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3509 | Buckling of axially compressed unstiffened composite cylinders - physical observations to support less conservative knock-down factors (1. Advanced
Structural Models for Thin-Walled Structures and Slender Bodies)
Castro, Saullo G. P. (castro@pfh.de), PFH - Private University of Applied Sciences Goettingen, campus Stade, Germany
Arbelo, Mariano A. (arbelo@pfh.de), PFH - Private University of Applied Sciences Goettingen, campus Stade, Germany
Zimmermann, Rolf (rolf.zimmermann@dlr.de), DLR - German Aerospace Center, Institute of Composite Structures and Adaptive Systems, Germany
Degenhardt, Richard (richard.degenhardt@dlr.de), DLR - German Aerospace Center, Institute of Composite Structures and Adaptive Systems, Germany
The need to take the imperfection sensitivity of axially compressed thin-walled unstiffened cylinders into account already during the early design phases motivated the
development of the NASA SP-8007 guideline, which brings an empirically based lower-bound curve that gives the knock-down factor (KDF) for isotropic and orthotropic
cylindrical structures. This guideline is still used and its conservativeness has been proved both stochastically by Arbocz, Starnes Jr., Hilburger, et al.; and deterministically
by Geier, Hühne, Degenhardt, et al. The single perturbation load approach, developed by Hühne, uses the influence of a radially applied load on the buckling load as an
indication of imperfection sensitivity. With increasing radial load the buckling load is reduced, however, only until a certain radial load value, called P1. After P1 the buckling
load remains nearly constant. In the context of the EU project DESICOS this phenomenon is investigated on the basis of composite benchmark cylinders, built by extremecase laminates with high and low imperfection sensitivity. The explanation why the buckling load is constant after P1 is given and a physical meaning for the P1 value is
proposed. These findings pave the way for the development of semi-analytical approaches for calculating P1. By applying the P1 value in the analysis, one can obtain less
conservative KDFs which have been shown to be closer to test results, allowing cost savings for the space industry.
3797 | Deployment effects on stability of thin composite boom structures (1. Advanced Structural Models for Thin-Walled Structures and Slender Bodies)
Laurenzi, Susanna (susanna.laurenzi@uniroma1.it), Department of Astronautic Electrical and Energy Engineering, Sapienza University of Rome, Italy
Barbera, Daniele (daniele.barbera86@gmail.com), Department of Astronautic Electrical and Energy Engineering, Sapienza University of Rome, Italy
Marchetti, Mario (mario.marchetti@uniroma1.it), Department of Astronautic Electrical and Energy Engineering, Sapienza University of Rome, Italy
Thin composite boom structures find large applications in aerospace systems such as satellites, deep space probes, and solar sails. Booms are characterized by one-large
dimension while the cross section is very thin and changes with the applications, affecting both weight and stiffness of the entire structure. In order to be stored and
transported within a very small volume, booms are pressed down flatly and/or rolled up. Folding produces permanent stresses on the composite structure that act as a
preload.
In this work, we study the buckling behavior of thin composite structures considering the residual stress after deployment. The structural analysis was performed using the
non-linear finite element method. A representative element of the boom was rolled up on a cylindrical mandrel and the stress due to the fact that the composite structure was
changing shape were introduced as initial condition for the buckling analysis. The adopted model was a C cross- section with radius of 10 mm, thickness of 0.2 mm and 5 m
length made by carbon fiber reinforced plastic (CFRP). Due to the small thickness, that causes a disagreement with the classical laminate theory, a modified laminate theory
was considered in the model. Results show that the introduction of the stresses due to the folding reduce the critical load of the boom structure with respect to the case of
considering geometrical imperfections in the model.
3429 | Finite Element Bending Analysis of Nanoplates Based on Nonlocal Integral Elasticity (1. Advanced Structural Models for Thin-Walled Structures and
Slender Bodies)
Taghizadeh, M. (mn.taghizadeh@aut.ac.ir), Center of Excellence in Computational Aerospace Engineering, aerospace Eng Dept., Amirkabir University of Technology, Iran
Ovesy, H. R. (ovesy@aut.ac.ir), Center of Excellence in Computational Aerospace Engineering, aerospace Eng Dept., Amirkabir University of Technology, Iran
Ghannadpour, S. A. M. (a_ghannadpour@sbu.ac.ir), Aerospace Engineering Dept., Faculty of New Technologies and Engineering, Shahid Beheshti University, G.C.,
Tehran, Iran
In this paper, a nonlocal finite element method (NL-FEM) has been developed on the basis of a consistent variational formulation [1].
The presented method has been implemented in a 2D nonlocal elasticity context for solving bending problem of nanoplates with various boundary conditions. The developed
formulation is based on the nonlocal integral elasticity and also founded on a nonlocal total potential energy principle. An Eringen-type nonlocal elastic model is assumed
with a constitutive stress–strain law of convolutive-type whose kernel plays the role of nonlocality effects attenuation function. In order to solve the system of equations, an
iterative procedure is used and the convergence sufficiency is also investigated. The obtained results are compared with those obtained by implementation of the eringenʼs
nonlocal differential elasticity method available in the literature. The obtained results show the effectiveness of the method in handling relatively complex geometries,
boundary conditions and loadings.
REF:
[1] Polizzotto, C. (2001). ʻʻNonlocal elasticity and related variational principles.ʼʼ Int. J. Solids Struct., 38, 7359–7380.
3098 | Finite element modeling of shear lag in thin-walled composite beams with open-closed cross sections (1. Advanced Structural Models for Thin-Walled
Structures and Slender Bodies)
Prokic, Aleksandar (aprokic@eunet.rs), Faculty of Civil Engineering Subotica, Republic of Serbia
Vojnic Purcar, Martina (vojnicmartina@yahoo.com), Faculty of Civil Engineering Subotica, Republic of Serbia
A new model of describing the shear lag phenomenon in composite thin-walled beams with arbitrary open or closed cross sections is defined. Admittedly, shear lag
phenomenon represents non-uniform distribution of normal stresses across the flange width due to significant out-of-plane warping. This phenomenon is unable to calculate
using the classical theory of thin-walled beams based on the assumption that shear strains in the middle surface can be neglected. Therefore, this paper is based on facts
presented in the papers of Prokic. He proposed the new warping function valid for both, open and closed cross sections and it does not require assumption of neglecting
shearing strains. Considering this, stresses can be calculated directly from the strains. The general approach to the solution of the problem is based on the finite element
method. The principle of virtual displacements has been used to give a new linear stiffness matrix.
3469 | FREE VIBRATION OF LAMINATED ORTHOTROPIC CONICAL SHELL ON PASTERNAK FOUNDATION BY A DOMAIN DECOMPOSITION METHOD (1.
Advanced Structural Models for Thin-Walled Structures and Slender Bodies)
Wu, S.H. (wushihao-feifei@hotmail.com), The State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University, Shanghai 200240, China , China
Qu, Y.G. (quyegao@gmail.com), The State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University, Shanghai 200240, China , China
Yuan, G.Q. (yuan_weizhao@163.com), The State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University, Shanghai 200240, China , China
Hua, H.X. (hhx@sjtu.edu.cn), The State Key Laboratory of Mechanical System and Vibration, Shanghai Jiao Tong University, Shanghai 200240, China , China
Based on Reissner-Naghdiʼs thin shell theory, free vibration characteristics of laminated orthotropic conical shells with different boundary conditions resting on Pasternak
foundations are analyzed by a domain decomposition method in this paper. Different combinations of free, simply-supported and clamped boundary conditions are
examined. The conical shell is divided into some conical shell segments in the axial direction. The total energy of the system includes the energy of each conical shell
segment, interface potentials (including the boundary potentials) and the energy due to the Pasternak elastic foundation. Fourier series and Chebyshev polynomials are
employed as the admissible displacement functions to obtain the discretized equation of motion for the conical shell. Numerical comparisons with the results available in the
literature are made to validate the accuracy of the present method. It is found that the present solutions agree well with those present in existing literature and the
convergence and stability are excellent. The present method has a great advantage in treating the different boundary conditions and can help obtain the accurate solutions
with little computational effort. Finally, the effects of the elastic foundation, the boundary conditions, stacking sequence and the variations in physical parameters of the shells
on the natural frequencies are also investigated.
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3026 | Pneumatic Fluid Structure Interaction of Inflatable Offshore Fender Barriers made of Anisotropic Hyperelastic Composites (1. Advanced Structural Models
for Thin-Walled Structures and Slender Bodies)
Aboshio, Aaron (a.aboshio@lancaster.ac.uk), Lancaster University, United Kingdom
Ye, Jianqiao (j.ye2@lancaster.ac.uk), Lancaster University, United Kingdom
Green, Sarah (s.green@lancaster.ac.uk), Lancaster University, United Kingdom
This paper assesses the modal and dynamic response of the carcases of inflatable water front barriers made of anisotropic hyperelastic composite membrane inflated to an
initial pneumatic pressure ranging from 0.65psi to 2.0psi and subjected to a crash load impacting at a maximum velocity of 15 metres per second. The structure was
modelled using multi chamber approach in order to simulate fluid flow between chambers while the pneumatic fluid (air) was modelled using the ʻsurface based cavityʼ
capabilities in ABAQUS. The coupled structure was analysed using standard finite element method and the natural frequencies, mode shapes, internal fluid pressure and
volume under isothermal condition, barrier deformations and energy gained or dissipated from the system were studied. Results of the parametric study lead to a conclusion
on the optimum inflated pressure of the structure as it is critical for reliability assessment and optimization design of the structure
2932 | Structural Optimization of Composite Wing Based on Different Blending Models Using Genetic Algorithm (1. Advanced Structural Models for Thin-Walled
Structures and Slender Bodies)
Jin peng (nwpu-jinpeng@163.com), School of Aeronautics, Northwestern Polytechnical University, China
Song Bifeng (bfs@nwpu.edu.cn), School of Aeronautics, Northwestern Polytechnical University, China
An Weigang (anweigang@nwpu.edu.cn), School of Aeronautics, Northwestern Polytechnical University, China
In previous studies guide-based blending including inner and outer blending has been found to be an efficient way to deal with large composite optimization problem
considering structural integrity. A new blending model named complete blending for composite optimization is presented. First, On the basis of region division, a lengthcontrol indicator is introduced to decide the covered regions of each ply for the complete blending model. Also, the master-slave parallel genetic algorithm(GA) is adopted to
decrease optimization time. Finally, the three blending models are used for a large composite wing optimization. The result shows that the three optimal designs are
manufacturable and the complete blending model has more design freedom in blending designs.
3127 | The Classical and Unclassical Tools in Synthesis of the of Torsionally Vibrating Discrete - Continuous Mechatronic Systems (1. Advanced Structural
Models for Thin-Walled Structures and Slender Bodies)
Buchacz Andrzej (andrzej.buchacz@polsl.pl), SILESIAN UNIVERSITY OF TECHNOLOGY, MECHANICAL ENGINEERING FACULTY, Institute of Engineering Processes
Automation and Integrated Manufacturing Systems, Poland
Purpose of this paper is modelling by means of the first and second category graphs and analysis of vibrating subsystem of mechatronic systems by means of the exact and
approximate methods. Approach was to nominate the relevance or irrelevance between the characteristics obtained by means of the exact method (only for the mechanical
subsystem) and the approximate method. Such formulation concerns mostly the relevance of the natural frequencies-poles of the characteristics both mechanical
subsystems and mechatronic systems. Findings are approximate solutions requiring all the conditions for torsionally vibrating mechanical and/or mechatronic systems. It is
an introduction to synthesis of these systems modelled by graphs of the considered category. Research limitation is both torsional vibrating continuous mechanical
subsystem and mechatronic systems of the linear continuous type. Practical implications of this work is to present the introduction to synthesis of considered class of
mechatronic bar-systems with a constant changeable cross-section. Originality: of such formulation is focused on the use of the different category graphs for modelling and
synthesising by means of the different methods represented by graphs of torsionally vibrating bars to the synthesis of discrete-continuous mechatronic systems.
3673 | A comparison between models for the study of static and dynamic behavior of heterogeneous multilayer composite plates (2. Analysis of composite
beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Castel, Alexis (alexis.castel@u-bourgogne.fr), DRIVE - Universite de Bourgogne, France
Loredo, Alexandre (alexandre.loredo@u-bourgogne.fr), DRIVE - Universite de Bourgogne, France
El Hafidi, Ali (ali.el-hafidi@u-bourgogne.fr), DRIVE - Universite de Bourgogne, France
In composite plate structures, it is common to combine different materials with very different Youngʼs moduli and densities. Damping treatments can also be added to
prevent high levels of vibration.
For discretized problems, the static and dynamic behavior of such heterogeneous structures can be carried out with the 3D elasticity theory but this often leads to very large
systems. Therefore plate theories and particularly equivalent single layer models are often preferred.
Classical plate theories have then been adapted to these particular structures using shear correction factors. Higher order shear deformation theories, and more recently
transverse shear warping functions have been proposed.
In this work, a model, in which the shear variations through the thickness are described by means of warping functions, is presented. It can handle warping functions
proposed by different authors and also the classical theories (Love-Kirchhoff, Mindlin-Reissner, Reddy).
To illustrate the behavior of these theories, two studies are presented:
- A sandwich structure with a varying young modulus ratio between the layers is studied using Navierʼs procedure. Static deflection, shear stress variation through the
thickness, and natural frequencies are presented.
- A composite plate covered over 40% of its surface with a constrained layer damping patch is studied. Mean square velocity is computed and compared over a frequency
range.
Results are also compared with 3D finite element computations.
3451 | A Generalized Micromechanical Approach for Residual Stiffness and Life Prediction of cross ply composite laminates (2. Analysis of composite beams,
plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
mohammadi bijan (bijan_mohammadi@iust.ac.ir), School of Mechanical Engineering, Iran University of Science and Technology, Narmak, Tehran, , Iran
farrokhabadi amin (amin.farrokh@profs.semnan.ac.ir), Aerospace Engineering Department, Semnan University, Semnan, Iran
rohani milad (milad.rooh@yahoo.com), School of Mechanical Engineering, Iran University of Science and Technology, Narmak, Tehran, , Iran
The prediction of fatigue damage and fatigue life for composite materials has been the subject of
many investigations during the past two decades . Because composite laminates exhibit very
complex damage modes, proposed models in the literature are limited to particular laminates and
dependent on experimental data. Matrix cracking is one of the most prevalent damage modes in laminated composites which may
form during the monotonic or cyclic loading. By formation the matrix cracking, the life
prediction and stress analysis of composite laminates under variable amplitude multi-axial cyclic
loads can be a significant problem. Contrary to isotropic materials, fatigue modeling and life
prediction in composite materials are along with major difficulties; their inhomogeneous and
anisotropic nature causes the formation of various damage mechanisms, from a very early stage
of the materials fatigue life. In an orthotropic lamina a multitude of different types of cracks initiate and propagate, often
reaching a saturation level long before fatigue failure takes place. In order to precisely prediction of fatigue life of a laminate,
behavior of individual laminas has to be taken into account independently. Therefore models for
stiffness degradation and residual stiffness for orthotropic lamina are required.
The present study aims to develop a modified micromechanical approach to consider the residual
stiffness and life prediction of a single lamina containing matrix cracking.
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3563 | A Mixed Hierarchical Trigonometric Ritz Formulation for Free Vibration Analysis of Doubly-Curved Anisotropic Shells Accounting for Higher Order
Expansion of the Reciprocal of Lamé Parameters (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Fazzolari, F. A. (Fiorenzo.Fazzolari.1@city.ac.uk), City University London, United Kingdom
Banerjee, J. R. (J.R.Banerjee@city.ac.uk), City University London, United Kingdom
The hierarchical trigonometric Ritz formulation (HTRF) has earlier been successfully developed
for plates and shells using the Principle of Virtual Displacement (PVD). In the present
work the HTRF has been significantly extended, for the first time, to Reissnerʼs Mixed Variational
Theorem (RMVT) in order to deal with the free vibration analysis of doubly-curved
anisotropic laminated composite and sandwich shells. The interlaminar equilibrium of the
transverse stresses is now fulfilled a priori by exploiting the use of Lagrange Multipliers. The
transverse stresses become primary variables in the analysis along with the displacements and
are modelled with a layer-wise kinematics description. Equivalent single layer, zig-zag and
layer-wise approaches can be also properly and efficiently used for the displacement variables
by assuming an appropriate expansion order for each unknown, depending on the accuracy required.
Higher order expansion of the reciprocal of Lamé parameters are taken into account.
Shallow cylindrical and spherical shells, deep cylindrical shells and hollow circular cylindrical
shells, with cross-ply and angle-ply staking sequences are investigated. The proposed advanced
shell models are assessed by comparison with the 3D elasticity solution. Convergence of the
formulation is thoroughly examined. The effects of significant parameters such as stacking
sequence, length-to-thickness ratio and radius-to-length ratio on the natural frequencies are discussed.
3039 | A New Theoretical Framework for the Formulation of General, Nonlinear, Single-Scale Shell Theories (2. Analysis of composite beams, plates and shells
(Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Williams, Todd O. (oakhill@lanl.gov), Los Alamos National Laboratory, United States America
A new type of general, single-scale shell theory is developed for application to the analysis response of general laminated shells.
