investigated [3]. In the
present study, a layered spherical sensor is electro-mechanically studied within the context of elasticity theory. The sensor has been considered as a
sphere with two layers: an outer layer composed of a homogeneous material and an inner layer made of piezoceramic. It is also assumed that the
piezoelectric layer has graded composition resulting in graded electro-mechanical properties. The gradation is realized along the radial direction and
based on a power function. Results including through-the-thickness stress components and electrical potential are presented for different gradation
parameters. Also, results are compared with those of a layered sensor with non-graded piezoelectric layer. At the end, the role of gradation in
piezoelectric layer and its effect on the overall behavior of the sensor is discussed.

REFERENCES
[1] Handbook of Advanced Dielectric, Piezoelectric and Ferroelectric Materials: Synthesis, Properties and Applications. Edited by Z.-G. Ye, Woodhead
Publishing, 2008.
[2] R. Sburlati, S. R. Atashiopur, and S. Hosseini-Hashemi, "Study on the effect of functionally graded coating layers on elastic deformation of thick circular
plates: A closed-form elasticity solution," Composite Structures, vol. 99, pp. 131-140, 2013.
[3] S.A. Atashipour, R. Sburlati, and S.R. Atashipour, "Elastic analysis of thick-walled pressurized spherical vessels coated with functionally graded
materials," Meccanica, 2014, doi: 10.1007/s11012-014-0047-2.
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8082 | Numerical modeling of piezoelectric composite plates using NURBS as the field functions (37. Symposium on
Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos
M. Soares, IST, Portugal, Samit Roy, USA))

Raj, Vijairaj (vraj@uwo.ca), Western University, Canada
Singh, Anand V. (avsingh@uwo.ca), Western University, Canada 

The variational method based on the minimization of the potential energy is extremely efficient and accurate for the solutions of complex engineering
problems in structural mechanics. The potential energy comprises strain energy, kinetic energy and the work done on the structure by the body and
external actions. Characteristics of piezoelectric laminated plates in bending and vibrations are examined in this paper by the variational method in which
the displacement fields are required as a priori. Consequently, the Non-Uniform Rational B-Spline (NURBS) functions are considered to describe both the
geometry and displacement fields. The method is developed on a first order shear deformable piezoelectric plate described in the Cartesian coordinate
system. For such a plate, the distribution of the in-plane mechanical displacement components vary linearly in the thickness direction, while the transverse
displacement component is kept uniform. However, it is known that the electric potential varies nonlinearly through the thickness, even if the mechanical
behavior of the plate is linear elastic. This nonlinear distribution of the electric potential is accommodated by dividing the piezoelectric layer into a number
of sub-layers and assuming linear variation in each layer. The matrix equation of motion is then deduced by the Hamilton’s principle including electric and
elastic variables in the potential energy functional. 
The piezoelectric plates are analyzed under the cylindrical bending condition for both sensor and actuator modes and the obtained results are
corroborated with those from the literature. The mechanical displacements and electric potential do not change in one of the in-plane axes of the
piezoelectric plate in cylindrical bending condition, which is achieved in this study by setting to zero the displacement component in the y-direction,
rotation of the normal about the x – axis, and the electric potential in the y - direction. Next, the skewed cantilevered sandwich trapezoidal plates are
analyzed statically under mechanical and electrical loadings followed by the free vibration analysis. The first five fundamental frequencies are reported for
different skew angles and taper ratios. The investigation is continued to investigate the forced vibrations by the Newmark’s direct integration method. The
fast Fourier transforms are applied to the response-time histories to examine the participation of natural modes under different dynamic loading conditions.
In this context, the point impulsive mechanical and electrical loads are found to set off many natural modes compared to step and half-sine loads. The
proposed numerical method has been developed such that very complex shaped piezoelectric sandwich plates can be investigated efficiently and reliably.
The piezoelectric circular sandwich plates are also analyzed and the natural frequencies from the present numerical method are compared with the
analytical solutions found in the literature. Additional results for elliptic plates are also obtained and discussed in this study. Owing to very high order
continuity within a segment, the NURBS curve appears to outperform the finite element methods. Numerical comparison has revealed that the number of
the degrees of freedom in the present model is less than one tenth of a commercial finite element code for the same accuracy.

8143 | Static, vibration and buckling of composite beams using a quasi-3D theory (37. Symposium on Mechanics of Composite
Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal,
Samit Roy, USA))

Thuc P. Vo (thuc.vo@northumbria.ac.uk), Faculty of Engineering and Environment, Northumbria University, Newcastle upon Tyne, NE1 8ST, UK, United
Kingdom
Domagoj Lanc (dlanc@riteh.hr), Department of Engineering Mechanics, Faculty of Engineering, University of Rijeka, Vukovarska 58, HR-51000 Rijeka,
Croatia., Croatia 

Composite materials are increasingly being used in various engineering applications due to their attractive properties in strength, stiffness, and lightness.
Finite element models originally developed for one-layered isotropic structures were extended to laminated composite structures as equivalent single-
layer models. These models are known to provide a sufficiently accurate description of the global response of thin to moderately thick laminates and
considered in this paper. In company with the increase in the application of composite materials in engineering structures, many beam theories have been
developed for predicting the response of laminated composite beams. Since the shear deformation effects are more pronounced in these structures, the
first-order shear deformation theory and higher-order shear deformation theories should be used. It should be noted that in these theories the thickness-
stretching effect is ignored, which is especially significant for thick composite beams. A quasi-3D theory, which includes both shear deformation and
thickness stretching effects, assumes that the in-plane and out-plane displacements are a higher-order variation through the thickness. In this paper,
static, vibration and buckling of composite beams using a quasi-3D theory is presented. The axial and transverse displacements are assumed to be cubic
and quadratic variation through the thickness. Governing equations of motion are derived from the Hamilton's principle. A two-noded C1 finite element with
six degree-of-freedom per node which accounts for shear, normal deformation effects and coupling coming from the material anisotropy is developed to
solve the problem. Numerical results are performed for symmetric and anti-symmetric cross-ply composite beams. The effects of fiber angle and lay-ups
on the shear deformation and thickness stretching parameters as well as axial–shear–flexural–stretching response are investigated.

8188 | Exact vibration solutions of refined theories of variable order for laminated and FGM plates and shells (37.
Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M.
Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Dozio, L. (lorenzo.dozio@polimi.it), Politecnico di Milano, Italy 

Owing to the mathematical complexity of exact analytical methods, structural problems are mostly solved using numerical techniques.
However, exact solutions, when available, can be highly relevant as a reference for validating numerical methods on their convergence and accuracy.
In addition, analytical models can be highly appealing to speed up the preliminary design phase when huge parametric and optimization studies need to
be carried out.

The present work is aimed at presenting an efficient, unified and somehow automatic method to
determine exact eigenfrequencies of composite laminated and FGM plates and shells with Levy-type boundary conditions.
Exact solutions of 2-D refined theories of variable order are obtained in the form of single trigonometric series.
In particular, both higher-order equivalent single-layer and layer-wise theories are considered.
The novel procedure introduced here overcomes the shortcomings of the previous formulations which were limited to plate and shell models
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derived from a single theory with fixed kinematics (i.e., fixed order).
Using the present approach, the solving equations must not be re-derived when a different order of the theory is adopted and thus the
mathematical effort required to obtain analytical solutions is substantially reduced.

It is shown in the paper that, by writing the assumed plate/shell model using an index notation related to the order of expansion of in-plane and out-of-
plane displacements, the equations of motion and boundary conditions can be expressed in a compact form which is invariant with respect to the order of
the kinematic theory.
The Levy method applied to the previous form yields a set of governing equations written in terms of 3 × 3 matrices, called fundamental nuclei of the
formulation, which again do not depend on the order of the theory.
The nuclei are then appropriately expanded according to the order of the model and the resulting equations are put into a first-order state-space
representation.
The frequency values are finally obtained by substituting the general solution of the state equation into the set of boundary conditions and solving the
related homogeneous system.

Comparisons with exact 3-D and other 2-D approaches are provided for specially orthotropic and FGM rectangular plates and cylindrical/spherical panels
with at least one pair of opposite edges simply supported.
New exact frequency values for both thin and thick plates and shells are also presented which can be useful as benchmark values for future comparison.

8189 | GEOMETRICALLY NONLINEAR ANALYSIS OF SOFT CORE SANDWICH - STRUCTURES (37. Symposium on Mechanics
of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares,
IST, Portugal, Samit Roy, USA))

Moita, J. (jmoita50@gmail.com), LAETA, IDMEC, Instituto Superior Técnico, Universidade de Lisboa, Portugal
Araujo, A. (aurelio.araujo@ist.utl.pt), LAETA, IDMEC, Instituto Superior Técnico, Universidade de Lisboa, Portugal
Soares, Cristóvão (cristovao.mota.soares@tecnico.ulisboa.pt), LAETA, IDMEC, Instituto Superior Técnico, Universidade de Lisboa, Portugal
Soares, Carlos (cristovao.mota.soares@tecnico.ulisboa.pt), LAETA, IDMEC, Instituto Superior Técnico, Universidade de Lisboa, Portugal
Herskovits, J. (jose@optimize.ufrj.br), COPPE-UFRJ, Universidade Federal do Rio de Janeiro, Brazil 

In this work a finite element model is presented for geometrically nonlinear analysis of sandwich plate-shell structures, with a soft core sandwiched
between stiff elastic layers. The finite element is obtained by assembling all element-layers through the thickness using specific assumptions on the
displacement continuity at the interfaces between layers, but allowing for different behavior of the layers. The stiff elastic layers are modelled using the
classic plate theory and the core is modelled using the Reddy’s third order shear deformation theory. The present finite element model is a non-
conforming triangular flat plate/shell element with 24 degrees of freedom for the generalized displacements. This simple and fast element model proves to
be efficient and is applied in the solution of some illustrative shell examples and the results are presented and discussed.

8201 | DYNAMIC ANALYSIS OF SOFT CORE SANDWICH STRUCTURES USING KRIGING MODELS (37. Symposium on
Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos
M. Soares, IST, Portugal, Samit Roy, USA))

Loja, M.A.R. (amelialoja@dem.isel.ipl.pt), ISEL, IDMEC, Portugal
Barbosa, J.I. (jib@dem.isel.ipl.pt), ISEL, IDMEC, Portugal
Mota Soares, C.M. (cristovao.mota.soares@ist.utl.pt), IDMEC, Portugal 

Sandwich structures with soft cores are widely used in applications where a high bending stiffness is required without compromising the global weight of
the structure, as well as in situations where good thermal and damping properties are important parameters to observe.
As equivalent single layer approaches are not able to describe realistically the kinematics and the stresses distributions of this type of sandwiches, where
shear deformations and the extensibility of the core can be very significant, layerwise models may provide a more adequate solution.
Additionally and in connection with this multilayer approach, different shear deformation theories can be selected according to the nature of the material
that constitutes the core and the outer layers or skins.
The present work illustrates the use of different shear deformation theories using a multilayer approach implemented through kriging based finite element
models. The performance of these models will be illustrated through a set of test cases.