The starting point for the theory is a general, single-scale description of the displacement field theory. The equations of motion and the lateral surface boundary conditions
for the theory are derived from the general nonlinear equations of continuum mechanics using the method of moments over the domain of the expansion functions. The
interfacial constraints and top/bottom surface B.C.s are satisfied exactly. Delamination effects are incorporated into the theory through the use of arbitrary functions relating
the displacement jumps to appropriate state variables. The theory is formulated in a sufficiently general fashion that any type of history-dependent material model can be
used to describe the inelastic response of the material composing the layers without the need to reformulate the theory.
Appropriate specialization of the theory allows either smeared theories or discrete layer theories to be obtained.
The predictions of the theory are compared with the results obtained from exact (static and dynamic) solutions for spheres. It is shown that the theory is capable of providing
accurate predictions for the displacement,strain, and stress fields. The results have important implications for the theory's ability to carry out accurate analyses for the
response of inelastic laminated shells.
3564 | A simple and accurate sandwich plate theory accounting for interfacial transverse stress continuity (2. Analysis of composite beams, plates and shells
(Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Shi, Guangyu (shi_guangyu@163.com), Tianjin University, China
Wang, Xiaodan (guozhenshile@126.com), Tianjin University, China
A simple and accurate sandwich plate theory accounting for the interlaminar transverse shear stress continuity and the transverse normal strain in the cores is presented in
this paper. The third-order transverse shear function in which the averaged displacements across the plate thickness are defined is used in the new laminated plate theory.
The Heaviside step function and the continuity coefficients are employed to satisfy the interfacial continuity conditions of the in-plane displacements and transverse shear
stresses. The variational consistent equilibrium equations and boundary conditions in terms of both displacements and stress resultants are derived by utilizing the
variational principle. The analytical solutions of the bending analyses of sandwich composite plates with different aspect ratios are solved to demonstrate the reliability and
accuracy of the refined sandwich plate theory. The resulting deflections and stresses of the sandwich plates are compared with the 3D elasticity solutions, the numerical
results of finite element analysis and the results given by other laminated plate theories. A study of the accuracy comparison with the results obtained from other laminated
plate theories is also conducted in this paper. This new refined sandwich plate theory can be used as an accurate and efficient theoretical model for the finite element
analysis of composite sandwich plates as only five field variables are used in the new sandwich plate theory.
3778 | An Effective Multi-layer Pipe Beam Model for the Analysis of Marine Risers (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo
Carrera, Francesco Tornabene))
Almeida, C. A. (calmeida@puc-rio.br), PUC-Rio, Brazil
Aguiar,L. L. (ludimar@petrobras.com.br), Petrobras, Brazil
Paulino, G. H. (paulino@uiuc.edu), UIUC, United States America
In recent publications, Aguiar et al. presented a 2-D numerical formulation of a multilayered pipe-beam model that considers rupture and possible slip conditions at the
interface material between layers. The proposed model, under Timoshenkoʼs beam assumptions, accounts for axial and bending kinematics at each layer including interlayer
shear deformations, which are assumed constant throughout each interlayer thickness. The model accounts for damage at the interface by considering the elastic-plastic
material behavior. In the present work these model formulation capabilities are extended to consider nonlinear behavior of three-dimensional multi-layer beams for large
displacements and rotations. Nonlinear incremental solutions are obtained using a co-rotational formulation in which reference coordinates are settled by current nodal point
space coordinates. Conventional Hermitian displacement functions for beams are employed to represent the element displacements in convected reference coordinates.
Transverse shear strains due to bending are included in the formulation considering two generalized constant degrees-of-freedom in the element model kinematics. A few
model solutions are presented and compared to other independently obtained numerical results to demonstrate the formulation applicability and robustness on representing
the dynamic behavior of risers.
Keywords: multi-layered beams, interlayer slip, finite element, geometric nonlinear analysis, converted coordinates

3275 | An Isogeometric Layerwise Approach for the Buckling Analysis of Composite Laminates with Delaminations (2. Analysis of composite beams, plates and
shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Guo, Yujie (Y.Guo@tudelft.nl), Aerospace Structures and Computational Mechanics, Delft University of Technology, Netherlands
Ruess, Martin (ruess@mytum.de), Aerospace Structures and Computational Mechanics, Delft University of Technology, Netherlands
Gurdal, Zafer (Z.Gurdal@tudelft.nl), Aerospace Structures and Computational Mechanics, Delft University of Technology, Netherlands
Buckling of composite laminates with delaminations is studied based on a proposed isogeometric layerwise approach. The isogeometric approach employs the NURBS
basis functions of the geometry description to approximate the physical response in an isoparametric sense.
Layerwise theories provide an accurate prediction of the three-dimensional structural responses of composite laminates while maintaining a two-dimensional data structure.
Usually, to model the delaminations, the displacement field is enriched with a unit step Heaviside function which allows for discontinuities at the delamination interfaces. The
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proposed paper offers an improved implementation of a displacement-based layerwise theory based on the isogeometric paradigm. The delaminated and undelaminated
regions are modeled as separate patches. For the undelaminated and delaminated patches respectively, the C0-continuity and discontinuity conditions of the displacement
field at the ply interfaces can be easily facilitated within the isogeometric framework. More reliable and accurate buckling loads are obtained by considering a contact
analysis to avoid physically inadmissible buckling modes. Here, fictitious springs are inserted between overlapped points to restrict their relative displacements.
The proposed model is verified considering laminated composite beam plates. The results are compared to a classical layerwise approach. The numerical results confirm the
accuracy of the proposed isogeometric model.
3793 | Analytical Solutions for Analysis of Long Plates based on a Novel Shear and Normal Deformation Theory (2. Analysis of composite beams, plates and
shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Pawar, Eshwar G. (eshwarpawar@iitb.ac.in), Indian Institute of Technology Bombay, India
Banerjee, Sauvik (sauvik@civil.iitb.ac.in), Indian Institute of Technology Bombay, India
Desai, Yogesh M. (desai@civil.iitb.ac.in), Indian Institute of Technology Bombay, India
Analytical formulations and solutions of long plates is presented using a novel shear and normal deformation theory. The theory presented herein is built upon the classical
plate theory. In this displacement-based, refined shear deformation theory, five different functions in terms of thickness coordinates are used to represent shear and normal
deformation effects. It accounts for realistic variation of the transverse shear stress through the thickness and satisfies the shear stress free surface conditions at the top and
bottom surfaces of the plate. The theory obviates the need of shear correction factor like other higher order (third order) or equivalent shear deformation theories. The
governing differential equations are obtained using principle of virtual work (PVW). Navierʼs technique is employed to obtain closed form solutions. Analysis for these
theoretical models is worked out. The objective of the paper is to propose and to investigate the behavior of long plates using the novel refined shear and normal
deformation theory.
3448 | Bending Analysis for Piezoelectric Composites using Scaled Boundary Finite-Element Method (2. Analysis of composite beams, plates and shells (Olivier
Polit, Erasmo Carrera, Francesco Tornabene))
Man, Hou (h.man@unsw.edu.au), School of Civil and Environmental Engineering, University of New South Wales, Australia
Song, Chongmin (c.song@unsw.edu.au), School of Civil and Environmental Engineering, University of New South Wales, Australia
Gao, Wei (w.gao@unsw.edu.au), School of Civil and Environmental Engineering, University of New South Wales, Australia
Tin-Loi, Francis (f.tinloi@unsw.edu.au), School of Civil and Environmental Engineering, University of New South Wales, Australia
The recent high demand for advanced structures has elevated the attention to piezoelectric composites due to their superior properties and customisability to those of
conventional materials. Their increasing usages in aircraft panels, bridge decks and smart structures, have emphasised the significance in reliably predicting their behaviour
in early design stages. And this is tightly dependent upon having accurate numerical tools to conduct the analyses. This paper presents an accurate and efficient technique
to analyse piezoelectric composites. It is built upon the scaled boundary finite-element method, which is a semi-analytical procedure with only boundary discretisation of the
problem domain. The proposed technique is developed solely from 3D theory without introducing any kinematic and electrostatic assumptions. The in-plane dimensions are
divided into 2D finite elements. The solutions in the transverse direction of each layer are expressed analytically as matrix exponential functions. The numerical shear locking
issue, hence, does not arise. The 3D-consistent nature also allows the proposed technique to describe high-order through-thickness solutions accurately. The kinematics
and electrostatics of the composites are only enforced to reduce total degrees of freedom and to present results conforming the actual structures. The good agreement with
results from the literature and those from converged FEA highlights the performance of the proposed technique.
3303 | BUCKLING AND POST-BUCKLING BEHAVIOR OF CURVED COMPOSITE BEAMS ACCOUNTING FOR DIFFERENT RESPONSE IN TENSION AND
COMPRESSION (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Ascione, Luigi (l.ascione@unisa.it), University of Salerno, Italy
Fraternali, Fernando (f.fraternali@unisa.it), University of Salerno, Italy
Spadea, Saverio (sspadea@unisa.it), University of Salerno, Italy
A finite element method is proposed with regards to a geometrically nonlinear elastic theory for composite curved beams. The mechanical model is developed under the
kinematic assumptions of moderately large rotations and shear strains as well as small axial strains. The adopted constitutive relations are suitable to take into account for
materials which exhibit a different behavior in tension and in compression. The numerical implementation of a displacement controlled path following solution procedure
gives the opportunity to compute bifurcation points and analyze post-buckling behavior of one-dimensional curved members. In order to assess the accuracy of the finiteelement solution technique, comparisons with numerical results available in literature are carried out. Some numerical results with regard to bimodular circular arches are
also presented.
3333 | Closed-form Local buckling analysis of thick-walled wide-flange open-profile composite beams accounting for transverse shear deformations (2. Analysis
of composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Kuehn, Torsten (torsten.kuehn@efw.eads.net), EADS EFW, Germany
This paper discusses a novel closed-form analytical approach for the local flange buckling analysis of thick-walled beams with open-profile cross-sections. 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 one free edge and one rotationally restrained edge 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 beamʼs cross-section, straightforward closed-form approximate solutions can be postulated. The buckling analysis 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.
3327 | Cohesive zone length in mode I laminated composite and bonded joint (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera,
Francesco Tornabene))
Li, Gang (Gang.Li@nrc-cnrc.gc.ca), Aerospace, National Research Council Canada, Canada
Li, Chun (Chun.Li@nrc-cnrc.gc.ca), Aerospace, National Research Council Canada, Canada
In this paper, theoretical solutions were developed to determine the cohesive zone lengths in mode I laminated DCB configurations. Two typical traction-separation laws
were selected: (i) in a right-angled triangular form having only a linear elastic stage followed by a catastrophic failure; and (ii) a bilinear traction law. The main objective of
this work is to expand the theoretical basis for understanding the correlation between traction law parameters and the cohesive zone length in DCB for improved numerical
simulation of progressive failure.
Two analytical solutions were derived for the right-angled triangular form that can be fitted well into two existing solution groups. A transcendental equation was derived for
the bilinear traction law, and a graphical method was presented to identify cohesive zone length. Results showed that better correlation was obtained from the current
theoretical solutions and the FE results than existing analytical solutions. With the study on the bilinear traction law, the individual effect of the three cohesive law parameters
(strength, stiffness, and fracture energy) on the cohesive zone length can be investigated theoretically. A correct logical variation of cohesive zone length versus the traction
law parameters can be established. These solutions were then applied to a bonded composite joint case. Numerical analyses of progressive failure behavior of the bonded
laminated DCB joint in several simulation situations were carried out.
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3643 | Computational homogenisation of composite shell structures (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera,
Francesco Tornabene))
Hebel, Jochen (hebel@mechanik.tu-darmstadt.de), Chair of Solid Mechanics, TU Darmstadt, Germany
Gruttmann, Friedrich (gruttmann@mechanik.tu-darmstadt.de), Chair of Solid Mechanics, TU Darmstadt, Germany
Wagner, Werner (w.wagner@kit.edu), Institute for Structural Analysis, Karlsruhe Institute of Technology, Germany
In this study, a coupled multiscale finite element procedure (FE^2) for the analysis of composite shell structures is proposed. On the macrolevel, a nonlinear finite shell
element with Reissner-Mindlin kinematic assumptions is employed. On the mesolevel, a representative volume element (RVE) ranging through the full shell thickness is
formulated. Computational homogenisation in terms of shell strains, stress resultants and linearisations is used for coupling both scales. The resulting moduli are obtained by
means of static condensation of the internal degrees of freedom of the RVE. The nonlinear finite element analyses on the mesolevel are solved efficiently in a simultaneous
parallel manner. A fully three-dimensional stress state is obtained from the mesoproblem allowing an accurate analysis of even thick shells or composite sections including
inelastic material behaviour. Numerical examples demonstrate the effectivity and efficiency of the approach.
2973 | D-OPTIMAL DESIGN OF EXPERIMENTS FOR STACKING SEQUENCE AND THICKNESS OPTIMIZATIONS FOR LAMINATED COMPOSITE PLATE USING
RESPONSE SURFACE METHODOLOGY (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Bathini, Sidda Reddy (bsrrgmcet@gmail.com), RGM CET, India
Jyothula, Suresh Kumar (jyothula_1971@gmail.com), JNTUHCE, JNT University, HYD, India
Kontakkagari, Vijaya Kumar Reddy (vijayakumarreddy@gmail.com), JNTUHHCE, JNT University, Hyd , India
Bathini, Sidda Reddy (bsrrgmcet@gmail.com), RGM CET, India
Jyothula, Suresh Kumar (jyothula_1971@gmail.com), JNTUHCE, JNT University, HYD, India
Kontakkagari, Vijaya Kumar Reddy (vijayakumarreddy@gmail.com), JNTUHHCE, JNT University, Hyd , India
Laminated composite materials are being increasingly used in a large variety of structures including aerospace, marine and civil infrastructure owing to the many advantages
they offer: high strength/stiffness for lower weight, superior fatigue response characteristics, facility to vary fibre orientation and thickness, material and stacking pattern. At
the same time, the fabricated material poses new problems, such as failure due to delamination and pronounced transverse shear effects due to the high ratio of in-plane
modulus to transverse shear modulus. To study the effect of stacking sequence and thickness of laminated composite plate on deflections and stresses, D-optimal designs
in the design of experiments have been used. The deflections and stresses were found by analyses which were done by finite element analysis software. The deflections
and stresses are used to develop the response surface models. The adequacy of the developed model is verified by using regression coefficient. A verification tests are also
performed to prove the effectiveness of the response surface model after the optimum levels of fibre orientations and thickness of lamina are determined. The confirmation
experimental results show that deflections and stresses are very good agreed with the finite element (FE) results. Consequently, the D-optimal set of laminates and
response surface method are shown to be effective for optimization of stacking sequence of laminated composite plates.
3639 | Determination of singularity orders at notches and cracks in composites using a new formulation of the scaled boundary finite element method. (2.
Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Dieringer, Rolf (dieringer@fsm.tu-darmstadt.de), TU Darmstadt, Germany
Hebel, Jochen (hebel@mechanik.tu-darmstadt.de), TU Darmstadt, Germany
Becker, Wilfried (becker@fsm.tu-darmstadt.de), TU Darmstadt, Germany
A new application of the Scaled Boundary Finite Element Method (SBFEM) is presented for the static analysis of arbitrarily laminated plates in the framework of classical
laminate theory. The basic characteristic of the SBFEM is, that a domain is described by the mapping of its boundary with respect to a scaling centre. This is achieved
introducing the so called scaled boundary coordinates. Finally, the governing partial differential equations can be reduced to a set of ordinary differential equations, which
can be solved in a closed form analytical manner, applying a discrete form of the Kantorovich reduction method. The resulting field expansion enables the efficient
calculation of exponents, making the method especially useful for the determination of singularity orders of cracked and notched composites.
3872 | DEVELOPMENT AND ANALYSIS OF A SERENDIPITY LAMINATED COMPOSITE PLATE MODEL USING STRAIN GRADIENT NOTATION (2. Analysis of
composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Belo, Ivan M. (ivanbelo@utfpr.edu.br), , Brazil
(joao.abdalla@pucpr.br), , Brazil
A serendipity laminated composite plate finite element is developed using strain gradient notation, which is physically interpretable. The element is based on a first-order
shear deformation theory and on the equivalent lamina assumption. Strains and stresses can also be accurately calculated at different points through the thickness of the
plate. An adequate weighting function is employed to account for the parabolic distributions of the transverse shear strains and stresses. The polynomials for shear strains
are inspected, revealing the presence of spurious terms. It is demonstrated through theoretical arguments and numerical results that these spurious terms are responsible
for shear locking. Elimination of shear locking is performed a-priori by simply removing the spurious terms from the shear strains expansions. The deleterious effects of the
spurious terms are studied through convergence analyses. It is shown that the corrected model converges rapidly. The proposed element is validated comparing numerical
results with analytical solutions.