8594 | CREEP DEFORMATION AND FRACTURE PROCESSES IN MAGNESIUM METAL MATRIX COMPOSITES (37.
Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M.
Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Sklenicka, Vaclav (sklen@ipm.cz), Institute of Physics of Materials, Academy of Sciences of the Czech Republic, Czech Republic
Kucharova, Kveta (kucharova@ipm.cz), Institute of Physics of Materials, Academy of Sciences of the Czech Republic, Czech Republic
Svoboda, Milan (svobm@ipm.cz), Institute of Physics of Materials, Academy of Sciences of the Czech Republic, Czech Republic
Kvapilova, Marie (kvapilova@ipm.cz), Institute of Physics of Materials, Academy of Sciences of the Czech Republic, Czech Republic 

The major current area of growth for the use of magnesium alloys is in the high volume commercial automotive sector, where there is an incentive for
weight savings to maximize fuel economy and minimize emissions. To achieve additional substantial increases in the use of magnesium alloys in the
automotive industry, it is necessary to utilize magnesium alloys in the engine and transmission components. However, these applications require a greater
improvement in the high-temperature strength and creep resistence than is possible with the currently available commercial magnesium alloys. In practice,
the creep resistence of magnesium alloys tends to be limited at temperatures above ~ 400 K.
Marked improvement in the creep properties of monolithic magnesium alloys can be potentially achieved through the production of composite materials
where the matrices consist of conventional alloys which are strengthened through the introduction of non-metallic short fibres, particles, or hybrid
reinforcements. This paper reviews the creep characteristics of the two representative magnesium monolithic alloys (AZ91 and QE22) and their various
discontinuous composites. It was found that both of the short-fibre reinforced AZ91 and QE22 composites exhibit better creep resistance than their
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monolithic alloys due to an effective load transfer in which part of the external load within the matrix is transferred to the reinforcement. Indirect composite
strengthening may be caused by microstructural effects leading to a threshold stress that increases the creep resistance. Potential microstructural effects
include changes in the dislocation arrangements, a matrix compositional variation, or a reinforcement transformation. The results suggest that direct
composite strengthening controls the creep behaviour of the short-fiber magnesium composites when the matrix microstructure is constant and stable and
composites have good fibre/matrix interface bonding. Indirect composite strengthening in the short-fiber composites may be caused by a dispersion of fine
particles in the matrix of the composite, which inhibits dislocation motion and leads to a threshold stress that increases the creep resistence. However,
indirect reinforcement effect can also produce weakening as it was found in the case of particle-reinforced QE22+SiC composite due to enhanced
precipitation of Nd-rich phases at the SiC/matrix interfaces. Similarly, comparison between AZ91 and QE22 magnesium hybrid composites reinforced with
short carbon fibre and SiC particulates has shown, that the creep resistance of the hybrid reinforced AZ91 alloy was considerably improved by
comparison with the unreinforced matrix alloy. By contrast, no beneficial effect on the creep resistance of the hybrid reinforced QE22 alloy was found.
Thus, since the interfaces between the matrix and reinforcement play an important role in the creep properties, the understanding of the interfacial
microstructure is very useful for the selection of reinforcement. The characteristics of the interfaces between the matrix and the reinforcement phase in
magnesium matrix composites strongly influence the interfacial bond integrity. To obtain composite materials with the desired microstructure and
properties, the interfacial reactions should be controlled through selecting an appropriate matrix alloy, conducting an appropriate surface treatment of the
reinforcement and correctly controlling the process parameters. Therefore, the appropriate choice of composite matrix and the corresponding
reinforcement is of paramount importance. Creep behaviour and creep resistence may be substantially influenced by the development of creep damage
and fracture processes. Fractographic investigations of both short-fiber composites failed to reveal either substantial creep fiber cracking and breakage or
any debonding at the interfaces between the fibers and the matrix at the lower applied stresses.

9003 | Size effect on the free vibration of geometrically nonlinear functionally graded micro-beams under electrical
actuation and temperature change (37. Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th
Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Jia X. L. (xljia@cup.edu.cn), China University of Petroleum-Beijing, China
Feng C. B. (caufengchengbao@163.com), China University of Petroleum-Beijing, China
Ke L. L. (llke@bjtu.edu.cn), Beijing Jiaotong University, China
Yang J. (j.yang@rmit.edu.au), RMIT University, Australia
Kitipornchai S. (s.kitipornchai@uq.edu.au), The University of Queensland, Australia 

This paper investigates the free vibration characteristics of functionally graded micro-switches under combined electrostatic, axial residual stress and
temperature change, with an emphasis on size effect, the influence of volume fraction profile parameter, the effect of geometric nonlinear deformation due
to mid-plane stretching and temperature change. The micro-switch considered in this study is made of either homogeneous material or non-homogeneous
functionally graded material with two material phases. Take into consideration the temperature-dependency of the effective material properties, the Voigt
model is used to simulate the material properties of the functionally graded materials (FGMs). The principle of virtual work and modified couple stress
theory is used to derive the nonlinear governing differential equation. The eigenvalue problem which describes free vibration of the micro-beam at its
statically deflected state is then solved using differential quadrature method (DQM). The natural frequencies of clamped-clamped micro-switches are
obtained. The solutions are validated through direct comparisons with experimental results reported in previous studies. A parametric study is conducted
to show the size effect, material composition, temperature change and the effects of geometric nonlinearity for the natural frequencies of clamed-clamped
micro-switch. 

Acknowledgment 
The research was financially supported by the National Natural Science Foundation of China (Grant No. 11402309) and the Science Foundation of China
University of Petroleum, Beijing (No. YJRC-2013-32).

9327 | Nonlocal Continuum Theories for Shell Structures (37. Symposium on Mechanics of Composite Materials and FGM
structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Arciniega, Roman A. (roman.arciniega@upc.edu.pe), Universidad Peruana de Ciencias Aplicadas, Peru
Mantari, JL (jmantari@utec.edu.pe), Universidad de Ingeniería y Tecnología, Peru 

Nonlocal Continuum Theories for Shell Structures*

Román Arciniega and JL Mantari 
Department of Civil Engineering, Peruvian University of Applied Science (UPC)
2390 Primavera Av., Lima 33, Peru

Abstract
This paper is an extension of the work of Prof. JN Reddy related to nonlocal beam and plate theories [1-3]. A nonlocal continuum formulation for shell
structures is presented. The first-order and third-order shear deformation shell theories [4] are reformulated by using the nonlocal constitutive equations of
Eringen [5]. The equilibrium equations are derived and a variational formulation is obtained in terms of generalized displacements to be used in finite
element formulations. Analytical solutions for bending are shown to understand and to discuss the nonlocal behavior effect in first and third-order theories
of shells.

References
[1] JN Reddy, Nonlocal theories for bending, buckling and vibration of beams, International Journal of Engineering Science 45 (2) (2007), 288-307
[2] R. Aghababaei, JN Reddy, Nonlocal third-order shear deformation plate theory with application to bending and vibration of plates, J. Sound and Vib.
326 (1) (2009), 277-289
[3] P. Lu, P.Q. Zhang, HP Lee, CM Wang, JN Reddy, Non-local elastic plate theories Proceedings of the Royal Society A: Mathematical, Physical and
Engineering Science 463 Issue 2088 (2007), 3225-3240
[4] R.A. Arciniega, J.N. Reddy, Consistent third-order shell theory with application to composite circular cylinders, AIAA J. 43 (9) (2005), 2024-2038.
[5] A.C. Eringen, D.G.B. Edelen, On 
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9340 | NON-LINEAR VIBRATIONS OF LAMINATED AND SANDWICH RECTANGULAR PLATES WITH FREE EDGES (37.
Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M.
Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Amabili, Marco (marco.amabili@mcgill.ca), McGill University, Canada 

Large-amplitude (geometrically nonlinear) forced vibrations of completely free sandwich composite rectangular plates are investigated experimentally.
Harmonic excitation is applied by using an electro-dynamic exciter and the plate vibration is measured by using laser Doppler vibrometers. A scanning
laser Doppler vibrometer is used for experimental modal analysis since it provides non-contact vibration measurements with very high spatial resolution.
The large-amplitude vibration experiments are carried out by using a single point Laser Doppler Vibrometer and a stepped-sine testing procedure. The
non-linear frequency response curves are obtained by increasing and decreasing the excitation frequency in very small steps at specific force amplitudes
controlled in a closed-loop. The experimental results are compared to numerical simulations obtained by a refineed reduced-order models and show very
good agreement. The nonlinear damping is experimentally obtained as a function of the vibration amplitude.

9367 | On Damage Mechanics of 3D Orthogonal Woven Composites: Experiment and Numerical Modelling (37. Symposium
on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares,
Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Saleh, Mohamed Nasr (mohamed.saleh-7@postgrad.manchester.ac.uk), University of Manchester (UoM), United Kingdom
Lubineau, Gilles (gilles.lubineau@kaust.edu.sa), King Abdullah University of Science and Technology (KAUST), Saudi Arabia
Soutis, Constantinos (constantinos.soutis@manchester.ac.uk), University of Manchester (UoM), United Kingdom 

Damage of composite materials has been always an area of investigation for many researchers due to the complexity of the damage initiation and
evolution processes. Three-dimensional (3D) composite materials are even more complex when it comes to the several elementary damage mechanisms
[1,2,3] compared to laminated two-dimensional (2D) composites. In this paper, investigation of damage initiation and evolution of 3D orthogonal woven
carbon fiber composite (3DOWC) is carried out both experimentally and numerically. The 3DOWC unit cell investigated is shown in Figure 1; it consists of
8 warp layers (yarns parallel to the weaving direction), 9 weft layers (yarns transverse to the weaving direction) and 2 binders (through thickness yarns). 

Figure 1 3DOWC unit cell (binder yarns goes all the way through the thickness) produced using TexGen Software [6]

Meso-scale homogenization of the representative volume element (RVE) is utilized to predict the elastic mechanical behavior for 3DOWC and further
extended to simulate the damage initiation and evolution effect on the global behavior in tension. Three different damage mechanisms are investigated for
the yarns (longitudinal fiber breakage, transverse cracking, shear diffused damage) while one damage mechanism is introduced to simulate the matrix
damage “cracking”. The major assumption of the model is simplifying the 3DOWC unit cell without the binders as a (0/90) cross-ply laminate which
enables the continuum damage model (CDM) to be applied for different loading conditions and evaluate the damage level on the meso-scale as function
of the cracking density in the material [4, 5]. This can directly correlated afterwards with the applied stress/ strain as function of the energy release rate for
the accumulated cracks. Results from the simulated RVE problem is validated against experimental results along the warp (0o direction) and weft (90o
direction). This model is a predictive multi-scale bridge that can be extended for further 3D architectures and become efficient tool for researchers and
industry. 