3524 | DYNAMIC ANALYSIS OF LAMINATED BEAM BY ONE-DIMENSIONAL VARIABLE KINEMATIC THEORIES (2. Analysis of composite beams, plates and
shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Carrera E. (erasmo.carrera@polito.it), Politecnico di Torino, Italy
Filippi M. (matteo.filippi@polito.it), Politecnico di Torino, Italy
Zappino E. (enrico.zappino@polito.it), Politecnico di Torino, Italy
A number of refined beam theories are discussed in this paper. These theories were obtained by expanding the unknown displacement variables over the beam section axes
by adopting Taylor's polynomials, trigonometric series, exponential, hyperbolic and zig-zag functions. The Finite Element method is used to derive governing equations in
weak form. By using the Unified Formulation introduced by the first author, these equations are written in terms of a small number of fundamental nuclei, whose forms do not
depend on the expansions used. The results from the different models considered are compared in terms of natural frequencies and degrees of freedom (DOFs). Tests for
thick laminated beams are presented in order to evaluate the capability of the finite elements. They show that the use of various different functions can improve the
performance of the higher-order theories by yielding satisfactory results with a low computational cost.
3844 | Efficient reduced simulations of composite structures using the Proper Generalized Decomposition (2. Analysis of composite beams, plates and shells
(Olivier Polit, Erasmo Carrera, Francesco Tornabene))
(e.pruliere@i2m.u-bordeaux1.fr), I2M-DuMAS Bordeaux, France
Numerical simulations of composite materials are generally performed using multi-layered shell elements in the context of the finite elements method. This strategy has
numerous advantages like a low computation time and the capability to reproduce the comportment of composites in most of cases. The main restriction of this approach is
that it has only a coarse description of strain and stresses variations in the thickness. This approximation is no more valid when increasing the thickness, near the boundary
and loading conditions and when non linear phenomena like delamination occurs in the thickness. This paper explores an alternative to shell computation using the Proper
Generalized Methods based on a separated representation. The idea is to solve the full 3D solid problem separating the in-plane and the out-of-plane spaces. Practically, a
classical shell mesh is used to describe the in-plane geometry and a simple 1D mesh is used to deal with the out-of-plane space. This allows to represents complex fields in
the thickness without the complexity and the computation cost of a solid mesh which is particularly interesting when dealing with multi-layer composite.
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3808 | Energy Finite Difference Method for simulation of flexural behavior of steel fibers reinforced concrete (2. Analysis of composite beams, plates and shells
(Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Lima, Jose M. (lima.jmf@gmail.com), PPGECEA/UEFS, Brazil
Neves, Julia (julianeves@gmail.com), PPGECEA/UEFS, Brazil
Lima, Paulo R. L. (lima.prl.uefs@gmail.com), PPGECEA/UEFS, Brazil
The use of steel fibers as reinforcement of structural concrete had increased in recent years, however the development of theoretical or computational models is still
incipient. The addition of steel fibers modifying stress-strain behavior of the concrete in both compression and in traction, and, in the latter case, the material retains a
residual stress after cracking, even at high deformations. Therefore, it becomes necessary to use different stress-strain diagrams incorporating the contribution of steel fibers
to more accurately predict the structural behavior of these elements. In this paper we present a variational formulation based on the Energy Finite Difference Method for
predicting the flexural behavior of steel fiber reinforced concrete beams, combining the classical theory of laminates (TCL) with a damage model. The validation of the
proposal is based on experimental and theoretical load-displacement curves found in the literature for reinforced concrete beams with three levels of reinforcing steel fibers.
3416 | Exact Dynamic Stiffness Elements Using 1D Higher-Order Theories: Application to Laminated Composites (2. Analysis of composite beams, plates and
shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Pagani, A. (alfonso.pagani@polito.it), Politecnico di Torino, Italy
Carrera, E. (erasmo.carrera@polito.it), Politecnico di Torino, Italy
Boscolo, M. (marco.boscolo.1@city.ac.uk), City University London, Great Britain
Banerjee, J. R. (j.r.banerjee@city.ac.uk), City University London, Great Britain
The dynamic stiffness formulation for 1D higher-order theories is presented and subsequently used for the free vibration analysis of laminated composites. Refined beam
models are built using N-order Taylor-like polynomials to interpolate the displacement field on the cross-section of the beam according to the Carrera Unified Formulation
(CUF), which allows the obtaining of any-order theories with no need of ad hoc formulations. Classical beam theories (Euler-Bernoulli and Timoshenko) are also considered
and obtained as particular cases. The Principle of Virtual Displacements is used to derive the differential governing equations and the associated natural boundary
conditions. An exact dynamic stiffness matrix is then developed by relating amplitudes of harmonically varying loads to those of the generalized displacements. The wellknown Wittrick-Williams algorithm is used as solution method to compute the natural frequencies and mode shapes for a range of laminated composite structures. The
accuracy of the method is demonstrated by comparing results with those available in the literature and with finite element solutions from the commercial code
MSC/NASTRAN.
3291 | FEA based simplified approach for intial design of a wind turbine blade (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera,
Francesco Tornabene))
Shah, Owaisur Rahman (owaisur_rahman.shah@ensta-bretagne.fr), LBMS ENSTA-Bretagne, Brest, France
Tarfaoui, Mostapha (mostapha.tarfaoui@ensta-bretagne.fr), LBMS ENSTA-Bretagne, Brest, France
The design of a wind turbine blade is based on certain parameters, some are calculated while others are assumed under certain hypotheses as a starting point for the
design. Wind speed incident on the blade and its length are the basic parameters of any design, which depend on the environmental conditions at the site and the expected
energy to be generated by the turbine, respectively. This study creates a method for determining the structure of a wind turbine blade. This method is formed as a loop which
allows its usage in an optimization cycle. For applying this method, a blade cross-section with known aerodynamic properties is taken into consideration. The aerodynamic
properties are essential for calculation of loads applied to the blade. For optimizing the structural behavior of the blade in service, different types of longeron cross-sections
are studied. The distribution of the composite materials, along the bladeʼs length, is determined by considering the damage behavior of the materials used; as defined by the
Yamada Sun failure criterion. Finally, a finite element analysis is done with the help of the commercial code ABAQUS, on a blade optimized, with respect to its; material
layup, applied loads and boundary conditions. This step allows the validation of blade design in presence of damage. The criterion for damaged behavior used by the FEA
code is Hashinʼs criterion which indicates damage by degrading the stiffness of the structure with respect to the damage intensity
3432 | Finite Element Analysis of Geometrically Nonlinear Statics and Dynamics of Laminated Composite Structures (2. Analysis of composite beams, plates and
shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Mekala, Narasimha Rao (rao@iam.rwth-aachen.de), Institute of General Mechanics, Germany
Schmidt, R (schmidt@iam.rwth-aachen.de), Institute of General Mechanics, Germany
Laminated composite structures are more frequently used in cutting edge engineering fields mainly because of their high stiffness-to-weight ratio. These engineered
materials are generally orthotropic in nature and quite often show very unique response even under simple loading conditions and geometric configurations. The challenge in
this field of engineering exists in improving the static as well as the dynamic behavior of structures. Especially light-weight structures, which consist mainly of trusses and
thin walled components, are due to their low natural damping prone to vibrate. Accordingly, the considerations of nonlinearities with the accompanied instability phenomenon
are of great relevance for the design.
Geometrically linear theories and numerical methods have been developed by many authors. Considerably less work found in nonlinear theories especially at large
deflections and finite rotations. The aim of this paper focuses on the modeling and finite element simulation of thin composite structures with full geometric nonlinearity. The
present model is based on first-order shear deformation (FOSD) hypothesis and the kinematics of the elements is small strains but finite rotations. The proposed finite
element method will be implemented for the static and dynamic analysis of laminated composite plates and shells.
3768 | First Ply Failure Study of Laminated Composite Conoidal Shell Roofs Considering Geometric Nonlinearity (2. Analysis of composite beams, plates and
shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Bakshi, Kaustav (bakshi.kaustav@gmail.com), Jadavpur University, India
Chakravorty, Dipankar (prof.dipankar@gmail.com), Jadavpur University, India
A perusal of literature reveals the fact that research reports on first ply failure characteristics of laminated composite conoidal shells are missing. As the conoidal shells are
very popular in the industry the present paper aims to fill up the void in the literature. A finite element formulation based on first order shear deformation theory and vonKarman geometric nonlinearity is developed to study the first ply failure loads of the laminated composite conoidal shells roofs. Eight noded curved quadratic isoparametric
elements are used to develop the present formulation which is validated by solutions of the benchmark problems. Well accepted failure theories like maximum stress,
maximum strain, Hoffman, Tsai-Hill and Tsai-Wu failure criterion are used to obtain failure loads of the laminated shells. Along with the failure loads, the locations from which
the failure initiates and the modes/tendencies of failure are also obtained and studied meticulously to formulate guidelines for selection of lamination to achieve the maximum
failure load among different shell options of a given thickness covering a given plan area.
3418 | Free Vibration Analysis of Initially Twisted Anisotropic Beams with Arbitrary Cross-Sectional Geometry (2. Analysis of composite beams, plates and
shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Khaneh Masjedi, P. (p_masjedi@aut.ac.ir), Center of Excellence in Computational Aerospace Engineering, Aerospace Engineering Department, Amirkabir University of
Technology, Iran
Ovesy, H.R. (ovesy@aut.ac.ir), Center of Excellence in Computational Aerospace Engineering, Aerospace Engineering Department, Amirkabir University of Technology,
Iran
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A free vibration analysis of twisted anisotropic beams with cross-sections of arbitrary geometry is carried out. The model is presented by splitting the 3D beam problem into
two contexts; 1) 2D FE discretization of the cross-section which leads to the extraction of cross-sectional properties, and 2) 1D type linear analysis of beam along its length.
The model is mainly based on a series of models proposed in [1-4]. The stiffness, stress, thermal and vibration analyses for straight and untwisted beams have been carried
out in [1-3]. Although the stiffness and stress analyses of initially twisted and curved beams are presented in [4], no attempt has been made to investigate the vibration
behavior of pretwisted beams, which is achieved in the current paper.
Having investigated the validation of the results against those available in the literature in certain cases, the free vibration behavior of a number of beams with rectangular
solid section, I and box shaped cross-sections are then studied by taking into account the effects of different pretwist angles and lay-up configurations.
References:
[1] Giavotto, V., et al. (1983). Compu & Struc, 16(1), 403-413.
[2] Ghiringhelli, G. L., et al. (1994). Composites Eng, 4(12), 1225-1239.
[3] Ghiringhelli, G. L. (1997). Composites Part B: Eng, 28(5), 613-626.
[4] Borri, M.,et al. Composites Eng, 2(5), 433-456.
3654 | Free-edge stress fields in composite laminates: assessment of finite plate elements (2. Analysis of composite beams, plates and shells (Olivier Polit,
Erasmo Carrera, Francesco Tornabene))
D''Ottavio, Michele (mdottavi@u-paris10.fr), LEME EA4416 UPOND, France
Wenzel, Christian (christian.wenzel@u-paris10.fr), LEME EA4416 UPOND, France
Vidal, Philippe (pvidal@u-paris10.fr), LEME EA4416 UPOND, France
Valot, Emmanuel (evalot@u-paris10.fr), LEME EA4416 UPOND, France
Polit, Olivier (opolit@u-paris10.fr), LEME EA4416 UPOND, France
We propose a comparative study of several laminated plate theories with respect to their capability to capture the steep transverse stress gradients occurring in vicinity of
free edges. The considered laminated plate theories pertain to the family of Equivalent Single Layer (ESL) as well as Layer-Wise (LW) descriptions. Reference is made to
the classical displacement-based approach as well as to a partially mixed variational formulation, which allows to introduce independent assumptions for the transverse
stresses and the displacements. All models are implemented in the commercial Finite Element (FE) software Abaqus. FE solutions are obtained for free-edge effects that
arise in several representative laminates subjected to uniaxial tension (Pipes-Pagano problem) and bending. Cross-ply, angle-ply and quasi-isotropic laminates are
investigated. An equivalent stress measure is proposed for assessing the three-dimensional (3D) stress fields predicted by the various theories. It is shown that refined LW
models can provide quasi-3D results that compare well with full 3D FEM computations, whereas ESL models fail to capture the free-edge effects.
3068 | GENERALIZED DIFFERENTIAL QUADRATURE FINITE ELEMENT METHOD FOR ARBRITARY SHAPED COMPOSITE STRUCTURES (2. Analysis of
composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Viola, Erasmo (erasmo.viola@unibo.it), Alma Mater Studiorum - University of Bologna, Italy
Tornabene. Francesco (francesco.tornabene@unibo.it), Alma Mater Studiorum - University of Bologna, Italy
Fantuzzi, Nicholas (nicholas.fantuzzi@unibo.it), Alma Mater Studiorum - University of Bologna, Italy
The basic concept of the Generalized Differential Quadrature Finite Element Method (GDQFEM), for solving composite structures having an arbitrary domain geometry,
consists in separating the problem domain into many sub-domains or elements. The mapping technique is used to transform the fundamental system of equations, the
compatibility conditions of the adjacent sub-domains and the boundary conditions defined on the physical sub-domain into the regular master element in the computational
domain. Pursuing the GDQFEM, the differential problem of an arbitrary shaped composite structure can be converted into an algebraic system. The GDQFEM is hinged
upon a different approach compared to the Finite Element Method, where the weak formulation is used. This novel approach is based on the idea of compatibility conditions
between two boundaries. In order to capture the discontinuity, without losing accuracy, the compatibility conditions along the element boundaries are correctly applied when
the assembly procedure is performed. The strong form of the fundamental equations and of the boundary conditions are used and the order of the problem does not need to
be reduced. Also in handling complex physical problems, each discontinuity is treated within a compatibility condition, either between two sub-domains or as a standard
boundary condition. The domain relations remain unchanged because each sub-domain is only connected between their boundaries. The convergence of the solution can
be achieved usually by either increasing the number of elements or nodes per element. In order to verify the accuracy of GDQFEM, the analytical results concerning
particular shape composite structures are compared with the corresponding numerical solutions.
3300 | Investigation of Competitive Adsorption of Fibre Sizing Components - Possibilities of Elektrokinetics (2. Analysis of composite beams, plates and shells
(Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Bellmann, Cornelia (bellmann@ipfdd.de), Leibniz Institute of Polymer Research Dresden, Germany
Plonka, Rosemarie (plonka@ipfdd.de), Leibniz Institute of Polymer Research Dresden, Germany
Caspari, Anja (caspari@ipfdd.de), Leibniz Institute of Polymer Research Dresden, Germany
Grundke, Karina (grundke@ipfdd.de), Leibniz Institute of Polymer Research Dresden, Germany
oral presentation
The bond strength at the interface significantly affects the mechanical properties of composite materials. In case of reinforced systems, the interaction forces at the interface
should be high enough to enable a maximum stress transfer from the matrix to the reinforcing material. Normally, these interaction forces will be regulated with the help of
coupling agents like silane. In case of glass fibre reinforced systems the glass sizing material is a mixture of film formers, coupling agents, surfactants, and other additives.
This composition is the result of a long time of experience in glass fibre industry. But, it is known nothing about the action mechanisms of this multicomponent mixture. Until
now, the influence of surfactants on the adsorption process and the effectiveness of the coupling agents were not investigated.
Electrokinetic are a convenient tool for characterizing the surface properties of solids, but also for the study of dissociation and adsorption processes on such surfaces. So it
is possible to detect surface modifications, but also to characterize adsorption mechanisms in detail. One topic of our interest was the sizing mechanism of glass fibres. With
the help of electrokinetic measurements we found an interesting change of surface properties of glass fibres depending on the size composition. Using spectroscopic,
microscopic, wetting, and electrokinetic methods we were able to clarify the interactions between the different sizing components.
3196 | LARGE DEFLECTION ANALYSIS OF MAGNETO-ELECTRO-ELASTIC LAMINATES (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo
Carrera, Francesco Tornabene))
Milazzo, Alberto (alberto.milazzo@unipa.it), University of Palermo, Italy
Alaimo, Andrea (andrea.alaimo@unikore.it), University of Enna "Kore", Italy
Orlando, Calogero (calogero.orlando@unikore.it), University of Enna "Kore", Italy
Magneto-electro-elastic (MEE) composites containing piezoelectric and piezo-magnetic phases have recently emerged for many application smart structures technology.
In this framework, the development of tools to analyze the MEE laminates is essential for their efficient design.
In the present work, a model for the large deflection analysis of MEE laminated plates is proposed.
The first order shear deformation theory and the von Karman stress function approach are employed to model the mechanical behavior
whereas quasi-static behavior is assumed for the electro-magnetic quantities. First, the magneto-electric problem is solved in terms of the plate mechanical primary
variables.
In turn, this result is employed into the equations of motion and large displacement plate compatibility equation leading to a system of
coupled partial differential equations involving the plate transverse displacement, rotations and a stress function. In this resolving system,
the stiffness coefficients of the pure mechanical case are modified by the effects of the magneto-electro-mechanical couplings and new stiffness coefficients arise.
The external magneto-electric inputs are modeled as applied equivalent forces and moments. Once the mechanical problem is solved the
electro-magnetic quantities can be recovered.
The presented results show the influence of large deflections on the plate response and can be useful in the analysis and design of layered
MEE composite plates.
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MEE composite plates.