References
[1] Alexander E. Bogdanovich, “Progressive Failure Modeling and Strength Predictions of 3-D Woven Composites,” Am. Inst. Aeronaut. Astronaut., no.
May, pp. 1–20, 2009.
[2] X. Jia, Z. Xia, and B. Gu, “Micro/meso-scale damage analysis of three-dimensional orthogonal woven composites based on sub-repeating unit cells,” J.
Strain Anal. Eng. Des., vol. 47, no. 5, pp. 313–328, May 2012.
[3] E. Obert, F. Daghia, P. Ladevèze, and L. Ballere, “Micro and meso modeling of woven composites: Transverse cracking kinetics and homogenization,”
Compos. Struct., vol. 117, pp. 212–221, Nov. 2014.
[4] P. Ladevèze and G. Lubineau, “On a damage mesomodel for laminates: micromechanics basis and improvement,” Mech. Mater., vol. 35, no. 8, pp.
763–775, Aug. 2003.
[5] G. Lubineau and P. Ladeve, “On a damage mesomodel for laminates : micro – meso relationships , possibilities and limits,” vol. 61, pp. 2149–2158,
2001. 
[6] TexGen (Version 3.6.1). University of Nottingham; 2014. http://texgen.sourceforge.net

9387 | Effect of an inhomogeneous interphase zone on the bulk modulus of a particulate composite containing
spherical inclusions (37. Symposium on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of
Professor J. N. Reddy (Cristovao M. Soares, Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Sburlati, R. (roberta.sburlati@unige.it), University of Genoa, Italy
Monetto, I. (ilaria.monetto@unige.it), University of Genoa, Italy 

Keywords: elasticity; particulate composite; spherical inclusions; bulk modulus.

Nanoparticle reinforced materials, hollow particle filled composites as well as concrete are only some examples of particulate composites where the
effective elastic properties are strongly affected not only by the elastic moduli of the two phases and the volume fraction of the particles, but also by the
geometric characteristics and elastic properties of the interphase zone. As an example, due to manufacturing errors, flaws and defects can easily form at
the interface between the matrix and the inclusions embedded to improve the effective stiffness of the composite material. As consequence, a transition
zone around the inclusions forms and its thickness can be comparable with the inclusion characteristic size. In such cases, models based on the
assumption of a sharp interface are not adequate.
This work deals with the derivation of the effective properties of particulate composites modelled as a suspension of elastic homogeneous spherical
particles in a continuous matrix, taking into account the effects of an inhomogeneous interphase zone around the inclusions. In particular, the attention is
focused on the derivation of explicit expressions for the bulk modulus. 
In order to do this, the analysis employs the closed form analytical solution for the problem of a single hollow or solid sphere embedded in a matrix with an
inhomogeneous interphase around the inclusion with elastic properties in the form of power-law in radial direction [1]. Assuming hydrostatic pressure the
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elastic problem is solved in the framework of elasticity theory and the effective elastic bulk modulus is obtained using the energy method [2]. These
results, recently obtained by the first author in [3], are investigated in this paper for very small and very large concentrations of inclusions. 
In addition to the case of dilute suspension conditions, the non dilute case is also considered and, in order to do this, well-known approximation schemes
for effective properties of particulate composites are studied and compared. As an example, the differential method and the generalized self consistent
method are employed. The cases of voids or solid/hollow inclusions in a homogeneous matrix as special cases of the solution proposed are compared
and a parametric analysis is performed to investigate the influence of the geometric characteristics and elastic properties of the interphase zone on the
effective bulk modulus of the composite material.

[1] Lutz, M.P., Zimmerman, R.W. (1996) Effect of interphase zone on the bulk modulus of a particulate composite. Journal of Applied Mechanics, 63, 855-
861.
[2] Christensen, R.M. (1990) Mechanics of Composites Materials, John Wiley and Sons, New York.
[3] Sburlati, R., Cianci, R. (2015) Interphase zone effect on the elastic response of a composite material reinforced by spherical inclusions (submitted for
publication).

9488 | On micromechanics-based nonlocal modeling of elastic matrices containing multi-layer particles (37. Symposium
on Mechanics of Composite Materials and FGM structures, celebrating the 70th Anniversary of Professor J. N. Reddy (Cristovao M. Soares,
Carlos M. Soares, IST, Portugal, Samit Roy, USA))

Monetto, Ilaria (ilaria.monetto@unige.it), University of Genoa, Italy
Berrino, Giulia (giulia.berrino@libero.it), University of Genoa, Italy 

Within the mathematical modeling of the mechanical behavior of elastic composites, classical approaches usually treat the material as being
macroscopically homogeneous with constant overall properties and develop constitutive equations relating suitable averages of microscopic stress and
strain fields over a Representative Volume Element (RVE). As is well known, the accuracy of the related local constitutive equations depends on how
large RVE, compared to the characteristic microstructural length of the material, is. A more comprehensive knowledge of nonlocal effects due to
microstructure on the constitutive response of the composite requires a comparison with a nonlocal constitutive law.
In this context, the formulation of nonlocal modeling of interest here was that first developed by Drugan and Willis (J. Mech. Phys. Solids, 44, 497-524,
1996) and then generalized by Monetto and Drugan (J. Mech. Phys. Solids, 52, 359-393, 2004; J. Mech. Phys. Solids, 57, 1578-1595, 2009). Employing a
generalization of the Hashin-Shtrikman variational formulation, these authors derived micromechanics-based nonlocal constitutive equations relating the
ensemble averages of stress and strain for random linear elastic two-phase composite materials consisting of an isotropic matrix containing isotropic
heterogeneities and presenting macroscopically an either isotropic or transversely-isotropic behavior. In particular, completely explicit results for the case
of homogeneous (rigid or elastic) inclusions and voids were derived and discussed.
In this work, the attention is focused on elastic multi-layer particles. These can correspond to inhomegeneous inclusions made up of two or more different
materials, as well as homogeneous inclusions with a sufficiently thick interphase surrounding them at the interface with the matrix. The principal objective
is to analyze the nonlocal effects of such specific internal microstructure on the macroscopic properties of the composite. In order to do this, the preceding
formulation is here readjusted to taking into account the inhomogeneity of the particles.

6727 | On the optimal design of tensegrity lattices (38. Mechanics and engineering of lattice & structured material (Atul Bhaskar, Univ.
Southampton, UK, and Sourish Banerjee, Univ. Southern Queensland, Australia))

Fraternali, Fernando (f.fraternali@unisa.it), University of Salerno, Italy
Amendola, Ada (adamendola@gmail.com), University of Salerno, Italy
Carpentieri, Gerardo (gcarpentieri@unisa.it), University of Salerno, Italy 

We study acoustic applications of tensegrity structures, which are related to the design and manufacture of innovative periodic lattices and phononic
crystals. The extreme hard/soft behaviors of tensegrity prisms is exploited to manufacture periodic lattices supporting special types of solitary waves. Such
waves feature extreme compact support, in correspondence with a stiffening response of the unit cells (‘atomic scale localization’); or alternatively
rarefaction pulses, when instead the unit cells exhibit a softening-type behavior. The self-stresses of the basic units are finely tuned in order to switch the
local response from softening to stiffening, according to given anisotropy patterns. Future extensions of the present study involve the design of locally
resonant materials incorporating tensegrity concepts, and the manufacture of tensegrity microstructures through 3d printing.

7839 | Hierarchical composite lattice structures (38. Mechanics and engineering of lattice & structured material (Atul Bhaskar, Univ.
Southampton, UK, and Sourish Banerjee, Univ. Southern Queensland, Australia))

Yin Sha (yinsha2008@gmail.com), Beihang University, China
Zhang Boming (zbm@buaa.edu.cn), Beihang University, China
Wu Sujun (Wusj@buaa.edu.cn), Beihang University, China
Robert O. Ritchie (roritchie@gmail.com), Beihang University, China 

Hierarchical structures can be yielded by the hybrid of stretch- or bend-dominated construction at different length scales, which forms stretch-stretch-
hybrid and stretch-bend-hybrid hierarchical lattice structures. A flowchart was subsequently summarized to help evaluate the structural efficiency.
Fabrication techniques for stretch-stretch-hybrid and stretch-bend-hybrid hierarchical composite pyramidal lattice (CPL) structures were both developed,
and compression performance was tested to validate the prediction models for the mechanical properties of the two structures. After building up the failure
mechanism maps, each hierarchical structure was optimized and then evaluated by comparing with that of other competing topologies. Both the optimized
hierarchical structures were found to be as efficient as optimized hollow CPL structure and superior to other constructions, such as honeycomb and
corrugated core. Effects of constructions at two different length scales was assessed: the macroscopic topology determined the efficiency of the
hierarchical structures while the mesoscopic topology had little effect. Finally, the application potential together with manufacturability of these hierarchical
structures were discussed.

Key words: Lattice structure, Composites, Hierarchy, Compression, Structural efficiency
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7842 | The effect of different valency cations on the sintering process of magnesium oxide composites (38. Mechanics and
engineering of lattice & structured material (Atul Bhaskar, Univ. Southampton, UK, and Sourish Banerjee, Univ. Southern Queensland,
Australia))

Szczerba, Jacek (jszczerb@agh.edu.pl), AGH University of Science and Technology, Faculty of Materials Science and Ceramics, al. A. Mickiewicza 30,
30-059 Krakow, Poland, Poland
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30-059 Krakow, Poland, Poland 

Magnesium oxide (MgO) is an ionic compound with relatively high melting point (2825°C) and is one of the most important materials used in the
production of ceramics having the ability to withstand high temperatures. Pure MgO powders are hard to be densified into compacted ceramic sinters
through the standard processing route via pressureless sintering due to their high melting point. Therefore, it is necessary to introduce second phase –
sintering aids i.e. small additions of various compounds that allow good densification at a relatively lower temperature during sintering.
This paper presents results of a research on the effect of metal oxides (Al2O3, Cr2O3, TiO2, WO3, MoO3) and metal fluorides (NaF, CaF2, AlF3) addition
on the sintering process of pure magnesium oxide. Experimentally obtained results and phases were compared with compounds predicted by the
equilibrium phase diagrams.
The MgO-based dense refractory composite materials obtained by the reactive sintering of MgO powder with additives at 1500°C and 1600°C were
investigated by XRD and SEM-EDS. Mercury intrusion porosimetry (MIP) has been widely used to the characterization of the pore structure of MgO-
modiefeid phase ceramics. The microstructure of sintered high purity MgO ceramics consists of a homogeneous distribution of refractory crystalline
secondary phases in the magnesia matrix.

This work is supported by the grant no UDA-POIG.01.04.00-18-028/11-00 of the National Centre for Research and Development.

8636 | Vibro-acoustic optimization of sandwich panels involving hexagonal honeycomb cores (38. Mechanics and
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Sandwich panels are extensively used in automotive, naval and aerospace industry. These structures have high stiffness-to-weight ratios and are usually
made of a moderately thick, lightweight core surrounded by glass or carbon-fiber composite skins. The core can be made of polymer foam or more
complex structures involving aluminium or resin honeycomb constructions. Although the material and geometrical properties of the panel are usually
designed to provide specific stiffness and density characteristics, structural optimization also concerns acoustic radiation efficiency in order to improve the
acoustic comfort. Therefore, there is an increasing need for reliable optimization tools for design engineers, providing fast vibro-acoustic evaluation of
large-scaled structures involving composite components.