3066 | LAYER-WISE AND EQUIVALENT-SINGLE-LAYER THEORIES FOR LAMINATED COMPOSITE DOUBLY-CURVED SHELLS AND PANELS USING
DIFFERENTIAL GEOMETRY AND GDQ METHOD (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Tornabene, Francesco (francesco.tornabene@unibo.it), Alma Mater Studiorum - University of Bologna, Italy
Fantuzzi, Nicholas (nicholas.fantuzzi@unibo.it), Alma Mater Studiorum - University of Bologna, Italy
Viola, Erasmo (erasmo.viola@unibo.it), Alma Mater Studiorum - University of Bologna, Italy
There are three different ways to study anisotropic shell structures: the 3D Elasticity, Equivalent-Single-Layer (ESL) and Layer-wise (LW) theories. The mechanical model
used for the two ESL and LW approaches is based on the Carreraʼs Unified Formulation (CUF) with curvature effect included. The main aim of this work is to determine the
explicit fundamental operators for the fundamental nuclei that can be used not only for the ESL approach, but also for the LW approach. The fundamental operators,
concerning a laminated composite doubly-curved shell in orthogonal curvilinear coordinate system, are obtained for the first time by the authors. The description of the shell
geometry is made by using the Differential Geometry. The Differential Quadrature (DQ) rule allows one to numerically evaluate all the derivatives needed for completely
describing the doubly-curved shell. Then, the governing equations are expressed as functions of various kinematic parameters, when the constitutive and the kinematic
relationships are used. The system of second-order linear partial differential equations is solved using the Generalized Differential Quadrature (GDQ) method. After the
solution of the fundamental system of equations in terms of displacements, the generalized strains and stress resultants can be evaluated by applying the DQ rule to the
displacements themselves. Finally, the transverse shear and normal stress profiles through the shell thickness are reconstructed a posteriori by solving the local 3D
equilibrium equations in each point of the reference surface. In order to verify the procedure accuracy, GDQ results are compared with the ones obtained using analytical
and numerical solutions. Very good agreement is observed.
4329 | Localization of buckling modes in plates. (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Paik, Saikat (saikatp@iitk.ac.in), Indian Institute of Technology, Kanpur, India
Gupta, Shakti S. (ssgupta@iitk.ac.in), Indian Institute of Technology, Kanpur, India
Batra, Romesh C. (rbatra@vt.edu), Virginia Polytechnic Institute and State University, United States America
We use the first order shear deformable plate theory and the finite element method to study buckling of clamped linear elastic,
isotropic and homogeneous rectangular plates of various aspect ratios (length/width) having at most one fixed interior point. It is found
that fixing an interior point divides a plate into two distinct regions such that a buckling mode gets localized in a particular region.
When a plate is subjected to in-plane normal edge force along the length or the width direction the interior point divides the plate into
two rectangular regions. However, when a plate is subjected to in-plane edge shear force the fixed interior point divides it into two
trapezoidal regions. Further studies on laminated plates are in progress.
2997 | Long-term Deformation of Composite Concrete Slabs with Profiled Steel Sheeting (2. Analysis of composite beams, plates and shells (Olivier Polit,
Erasmo Carrera, Francesco Tornabene))
Gilbert, Raymond I. (i.gilbert@unsw.edu.au), The University of New South Wales, Australia
Gholanhoseini, Alireza (a.gholamhoseini@unsw.edu.au), The University of New South Wales, Australia
Bradford, Mark A. (m.bradford@unse.edu.au), The University of New South Wales, Australia
Chang, Zhen-Tian (z.chang@unsw.edu.au), The University of New South Wales, Australia
Relatively little research has been undertaken on the time-dependent in-service behaviour of composite concrete slabs with profiled steel decking as permanent formwork
and little guidance is available to practising engineers for calculating long-term deflection. The drying shrinkage profile through the thickness of a composite slab is known to
be greatly affected by the impermeable steel deck at the slab soffit, but this has not yet been quantified satisfactorily. This paper presents the results of long-term laboratory
tests on ten full-scale composite slabs subjected to both drying shrinkage and sustained loads. The measured slab deflections have confirmed that drying shrinkage plays a
dominant role in the time-dependent deformation of composite concrete slabs, typically causing more than 50% of the final deflection of the slabs under normal levels of
sustained service loading. Also presented is an analytical expression for the non-linear shrinkage profile through the thickness of a composite slab that adequately models
the observed deformation, together with an analytical model for calculating the instantaneous and time-dependent curvature of the cross-section due to the effects of both
load and non-linear shrinkage. The agreement between the calculated deflection and the measured deflection for each of the ten slabs is good.
3811 | Mechanical Sensitivity in Large Deflection of Un-symmetrically Layered Piezoeletric Plate under Pretension ? A Linear Analytical Study (2. Analysis of
composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
CHEN, Chun-Fu (cfchen@chu.edu.tw), Chung-Hua University, Taiwan
Li, I-Wei (m09408028@chu.edu.tw), Chung-Hua Univwesity, Taiwan
The mechanical sensitivity in large deflection of an unsymmetrically layered piezoeletric plate under pretension due to lateral load is studied. The approach extends vonKarman plate theory for large deflection to the case including a piezoelectric layer. The nonlinear governing equations were derived, first, in terms of non-dimensional lateral
slope and radial force resultant. These equations were simplified by neglecting the arizing nonlinear terms, to reduce to a modified Bessel equation or Bessel equation for
the lateral slope, depending on the relative magnitude between the initial tension and piezoelectric effect. For either case, close-form solutions for various geometrical
responses are developed and further manipulation were conducted to find the associated mechanical sensitivity, by imposing the clamped-end boundary condition of the
problem. For a nearly monolithic plate under a very low applied voltage, the solutions agree well with those for a single-layered case due to uniform lateral load available in
literature, thus validates the developed approach. A two-layered un-symmetric plate is then implemented with typical silicon-based materials and layer thickness. The
influence due to the variation of material properties of the layers in the piezoelectric plate is comparatively insignificant. On the other hand, piezoelectric effect is found to be
apparent, but up to a moderate pretension condition. For a relatively high pretension situation, the pretension effect becomes dominant, resulting in nearly the same
responses, regardless of the magnitude of the applied voltage.
3457 | Modeling and Investigation of Laminated Glass Beam with Viscoelastic Interlayer (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo
Carrera, Francesco Tornabene))
Ivanov, Ivelin V. (ivivanov@uni-ruse.bg), University of Ruse, Bulgaria
Laminated glass became a popular structure material, however, its analytical and numerical modeling are frustrated by several reasons and one of them is the viscoelastic
behavior of the polymeric interlayer. Laminated glass beam with two layers of glass and one interlayer of viscoelastic polymeric material is modeled mathematically. The
glass layers obey the principle of Euler-Bernoulli beam working parallel with the same curvature. Additional to the bending stress, tensile and compressive stress from
interlayer resistance occur. The interlayer is in pure shear with time dependent shear modulus, because of its viscoelastic properties. The second order partial differential
equations of the model are derived neglecting the inertia term. The relaxation function of the viscoelasticity is approximated by Prony series. The integration in time is done
numerically for any time dependent loading of statically determined beam. Analytical solution of the differential equation for normal resultant is possible but it gives a mixed
polynomial and exponential space functions which have increasing degree of the polynomials at each time step of the integration. Approximate solution is suggested, which
has restricted degree of polynomials up to four with high accuracy. The analytical solution allows us to investigate the stress distribution in a beam under time dependent
loading. The results are compared with finite element solutions.
3699 | Modeling of heterogeneous plate structures with variable stacking sequence using the proper generalized decomposition (2. Analysis of composite
beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Vidal, Philippe (philippe.vidal@u-paris10.fr), LEME EA4416, Universite Paris Ouest, France
Gallimard, Laurent (laurent.gallimard@u-paris10.fr), LEME EA4416, Universite Paris Ouest, France
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Gallimard, Laurent (laurent.gallimard@u-paris10.fr), LEME EA4416, Universite Paris Ouest, France
Polit, Olivier (olivier.polit@u-paris10.fr), LEME EA4416, Universite Paris Ouest, France
On the one hand, the Proper Generalized Decomposition (PGD) has shown interesting features in the reduction model framework, in particular in the context of separation of
coordinate variables in multi-dimensional PDEs. On the other hand, the layer-wise approach is particularly suitable to model heterogeneous structures with accuracy, but
with a computational cost depending on the number of layers (NC).
In this work, a layer-wise approach in the PGD allows us to deduce the displacements as a explicit function of the orientation angles of the laminated composite plate. In this
way, the displacements are written under the form of separated variables representations, i.e. a sum of products of unidimensional polynomial of z, bidimensional polynomial
of (x,y) and NC unidimensional polynomials of the orientation of each layer. The approximation of the 3D plate is based on the classical Serendipity interpolation functions for
the variation with respect to (x,y) and a fourth-order LW description for the variation with respect to z. The function of the angles is piecewise linear. Finally, the deduced
non-linear problem implies the resolution of NC+2 linear problems alternatively. This process yields to few unknowns involved in each of these linear problems.
Mechanical tests for thin/thick laminated structures are presented in order to evaluate the capability and the range of validity of this method. Note that this approach can be
advantageously used in an optimization process.
3829 | NONLINEAR BUCKLING ANALYSIS MODEL FOR LAMINATED BEAM TYPE STRUCTURES (2. Analysis of composite beams, plates and shells (Olivier Polit,
Erasmo Carrera, Francesco Tornabene))
Pesic, Igor (ipesic@riteh.hr), Faculty of Engeneering of University of Rijeka , Croatia
Lanc, Domagoj (dlanc@riteh.hr), Faculty of Engeneering of University of Rijeka, Croatia
Turkalj, Goran (turkalj@riteh.hr), Faculty of Engeneering of University of Rijeka, Croatia
This paper presents finite element based model for global buckling analysis of thin-walled beam-type structures with laminated composite cross section. A one dimensional
finite element with 14 degrees of freedom is introduced. Spatial displacements and rotations are allowed to be large but strains are assumed to be small. The stability
analysis is performed in a load-deflection manner and corresponding equilibrium equations are formulated in the framework of updated Lagrangian incremental description,
using the virtual work principle. Model takes into account effects of large displacements on the response of space frames subjected to conservative and static external loads.
Classical lamination theory for thin fibre-reinforced laminates is employed. The model is applicable to any shape of the cross section and boundary conditions. The shear
strain of middle surface is assumed to be zero and the cross-section is supposed to not distorts in its own plane. An own computer program EULAM is developed and his
implementation is demonstrated on some frame buckling test examples. Also an example of creep buckling simulation is presented in order to determinate critical buckling
time as load duration for which buckling deflections becomes infinitive.
3063 | Numerical analysis of composite beams strengthened with externally post-tensioned tendons (2. Analysis of composite beams, plates and shells (Olivier
Polit, Erasmo Carrera, Francesco Tornabene))
El-Shihy, Ashraf M. (Eng_A_zohiery@yahoo.com), Zagazig University, Egypt
Fawzy, Hesham M. (Eng_A_zohiery@yahoo.com), Zagazig University, Egypt
Mustafa, Suzan A. (Eng_A_zohiery@yahoo.com), Zagazig University, Egypt
El-Zohairy, Ayman A. (Eng_A_zohiery@yahoo.com), Zagazig University, Egypt
The main purpose of this paper is to develop a suitable 3-D finite element model to simulate the nonlinear flexural behavior of steel-concrete composite beams strengthened
with externally post-tensioned tendons. ANSYS computer program has been used to analyze the 3-D model where the nonlinear material and geometrical analysis based on
incremental-iterative load methods is adopted. The effective post-tensioned stress is taken as an initial value which appears in the analysis as initial strain in link element. To
verify the accuracy of the developed 3-D finite element model, comparison between analysis results and previous experimental results has been presented. Valuable
parametric studies are conducted such as the effect of deviators to maintain the tendons positions and the effect of draped tendons and straight one.
3731 | Numerical investigation of the effect of geometric parameters on the distortion of simply supported composite box girder (2. Analysis of composite
beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Luo, Guoqing (luo@bv.tum.de), Chair of metal structures, Technical University of Munich, Germany
Mensinger, Martin (m.mensinger@bv.tum.de), Chair of metal structures, Technical University of Munich, Germany
Ndogmo, Joseph (ndogmo@bv.tum.de), Chair of metal structures, Technical University of Munich, Germany
Steel-concrete composite box girder has been widely used in highway bridges and buildings due to its high load capacity and high torsional rigidity. As a thin-walled
structure, distortion is an important feature of composite box girders subjected to eccentric load. So the research and analysis on the distort effect of composite box girder
become more important. Though the distort effects of diaphragm on composite box girder was studied in some literature, the study for distort effect of the geometric
characteristic parameters at composite box girder is rare. This paper has carried out extensive parametric studies on the distort effect of simply supported composite box
girder by analyzing the finite element model with a series of geometric characteristic parameters. The following geometric parameters are considered: the depth-length ratio,
depth-width ratio, the thickness ratio between web and bottom plate, the length of cantilever flange, and the angle between the roof and web of box girder. The results of
analyses are summarized in the form of tentative design charts indicating the optimization of geometric parameters. The results show that the angle between the roof and
web of box girder and the depth-width ratio has an obvious influence on the distort effects of composite box girder. The design charts are useful for a practicing engineer to
determine the geometric parameters in the design of simply supported composite box girder.
3022 | NUMERICAL SIMULATION OF DELAMINATION MODES II AND III IN COMPOSITE LAMINATED BEAMS AND PLATES/SHELLS STRUCTURES USING ONEAND TWO-DIMENSINAL FINITE ELEMENTS BASED ON THE REFINED ZIGZAG THEORY (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo
Carrera, Francesco Tornabene))
Eijo, Ariel (aeijo@cimne.upc.edu), Universitat Polit?cnica de Catalunya (UPC), Spain
O?ate, Eugenio (onate@cimne.upc.edu), International Center for Numerical Methods in Engineering (CIMNE), Spain
Oller, Sergio (oller@cimne.upc.edu), International Center for Numerical Methods in Engineering (CIMNE), Spain
An alternative method to model delamination effects in composite laminated beams and plates/shells structures is presented in this work. The novelty of this method is the
use of one- and two-dimensional finite elements to discretize the geometry of beam and plate/shell structures, respectively. The key property of these finite elements, called
LRZ (for beams) and QLRZ (for plates and shells), is the possibility to capture the relative displacement between consecutive layers which occurs in delamination
phenomenon under fracture modes II and III. These elements are based on the refined zigzag theory. The mechanical properties of layers are modelling using a continuum
isotropic damage model.
A briefly description of the LRZ and QLRZ finite elements is presented. Also, the linearization of quasi-static problem and its implicit integrations scheme are shown. Finally,
the performance of this method is studied in several examples where the reference solutions are the plane stress analysis for beams and the 3D finite element analysis for
plates.
3364 | On the modelling of dynamical problems of microstructured thin functionally graded plates (2. Analysis of composite beams, plates and shells (Olivier
Polit, Erasmo Carrera, Francesco Tornabene))
J?drysiak, Jaros?aw (jarek@p.lodz.pl), ??d? University of Technology, Department of Structural Mechanics, Poland
Functionally graded plates with a special microstructure are considered. It is assumed that the size of the microstructure is of an order of the plate thickness. Moreover,
these plates have functionally graded macrostructure along only one axis. To take into account the effect of the microstructure on dynamic behaviour of the plates under
consideration the tolerance modelling method is applied, cf. Kaźmierczak and Jędrysiak, Thin-Walled Struct., 2011. Using this method there are obtained model equations
with smooth functional coefficients involving terms dependent of the microstructure size. As an example free vibration frequencies of a plate band are investigated.
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3788 | Shape control of Bernoulli-Euler beams hosting piezoelectric layers with resistive electrodes-simplified modeling, three-dimensional numerical validation
and practical realization (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Schoeftner, Juergen (juergen.schoeftner@jku.at), Institute of Technical Mechanics, Johannes Kepler University, Altenbergerstr. 69, 4040 Linz, Austria, Austria
Buchberger, Gerda (gerda.buchberger@jku.at), Institute for Microelectronics and Microsensors, Johannes Kepler University, Altenbergerstr. 69, 4040 Linz, Austria, Austria
In this contribution an extended Bernoulli-Euler theory for a laminated beam is presented which takes into account elastic and piezoelectric materials and so-called resistive
electrodes. The latter ones are characterized that the equipotential area condition over their surfaces is not fulfilled, meaning that this fact can be exploited to derive new
strategies for active and passive vibration control and that this also provides new possibilities for structural health monitoring of mechatronic systems. One special topic in
feed-forward control is shape control where one seeks for a certain design of the actuation control agency such that a trajectory for the displacement may be achieved, either
for statically or for dynamically loaded structures. We will show for a force-loaded beam-type structure that if the voltage at a certain location of the resistive electrodes is
prescribed by a voltage supply and if the external loading is known in advance, one can calculate an optimal distribution of the resistive electrodes, in order to completely
annihilate lateral vibrations. The validity of the proposed shape control method strictly holds for static loads. But as long as a certain non-dimensional parameters is small,
involving the geometrical dimensions of the beam, the conductivity of the electrodes and the permittivity of the layers, our shape control method approximately holds for
dynamic loads, which is sufficient for many engineering applications.
3525 | Skin buckling of curved orthotropic grid-stiffened shells (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco
Tornabene))
Weber, Markus J. (markus.weber@eads.net), EADS, Innovation Works, Hamburg, Germany, Germany
Middendorf, Peter, Prof. Dr.-Ing. (peter.middendorf@ifb.uni-stuttgart.de), University Stuttgart, Director of the Institute of Aircraft Design (IFB), Germany, Germany
With the introduction of composites in industrial aerospace applications, the research for innovative panel stiffening methods has gained significant interest. Possible
candidates are grid-stiffened structures consisting of groups of parallel and intersecting stiffeners forming regular polygonal patterns of skin fields. Since these thin-walled
structures are critical to buckling, the structural stability is one of the driving criteria in finding a minimum weight design.