In this context, the knowledge of accurate wave dispersion characteristics in two laminated orthotropic skins connected by 3D cellular honeycomb core is
a key information for the prediction of the acoustic transmission parameters. Numerical methods for analyzing the vibrational behaviour of complex
composite or periodic panels in a broadband frequency range were extensively investigated in the last decade. Analytical approaches suffer some
drawbacks in the medium-frequency range, since they often involve an equivalent homogeneous layer for the honeycomb core, and cannot handle some
wave localization effects occurring at higher frequencies. Therefore, numerical methods were recently developed to perform wave analysis in advanced
periodic waveguides defined using classical finite element packages (FEM). Among others, the Wave Finite Element Method (WFEM) has been
successfully applied to predict the radiation efficiency of numerous thick layered structures. Nevertheless, these models involve homogeneous orthotropic
layers for the honeycomb construction, and may become inaccurate when the wavelengths are reaching the periodic cells dimensions. 

This paper focuses on the influence of the meso-scale parameters of the hexagonal honeycomb construction on the vibro-acoustic response of the
sandwich panel. Refined finite element models are developed for the periodic cell. The WFEM, which combines FEM and the Periodic Structures Theory
(PST) is applied to evaluate the wave dispersion characteristics. Since numerous degrees of freedom are involved to ensure accuracy in a broadband
frequency range, an interpolatory wave-mode model order reduction (MOR) is applied to perform fast optimization of the acoustic transmission. Therefore,
the effects of several geometrical and material parameters of the honeycomb core on the Sound Transmission Loss (STL) and the acoustic coincidence
frequency are investigated. Furthermore, this paper investigates the use of wave-based methods in the framework of structural optimization of composite
panels involving advanced components.

8737 | Mechanical properties of multi-scale lattices made of hierarchical material (38. Mechanics and engineering of lattice &
structured material (Atul Bhaskar, Univ. Southampton, UK, and Sourish Banerjee, Univ. Southern Queensland, Australia))

Banerjee, Sourish (Sourish.Banerjee@usq.edu.au), Faculty of Health, Engineering & Sciences and Centre of Excellence in Engineered Fibre Composites
(CEEFC), University of Southern Queensland, Australia 

Lattice materials have been extensively used as a core material in sandwich structures, energy absorption and packaging purposes. Due to their excellent
stiffness and strength at low density, they are now being used in infrastructure applications and sports goods industries as well. With an aim to produce
ultra- light yet stiff and strong lattice materials, recent research in this area mainly focuses on the mechanical properties of lattices with structural
hierarchy. These hierarchical lattices are made of smaller lattices at finer scales, and can be manufactured by current rapid prototyping techniques. In this
work, stiffness and the strength properties of novel multi-scale lattices made out of hierarchical material, are investigated. Theoretical approach is
employed to develop the expressions for the stiffness and strength properties of such hierarchical lattices. The enhancement of these properties are
compared to those of the single scale lattices.
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9026 | Mechanical response of an auxetic cellular sheet under plastic deformation (38. Mechanics and engineering of lattice &
structured material (Atul Bhaskar, Univ. Southampton, UK, and Sourish Banerjee, Univ. Southern Queensland, Australia))

Bonfanti, Alessandra (A.Bonfanti@soton.ac.uk), University of Southampton, United Kingdom
Bhaskar, Atul (A.Bhaskar@soton.ac.uk), University of Southampton, United Kingdom 

Most materials, when stretched in one direction, shrink in the lateral direction. The ratio of lateral contraction to the extension in the direction of the applied
load is termed as the Poisson’s ratio of the material. Positive Poisson’s ratio is a norm; however, in the past 25 years materials with negative Poisson’s
ratio have also been developed. Such materials are often structured and are known as auxetic. Negative Poisson’s ratio is interesting in many situations—
increased shear stiffness, an increased indentation resistance, enhanced resistance to cell-wall buckling, greater flexural strength have been reported, for
example. These properties have made them useful for several applications such as those in military, sensor and actuators, filters and biomedical contexts.
In this paper, we consider structures with apparent auxetic behaviour having potential application in the context of cardiovascular stents. The length of the
stent can be shorter at the stage of deployment. During this phase, the stent must deform plastically necessitating elasto-plastic analysis during design.
Moreover, instantaneous elastic recoil is observed during the stent deployment. The present work develops an analytical model to estimate the
macroscopic effective properties of an infinite auxetic sheet under elasto-plastic deformation. Further, expressions for the elastic spring back are derived. 
An inverted hexagonal lattice made of material that exhibits hardening behaviour is considered. For the translational symmetry, we can assume that
inclined members behave as fixed beam with point load and moment at the free edge. This obviates the need to carry out a full expensive analysis.
Therefore, the study can be reduced to the elasto-plastic analysis of a cantilever beam with an inclined tip load and moment. Analytical expressions for
the deflection of the cell-walls are derived by relating them to the stress distribution at each cross section. Because of the axial force, the neutral axis
shifts. Therefore, the two sides of the cross section will not undergo plastic deformation at the same time. This result in three different regions along the
cell wall. They are the elastic region, the primary plastic region—where only one side of the beam has plastically deformed, and the secondary plastic
region—where both sides of the cell wall have undergone plastic deformation. The elastic contribution is subtracted from the solution obtained above in
order to analyse the spring back when the load is removed. For the whole analysis, a novel linear elastic followed by hyperbolic plastic stress-strain
relationship is assumed. The plastic non-linear behaviour is mathematically described by a rectangular hyperbola with asymptotes translated with respect
to the reference system. 
Finally, a model of a cylinder of infinite extent in the axial direction, obtained by folding such lattices, is considered. The lateral response of a 2-D lattice
sheet under remote unidirectional stress is calculated using the analysis described above. This effect manifests as the axial shortening of the stents during
ballooning. For common materials, the axial shortening is negative—thus they reduce in length, whilst for this class of material it is positive—thus, they
expand radially and they elongate axially. 
The nonlinear behaviour, due to plasticity, has been analytically calculated for an auxetic lattice structure and reported for the first time. A parametric study
of the structural response for various shapes of cells is carried out, enabling us to assess the influence of geometric parameters on the macroscopic
properties. 

9035 | Structure‐property relationship of additively manufactured lattice materials: micromechanics and measurements
(38. Mechanics and engineering of lattice & structured material (Atul Bhaskar, Univ. Southampton, UK, and Sourish Banerjee, Univ. Southern
Queensland, Australia))

Cuan-Urquizo, Enrique (E.CuanUrquizo@soton.ac.uk), University of Southampton, United Kingdom
Bhaskar, Atul (A.Bhaskar@soton.ac.uk), University of Southampton, United Kingdom 

Structured or lattice materials are a class of materials made up of the tessellated periodic arrangement of matter. The lattice is made up of filaments that
are produced using additive manufacturing. The arrangement of these filaments in a porous architecture, affords advantages when compared to their fully
solid counterpart. Also it is inevitable for the manufacturing process under consideration to result in materials with porosity. Additive manufacturing
techniques allow engineers and designers to fabricate bespoke materials and structures. The present research is focused on the Fused Deposition
Modelling technique, which has been used to stack material in the so-called woodpile arrangement. In this technique, filaments are extruded through a
nozzle whose position is controlled. The nozzle displacement is driven to positions contained in instructions lines known as the G-code. The G-codes
needed to manufacture the desired lattice samples were generated using a MATLAB code. The MATLAB code takes as input the structural parameters
such as: number of filaments, distance between filaments, number of layers and distance between layers. Samples were manufactured according to the
ASTM standards with some modifications to avoid obtaining irrelevant data, such as the influence in the mechanical behaviour of the edges. The extruded
filaments are deposited in a platform forming the first layer of the part to be fabricated. Changing the distance from the nozzle to the platform allows the
next layer to be fabricated. Adjacent layers of semi-molten material solidify and thus bond together in this process. Parts with locally controlled mechanical
properties can be fabricated with this manufacturing technique by changing the deposition orientation of the filaments. 
The objective of this research is to characterise the mechanical properties of the lattice material described. In order to characterise the lattice structure,
single FDM filaments were studied first. Tensile testing of these was performed and the measured mechanical properties are reported here. These
properties have been then used to predict the apparent elastic properties of the complete lattice. Stress-strain curves of single FDM filaments are
presented and discussed. Stress-strain curves obtained from the tensile testing of the complete lattice are also presented. The expected mechanical
response of the complete lattice in tension is based on the single filament properties presented. While a considerable amount of works regarding the
mechanical properties of fused deposited parts can be found in the literature, studies on the flexural properties have been very limited. This work also
presents the prediction of the flexural load-deflection response of the particular lattice material described. 
Due to the layer-by-layer principle of the manufacturing process, a model based on the Classical Laminate Theory is developed. The constitutive
equations were obtained and the flexural stiffness matrix formed. The model is then validated with three point bending experiments. The elastic part of the
curves is studied in this paper. The samples were treated as laminated beams, and manufactured under controlled deposition of filaments. The elastic
response shows consistency and good agreement with the load-deflection relation predicted using the model developed using Laminate Theory. The
measured and calculated load-deflection curves are presented.

6959 | Post-cracking response of hybrid beams consisting of glass-GFRP and glass-SRP. (39. Glass composite structures
(Emanuela Speranzini, University of Perugia, Italy))

Speranzini, Emanuela (emanuela.speranzini@unipg.it), Department of Engineering, University of Perugia, Italy
Agnetti, Stefano (stefano.agnetti@gmail.com), Department of Engineering, University of Perugia, Italy 

This paper presents recent results of an experimental study of hybrid beams made of annealed glass reinforced with SRP (Steel Reinforced Polymer) or
GFRP (Glass Fiber Reinforced Polymer) sheets or GFRP pultruded profiles. Tested beams are formed by float glass sheet glued between them and with
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the reinforcement using common structural resins. The experimental program included material characterization tests, adhesion tests and four point
bending tests. 
The behaviour of the beams can be clearly seen: all beam specimens showed a pre-critical phase characterized by a linear phase until the first crack,
after which there was a drop in the load followed by a rising of the load and the forming of new fissures which occurred in the beam until collapsing. Glass
beams presented a progressive decrease of the bending stiffness from the elastic phase to the collapse. 
In all the experiments the beams showed residual resistances and a great value of the ratio between final failure displacement and initial failure
displacement which is indicative of a ductile behaviour.
The behaviour of these hybrid beams has also been studied using a specifically constructed analytical model that refers to the load-deformation
characteristics of the beams at initial failure and at collapse. It was used to perform simulations in order to investigate the structural response of the hybrid
beams to the varying of its characteristics.

7744 | The conception of cable-stayed footbridge with GFRP deck (39. Glass composite structures (Emanuela Speranzini,
University of Perugia, Italy))

Stankiewicz Beata (b.stankiewicz@po.opole.pl), Opole University of Technology, Poland
Tatara Marcin (m.tatara@po.opole.pl), Opole University of Technology, Poland 

Present footbridge structures in the world are like explosion of modern engineering calculation and material parameters. There are full of amazing
architecture and extraordinary form and shape. Engineers predict that a new type of footbridge, a hybrid design in incorporating suspension and cable-
stayed features, will revolutionize bridge design, as will high-strength. Light weight composite materials now being used and create new dimension of
area. Glass Fibre Reinforced Polymer Composites, thanks to their beneficial properties and various advantages over traditional materials, have great
potential as a material used in bridge engineering. During the last 30 years, they have proved useful in a few areas: they are commonly used to
strengthen existing bridge structures; they can replace traditional materials for structural elements in hybrid bridge structures. Glass Fiber Retrofit Polymer
makes new horizon in material technology, helps to rich new conception of structure with longer durability, low weight of deck, new creation of architecture
line. The paper has described a few results of FEM analysis of cable-stayed footbridge with modular bridge GFRP deck system. The rules introduced in
European standards require verification of natural frequency and level of vibrations of the footbridges. According to EN 1990/A1 verification the vibration
comfort criteria should be performed when the fundamental frequency of the footbridge is less than 5.0 Hz for vertical vibrations and 2.5 Hz for horizontal
and torsion vibrations. In the cases of medium and large span steel footbridges the fundamental vertical vibration frequency is very often less than 5.0 Hz.
With these reasons the verification of the vibration comfort criteria becomes obligatory for almost all footbridges. Fundamental parameters determining the
intensity of vibration perception by human are: vibrations amplitude, frequency characteristic of the vibrations, direction of the vibrations, vibrations impact
time (exposure time), repeatability of the vibrations, human activity. It should be noted that the recommendations of the EN 1990/A1 exclude the impact of
the frequency characteristic of the vibrations and type of human activity on the permissible amplitude of the vibration acceleration. In some cases, the
vibrations with amplitudes equal to the values recommended in EN 1990/A1 can be clearly felt by walking and very clearly by standing pedestrians. It is
necessary to define the appropriate and accurate criteria. The analyzed cable-stayed footbridge with GFRP composite deck is suitable with EN 1990/A1
normative rules. 

7978 | Electric properties of the porous glasses and ferroelectric nanocomposites based on them (39. Glass composite
structures (Emanuela Speranzini, University of Perugia, Italy))

Rysiakiewicz-Pasek, Ewa (Ewa.Rysiakiewicz-Pasek@pwr.edu.pl), Institute of Physics, Wroclaw University of Tehnology, Poland
Ciżman, Agnieszka (Agnieszka.Cizman@pwr.edu.pl), Institute of Physics, Wroclaw University of Technology, Poland
Marciniszyn, Tomasz (Tomasz.Marciniszyn@pwr.edu.pl), Institute of Physics, Wroclaw University of Technology, Poland
Pshenko, Olga (zubanova_oa@mail.ru), Grebenshchikov Institute of Silicate Chemistry of Russian Academy of Sciences, Saint-Petersburg, Russian
Federation
Drozdova, Irina (i-drozd@list.ru), Grebenshchikov Institute of Silicate Chemistry of Russian Academy of Sciences, Saint-Petersburg, Russian Federation
Polyakova, Irina (ira_pp@list.ru), Grebenshchikov Institute of Silicate Chemistry of Russian Academy of Sciences, Saint-Petersburg, Russian Federation
Antropova, Tatiana (antr2@yandex.ru), Grebenshchikov Institute of Silicate Chemistry of Russian Academy of Sciences, Saint-Petersburg, Russian
Federation 

The porous glasses, the products of leaching of phase-separated glasses, are the subjects of the scientific investigations. It is caused not only by many
problems connected with manufacturing of these glasses but also by very interesting properties depending on their structure and various application. After
impregnation of the porous glass with the different substrates it is possible to obtain very promising materials which find the wide use in microelectronic
and optoelectronic devices. One of the important factors is the control of technological processes as well as estimation effect of the glass processing on its
properties. For many years all porous glasses produced have been based on alkali borosilicate glasses. First, the original glass is heated at high
temperature in order to realize the separation into two phases. The phase-separated glass was etched in hydrochloric acid and rinsed in deionised water.
The porous glass obtained is immersed into a solution containing ferroelectric substance (KNO3). The microstructural changes appearing during formation
of the porous glasses influence the physical and chemical properties of them. In the paper the results of measurements of electrical properties of porous
glasses before and after impregnation by ferroelectric depending on their structure are presented. The measurements were performed successively after
each stage of the technological process. The structure of the initial two-phase glasses, porous glasses and nanocomposites has been investigated by
transmission electron microscopy (TEM) and X-ray diffraction (XRD) techniques. Also the porous space parameters have been studied by porosimetry
(BET method). Electrical conductivity and dielectric permittivity measurements have been used to observe the electrical changes in the glasses after
modification of their structure. The investigations were performed for dielectric (silica) and magnetic (Fe2O3 inside silica) matrixes.

This work was carried out as the Polish–Russian joint research project ‘‘Ferroelectric, magnetic and optical nanocomposite materials on basis of porous
glasses’’ of the Inter Academic Scientific Cooperation Program (2014/2016) and in conformity with subjects of project no. 15-03-06258 of the Russian
Foundation for Basic Research.

8063 | A study on the mechanical properties of insert molded FRP� with different inserting laminations of silk fabric
(39. Glass composite structures (Emanuela Speranzini, University of Perugia, Italy))
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Kiyoshi FUJIWARA (fujiwara.k@mazda.co.jp), Mazda Motor Corporation, Japan
Erika SUZUKI (erika-suzuki@toyugiken.co.jp), Toyugiken Co., Ltd., Japan
Tetsuo KIKUCHI (tetuo-kikuchi@toyugiken.co.jp), Toyugiken Co., Ltd., Japan
Takashi FURUKAWA (t-furukawa@hishiken.co.jp), HISHIKEN Co., Ltd., Japan
Yuka TAKAI (takai@ise.osaka-sandai.ac.jp), Osaka Sangyo University, Japan
Yuqiu YANG (amy_yuqiu_yang@dhu.edu.cn), Donghua University, China
Hiroyuki HAMADA (hhamada@kit.ac.jp), Kyoto Institute of Technology, Japan 

Applications of FRP are widespread; it's used as exterior roofing material for individual resident terraces and carports, or lighting materials such as the
interior surface material for bathroom doors or room-partitioning windows. Polycarbonate, which is a type of GFRP lighting materials, has strong physical
properties but looks unpleasant, due to the visible glass pattern. In order to solve this problem we have developed a decorative molding technology using
kyo-yuzen (Kyoto-made, paste resist-dyed kimono fabric) as a reinforcing material, consisting of silk cloth used to make Japanese kimonos. By
incorporating this method fused with traditional Japanese design, the glass pattern can be utilized as a pattern in its own right. In the kimono industry,
cloth with soft and elegant textures is preferred over vivid finishing. This is expressed in the Kyoto-based Japanese word “han-nari”, which means not only
"soft and elegant", but “gorgeous”.
In this study, we have focused on the conventionally-overlooked artistic qualities of FRP. By combining superior FRP functionality produced with high
technology and the unique Japanese sense of aesthetics originating in ancient times, we developed these new concepts in FRP-applied products, then
combined them with Japanese traditional craftworks, such as kyo-yuzen. That is called “Artistic FRP”. We think that mutual support is necessary for the
progress of both science and the arts, allowing a new artistic, scientific, and technological culture to be actualized. 

In particurally, the investigation of the effect of the inserting laminations of the silk fabric on the mechanical property of insert molded FRPs was carried
out. 6 types of the different lamiantion structure composite were molded with 4-5 layers of glass mat fabrisc and 1 layer of silk fabric. In some of them , gel
coating was add in single or double faces of the composites. 3 point bending tests (normal bending, low/high cycle bending , crepe, after degradtion of hot
water and sunshine) and impact were carried out.

8114 | Optimal cold-bending and cold-lamination-bending of glass (39. Glass composite structures (Emanuela Speranzini,
University of Perugia, Italy))

Galuppi, Laura (laura.galuppi@unipr.it), Department of Industrial Engineering, University of Parma, Italy
Royer-Carfagni, Gianni (gianni.royer@unipr.it), Department of Industrial Engineering, University of Parma, Italy 

Laminated glass is a composite made of glass plies bonded together by polymeric interlayers with a process at high temperature and pressure in
autoclave. Its bending properties are strongly influenced by the shear-coupling of the glass plies through the interlayer, whose response is viscoelastic in
type. The modern architectural trend desires curved glass to build free-form building envelopes, for which the constituent panels can be obtained with
“hot-bending” or “cold-bending” processes. Hot-bending consists in heating glass up to the softening point and curving it into the desired shape against a
negative form. In cold-bending, initially-flat panels are elastically strained in the desired position and maintained into place with clamping strips or
adhesives against an underlying frame. A more recent technique is “cold-lamination-bending”, which consists in curving the glass-interlayer assembly in
the desired shape with provisional constraints and, only afterwards, performing the lamination process in autoclave. After that adhesion takes place, it is
the bond of the glass through the interlayer that maintains the curvature, even when the constraints are removed. However, the curved laminate suffers an
initial springing back followed by a relaxation due to the decay of the shear-coupling of the glass plies, as a consequence of the viscosity of the polymeric
interlayer.
Here, the single-curvature cold-bending of a laminated glass panel is analyzed by using sandwich beam theory, developing for this particular case a
method originally proposed by Newmark et al. [1]. The relationship between the design cold-bent shape and the spatial and temporal evolution of the state
of stress in both glass and interlayer is discussed in detail. Results are compared with those obtainable with cold-lamination-bending. The model for this
latter case considers that during the bending phase there is a relative shear-slip between the glass plies and the (not yet bonded) polymeric interlayer,
which is treated as a distributed shear dislocation. The proposed approach [2] allows finding the time-dependent state of stress for any given assigned
deformation. It is shown that “soft” interlayers (like PVB) undergo a noteworthy viscous release, which strongly reduces the initial distortion in a just a few
months’ period; on the other hand, “stiff” interlayers (like Ionoplasts) can provide excellent bonding for the whole lifetime of the glazing.
For both the cold-bending and the cold-lamination-bending processes, different-in-type cylindrical deformations are analyzed in detail. A method is
proposed to find which is the initial shape that, at a prescribed time, provides the desired state of stress in the materials. Remarkably, it is demonstrated
that the simplest constant-curvature deformation, indeed the most used for these techniques, is associated with shear stress concentrations in the
polymeric interlayer, eventually leading to delamination as observed in the practice. The higher the shear stiffness of the interlayer, the more critical is the
corresponding state of stress: in the limit case of rigid interlayers, the shear stress becomes singular because lumped forces at the panel extremities are
necessary to guarantee equilibrium.
Various possible shapes for cold-lamination-bending are compared in order to avoid such stress concentrations and, among all the considered cases, the
optimal deformation is sinusoidal. For current geometric and material parameters, the difference between an arch of sinusoid and an arch of a circle
cannot be appreciated with the naked eye. The aesthetics is not affected, but such small differences in the shape can provide so noteworthy advantages.
[1] Newmark, N.M., Siess, C.P., Viest, I.M., 1951. Tests and analysis of composite beams with incomplete interaction. Proc. Soc. Exp. Stress Anal. 9, 75–
92.
[2]L. Galuppi, G. Royer-Carfagni, 2014. Rheology of cold-lamination-bending for curved glazing. Eng. Struct. 61, 140–152.