In the present study a semi-analytical criterion for the local skin buckling is developed for cylindrical shells based on the Ritz energy method and Kirchhoff assumptions using
trigonometric shape functions. The method is applied to stiffening patterns like isogrid, anisogrid and rhombic grid and includes parameters for stiffener angles, panel
curvature, orthotropic skin materials, combined in-plane normal and shear forces and elastic supports.
The derived results provide useful trends for individual design parameters in preliminary design tasks. The interdependency of the parameters show the optimal layup of an
orthotropic skin and stiffeners being significantly dependent on the parameters of panel curvature, principle loads and elastic boundary conditions. Based on the selection of
a principle buckling philosophy and manufacturing method varying optimal configurations can be found.
The results build a step forward in finding composite architectures competitive to todayʼs frame/stringer architecture.
3062 | Stochastic response of the sandwich beam with uncertain parameters under a fuzzy random train of moving forces (2. Analysis of composite beams,
plates and shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
KatarzynaMisiurek (katarzyna.misiurek@gmail.com), Institute of Civil Engineering, Wroc?aw University of Technology, Poland
Pawe? ?niady (p.w.sniady@gmail.com), Faculty of Environmental Engineering and Geodesy, Wroc?aw University of Environmental and Life Science, Poland
The paper presents the stochastic analysis of the sandwich beamʼs vibration with uncertain parameters under a random train of moving forces which forms a filtered Poisson
stochastic process. Dynamic analysis of structures often involves two kinds of uncertainty. One of them is referred to as aleatory uncertainty (randomness, stochastic
variability) and the other as epistemic uncertainty which describes, among others, imprecision, vagueness, ambiguity and lack of the data. The random variability is
described by use of the probability theory and the imprecision by use of fuzzy sets. Very often sufficient statistical data is not available; in this case a fuzzy function or a
fuzzy random variable is suitable for the modelling purposes. The basis of the probabilistic methods are primarily statistical data while in the theory of fuzzy sets we refer
also to the human intuition and experience. Using fuzzy random variables or fuzzy stochastic processes we combine these two approaches For these reasons it is also
assumed that natural frequencies of the sandwich beam are uncertain and are modelled by fuzzy numbers, random variables or fuzzy random variables. In order to obtain
general solutions for the stochastic response of the beamʼs response the normal mode dynamic influence function has been introduced. As an example the cumulants and
spectral density functions of the response of a bridge modelled as a simple supported sandwich beam are determined.
3568 | Structure-phenomenological modeling of nonlinear behavior of carbon fiber reinforced plastics (2. Analysis of composite beams, plates and shells (Olivier
Polit, Erasmo Carrera, Francesco Tornabene))
Dumanskiy, Alexander M. (alduman@rambler.ru), Institutte of machine science of the Russiab academy of sciences, Russian Federation
Alimov, Mukhammyat A. (alimov@ktv.ru), Institutte of machine science of the Russiab academy of sciences, Russian Federation
Ogihara, Shinji (ogihara@rs.noda.tus.ac.jp), Tokyo University of science, Japan
A model based on the classical lamination theory and matrix algorithms and taking into account lamina nonlinear stress-strain relations has been elaborated. At the initial
stage, the lamina elastic characteristics are defined by an identification method. It is supposed that composite laminate nonlinear behavior is induced above all by lamina
nonlinear shear strain. It is shown that lamina shear stress-strain curve may be approximated by piecewise linear or power function. Such an approach allows nonlinear
constitutive equations for laminate plates to be constructed. The explicit expressions for stiffness/compliance matrices and engineering characteristics of the laminate which
are functions of certain threshold values of the lamina shear strain have been obtained. In general, the stiffness and compliance matrices represent a multiplication of the
corresponding matrix of laminate linear elastic characteristics by dimensionless matrix allowing the laminate nonlinear properties to be estimated. The model admits a
generalization to take into account rheological and some other properties of the lamina.
3574 | The Use of the PGD for Simulating Out-of-Autoclave Thermoplastic Forming Process (2. Analysis of composite beams, plates and shells (Olivier Polit,
Erasmo Carrera, Francesco Tornabene))
Ghnatios, Chady (chadyghnatios@gmail.com), IRT Jules Verne, France
Chatel, Sylvain (sylvain.chatel@eads.fr), EADS Innovation Works, France
Barasinski, Anais (anais.barasinski@ec-nantes.fr), Ecole Centrale Nantes, France
Chinesta, Francisco (francisco.chinesta@ec-nantes.fr), Ecole Centrale Nantes, France
Nowadays, composite materials are replacing metallic ones due to their excellent mechanical performance at low weight.
However, many difficulties are encountered during composite forming processes. In fact, the autoclave curing process is much expensive for industries and limits the product
size to the autoclave dimensions. Therefore, the so called “Out-Of-Autoclave” processes appeared during the last few years. Such processes reduce substantially the cost
involved in the forming process. However, the absence of the autoclave pressure in an out-of-autoclave manufacturing processes leads nowadays to high porosity and poor
consolidation at the interface between the tows.
Despite the high potential offered by such processes, only few researches has been made in the last few years, in order to quantify the consolidation of the tows while using
an out-of-autoclave curing process. Moreover, only few models treating void dynamics while consolidation has been defined until now.
In this work we are using a novel coupling of modelling-simulation-experiment in order to quantify the consolidation process out-of-autoclave. Advanced numerical methods
are used to compute modelʼs solution which is subjected to experimental validation.
3380 | Thermo-mechanical bending analysis of cross-ply laminated plates using refined shear deformation theory (2. Analysis of composite beams, plates and
shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
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shells (Olivier Polit, Erasmo Carrera, Francesco Tornabene))
Ghugal, Yuwaraj M. (ghugal@rediffmail.com), Government Engineering College, Aurangabad-431005 (M.S) India, India
Kulkarni, Sanjay K. (skkulkarni12@rediffmail.com), Government Engineering College, Aurangabad-431005 (M.S) India, India
A refined shear deformation theory is presented for thermal analysis of cross-ply laminated plates subjected to uniform thermal and thermo-mechanical loads. The in-plane
displacement field uses sinusoidal function in terms of thickness co-ordinate to include the shear deformation effect. The theory satisfies the shear stress free boundary
conditions on the top and bottom surfaces of the plate. The present theory obviates the need of shear correction factor. Governing equations and boundary conditions of the
theory are obtained using the principle of virtual work. The displacements and stresses for isotropic, orthotropic, two-layer antisymmetric, and three layer symmetric square
laminated plates are obtained subjected to single sinusoidal and uniformly distributed thermal loads and combined uniformly distributed thermo-mechanical load. The validity
of present theory is verified by comparing the results with those of classical plate theory, first order shear deformation theory, and higher order shear deformation theory.
3798 | Torsional Analysis of Laminated Composite I-Beam (2. Analysis of composite beams, plates and shells (Olivier Polit, Erasmo Carrera, Francesco
Tornabene))
Vishal Sanghavi (vishal.sanghavi@mavs.uta.edu), University of Texas at Arlington, USA, United States America
Wen S. Chan (chan@uta.edu), University of Texas at Arlington, USA, United States America
Thin-walled beams with open and closed cross-sections made of composite materials are used extensively in the aerospace industry, both as direct load carrying member
and as stiffeners in panel construction. Torsional loading of these structures, such as I-beams causes warping displacements. The torsional analysis of these beams forms a
basis in determining the longitudinal behavior of beams which are either restrained against warping or that induce warping. Finite element analysis is commonly used in
analyzing composite I-beams.
To analyze these structures, it is our intent to develop a method which can be served as a bridge analysis between laminate and structure levels. With this in mind, Classical
Lamination Theory is extended from the laminate level to the structural level. A simple methodology for analysis of composite I-beam subjected to free torsion and restrained
torsion is developed. The coupling effects of bending/twisting in both laminate and structural levels are included. The expressions for sectional properties such as shear
center, torsional and warping rigidities for equal and unequal flange lengths of I-Beams are obtained. The results of the sectional properties and ply stresses obtained from
the present method give better agreement with the ANSYS™ results than the traditional smeared property approach. A parametric study is also conducted to investigate the
effects of 0 and ±45 degrees in the flange laminate on torsion/warping stiffness.
3018 | A bio-inspired strategy for enhancing damage resilience of composite T-joints under mixed loading (5. Bio-inspired design of composites (Jiye Chen))
Chen (jiye.chen@port.ac.uk), J, United Kingdom
This paper introduced a bio-inspired approach for designing a novel composite T-joint with enhanced damage resilience. A novel composite with mimicked micro tubules
was conceptually investigated as a replacement of conventional uniformly distributed composite in the crucial deltoid region of T-joint. The mimicked level was measured by
percentage of micro tubules over the area of deltoid region. Three mimicked levels of micro tubules were conceptually investigated. The effect of mimicked percentage of
micro tubules on damage resilience was investigated using a mixed damage model. Initial investigation found that a conceptually designed composite T-joint with mimicked
micro tubules significantly improved the damage resilience. Comparing to original design, the more micro tubules mimicked into the deltoid region the more increased
damage resilience. Significantly improved damage resilience was actually achieved by mimicking micro tubules in a limited crucial region of composite T-joint. Therefore, this
initial investigation has identified that the biomimetic scientific approach has great potential to produce a novel composite T-joint to achieve an acceptable level of costeffectiveness in terms of damage resilience and production costs.
3565 | Nacre-like layered composite plates for impact applications (5. Bio-inspired design of composites (Jiye Chen))
Flores-Johnson, E.A. (emmanuel.flores-johnson@sydney.edu.au), The University of Sydney, Australia
Shen, L. (luming.shen@sydney.edu.au), The University of Sydney, Australia
Guiamatsia, I. (irene.guiamatsia@sydney.edu.au), The University of Sydney, Australia
Nguyen, G. (giang.nguyen@sydney.edu.au), The University of Sydney, Australia
Nacre (mother-of-pearl) is a biological material that exhibits outstanding mechanical properties due to its hierarchical structure, which includes brick-like pattern, layer
waviness and interface. However, research addressing the behaviour of nacre-like composites is limited. This work intends to contribute to the understanding of these
materials under impact loading.
The study of the impact behaviour of nacre-like plates made of 1-mm Al 7075 tablets glued with toughened epoxy resin is performed using Abaqus/Explicit. A 10-mm steel
spherical projectile with impact velocities of 400-900 m/s is used. The epoxy material is modelled with a user-defined cohesive element with compressive strength
enhancement. Target thickness of 5, 7 and 9 mm is used. The impact performance of bulk plates was compared with that of nacre-like plates with the same thickness.
It is found that all nacre-like plates performed better than the bulk plate for high impact velocities; however, for lower impact velocities, the 5 and 7-mm nacre-like plates
performed worse than the bulk plate. The superior performance at higher impact velocities is attributed to the hierarchical structure that enables both localized energy
absorption, tablet interlocking due to the waviness and inter-layer delamination.
It is concluded that layered nacre-like plates are an interesting option for impact applications; however, further numerical and experimental research has to be carried out to
fully understand these structures.
3869 | Optimal design and material selection of composite structures based on multi-objective memetic algorithm (5. Bio-inspired design of composites (Jiye
Chen))
Ant?nio, Carlos C. (cantonio@fe.up.pt), University of Porto, Faculdade de Engenharia, Portugal
The optimal design of hybrid composite structures considering sizing, topology and material selection is addressed in a multi-objective optimization framework. Multiobjective Memetic Algorithm (MOMA) searching Pareto-optimal front is proposed. MOMA applies multiple learning procedures exploring the synergy of different cultural
transmission rules. The approach is based on multiple populations, species conservation, migration, self-adaptive, local search, controlled mutation, age control and
features-based alleleʼs statistics. These aspects are associated with some kind of problem knowledge and learning classified as Lamarckian or Baldwinian. An age
structured population plays important role in evolutionary process based on two rules: the first one is to store the ranked solutions aiming to obtain the Pareto front and the
second one is to evolve as a virtual population of alleles. Continuous statistical parameters of alleles are obtained and its relationship with dominance is established. The
most promising alleles are selected for genes emulating the cultural and genetic evolution. Application to composite structures requiring the compromise between minimum
cost and maximum performance under stress, buckling and displacement constraints is presented. The design variables are ply angles and ply thicknesses of shell
laminates, the cross section dimensions of stiffeners and the variables related to material distribution. The properties of the proposed approach are discussed.
3037 | Structural optimization of the fibre-reinforced composite substructure in a three-unit dental bridge (5. Bio-inspired design of composites (Jiye Chen))
Goodarzi, Ali (goodarzi_ali@yahoo.com), Harvard University, United States America
Taylor, Hailey (taylor-hailey@hotmail.com), Harvard University, United States America
Failures of fixed partial dentures (FPDs) made of fibre-reinforced composites (FRC) have been reported in many clinical and in vitro studies. The types of failure include
debonding at the composite-tooth interface, delamination of the veneering material from the FRC substructure and fracture of the pontic. The design of the FRC
substructure, i.e. the position and orientation of the fibres, will affect the fracture resistance of the FPD. The purpose of this study was to find an optimal arrangement of the
FRC substructure, by means of structural optimization, which could minimize the failure-initiating stresses in a three-unit FPD. A structural optimization method mimicking
biological adaptive growthwas developed for orthotropic materials such as FRC and incorporated into the finite element (FE) program ABAQUS. Using the program,
optimization of the fibre positions and directions in a three-unit FPD was carried out, the aim being to align the fibre directions with those of the maximum principal stresses.
The optimized design was then modeled and analyzed to verify the improvements in mechanical performance of the FPD. Results obtained from the optimization suggested
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The optimized design was then modeled and analyzed to verify the improvements in mechanical performance of the FPD. Results obtained from the optimization suggested
that the fibres should be placed at the bottom of the pontic, forming a U-shape substructure that extended into the connectors linking the teeth and the pontic. FE analyses of
the optimized design indicated stress reduction in both the veneering composite and at the interface between the veneer and the FRC substructure. The optimized design
obtained using FE-based structural optimization can potentially improve the fracture resistance of FPDs by reducing some of the failure-initiating stresses. Optimization
methods can therefore be a useful tool to provide sound scientific guidelines for the design of FRC substructures in FPDs.
3276 | STRUCTURAL PERFORMANCE OF BIO-INSPIRED SHELL STRUCTURE SUBJECTED TO TRANSIENT DYNAMICS (5. Bio-inspired design of composites
(Jiye Chen))
Murthy, Yogesh I. (yogesh_murthy@yahoo.in), Concordia University, Canada
Zhang, Xin (yogesh_murthy@yahoo.in), Concordia University, Canada
Duan, Ran (yogesh_murthy@yahoo.in), concordia University, Canada
The logarithmic spiral shape of mollusc shell is adopted and designed for a quasi-isotropic composite shell roof structure and the transient dynamic performance is evaluated
for the same using ANSYS. These results are compared using experimental investigations under various boundary conditions. The stress variations are analysed and the
natural frequencies are also evaluated. The performance of the bio-inspired composite shell structure is found to be superior to the conventional shell structure by virtue of
its shape.
KEYWORDS: Logarithmic Spiral, mollusc shell, transient dynamics, bio-mimetic.
3506 | Synthetic Nacre by Self-Assembly (5. Bio-inspired design of composites (Jiye Chen))
Munro, Natasha H. (natasha.munro@vuw.ac.nz), Victoria University of Wellington, New Zealand
McGrath, Kathryn M. (kate.mcgrath@vuw.ac.nz), Victoria University of Wellington, New Zealand
Abalone (pāua) and mussel shells contain an iridescent material called nacre (or mother-of-pearl). This material is strong, tough and biocompatible with human hard tissues
(bone and teeth). We are interested in understanding the principles of how nacre forms, and utilising a biomimetic method to form synthetic analogues as potential implant
materials.
We use polymer self-assembly to generate a biomimetic hydrogel matrix, which is mineralised with a combined soaking approach developed in our laboratory to form
organic/inorganic composite materials. In particular, we control the formation of calcium carbonate in chitosan hydrogels, mimicking the crystal growth in nacre. Addition of
poly(acrylic acid) allows control of the polymorph of calcium carbonate through the formation of a polyelectrolyte complex with chitosan. The composite materials are
characterised by IR spectroscopy, SEM and powder XRD.
Manipulation of the polymer self-assembly by addition of alcohols alters the hydrogel structure, inducing changes in the polyelectrolyte complex, crucial in setting the
nucleation sites for calcium carbonate formation. These alternations to the synthetic method lead to the controllable formation of all three polymorphs of calcium carbonate:
calcite, vaterite and aragonite. Our synthetic method gives control over both the polymorph and morphology of the crystals in the final composites, in what is essentially a
one pot synthesis for the production of large composite films.
3666 | Comparison of the mechanical behaviour of polypropylene and glass fiber reinforced high-performance concretes subjected fire (6. Behaviour of Fibre
and other Special Aggregate Concretes subjected to Fire (Joao Paulo Rodrigues))
Rodrigues, Jo?o P. C. (jpaulocr@dec.uc.pt), University of Coimbra, Portugal
Santos, Cristina C. (ccalmeiro@ipcb.pt), Polytechnic Institute of Castelo Branco, Portugal
The high strength concrete has a worst fire resistance, particularly due to its properties of high density and low permeability. These characteristics cause significant damage
to concrete when subjected to elevated temperatures. The onset of spalling, resulting either from the action of thermal forces caused by fluctuations in temperature or
accumulation of vapor pressure within the concrete, is one of the major risks of concrete resulting from exposure to high temperatures.
In this research work has studied the behavior of high strength concretes, relative to spalling. According to that, the concretes were prepared in three series, one without
fibers another with steel and polypropylene fibers together and a third only with glass fibers.
The polypropylene fibers when exposed to high temperatures form pathways allowing the output of steam, reducing the pressure accumulated in the element porous
network while steel fibers increase the ductility of concrete.
The inclusion of glass fibers in the concrete composition was made to assess in what extent they can replace the polypropylene and steel fibers in the concrete strength at
high temperatures.
The results showed that the specimens with concrete and steel fibers and polypropylene had better fire behavior than those consisting of glass fibers. In tests of the
compressive strength, there has been a very explosive rupture without fibers as in specimens with the glass fibers.
3652 | Compressive strength at high temperatures of a concrete made with recycled tire rubber aggregates (6. Behaviour of Fibre and other Special Aggregate
Concretes subjected to Fire (Joao Paulo Rodrigues))
Rodrigues, Jo?o P. C. (jpaulocr@dec.uc.pt), University of Coimbra, Portugal
Santos, Cristina C. (ccalmeiro@ipcb.pt), Polytechnic Institute of Castelo Branco, Portugal
Branco, J. (jabranco@student.dec.uc.pt), University of Coimbra, Portugal
The construction industry is responsible for consuming a large amount of natural resources and serial environments impacts. In order to minimize these negatives effects,
this industry has been guided by sustainability principles, using for example, the use of recycled aggregates to replace natural aggregates.
In this context, the research work developed aimed to study the use of recycled aggregates from tire rubber in the concrete, composition and thus provide a sustainable
alternative to the problem of waste tires after their life time.
The research work performed included compressive strength tests of the concrete. Studied three concrete compositions: a reference composition, a composition with a
replacement rate of 15% and another with a replacement rate of 30% of natural aggregate by recycled aggregates of tire rubber. The different concrete specimens were
subjected to different loading levels (0.15fcd, 0.3fcd and 0.7fcd) and different temperature levels (20, 300, 500 and 700ºC).
The results showed that, although slightly decrease the compressive strength of the concrete, the addition of recycled aggregates of tire rubber contributes to a better control
of the cracking degree and the onset of thermal cracking compared to reference concrete.
3661 | Compressive strength at high temperatures of a recycled tire textile fibre concrete (6. Behaviour of Fibre and other Special Aggregate Concretes
subjected to Fire (Joao Paulo Rodrigues))
Rodrigues, Jo?o P. C. (jpaulocr@dec.uc.pt), University of Coimbra, Portugal
Santos, Cristina C. (ccalmeiro@ipcb.pt), Polytechnic Institute of Castelo Branco, Portugal
Branco, J. (jabranco@student.dec.uc.pt), University of Coimbra, Portugal
The use of recycled materials, including during the manufacture of concrete, is increasingly becoming a viable reality in the construction industry. In recent years, it has seen
the study of concrete with the introduction of tires waste together with the common constituents - aggregates, cement and water.
In this sense, this investigation was intended to evaluate experimentally the compressive strength of concrete with steel and textile fibers from recycled tires at ambient and
high temperatures.
In this study, five concrete compositions, with the same water/cement ratio (W/C = 0.43), differing only in the type and quantity of fibers incorporated in the mixture replacing
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In this study, five concrete compositions, with the same water/cement ratio (W/C = 0.43), differing only in the type and quantity of fibers incorporated in the mixture replacing
the gravel. Thus, in this research was studied a composition of reference (0% fiber) and other with 30 and 70kg/m3 of steel fibers and with 2 and 4kg/m3 of textiles fibers
from recycled tires. The concrete specimens were subjected to a loading level of 0.5fcd and different maximum temperature levels (20, 300, 500 and 700°C).
The experimental work developed contributed to a more accurate understanding of how the fibers acting on the mechanical behavior of concrete, as well as to optimize the
quantity of the fibers enter in the concrete composition.
The results showed that a lower quantity of fibers enhanced the concrete behavior regard to the concrete compressive strength.
3647 | EFFECT OF FIBRE ADDITION ON PORE PRESSURES IN HEATED HYBRID FIBRE-REINFORCED CONCRETE (6. Behaviour of Fibre and other Special
Aggregate Concretes subjected to Fire (Joao Paulo Rodrigues))
Bangi, Mugume Rodgers (mugume_2rb@yahoo.co.uk), Hokkaido University, Japan
Horiguchi, Takashi (horiguti@eng.hokudai.ac.jp), Hokkaido University, Japan
Mitigation of pore pressure rise and development inside high strength concrete exposed to fire is of great importance since it plays a key role in the likelihood of spalling of
heated concrete resulting from the build-up of vapour pressure. It has been widely showed that polypropylene fibres are very effective in mitigating spalling in high strength
concrete (HSC) exposed to elevated temperatures.
In this study, the effect of fibre type and geometry on the amount of maximum pore pressures measured inside HSC was investigated. Different series of concretes
containing polypropylene (PP) fibres, polyvinyl alcohol (PVA) fibres, and a combination of PP or PVA with steel fibres i.e. hybrid fibres have been studied.
The experimental results showed that addition of organic fibres, regardless of fibre type and geometry, significantly contributed towards pore pressure reduction in heated
HSC since relatively lower pore pressures were measured in all fibre-reinforced HSC series compared to plain HSC (without fibres). However, concrete containing PP fibres
performed better than concrete containing PVA fibres in pore pressure rise mitigation during exposure to
high temperatures. Also, regardless of the type of organic fibres used, longer fibres made of smaller diameters generally performed better than shorter ones made of larger
diameters.
Addition of steel fibres in HSC also slightly contributed in pore pressure reduction in heated concrete.
3648 | Mechanical and Physical Performance of Cork Concrete Under High Temperatures (6. Behaviour of Fibre and other Special Aggregate Concretes
subjected to Fire (Joao Paulo Rodrigues))
Belgas, Maria de Lurdes (lbelgas@ipt.pt), Polytechnic Institute of Tomar, Portugal
Branco, Fernando G. (fjbranco@dec.uc.pt), University of Coimbra, Portugal
Concrete exposure to high temperatures leads to progressive physical and chemical degradation, suffering changes in its microstructure and properties. Many studies have
been carried out on concrete produced with different types of aggregates, under high temperatures. Lightweigth, standard and high strength concrete, reinforced with various
types of fibers have already been studied. The various types of concrete have shown significant differences in their performance. However, the performance of concrete
containing cork aggregates was not yet studied.
In the present study, cork concrete specimens were subjected to high temperatures (ranging from 90ºC to 600ºC). The specimens were produced by partial replacement (25,
30 and 40% in volume) of sand from a reference composition with expanded cork granulates. Laboratory tests were carried out, and mechanical strength, bulk density and
the water absorption, were quantified.
The results indicate that the presence of cork granulates has a positive influence on the residual strength of concrete subjected to high temperatures. Despite the decrease
of concrete strength with temperature, concrete batches with higher volume of cork granulate revealed a lower percentage of compressive strength reduction.
Concrete density decreases with the increase of temperature; however the results showed a smaller reduction in concrete containing higher amount of cork.
Concrete registers higher water absorption values with increasing temperature.
3560 | Recycled polymeric fibers as reinforcement in concrete (6. Behaviour of Fibre and other Special Aggregate Concretes subjected to Fire (Joao Paulo
Rodrigues))
Marcio Ant?nio Rosa (marciorosa@araxa.cefetmg.br), CEFET-MG, Brazil
Domingos S?vio Resende (savio@araxa.cefetmg.br), CEFET-MG, Brazil
Jo?o Trajano da Silva Neto (joaotrajanoneto@yahoo.com.br), IF Sudeste MG, Brazil
Augusto Cesar da Silva Bezerra (augustobezerra@des.cefetmg.br), CEFET-MG, Brazil
Maria Teresa Paulino Aguilar (teresa@ufmg.br), UFMG, Brazil
Antonio Maria Claret de Gouveia (claretgouveia@uol.com.br), UFOP, Brazil
The concrete has little brittle fracture and deformation capacity when compared with other structural materials like steel and its tensile strength of approximately 7 and 11%
of compressive strength. This behavior is associated with the cracks that form due to the applied force or that propagate under tension. Due to its low tensile strength and
brittle fracture, commonly for use in structure is made with embedding of steel bars. Recently, a growing number of studies have been conducted in laboratories throughout
the world to improve the performance of concrete material. Studies started in 1960, aimed at improving some properties of concrete, using the incorporation of various types
of short fibers as a constituent of the material. Among the surveyed fibers there are the steel fibers, carbon, synthetic (polymeric) and natural materials. This work studied the
incorporation of short fibers originating from recycled PET bottles on concrete. Were fabricated concrete with addition of fiber. After the curing period, specimens were dried
at room temperature for 7 days and then exposed to a temperature of 500°C for 2h in an electric furnace. The concretes were tested at compressive strength and tensile
strength. The results were satisfactory compared with other types of fibers.
3907 | Shear Residual Strength of Fibre Reinforced Concrete After High Temperature Exposure (6. Behaviour of Fibre and other Special Aggregate Concretes
subjected to Fire (Joao Paulo Rodrigues))
Louren?o, L?cio A. P. (lucio@civil.uminho.pt), Universidade do Minho, Portugal
Barros, Joaquim A. O. (barros@civil.uminho.pt), Universidade do Minho, Portugal
In the present work a steel fiber reinforced concrete of enhanced fire resistance (FRCEFR) is developed and its shear residual properties are characterized by experimental
research. The influence of the temperature exposure on the shear behavior of FRCEFR was analyzed. From the force-deflection curves obtained in the shear tests, and
applying an inverse analysis, the influence of the temperature on the parameters that define the shear behavior of FRCEFR was assessed.
3713 | Structural fire behavior of thin-walled circular steel tubular columns filled with demolished concrete blocks and fresh concrete (6. Behaviour of Fibre and
other Special Aggregate Concretes subjected to Fire (Joao Paulo Rodrigues))
Wu, Bo (bowu@scut.edu.cn), State Key Laboratory of Subtropical Building Science, South China University of Technology, China
Zhao, Xin-Yu (ctzhaoxy@scut.edu.cn), State Key Laboratory of Subtropical Building Science, South China University of Technology, China
To simplify the waste concrete recycling process, the authors have recently proposed several new kinds of structural members containing demolished concrete with a
distinctly larger size than conventional recycled aggregates. Previous researches and applications have preliminarily verified the suitability of these new environment-friendly
structural members. The objective of the presented research is to provide new test data to study the structural fire behaviour of the proposed composite columns, i.e., the
thin-walled circular steel tubular columns filled with demolished concrete blocks (DCBs) and fresh concrete (FC). This research has three major concerns: (1) the influence of
the DCBs on the fire resistance of the proposed composite columns, (2) the effect of the very thin steel tube on the fire behaviour of these composite columns, and (3) the
effect of the thermal resistance existing in the interface between steel and concrete on the temperature profiles of the cross-section. To this end, nine full size column
specimens (3810 mm height) with circular cross-section (320 mm diameter) were designed to the standard fire test. Failure modes of the specimens after exposure to fire,
temperatures in the steel-concrete composite cross-section, axial deformation and fire resistance of the composite columns were analysed, attempting to clarify the above
three questions. Microscopic and macroscopic finite element models are also established to study those effects.
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three questions. Microscopic and macroscopic finite element models are also established to study those effects.

3719 | Application of polyethylene (PE) fiber-reinforced strain-hardening cement composite (PE-SHCC) for improving ductility and mitigating crack-damage of
reinforced concrete beams (7. Composite structures in civil engineering (Thiru Aravinthan))
Yun H.D. (wiseroad@cnu.ac.kr), Dept. of Architectural Engineering, Chungnam National University, Korea, South
In this paper, the method to replace part of the concrete at the tensile bottom of reinfroced concrete (RC) beams with polyethylene (PE) fiber-reinforced strain-hardening
cement composite (PE-SHCC) has been used to improve ductility, cracking behavior and durability. This paper explores the structural application of expansive and
conventional PE-SHCCs and the results of test on five simply supported beams are described. The effect of expansive admixture and thickness of SHCC layer (20 and
40mm) on the ultimate flexural load, first crack load, crack width and spacing, and the load-deflection relationship of RC beams was investigated. The results indicate that
the use of SHCC layer at the bottom of RC beam has significant increased the initial crack load, yield load, and ultimate load, while the use of expansive admixture in SHCC
material has little effect on the those of RC beams with a SHCC layer. Considerable reduction in crack width and spacing was observed for RC beams with a SHCC layer
and this tendency is remarkable for beams with an expansive SHCC layer and thicker SHCC layer.
3733 | Crack propagation in a mixed-mode specimen made of quasi-brittle material (7. Composite structures in civil engineering (Thiru Aravinthan))
Sestakova, Lucie (sestakova.l@fce.vutbr.cz), Brno University of Technology, Faculty of Civil Engineering, Czech Republic
Quasi-brittle materials exhibit specific fracture behaviour that corresponds to the large extent of the zone of inelastic material behaviour around the crack tip. Recent studies
show that higher-order terms of the Williams expansion can contribute to more accurate approximation of the stress/displacement field in cracked specimens. Therefore, the
so called multi-parameter fracture mechanics is employed; a theory based on the analytical description of the stress and deformation fields in the body with crack by means
of Williams power series. The influence of the higher number of terms of the power series on the crack propagation in a mixed-mode configuration is investigated and
discussed. For determination of the higher-order terms coefficients of the Williams expansion the so-called ʻover-deterministic methodʼ (ODM, a regression technique based
on least squares formulation) is used together with outputs of conventional FE analysis.
3725 | Cyclic behavior of RC beam - composite column joints with demolished concrete blocks and fresh concrete being filled in the column (7. Composite
structures in civil engineering (Thiru Aravinthan))
Zhao, Xin-Yu (ctzhaoxy@scut.edu.cn), State Key Laboratory of Subtropical Building Science, South China University of Technology, China
Wu, Bo (bowu@scut.edu.cn), State Key Laboratory of Subtropical Building Science, South China University of Technology, China
In recent studies, the authors have shown that the composite structural members, containing demolished concrete with a distinctly larger size than conventional recycled
aggregates, are capable of simplifying waste concrete recycling process. To facilitate such new strategy of recycling waste concrete in practice, a through-column-type joint,
connecting RC beam to thin-walled circular steel tubular column filled with demolished concrete blocks (DCBs) and fresh concrete (FC), was proposed herein. Cyclic tests
on six large-scale specimens were conducted to examine the cyclic behavior of the proposed joints. The effects of both the replacement ratio of DCBs and the structural
detailing adjacent to the panel zone were investigated. The numerical analysis using ABAQUS was performed to reproduce the monotonic behavior of the specimens.
Experimental and analytical results elucidated that: (a) the cyclic behavior of the specimens with DCBs are similar to those of the specimen with FC alone, while the initial
stiffness of the former is slightly lower than that of the latter; (b) the cyclic behaivor of the specimens are not sensitive to the filling zone of DCBs in the tubular column; (c)
the protruded length of the thick steel tube out of the panel zone is suggested to be 1/2 of the tube diameter; and (d) as a semi-rigid connection, the moment stiffness of the
proposed joints is significantly influenced by the thickness of the thick tube and the diameter of the stiffening rings.
3051 | Dynamic identification of all-GFRP structures (7. Composite structures in civil engineering (Thiru Aravinthan))
Boscato, Giosu? (gboscato@iuav.it), IUAV, University of Venice, Italy
Dal Cin, Alessandra (adalcin@iuav.it), IUAV, University of Venice, Italy
Russo, Salvatore (russo@uav.it), IUAV, University of Venice, Italy
This research proposes the analysis of the dynamic behavior of 3D GFRP (Glass Fiber Reinforced Polymers) structure. The vertical static loads and the lateral dynamic
(seismic, wind,...) actions, that affected the structure, allows to define: the behavior of the member joints and the influence of their loss of rotational stiffness on the global
response of the structure; the adequacy of the seismic design provisions of EC8 through forced-based design method are presented and compared to the displacementbased and the hybrid seismic design methods as applied to FRP structures; the assessment of the spectrum response, the behavior factor, the design over strength factor
and the dissipative capacity of the structure through modal pushover and time-history analyses. These analyses have been carried out through a FE model, of an existing
large GFRP structure, calibrated through the frequency-domain system identification in the field of experimental and operational modal analysis. The aim of this work is the
definition of an experimental and numerical database that describes the dynamic behavior of a GFRP frame structure. This database allows investigating the behavior of
such a structural configuration and promoting the development of design rules not addressed by EC8.