8172 | ORGANIC –INORGANIC HYBRID MATERIALS DOPED WITH (Sm3+, Nd3+, La3+/(Eu3+ ) RARE EARTH AND
LITHIUM IONS (39. Glass composite structures (Emanuela Speranzini, University of Perugia, Italy))

Zelazowska, Elzbieta (ezelazowska@wp.pl), Institute of Ceramics and Building Materials –Division of Glass and Building Materials in Cracow, 30-702
Krakow, ul. Lipowa 3, Poland, Poland
Rysiakiewicz-Pasek, Ewa (Ewa.Rysiakiewicz-Pasek@pwr.wroc.pl), Institute of Physics, Wroclaw University of Technology, Wybrzeze Wyspianskiego 27,
50-370 Wroclaw, Poland, Poland
Socha, Robert P. (ncsocha@cyf-kr.edu.pl), Institute of Catalysis and Surface Chemistry Polish Academy of Science, ul. Niezapominajek 8, 30-239
Krakow, Poland, Poland 

Silica-based organic-inorganic hybrid materials doped with samarium, neodymium, lanthanum / europium (Sm3+, Nd3+, La3+, Eu3+ ) rare earth and
lithium ions were prepared by sol-gel method. Tetraethyl orthosilicate (TEOS), ethyl methacrylate, ethylene glycol dimethacrylate, ethyl acetoacetate, and
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SmCl3•6 H2O, NdCl3•6 H2O, LaCl3•7 H2O, (EuCl3•6 H2O), LiClO4 were used as precursors and dopants, respectively. The materials obtained (ca 40 %
of organic parts) were aged at room temperature and heat treated at temperature of 105°C. Scanning electron microscopy equipped with energy
dispersive X-ray spectroscopy (SEM/EDS, Atomic Force Microscopy (AFM), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR, KBr
technique), 29Si MAS Magnetic Nuclear Resonance and X-ray Photoelectron Spectroscopy (XPS) methods were used for investigation of morphology,
chemical composition and structure of the materials. The excitation and emission luminescence spectra were recorded at room temperature, using
fluorescence spectrometer equipped with a pulsed Xenon lamp as an excitation source. The materials have revealed dominant photoluminescence
emission bands resulting from electronic transitions of samarium (III)/europium (III) and the relatively weak from the neodymium (III) ions. According to the
excitation and emission spectra, the occurrence of energy transfer from Nd3+ to Sm3+ and possible to Eu3+ ions is observed.

8638 | Modeling tensile properties of hybrid wood plastic composites reinforced by unidirectional glass fiber (39. Glass
composite structures (Emanuela Speranzini, University of Perugia, Italy))

Zolfaghari, Abbas (zolfaghari217@gmail.com), Babol University of Technology, Iran 

In previous work, wood plastic composite (WPC) was reinforced by continuous glass fiber by a unique extrusion process. In this method, continuous glass
fibers were impregnated by polyethylene melt and have been located into the extruded WPC profile while extrusion is running. The impregnation of glass
fibers was conducted to produce a strong interaction between the glass fibers and the WPC. The results of mechanical tests showed that significant
improvements in mechanical strengths could be obtained by the presented reinforcing method. This type of composite is regarded as a hybrid composite
because two reinforcing fillers i.e. glass fibers and wood flour, are added into the polymeric matrix. In this paper, a model has been proposed to predict the
tensile strength and modulus of the WPCs reinforced with unidirectional glass fibers. The methodology applied in this research considers the WPC as
matrix and the glass fibers as reinforcements. Since WPC matrix is brittle, the rule of mixtures corresponding to the brittle matrix composites was used in
this paper. Results indicated that the predicted tensile properties were in good agreement with experimental data.

8714 | On the experimental determination of dynamical properties of laminated glass and a comparison with a
theoretical model (39. Glass composite structures (Emanuela Speranzini, University of Perugia, Italy))

Lenci, S. (lenci@univpm.it), Polytechnic University of Marche, Italy
Consolini, L. (laura.consolini@alice.it), Polytechnic University of Marche, Italy
Clementi, F. (f.clementi@univpm.it), Polytechnic University of Marche, Italy 

In this work we address experimentally the determination of the dynamical properties, mainly natural frequencies and damping factors, of laminated
structural glass. Various specimens, coming from different productions and manufactures, are investigated. Damped free vibrations experiments are
performed, where the initial excitation is provided by an instrumented hammer. The boundary conditions are free-free (the specimens lay on a very flexible
sponge substrate). Various identification techniques, including experimental modal analysis (EMA) and last squares fitting of time histories (FHT), are
used and compared between each other to check the reliability of the results. Using the EMA, we extract the modal parameters in most simple way and
we compare them (those obtained by applying) with the classical analytic theory of beams in free vibration, both to comprehend the behavior of laminated
glass and to test the instruments and the experimental set in terms of reliability and accuracy. We extract the same modal parameters also using the FHT
technique, which is based on the observation that, in free vibration, any dynamical quantity of interest (displacement, velocity, acceleration) of a single
mode behaves as a function of the amplitude, the damping coefficient, the natural frequency and the phase shift. We check this method using the classical
statistic parameters and we reach a good level of reliability. This identification technique gives us some important results, regarding mainly the invariance
of application of loads on laminated glass and the irrelevance of the interface damages of one specimen (i.e. small detachments). Eventually, we can also
underline the influence of ageing on the damping of laminated glass, found and checked with FTH. We also check this identification technique moving the
exciting point, reaching the same results in terms of frequencies and damping. In the following part, we compare the experimental results with a
theoretical model which describes the behavior of laminated beams, as the ones tested of laminated glass, which are laminated using PVB. The main
hypothesis of the model are that the beams behave according to the Euler-Bernoulli kinematics, the interface can only slide (detachment is not allowed),
axial and rotational inertia are neglected. We can identify the dynamic parameter of laminated glass, observing its mechanical behavior strongly influenced
by the velocity of the load and remarking the importance of its dependence on its own thickness.

8727 | Experimental analysis of laminated glass with different interlayers (39. Glass composite structures (Emanuela Speranzini,
University of Perugia, Italy))

Agnetti S. (agnetti.stefano@gmail.com), Department of Engineering - University of Perugia, Italy
Speranzini E. (emanuela.speranzini@unipg.it), Department of Engineering - University of Perugia, Italy 

It was carried out an experimental study of the behaviour of different interlayer, laminated glass subjected to static loads. Glass elements, obtained by two
glass sheet having thickness of 4 mm, laminated with PVB, were compared with glass elements having the same thickness but laminated with SGP. The
glass elements, 1100 mm length and 360 mm wide, were tested on four point bending test, with the same stress rate with an electronic hydraulic testing
machine, in displacement control conditions. SGP laminated elements presented a higher stiffness than PVB laminated ones, in the initial elastic phase.
Also in the post critical phase the SGP laminated elements had a good behaviour. The failure load didn’t exceed the initial failure load. However the
cracked sheet is able to bear the load, increasing the displacement. In the case of PVB laminated glass the failure happened with the collapse of the
element, while for the SGP laminated glass elements, the interlayer was able to bear the load constant and to increase the displacement, without the
sudden collapse. A finite element model, able to reproduce the elastic phase and the post critical phase, was performed. It was possible also to model the
behaviour of laminated glass sheet, in the post critical phase, i.e. considering the cracked section. It was modelled the behaviour of the interlayer in the
different conditions of time loading. The model in this case reproduced quite well the cracked glass behaviour.

Keywords: Interlayer, PVB, safety glass, SGP.

8923 | Flexural behaviour of long span laminated glass beams reinforced with stainless steel (39. Glass composite
structures (Emanuela Speranzini, University of Perugia, Italy))

Valarinho, Luis (luis.valarinho@gmail.com), ICIST, IST, Universidade de Lisboa, Portugal
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Correia, João R. (joao.ramoa.correia@tecnico.ulisboa.pt), ICIST, IST, Universidade de Lisboa, Portugal
Louter, Christian (christian.louter@epfl.ch), École Polytechnique Fédérale de Lausanne, Switzerland 

In the past few decades architects and civil engineers have shown an increasing interest in the use of glass as a load bearing material. The glass industry
tried to answer to this demand by developing stiff interlayers and by manufacturing longer glass elements. The research about the behaviour of glass as a
structural material (encompassing low and unpredictable tensile strength and an inherent brittle failure) has also consistently increased, enabling a much
better understanding about its behaviour. This knowledge has been recently gathered in a new a set of European design guidelines, a first step towards
the development of an Eurocode in this field. 

At the same time alternative technologies were developed to improve the safety and ductility of glass structures. One of the most promising ones consists
of combining glass with other structural materials, such as concrete, wood, steel, fibre reinforced polymers (FRPs) and stainless steel. The technique
relies on the same principles of reinforced concrete and its application to glass beams has been proven to improve the post cracking behaviour, in terms
of both post cracking strength and post cracking ductility.

Previous studies on this type of reinforced glass members have included flexural tests on beams with different (i) shapes and areas of reinforcement, (ii)
adhesives, (iii) number of glass panes, (iv) types of interlayers, and (v) types of glass (type of thermal treatment). Concerning the last parameter, previous
studies have shown that the use of fully tempered glass decreases the post fracture behaviour of reinforced beams, since its cracking behaviour
comprises very limited integrity preservation. However, it is still to know how much this type of glass can sustain, in terms of both interlocking compression
and shear stresses after cracking. The vast majority of previous studies have been performed in small-scale specimens, generally with spans lower than 6
m (mostly due to manufacturing limitations). Although testing small-scale glass specimens has several advantages (e.g., in terms of experimental setup
and possibility of testing more replicates), it raises several questions about the applicability of the results to real scale structures, moreover due to the
brittleness of glass. In addition, in the case of reinforced glass beams, other questions can arise, namely about the representativeness of the type and
amount of reinforcement, the type and amount of adhesive and, again, the possibility of extending the results to a larger scale. 

This paper presents experimental investigations about the flexural behaviour of long span laminated glass beams made of fully tempered glass and
reinforced with stainless steel bars applied on both tension and compression edges. Two simply supported beams were tested in four-point bending
differing on the number of fully tempered glass panes and the type of interlayer material: (i) the first beam, with a span of 7.80 m and cross-section
comprising three 15 mm-thick glass panes with 600 mm height bonded with interlayers of polyvinyl butyral (PVB), reinforced at both edges with a 40×20
mm stainless steel bar; (ii) the second beam, with a span of 8.00 m and cross-section comprising four 15 mm-thick glass panes with 700 mm height
laminated with ionoplast (SentryGlas) interlayers, also reinforced at both edges, now with a 60×20 mm stainless steel bar. The main goal of the tests was
to analyse the capacity of fully tempered glass to transfer stresses to the stainless steel reinforcement after cracking. To this end, the beams were
reinforced with relatively high reinforcement areas: the cross-section of the stainless steel bars was designed to sustain at least 80% of the tensile forces
expected to be transferred from the glass after the development of the first crack. The results obtained in this study are expected to provide a better
understanding about the behaviour of reinforced glass beams made of fully tempered glass.