3693 | Experimental and numerical non-lineal analysis of ferrocement thin walls under lateral load (7. Composite structures in civil engineering (Thiru
Aravinthan))
Bedoya-Ruiz, Daniel (dabedoyar@unal.edu.co), Universidad Nacional de Colmbia, Columbia
Paredes, Jairo A. (japaredesl@unal.edu.co), Universidad Nacional de Colombia, Columbia
Hurtado, Jorge E. (jehurtadog@unal.edu.co), Universidad Nacional de Colombia, Columbia
Oller, Sergio (oller@cimne.upc.edu), Universidad Polit?cnica de Catalu?a/CIMNE, Spain
Barbat, Alex H. (alex.barbat@upc.edu), Universidad Polit?cnica de Catalu?a/CIMNE, Spain
An experimental and numerical research for determining stiffness, shear strength, ductility and failure mechanics of ferrocement thin walls was carried out. Ferrocement thin
walls are the main components of the seismic system of the ferrocement dwelling houses. The experimental test was carried out on 12 precast ferrocement thin walls which
were tested on real scale with dimensions of 1.00 x 2.00 x 0.02 m. These walls were loaded with lateral force in incremental steps beyond the linear range. The numerical
analysis was carried out using the series parallel mixing theory that allows modeling ferrocement as a composite. The concrete was modeled with a constitutive damage
model and the steel was modeled with an elasto-plastic constitutive law. The experimental and numerical results were compared showing a good fit, which allows calibrating
main parameter of the numerical model, the fracture energy and tensile strength of concrete. This parameter will be used in the future for numerical analysis of several
designs of new ferrocement dwelling houses. The experimental results show that the cracks appear for a lateral force in the top of the wall of 4 kN. They were located on
middle bottom of the wall, in the tension zone. The ultimate lateral force was of 14 kN without brittle failure. Numerically, the cracks were identified by strain localization.
4353 | Fibre Composite Bridges - A Global Review (7. Composite structures in civil engineering (Thiru Aravinthan))
Aravinthan, Thiru (thiru.aravinthan@usq.edu.au), University of Southern Queensland, Australia
Fibre composites are making way as a new material in bridge construction. Substantial research and development in the late 1990s to early 2000s have seen some
remarkable trend in the acceptance of fibre composite bridges by asset owners around the world. In the state-of the art report compiled by Keller in 2003 on the use of fibre
reinforced polymers in bridge construction highlights the development in the late 1990s. Accordingly, most application in bridges has been in the replacing the reinforcing
steel with FRP rods and strengthening of bridges using FRP materials. Only a few bridges have been reported in that period constructed using All FRP or hybrid FRP
materials. However, this trend has dramatically changed in the last 10 years.
A recent study conducted on FRP in bridge structures has shown now there are more than 200 bridges have been constructed using all FRP or hybrid FRP materials all
around the world. Countries that lead the R&D that had led to commercial application include; Australia, Canada, Korea, Netherlands and USA. This presentation will review
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around the world. Countries that lead the R&D that had led to commercial application include; Australia, Canada, Korea, Netherlands and USA. This presentation will review
the global development in fibre composite bridges. It will showcase selected case studies from different parts of the world. Moreover, composite bridge components and
products currently available in the market will be discussed. It will highlight the key drivers for the adoption of fibre composites in bridges in different countries.
3113 | In-mould gelcoating for composite bridge edge profiles (7. Composite structures in civil engineering (Thiru Aravinthan))
Labordus, Maarten (Maarten.Labordus@lightweight-structures.com), Lightweight Structures B.V., Netherlands
Eijk, Robbert van der (r.v.d.eijk@de-ijssel-coatings.nl), De IJssel Coatings B.V., Netherlands
Edge profiles for bridges are traditionally made in concrete or metal. Although the concrete profiles are relatively easy to manufacture, they are also very heavy. This implies
that the outer concrete girders of the bridge need to be dimensioned on the weight of the edge profiles too, rather than on traffic loads alone. Metal profiles in stainless steel
or aluminium are, with increasing metal prices, becoming very expensive. Normal steel, even if galvanized and/or coated, is not durable enough. Composites offer a
promising alternative. Several composite profiles have been designed and produced for different bridges in the Netherlands. The profiles are dimensioned on wind, rain and
snow loads, and in some cases also for pedestrian loads and aerodynamic actions from passing trains. Designs have been validated with FEM calculations and mechanical
tests. During design, producibility aspects are taken into account at a very early stage. Also attachments and transportation and installation requirements need to be
considered. The profiles are produced with vacuum infusion. This is a closed-mould process with no styrene emission and which results in a very high and constant laminate
quality. However, the application of the gelcoat was still a conventional open-mould manual spray-up process. This results in serious health and safety issues and poor
reproducibility of the gelcoat quality. In the European funded InGeCt project, an in-mould gelcoat infusion process is developed to overcome these problems. This paper
describes how the new in-mould gelcoat process is applied during the production of composite bridge edge profiles.
3407 | IN-PLANE NON-LINEAR BUCKLING OF SANDWICH ARCHES WITH SHEAR DEFORMATIONS (7. Composite structures in civil engineering (Thiru
Aravinthan))
Zhu, Jianbei (jianbei.zhu@unsw.edu.au), School of Civil and Environmental Engineering, The University of New South Wales , Australia
Attard, Mario M. (m.attard@unsw.edu.au), School of Civil and Environmental Engineering, The University of New South Wales , Australia
In this paper, a numerical strategy is adopted to trace the pre-buckling as well as the post-linear buckling nonlinear equilibrium paths for elastic sandwich arches in which the
effects of shear deformations are included. The geometric nonlinearities are considered in the analysis. The nonlinear behaviour of arches for general loading and boundary
conditions requires numerical techniques. In addition, shear deformation effects are taken into account, which may gain importance when the arch is made of built-up or
sandwich composite section or alternatively when materials with relatively low shear modulus are used. The finite strain equilibrium equations are developed. Timoshenko
beam hypothesis is adopted for incorporating shear. Finite strains are defined in terms of the normal and shear component of the longitudinal stretch. The constitutive
relations for stress and finite strain are based on a hyperelastic constitutive model. The results are validated by using available experimental results in the literature and the
finite element package ANSYS. The numerical solutions present fairly good agreement with the experimental and ANSYS results. Parametric studies are also performed on
examples to identify the type of arches where shear deformation effects on the buckling load maybe significant for the sandwich arches.
3556 | Influence of expanded graphite on the properties of phase change materials based on high density polyethylene and wax paraffin (7. Composite
structures in civil engineering (Thiru Aravinthan))
Labidi, S. (samy.labidi@qu.edu.qa), Qatar University, Center of Advanced Materials, Qatar
Al-Maadeed, M. (m.alali@qu.edu.qa), Qatar University, Center of Advanced Materials, Qatar
Krupa, I. (Igor.Krupa@qu.edu.qa), Qatar University, Center of Advanced Materials, Qatar
Karkri, M. (mustapha.karkri@u-pec.fr), University of Paris Est, Certes, France
Energy is one of the major problems in the world. Buildings alone consume about 40% of the total primary energy. Phase Change Materials (PCM) are materials with high
heat fusion which can store and release energy. They can be used in buildings to reduce energy consumption. PCM based on high density polyethylene matrix (HDPE) is
used in this work. A commercial paraffin was incorporated at 30, 40 and 50 wt.% within the HDPE. Expanded graphite (EG) was added up to 15 wt.% to enhance thermal
conductivity of blends. Composites were prepared via extrusion and injection molding machine. Their morphologies were examined by Scanning Electron Microscope (SEM).
The mechanical properties were investigated by a tensile apparatus. The thermal stability was evaluated by a TGA device and the heat latent was measured by DSC.
Periodic temperature ramp method was used to measure the thermophysical properties of the composites. Polymer and wax blends had a noticed phase separation due to
the difference in the molecular weight, this was confirmed by the decrease in thermal stability and mechanical properties of the composites. The separation didnʼt change
with the EG addition as the tensile strength was constant. The thermal conductivity of the composites was improved due to the addition of EG. The melting enthalpies with
reference to the theoretical enthalpies of the composites, confirms the possibility of using these composites as PCM as there is no wax leakage.
3381 | Influence of geometrical and loading imperfections on the buckling behavior of FRP profiles (7. Composite structures in civil engineering (Thiru
Aravinthan))
Ascione, Luigi (l.ascione@unisa.it), University of Salerno, Italy
Berardi, Valentino Paolo (berardi@unisa.it), University of Salerno, Italy
Giordano, Antonella (angiordano@unisa.it), University of Salerno, Italy
Spadea, Saverio (sspadea@unisa.it), University of Salerno, Italy
The ultimate behavior of FRP pultruded beams and columns is generally affected by buckling phenomena, due to their typical thin-walled sectional geometry and the
relatively low stiffness of composites. Classical theories on buckling of thin walled beams generally neglect shear deformability, thus they are not totally reliable for FRPs, as
confirmed by experimental and theoretical evidences dealing with these materials.
A study on the influence of geometrical and loading imperfections on the buckling behavior of FRP profiles is presented in this work. More specifically, a non-linear analysis
is performed by means of a 1-dimentional finite element code, based on a mechanical model recently formulated by the authors. The model is capable of taking into account
the contribution of shear deformation and it is based on the main assumption that total torsional rotation is divided into two parts: the first one, associated with axial warping
and negligible shearing strains, the second one, associated entirely with shear strains.
3620 | Material characterization of polymer concretes for early repair of a runway: measurement of mechanical properties (7. Composite structures in civil
engineering (Thiru Aravinthan))
Jung, Kyungchae (kongche1@naver.com), Chung-Ang University, Korea, South
Chang, Seunghwan (phigs4@cau.ac.kr), Chung-Ang University, Korea, South
This paper aims to evaluate the material properties of polymer concretes controlling density, degree of cure and contents of the ingredients. The weight fraction between the
epoxy resin and aggregate was 10:90 and the level of compaction was controlled to change the density of the polymer concrete. The real-time degree of cure of the epoxy
resin was measured by a dielectrometry sensor. Two types of specimens were prepared; a compressive test specimen and a 3-point bending test specimen with different
densities. Compressive strength and flexural strength were measured according to the mass density of the specimens and it was found that those strengths were linearly
increased with the density of the specimen. To estimate the mechanical strain and the coefficient of thermal expansion of the polymer concrete an FBG fiber optic sensor
was embedded. The thermal expansion of the polymer composite was measured using an FBG fiber optic sensor under the successively increasing temperature
environments from -20ºC to 50ºC. By manipulating the wavelength changes and other parameters coefficient of thermal expansion was calculated according to the
temperature range. Those data were used to estimate the interfacial behavior of the polymer concrete and cement concrete under a certain temperature environment by
using finite element analysis.
3314 | Microstructure of novel lightweight aggregates made from masonry rubble (7. Composite structures in civil engineering (Thiru Aravinthan))
Ruebner, Katrin (katrin.ruebner@bam.de), BAM Federal Institute for Materials Research and Testing, Germany
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Ruebner, Katrin (katrin.ruebner@bam.de), BAM Federal Institute for Materials Research and Testing, Germany
Meinel, Dietmar (dietmar.meinel@bam.de), BAM Federal Institute for Materials Research and Testing, Germany
Klobes, Peter (peter.klobes@bam.de), BAM Federal Institute for Materials Research and Testing, Germany
Prinz, Carsten (carsten.prinz@bam.de), BAM Federal Institute for Materials Research and Testing, Germany
Zimathies, Annett (annett.zimathies@bam.de), BAM Federal Institute for Materials Research and Testing, Germany
Hempel, Simone (simone.hempel@tu-dresden.de), Technische Universit?t Dresden, Germany
Schnell, Alexander (alexander.schnell@uni-weimar.de), Bauhaus-Universit?t Weimar, Germany
Structural lightweight concrete is a composite construction material composed primarily of lightweight aggregates (LWA), cement and water. It is defined by dry bulk
densities between 800 and 2000 kg/m³. LWA are mixtures of grains of mineral origin characterized by particle bulk densities < 2000 kg/m³. Today, most LWA are produced
by thermal treatment of natural raw materials such as clay and shale. In addition to the high energy costs thereby incurred, the availability of suitable raw materials is limited.
A real alternative is the use of a novel LWA made from mineral construction and demolition waste. Recently, a technology of feedstock recycling to produce high-grade LWA
from masonry rubble has been developed in the framework of a German research project. The LWA are produced in a multistage manufactur-ing process by thermal and
hydrothermal hardening. The LWA have been tested in lightweight concrete successfully. The strength of hardened concrete and its light intrinsic weight are influenced by
strength and particle density of LWA. However, properties of fresh and hardened concrete, hardening process and constitution of aggregate/cement paste interface depend
on the microstructural characteristics of LWA. Therefore it is urgent to provide information on their particle shape, porosity, surface texture and pore structure. The
contribution reports on results of different microstructural investigations in comparison to the LWAʼs macroscopic properties.
3190 | Partial Interaction Mechanisms of Headed Stud Embedded in Concrete and Subjected to Pullout Force (7. Composite structures in civil engineering (Thiru
Aravinthan))
ROS, Soty (ros.soty@kochi-tech.ac.jp), Kochi University of Technology (KUT), Japan
SHIMA, Hiroshi (shima.hiroshi@kochi-tech.ac.jp), Kochi University of Technology (KUT), Japan
Headed studs have been widely used as anchors to transfer load in concrete buildings, bridges, rock tunnels, and especially as shear connectors in steel-concrete
composite structures. In some conditions of the composite constructions, headed studs connectors transfer not only shear force but also combined shear and tension force
such as infill walls, coupling beams, connections to composite column, or composite column bases. Typically, this paper presents the partial interaction mechanism of
headed studs embedded in concrete and subjected to pullout force as well as combined shear and external normal force. The experiments have been conducted by means
of a direct pullout test and a modified comment push-out test. Consequently, an equation to predict the ultimate pullout capacity of headed stud embedded in concrete was
developed and proposed. The partial interaction mechanisms of headed studs under pullout force were represented by the relationships between pullout force and the
displacement of stud head. It was found that these relationships could be represented by a unique enveloped curve by normalizing pullout force by the ultimate pullout force
and the head displacement by the diameter of the stud shank. Accordingly, an equation to predict the enveloped curve of the relationship was established; and the ultimate
displacement of stud head was also identified.
3285 | Review of advanced ice and ice-soil composite structures for weir s and dams in cold regions (7. Composite structures in civil engineering (Thiru
Aravinthan))
Vasiliev N. K. (nicolaivasiliev@yahoo.com), The B.E. Vedeneev VNIIG Inc., Russian Federation
Ivanov A. A. (andreialekseevich@gmail.com), The B.E. Vedeneev VNIIG Inc., Russian Federation
Shatalina I. N. (ishatalina@mail.ru), The B.E. Vedeneev VNIIG Inc., Russian Federation
Vasilyev K. N. (kostyavasiliev@hotmail.com), Halcrow Group Ltd., United Kingdom
The recent applications of reinforced ice and ice-soil composites to constuction in cold regions are reviewed. Since the Second World War the idea to use ice composites
has appeared as the military strive to reduce the acquisition and maintenance costs and improve the structural and operational performance of ice constructions. A wide
range of new applications of ice and ice-soil composites in cold regions are described, including their current and potential use in weirs and dams. This paper provides a
description of various methods of reinforcement and creation of composites of the composites of that kind. The classification of the various methods of ice (-soil)
reinforcement and the results of studying the ice strengthened by disperse and fibrous reinforcement are presented. The analytical relationships for determining the strength
of the ice reinforced with short length fibres are derived. Also the method of ice-soil reinforcement with cryotropic gel formation is described. The tests show that the shear
strength and permeability properties of ice-soil composites created by the method of cryotropic gel formation are rather high even after thawing.
3268 | Through-Thickness Tufted Sandwich Structures For Civil Enginering Applications (7. Composite structures in civil engineering (Thiru Aravinthan))
Henao, A. (henaoanamia@hotmail.com), Andercol S.A., Columbia
Tolosana, N. (ctolosa@unizar.es), University of Zaragoza, Spain
Cuartero, J. (jcs@unizar.es), University of Zaragoza, Spain
Miravete, A. (miravete@unizar.es), University of Zaragoza, Spain
The interlaminar normal strength is a critical parameter in the area of laminated organic matrix composites due to two reasons. First, because this stress component
produces delamination, which is a complex failure mode to deal with. Second, because the value of this strength is very low compared to the rest of the stress tensor
components of a standard laminate.
The presence of this interlaminar stress component in the industry is increasing significantly due to the application of thick laminates subjected to multiple loadings, such as
the roots of wind turbine blades. L-shaped aerospace components, flywheels or canisters subjected to internal pressure are also other typical applications where the
interlaminar normal stress is the leading parameter in terms of stress analysis.
This paper deals with the analysis of the interlaminar normal strength of laminates subjected to a 4-point test bending according to ASTM D-6415. The introduction of
through-thickness fibers by means of the tufting process will be also studied in order to assess the increase of the strength varying the fiber density, thickness and fiber
orientations.
Design rules will be given so that the interlaminar stress component is taken account properly,preventing the laminate from normal stress delamination.