9189 | The strength of GFRP gratings under fatigue loading. (39. Glass composite structures (Emanuela Speranzini, University of
Perugia, Italy))

Habib, Amir Izzuddin Hasani (amerdeen89@gmail.com), Universiti Teknologi PETRONAS, Malaysia
Akbar, Ibrisam (ibrisam_akbar@petronas.com.my), Universiti Teknologi PETRONAS, Malaysia 

Glass Fibre Reinforced Polymer (GFRP) gratings are normally made by combining glass fibres with bonding matrixes such as vinyl ester, polyester and
phenolic. GFRP grating is considered to be a potential alternative to steel in the offshore applications due to the high strength-to-weight ratio and high
resistivity to corrosion. This paper present the experimental results on the effect of fatigue load to GFRP gratings made from moulding process with length
of 760 mm, width of 300 mm and depth of 38 mm. A total of six GFRP grating specimens were tested under static and fatigue loads with span of 640mm.
The specimens tested under fatigue up to 1 million cycles at 5Hz at the range not exceeding 40% of the static load to simulate the serviceability load in
the offshore. All the specimens were tested to failure after 1 million cycles of fatigue load to observe the remaining strength of the GFRP gratings. It was
found out that all the specimen show degradation in strengths and stiffness after tested to one million cycles fatigue load. The polyester GFRP grating
shows the highest strength degradation followed by vinyl ester and phenolic.

7643 | An extended cohesive damage model for predicting multiple crack propagation in composite structures (40.
Delamination (Jiye Chen, University of Portsmouth, UK))

J Chen and X Li (jiye.chen@port.ac.uk), University of Portsmouth, United Kingdom 

An extended cohesive damage model (ECDM) for predicting multiple crack propagation in composite structures was presented in this paper. This
developed ECDM model employed the concept for enriching the strong and weak discontinuities in composites from the standard extended finite element
method (XFEM) to approximate the matrix crack and delamination or debonding in composites. Unlike the standard XFEM the enriched degree of
freedoms are not required by the ECDM for improving the efficiency and convergent rate in multiple crack simulation. A shift Heaviside function was
introduced into the ECDM to express existing cracks and crack propagation. The classical cohesive damage model (CDM) was used to overcome the
problem of stress discontinuities at the front of crack and to control the crack propagation. Unlike the classical CDM used at artificial interfaces or
boundaries in composite modelling, the ECDM is proposed to be used in whole modelling thus it makes a possibility that the ECDM can simulate the
reality of multiple crack path. Verification of this novel model was completed using three standard fracture specimens, double cantilever beam (DCB), end
load split (ELS) and mixed mode bending (MMB). As a complex example, a composite stiffened panel with multiple delamination and matrix cracks was
investigated using the ECDM. This investigation presented that the ECDM modelling technique can avoid the complexity regarding multiple enrichment
functions required by standard XFEM for simulating different cracks in fibre composites, and the artificial interfaces in standard CDM modelling for
simulating delamination or debonding are no longer required. This is important in the fracture analysis of complicated structures in which the cracking path
is unknown. This developed ECDM supplied an effective and efficient modelling technique in simulation of reality of multiple crack propagation in
composite structures.

7645 | An extended cohesive damage element for simulating arbitrary damage propagation in fibre composites (40.
Delamination (Jiye Chen, University of Portsmouth, UK))
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X Li and J Chen (xiaole.li@port.ac.uk), University of Portsmouth, United Kingdom 

This paper introduced an extended cohesive damage element (ECDE) for arbitrary damage analysis in fibre composites. By introducing a cohesive
damage model (CDM) into the eXtended Finite Element Method (XFEM) and eliminating the enriched degree of freedoms (DoFs), the proposed ECDE
was developed to exhaustively and effectively predict the arbitrary cracks in composites without a priority knowing of crack path. In this developed ECDE,
standard shape function was adopted in the approach of partition of unity; a shift Heaviside function was introduced to express existing cracks and crack
propagation; the additional DoFs for enriching strong and weak discontinuities were removed from the developed ECDE formulation. Therefore this
developed novel ECDE can cope with multiple cracks such as matrix fracture and delamination in composites without solving additional DoFs in
equilibrium equations. And this developed ECDE does not require any cross-scale embedments of CDM, allows discontinuities to exist within a finite
element, rather than the element boundaries, which enable the ECDE to simulate the reality of arbitrary cracks in composites. This developed ECDE can
significantly improve the efficiency and convergent rate in simulation of progressive damage propagation. Initial applications of the ECDE in simulation of
arbitrary cracks were also given in this paper, including fracture modellings for a single element, a plate, a beam, standard fracture test specimens and a
composite stiffened panel. This investigation shown that the developed ECDE worked very well when comparing the ECDE prediction with analytical and
experiment work. Meanwhile, the great computing efficiency of the EDCE was proved by comparing the ECDE with XFEM. This developed ECDE
supplied a robust numerical modelling tool for simulating arbitrary damage propagation in fibre composites.

7649 | AN EXTENDED FINITE ELEMENT MODEL FOR THE DELAMINATION ANALYSIS OF COMPOSITE LAMINATES (40.
Delamination (Jiye Chen, University of Portsmouth, UK))

Yazdani, Saleh (yazdani@ikm.uni-hannover.de), Institute of Continuum Mechanics, Leibniz Universität Hannover, Appelstraße 11, 30167 Hannover,
Germany, Germany
Rust, Wilhelm J.H. (Wilhelm.Rust@hs-hannover.de), Hochschule Hannover, University of Applied Sciences and Arts, Ricklinger Stadtweg 120, 30459
Hannover, Germany, Germany
Wriggers, Peter (wriggers@ikm.uni-hannover.de), Institute of Continuum Mechanics, Leibniz Universität Hannover, Appelstraße 11, 30167 Hannover,
Germany, Germany 

An extended finite element method (XFEM) is applied to the simulation of delamination in composite laminates. The proposed formulation can be
employed to model the delamination in the multi-layered composite laminated plates with less computational effort. Composite laminates with arbitrary
fibre orientations and stacking sequences are modelled by a first order shear deformation theory (FSDT). The XFEM approach is used to impose the
discontinuity at an arbitrary location at the interfaces by enriching the approximated displacement field. In order to simulate the delamination growth,
cohesive effects at the delamination plane are implemented into the XFEM-element using differences between the normal and extra degrees of freedom.
The arc-length method with full Newton-Raphson iteration is adopted to solve the non-linear problem. Numerical studies are performed for a double
cantilever beam (DCB) and end-notched flexure (ENF) tests. The obtained results are compared with those reported in the literature. Moreover, to
determine the impact of the integration schemes on the reliability of the results in progressive delamination problems, results from different integration
techniques are compared with each other.

8056 | Comparison of numerical and local partition methods in ADCB specimens (40. Delamination (Jiye Chen, University of
Portsmouth, UK))

Mollon, Victoria (mollonvictoria@uniovi.es), University of Oviedo, Spain
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1. Introduction
It is well known from the scientific literature that the Asymmetric Double Cantilever Beam (ADCB) specimen is subjected to mixed-mode I/II load at the
crack tip. In these samples the crack plane lies outside the laminate midplane. 
The ADCB test is an alternative configuration to the MMB test (Mixed Mode Bending) to produce a mixed mode load state at the crack tip. This test
configuration is as simple as pure mode I tests. Nevertheless, the mixed mode load state at the crack tip cannot be controlled by means of the test
fixtures. In this test configuration, the position of the crack plane controls the mode I and mode II load levels at the crack tip. 
The analytical determination of GI and GII in ADCB samples is not simple or straightforward and is usually based on partition methods.
In this work, the ADCB sample is analysed from different approaches. Numerical results obtained from Finite Element analysis (FE) are compared with the
analytical local partition method (LP). Both results are also compared with an empirical formulation obtained in previous works.

2. Materials and methods
2.1. Material and samples
The material used to perform the numerical and analytical calculations was the Hexcel AS4/3501-6 unidirectional carbon fibre reinforced epoxy laminate.
The dimensions of the samples were: 150 mm x 25 mm x 5 mm.

2.2. Finite Element Method
An Ansys package was used to perform the FE calculations. In order to calculate GI and GII energy release rates the Two Step procedure was followed. 
The following critical values where used to perform the FE analyses: GIc= 90.6 J/m2, GIIc=943.4 J/m2. These values where obtained experimentally in a
previous work.
In order to determine the critical load for each run, a Benzeggagh- Kenane law was used.

2.3. Partition method
The analytical calculations were performed by means of the Local Partition method (LP). This method is an analytical approach based on a stress
intensity factor calculation defined by K=KI+iKII . This formulation was used to perform the analytical calculation of GI and GII for the different crack plane
positions considered in this work.

2.4. Empirical equation
An empirical formulation developed by Mollón et al. to calculate the mode mixity ratio was also used to compare results. This empirical formulation allows
the calculation of GII/G rate as a function of the crack plane position.
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3. Results and conclusions
FE, LP and empirical results, were in good agreement. The error in the determination of GI/G was in the order of 3% among all three models. The error in
the determination of G between FE and LP methods was between 6% and 15% depending of the crack plane position.
The ADCB test configuration is a simple method to obtain mixed mode at the crack tip. The calculation of GI and GII by means of numerical, analytical
and empirical formulations provided similar results.

8147 | Mode III of fracture in composites. A new device and formulations (40. Delamination (Jiye Chen, University of Portsmouth,
UK))
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This paper shows a new device for testing composite materials in mode III of fracture. This device lets to apply a quasi-pure mode III because there is not
practically mode II. In other devices and tests of mode III of fracture there is an important component of mode II. An Optical 3D Deformation Analysys
equipment has been used for measuring the displacements of differents selected points during the test in order to demonstrate that the mode II do not
exist in this case. Also two different formulations based in the classical theory have been developed. One of them based in the theory of long beam and
the other in the theory of short beam. So, different values of energy have been obtained.

8955 | Heat conduction in a layered composite with an interface crack using dual phase lag model (40. Delamination (Jiye
Chen, University of Portsmouth, UK))

Chen, Zengtao (zengtao@ualberta.ca), University of Alberta, Canada
Hu, Keqiang (keqianghu@163.com), University of Alberta, Canada
Fu, Jiawei (jfu1@unb.ca), University of Alberta, Canada 

High-rate heat transfer has become a major concern in modern industries especially in material processing, such as the pulsed laser heat and ultrasonic
waves, and accurate heat conduction analysis is of great importance for the material and structural integrity. For applications involving high power density,
extremely short times or cryogenic temperatures, the classical parabolic heat diffusion theory becomes ineffective. Inherent defects in materials such as
dislocations and cracks may disturb the temperature distribution when thermal loading is applied to the material, and singularities may be developed in the
neighborhood of discontinuities.

In this paper, the heat conduction in a layered composite with an interface crack parallel to the boundaries is investigated by using the dual phase lag
model. Fourier and Laplace transforms are applied and the mixed boundary value problem for the cracked structure under thermal loading is reduced to a
singular integral equation. Numerical results show that the dual phase lag model parameters, the heat conductivity and the geometric size of layered
structure have significant influence on the dynamic temperature field. The results obtained by the dual phase lag theory can be reduced to that by the
hyperbolic model and that by the parabolic model.

Keywords: Layered composite, Interface crack, Dual phase lag model, Singular integral equation, Dynamic temperature field
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This paper reported an experimental study on the mixed mode I/II delamination growth in multidirectional laminates made of X850 carbon-fiber composite
prepreg. The multidirectional laminates of four different stacking sequences respectively with +22.5°/-22.5°, +45°/-45°, 90°/90°�0°/-45°, 0°/90°
delaminating interfaces are designed. During the tests, various delamination propagation behaviors, including crack migration, intra-ply cracking, and
bifurcation phenomenon were observed. The resistance effects of the four types of multidirectional laminates specimens were revealed by linking the
specific crack growth behavior with the change of the critical strain energy release rates (SERR) in the R-curves. Additionally, transverse intra-ply crack
angle between two neighboring interfaces were found to be significantly affected by the orientation of the in the θ-oriented interface ply where the
transverse crack passed through, and an obvious law was that the larger the ply orientation was, the larger the crack jumping angle would be, and the
transverse intralaminar cracks angle were approximately equal to the ply orientation. Then the delamination crack jumping morphology was interpreted
with FE analyses concerning the interlaminar stress field in the vicinity ahead of the crack tip.
In this paper, the influence of different stacking sequences, especially the influence of orientations of upper and lower plies at the delamination crack
propagation interface, were investigated. And it was found that the orientation of plies at the interface had a significant influence on the stress distribution
along the crack growth direction. Moreover, high interlaminar shear stress would be brought forth at the vicinity of the crack tip when the delaminations
crack propagated along the interface between plies of different orientations. 
Traditionally, the delamination resistance of laminated composites is measured by critical SERR which are determine in tests. However, experimental tests
are time-consuming and high in cost. In current work, the critical SERR were linked with 'characteristic length stress intensity factors' using the crack
length as the medium, which is shown in the figure below. The detailed procedure are as following: 1) Obtain the critical SERR under a group of crack
lengths through MMB (mixed-mode bending) test; 2) Calculate the 'characteristic length stress intensity factors' for the specimens with the above group of
crack lengths through a FE analysis; 3) Find the relationship between the 'characteristic length stress intensity factors' resulted from the FE analysis and
the critical SERR obtained from the test. Using the method of this paper, critical SERR of specimens with other dimension and arbitrary stacking
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sequences can be determined by numerical method.

8984 | NUMERICAL APPROACHES FOR DELAMINATION IN CARBON-CARBON COMPOSITE LAMINATES (40. Delamination
(Jiye Chen, University of Portsmouth, UK))
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Belotti, Paolo (paolo.belotti@polimi.it), Politecnico di Milano, Italy
Panichelli, Paolo (paolo.panichelli@polimi.it), Politecnico di Milano, Italy 

Carbon-carbon composite laminates are used in different engineering fields where structural efficiency and high temperature applicability are fundamental
requirements. Low density and retention of good mechanical properties beyond 2000 °C make them ideal materials for thermal protection systems and
engine parts in aerospace applications. Moreover, thanks to their excellent resistance to thermal shocks and frictional properties, they are adopted to
manufacture brake disks in high performance braking systems, both for aircrafts and racing cars. However, the prediction of the structural integrity of
carbon-carbon composite components can not be easily accomplished, especially in the cases of complex and severe load conditions, due to the
occurrence of multiple damage and failure modes [1,2]. In particular, inter-ply delamination can be considered one of the most critical issues, as in the
case of polymeric matrix composites. An additional difficulty is represented, for carbon-carbon laminates, by the presence of voids in the carbon matrix,
originated in the densification processes, which can lead to very high porosity contents. The size and the morphology of such defects, which are known to
affect the interlaminar properties of the material [3,4], depend on the manufacturing process and on the geometrical characteristics of the components.
This work presents a series of experiments carried out to analyse delamination phenomena in carbon-carbon composite laminates used for high
performance brake disks, with a relatively high thickness and complex lamination sequences. Three-point bending tests are performed on short carbon-
carbon composite beams, with external surfaces reinforced by polymeric matrix composite laminates, so to avoid failures due to the in-plane stress
components induced by bending. Non-linear responses, progressive development of interlaminar damages and changes of delamination planes due to
intra-ply damages are reported and discussed. Other experiments are presented, involving coupons with cut-outs, where failure turns out to be
characterized by delaminations developed in the zones of stress concentrations. 
Such tests are first analysed by using linear finite element models, developed at the ply level, which are used to evaluate the state of stress in the
specimens and to identify average levels of interlaminar shear strength, to be used in the design of carbon-carbon structural components. Thereafter, non-
linear approaches based on application of cohesive zone models are developed, including in the models all the interlaminar layers that represent potential
locations of damage development. Such models are used to carry out parametric studies to investigate the role of interlaminar toughness and strength in
damage evolution and the effects of non-uniform mechanical properties, which are introduced to represent, at the scale chosen for the development of
models, the influence of the largest defects in the matrix on the structural response. 
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Drilling is one of the most important machining operations as numerous holes must be drilled in order to install mechanical fasteners for assembly in
composite materials. The delamination is a major problem associated with the drilling fiber reinforced composite materials, which degrades the
mechanical properties of these materials. In drilling, delamination is initiated when the drilling force exceeds a threshold value, particularly at the critical
entry and exit locations of the drill bit. The chisel edge of twist drill is a major contributor to the thrust force which is the primary cause of delamination. The
main objective of this paper is to study the effect of chisel edge and pilot hole on thrust force and delamination during drilling of glass fiber reinforced
composites. For this purpose, two sets of experiments, with and without pilot hole, were conducted with different cutting conditions. The results show a
great reduction in the thrust force when a pilot hole is present which removes the chisel edge contribution.

Keywords: Drilling, Composite materials, Delamination, Chisel edge.
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Studies have shown that inter-facially flocked z-axis oriented reinforcing fibers can dramatically improve the inter-laminar shear strength of Organic
Polymer Laminar Composites (OPLC). To this end, the three flock process methodologies that have been developed for this purpose and are described:
(a) “wet flocking”-z-axis flock is applied individually to each “wet” lay-up ply of laminar fibrous composite layer as it is being assembled, (b) “dry flocking”-
flock is applied directly to “dry” fibrous reinforcing layer, the flocked “dry” layers are then assembled and the assembled layered mass is impregnated with
fluid matrix resin and (c) “pre-flocked”-fibrous composite reinforcement layers (fabric or mat) are prepared by applying flock fibers to a lightly sized with
adhesive fibrous reinforcement layer. After these flocked reinforcement plies have been cured, these “pre-flocked” reinforcement layers can be stored,
warehoused, inventories, shipped and otherwise maintained until they are ready for fabrication processing into a laminar composite panels or structures.
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Double Cantilever Beam (DCB) tests have been carried out on glass fabric, glass mat and jute (natural fiber) laminates whose inter-faces have been flock
treated with the various (z-axis oriented) inter-layer fibers. Overall, increased fracture toughness of the OPLCs was observed for the composite panels
prepared using all three flocking processes. However, among the three methodologies evaluated, the pre-flock methodology was found to produce the
highest inter-laminar shear strength composite panels. It is herewith concluded that this “pre-flock” z-axis composite reinforcement methodology should be
further developed as the most “user friendly” way of introducing flocked fiber reinforcement technology to the OPLC.

7852 | Methods for analysis of effective mechanical, thermal and electric properties of composite materials (41. Advances
in numerical techniques for analysis of composites via homogenisation (Daniel Choi, Philippe Karamian, Vladimir Salnikov, University of Caen
Lower Normandy (France)) )
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In this contribution we will discuss the problem of efficient and reliable evaluation of effective properties of composite materials. 
We present some results concerning the influence of the morphology of samples (distribution and geometric parameters of inclusions) on mechanical and
thermal characteristics. We studied this in our previous works ([1, 2]) using mainly the combination of FFT-based homogenization techniques and
stochastic methods of generation of representative volume elements (RVE, [3]). In particular we pay attention to modelling of various imperfections of
inclusions using the extension of the generation procedure ([4]). 
For electric properties we suggest an alternative to usual homogenization - a novel approach consisting in the analysis of a connectivity graph constructed
from the geometric data of the studied samples. It turns out to be much faster and considerably more numerically reliable. 
We explain advantages and limitations of all the mentioned methods and give some implementation, validation and benchmark details.
We comment on possible extensions of the presented work as well as on eventual industrial applications.

[1] V. Salnikov, D. Choi, P. Karamian-Surville, S. Lemaitre, Measure of combined effects of morphological parameters of inclusions within composite
materials via stochastic homogenization to determine effective mechanical properties, final preparation.
[2] S. Lemaitre, V. Salnikov, D. Choi, P. Karamian-Surville, Measure of combined effects of morphological parameters and the random distribution of
inclusions within composite materials via stochastic homogenization to determine effective thermal properties, in preparation.
[3] V. Salnikov, D. Choi, P. Karamian-Surville, On efficient and reliable stochastic generation of RVEs for analysis of composites within the framework of
homogenization, submitted, http://arxiv.org/abs/1408.6074
[4] V. Salnikov, D. Choi, P. Karamian-Surville, S. Lemaitre, Génération de VER 3D par la dynamique moléculaire et application au calcul des propriétés
effectives des composites, submitted.
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El objetivo de esta investigación es la de diseñar una probeta capaz de reproducir el comportamiento mecánico de la unión del fuselaje con el tren de
aterrizaje fijo y la parte inferior del montante del ala de la aeronave Stela M1 de diseño Español fabricada y rediseñada en México. El fuselaje, el ala, los
empenajes, las superficies de control, y el tren de aterrizaje principal están todos fabricados con fibra de carbono y resina epóxica. Esta probeta una vez
fabricada permitirá llevar a cabo ensayos mecánicos con una geometría representativa más simple que el segmento original de fuselaje. Para lograr el
objetivo se adopta primeramente la metodología de las probetas representativas propuesta por Collombet et al (Universidad Paul Sabatier, Tolosa,
Francia), se utiliza la metodología QFD para la comprensión del problema de diseño, y se lleva a cabo el dimensionamiento por medio de simulaciones
numéricas realizadas con programas de cálculo con elementos finitos. Este estudio parte de varios análisis previos en los que se estimaron las cargas
aerodinámicas para la condición de operación más crítica de la aeronave, la estimación de fuerzas y el coeficiente de seguridad en la unión que se está
analizando. Este estudio es a su vez parte de un proyecto más general que busca estimar la vida útil de la aeronave.