3053 | Time-dependent effects on critical buckling load of pultruded column (7. Composite structures in civil engineering (Thiru Aravinthan))
Boscato, Giosue (gboscato@iuav.it), IUAV, University of Venice, Italy
Casalegno, Carlo (carlo.casalegno@polito.it), IUAV, University of Venice, Italy
Mottram, J. Toby (J.T.Mottram@warwick.ac.uk), University of Warwick, United Kingdom
Russo, Salvatore (russo@iuav.it), IUAV, University of Venice, Italy
It is well known that the performance of pultruded structural elements is influenced by the viscoelastic behavior of the based-polymer material that is not affected by aging
effects. In what concerns buckling of pultruded columns, creep causes a time-dependent decrease of the critical load or, in other words, a time-dependent induced buckling
due to the evolution in time of the lateral deformations due to initial imperfections or load eccentricity. The numerical and experimental analyses have been carried out on
pultruded column that have been used in a large all-GFRP (Glass Fiber Reinforced Polymers) structure built in L'Aquila, Italy. The critical load is firstly evaluated using the
well known Euler formulas; secondly, the long-term critical load is evaluated - on the base of the same formulas - adopting a reduced value for the elastic constants, taking
into account the creep behavior of the material. Finally, a geometrically non linear analysis of the column is carried on, taking into account creep deformations and
transversal deformability. A possible application of the numerical computations is to find a value of the constant applied load that causes the time-dependent buckling of the
column for limited load duration that can be analyzed in an experimental campaign, in order to compare the results and to define the parameters of viscoelastic law.
3819 | Damage Tolerance and Self-healing Behaviour of Composites incorporating Hybrid Yarns (8. Novel Composite Architectures (Claudio Lopes, Pedro
Camanho, Tamer A. Sebaey))
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Camanho, Tamer A. Sebaey))
Selver, Erdem (erdem.selver@postgrad.manchester.ac.uk), University of Manchester, United Kingdom
Potluri, Prasad (prasad.potluri@manchester.ac.uk), University of Manchester, United Kingdom
Hogg, Paul (Paul.Hogg@rhul.ac.uk), University of London, United Kingdom
This paper presents a novel fibre architecture incorporating novel hybrid yarn. A cross-ply preform has been produced using a Robotic tow placement system, and
subsequently vacuum infused with Epoxy resin. It has been shown that the degree and type of hybridisation has a significant influence on damage resistance as well as
Compression After Impact (CAI) strengths. With the application of heat and pressure to the impacted specimen, thermoplastic fibres present in the yarns result in partial
'healing' of the damage. The paper presents an analytical model for predicting the compression properties of hybrid laminates; and the results are comparable to Finite
Element Analysis.

3459 | Design for manufacturing of fuselage panels with curved grid stiffening [MAAXIMUS] (8. Novel Composite Architectures (Claudio Lopes, Pedro Camanho,
Tamer A. Sebaey))
W.M van den Brink (brinkw@nlr.nl), NLR, Netherlands
W.J. Vankan (jos.vankan@nlr.nl), NLR, Netherlands
This paper presents a design study of composite panels with advanced composite and structural architectures specifically tailored for low loaded areas in aircraft fuselages.
The overall aim in this study is to reduce structural weight and manufacturing cost of the stiffened panels by further exploitation of the load carrying capability in the low
loaded areas of the fuselage structure using curved grid stiffening.
With the recent development of fibre placement manufacturing technology for composite structures, curved grid stiffening architectures have become possible and could be
applied for weight reduction and performance improvement in civil aircraft structures. The grid stiffened panels are assessed and optimised for buckling resistance in shear
and compression load cases. The height of the grid stiffeners is constrained by the manufacturing criterion that no tooling is allowed to stabilize the grid stiffeners during
production. During the optimization, finite element analysis is used to evaluate the linear buckling response, finally yielding the optimum design that consists of 6.35 mm (¼”)
wide and approximately 2 mm high grids. Tow cutting is used at each of the intersections of two grid stiffeners to prevent tow overlapping and maintain quality of the
laminate.The optimum grid panels will be manufactured and tested. By using curved grid stiffening designs in the low-loaded area of the fuselage, a lighter and more efficient
structure has been achieved.
3913 | Dispersed CFRP Laminates for Damage Tolerant Aeronautical Structures (8. Novel Composite Architectures (Claudio Lopes, Pedro Camanho, Tamer A.
Sebaey))
Sebaey, T.A. (sepaey@hotmail.com), Zagazig University, Egypt
Lopes, C.S. (claudiosaul.lopes@imdea.org), IMDEA Materials, Spain
Blanco, N. (norbert.blanco@udg.edu), University of Girona, Spain
Costa, J. (josep.costa@udg.edu), University of Girona, Spain
In the current communication, the effect of using dispersed laminates on the damage resistance and damage tolerance of CFRP composites was investigated. Seven
configurations were considered. The Baseline (BL) configuration was a conventional laminate of 0º, ± 45º and 90º ply orientation angle. No ply clustering was introduced in
the BL laminate. The second and the third laminates were designed to check the effect of the mismatch angle. The fourth and the fifth were designed to check the effect of
ply clustering, whereas the other two configurations were designed to check the effect of the bending stiffness effect. The in-plane stiffness of the dispersed laminates
matched with 2% of its values in the baseline laminate. Ant Colony Optimization was used to select the stacking sequences based on the design constraints. The results
showed up to 30% of improvement in the residual strength could be obtained by the proper selection of the stacking sequence. These results support the dispersed
laminates as an alternative to the well-known black aluminum.
3274 | Influence of Steering Radius on Mechanical Properties of Non-Conventional Fiber Placed Laminates (8. Novel Composite Architectures (Claudio Lopes,
Pedro Camanho, Tamer A. Sebaey))
Gerrits, Wilco (wilco.gerrits@nlr.nl), National Aerospace Laboratory NLR, Netherlands
Nagelsmit, Martin (martin.nagelsmit@nlr.nl), National Aerospace Laboratory NLR, Netherlands
The automated fiber placement production method not only allows for more efficient production, but also offers new design freedom. Recently, variable stiffness has been
used to improve the buckling performance of laminates by using curved fiber paths as shown by Gürdal and Tatting. To improve the damage tolerance of composite
laminates, dispersed laminates with angles other than the traditional 45, 90 and 0 have been proposed by Lopes et al. At NLR, fiber layers are interwoven using a fiber
placement process called AP-PLY (Nagelsmit et al) to improve damage tolerance .
For the variable stiffness laminates using curved fiber paths, wrinkling in the fiber tows occurs due to the difference in radius on both edges of the tow. Tow width is the main
parameter for this unwanted behaviour. To quantitatively determine the influence of this fiber wrinkling a test method is developed to measure the interlaminar shear strength
using a three-point bending test with curved specimens that are manufactured with NLRʼs old fiber placement machine using 1/8 inch wide tows. Test results show that
below 150 mm steering radius the scatter in test results significantly increases. With NLRʼs new fiber placement machine, similar test specimens are manufactured using 1/4
inch tows, of which the results will be presented. Also other manufacturing issues for non-conventional fiber placed laminates will be discussed.
2988 | A CaO/nano-SiO2 composite with enhanced fast CO2 capture and mechanical strength (9. Composites in Innovative Applications (Luciano Feo))
Valverde, J. M. (jmillan@us.es), Univesity of Seville, Spain
Perez-Maqueda, L. A. (maqueda@cica.es), Univesity of Seville, Spain
Perejon, A (antonio.perejon@icmse.csic.es), Univesity of Seville, Spain
Quintanilla, M.A.S. (quintani@us.es), Univesity of Seville, Spain
In the present work we investigate the CO2 capture performance and mechanical strength of a composite synthetic adsorbent made by dry physical mixing a Ca(OH)2
powder with a SiO2 nanostructured powder. The results obtained at conditions close to the Ca-Looping process show that fast carbonation and residual capacity are
enhanced for an optimum value of the SiO2 concentration. A main mechanism is to increase the contact efficiency between CO2 and the CaO adsorbent particles, which
enhances a rapid transfer of CO2 to reactive pores. From SEM/EDX and physisorption analyses, it is inferred that the reaction between the nanostructured SiO2 and CaO at
high temperatures enhances the adsorbent stability. Calcium silicates are formed as a product of this reaction. Even though these silicates do not contribute directly to CO2
sorption at Ca-looping conditions, thermal stability is enhanced probably due to the relatively high Tamman temperature of calcium silicate as compared to CaO. The
mechanical strength of this composite has been also tested. Results obtained from the particle size distributions of samples dispersed by high velocity gas jets and
ultrasonication show that the resistance to attrition of the CaO/nano-silica composite particles is enhanced as compared to the CaO particles, which reminds the use of
nano-silica as additive in high performance cement-based materials to enhance their compressive strength and abrasion resistance.
3054 | A FE-based limit analysis approach for concrete elements reinforced with FRP bars (9. Composites in Innovative Applications (Luciano Feo))
Pisano, Aurora A. (aurora.pisano@unirc.it), Dept. Patrimonio, Architettura e Urbanistica , Italy
Fuschi, Paolo (paolo.fuschi@unirc.it), Dept. Patrimonio, Architettura e Urbanistica , Italy
De Domenico, Dario (dario.dedomenico@unirc.it), Dept. Patrimonio, Architettura e Urbanistica , Italy
The use of FRP reinforcements in concrete structures has increased rapidly in the last decade being a valid alternative to steel reinforcements. To guarantee a reliable
design is essential to possess, as for the traditional reinforced concrete structures, codes able to catch the behaviour of such structures even above the elastic limit. Post
elastic step-by-step analyses are the common tools available to this aim. A valid alternative for design purposes can be given by the so called direct methods, that are able
to predict the load bearing capacity of a structure in terms of its peak load value. In the present study a numerical FE-based approach, known as Linear Matching Method
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to predict the load bearing capacity of a structure in terms of its peak load value. In the present study a numerical FE-based approach, known as Linear Matching Method
(LMM) is used to tackle the addressed structural elements. A plasticity model for concrete is adopted in a three-dimensional framework with a pressure-sensitive yield
surface and a non associated flow rule. The yield surface turns into the failure surface proposed by Menétrey and Willam. A cap in compression is adopted, while the FRP
re-bars are treated as elastic-brittle elements working only in the fibres direction. The non associated flow, essential to take into account the volumetric expansion under
compression exhibited by concrete, implies the lack of a unique peak/collapse load multiplier, the LMM is then applied to compute an upper bound to the peak load
multiplier. Few examples are finally presented and critically discussed.
3312 | ADVANCED MECHANICS OF HEAT-RESISTANT BORON CONTAINING PHOSPHATE CERAMICS: TOWARD NUCLEAR AND AEROSPACE APPLICATIONS
(9. Composites in Innovative Applications (Luciano Feo))
Bellucci, S (bellucci@lnf.infn.it), INFN-Laboratori Nazionali di Frascati, Italy
Kuzhir, P.P. (polina.kuzhir@gmail.com), Research Institute for Nuclear Problems of BSU, Minsk, Belarous
Maksimenko, S.A. (sergey.maksimenko@gmail.com), Research Institute for Nuclear Problems of BSU, Minsk, Belarous
Lapko, K.N. (lapkokn@bsu.by), Belarusian State University (BSU), Minsk, Belarous
Ivashkevich, O.A. (nauka@bsu.by), Belarusian State University (BSU), Minsk, Belarous
Lesnikovich, A.I. (lesnikovichai@bsu.by), Belarusian State University (BSU), Minsk, Belarous
Sartinska, L. (linasartinska@yahoo.com), Frantsevich Institute for Problems of Materials Science, NAS of Ukraine, Kyiv, Ukraine
Neutron attenuating technology is important for a wide variety of military and civilian applications ranging from the prevention of radioactive materials criminal circulation, to
shielding staff and equipment in high radiation environments, from shielding nuclear-powered submarines and nuclear-power plants workers, aircraft and spacecraft
equipment, crew and astronaut, to solar energy housing and buildings, nuclear medicine. We report on the successful attempt to develop new multifunctional material for
nuclear physics and aerospace applications with the advanced performance and functional properties. The idea is to combine well-known neutron shielding properties of
boron compounds with specific properties (outstanding heat resistance and mechanical strength) coming from the thermal stable phosphate composites produced at room
temperatures. We anticipate that coatings based on quasi-one-dimensional boron structures, such as BN whiskers, will satisfy many of the space and security application
requirements, including volume and mass reduction. The first attempt to produce phosphate composites filled with BN whiskers is done. The phase transitions of heatresistant boron-containing phosphate composites is studied in the temperature range of 20–1200 °C. They are stable up to 1000 C and higher. The dependence of strength
properties (crushing stress) of the such materials versus boron fillers content as well as treating temperature is examined, up to strength higher than 300 MPa.
3830 | Buckling of composite thin walled beam (9. Composites in Innovative Applications (Luciano Feo))
Ascione, F. (fascione@unisa.it), University of Salerno, Italy
Mancusi, G. (g.mancusi@unisa.it), University of Salerno, Italy
As it is well known, the behavior of FRP profiles is affected by deformability and buckling phenomena. The high ratio of the longitudinal elasticity modulus to the transverse
one, the influence of the shear deformations and the usual slenderness ratios generally represent coupled terms affecting the structural performance.
Many experimental and theoretical studies are available with regard to these topics.
Within this context, the authors propose a new simplified approach to analyze the pre-buckling behavior of thin-walled composite beams which consists in removing the
classical hypothesis of transversal rigidity. More in detail, the generic cross-section is represented by a defined number of thin-rectangles interconnected by non-linear
rotational springs, thus allowing each thin component to exhibit a local torsional rotation although the axial and lateral displacement continuity is preserved. Timoshenko
beam hypotheses are introduced with the aim of modeling the kinematics of each component while the springs above introduced are characterized by a bilinear relationship
relating the torsional interaction per unit length to the torsional rotation discontinuities between two adjacent components. This model has the advantage of allowing more
general constraints concerning the torsional degrees of freedom of each thin component.
Numerical results obtained via a variational formulation by means of the finite element method are presented and discussed.
3265 | Conductive particles embedded carbon composite bipolar plate for PEMFC (9. Composites in Innovative Applications (Luciano Feo))
Lim, Jun Woo (jul170@kaist.ac.kr), KAIST, Korea, South
Kim, Minkook (magicicada@kaist.ac.kr), KAIST, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South
Proton exchange membrane (PEM) fuel cell systems are environmentally friendly power sources that have many potential applications. Although carbon fiber composite
bipolar plates have high strength and stiffness with corrosion resistance in acid environment, it does not yield enough electrical conductivity, which compromises the
efficiency of PEM fuel cell. In order to increase the electrical conductivity, conductive particles, such as graphite, carbon black and carbon nano-tube, embedded carbon
composite bipolar plate that exhibits much lower electrical resistance has been developed. To increase the electrical conductance, spraying method of conductive particles
was applied while stacking prepregs. The electrical resistance and the mechanical properties were measured using conventional test methods. Moreover, unit cell
performance assessment was conducted with the developed conductive particles embedded carbon composite bipolar plates and compared the results with the conventional
bipolar plate.
3688 | Controlled release of tetracycline incorporated into bioactive glasses (9. Composites in Innovative Applications (Luciano Feo))
Andrade, Angela L. (angelala01@hotmail.com), Universidade Federal de Ouro Preto, Ouro Preto , Brazil
Belchior, Jadson C. (jadsonbelchior@gmail.com), Universidade Federal de Minas Gerais, Brazil
Domingues, Rosana Z. (rosanazd@yahoo.com.br), Universidade Federal de Minas Gerais, Brazil
Special attention has been given on the development of new methodologies to study controlled-release systems. Bioceramics and biodegradable polymers can be used as
matrices to deliver many kinds of drugs. In this work we studied the preparation, characterization, and release of tetracycline incorporated into bioactive glasses. The
bioactive glasses, with composition (SiO2)0.80(P2O5)0.04(CaO)0.16 were prepared using a sol–gel process at room temperature. For delivery assays, the samples were
individually immersed in deionized water and buffered with tris hydroxymethyl aminomethane, pH 7.4, and kept at 37 C for thirty days. Aliquots were withdrawn and
analyzed by ultraviolet spectrophotometry in the tetracycline (270 nm) wavelengths. Sample characterization was made using Fourier transform infrared spectroscopic
(FTIR), and thermogravimetry (TG). Scanning electron microscopy (SEM) and gas adsorption analysis (BET) were also performed. The burst effect of these compounds,
analyzed following the model proposed by Narasimhan and Langer, were reasonably consistent with a diffusion model. This mathematical model allows analyzing the drug
release for tablets with a specific size, and the diffusion coefficient can be determined through the model.
3736 | Curing of fibre reinforced plastics by resistance heating of sheet metal in a hybrid structure (9. Composites in Innovative Applications (Luciano Feo))
Siewers, Bernd (bernd.siewers@uni-paderborn.de), University of Paderborn, Faculty of Mechanical Engineering, Chair for Automotive Lightweight Construction (LiA),
Germany
Lauter, Christian (christian.lauter@uni-paderborn.de), University of Paderborn, Faculty of Mechanical Engineering, Chair for Automotive Lightweight Construction (LiA),
Germany
Troester, Thomas (thomas.troester@uni-paderborn.de), University of Paderborn, Faculty of Mechanical Engineering, Chair for Automotive Lightweight Construction (LiA),
Germany
In automotive lightweight construction especially three main trends are currently obvious: Lightweight design can imply the use of high-strength metal alloys, the substitution
of metals by composites, or the combination of different materials. A promising approach in the field of multi-material systems is the manufacturing of high-strength
automotive structural parts consisting of sheet metal and local fibre reinforced plastic (FRP) patches.
In the available paper a new way of curing the epoxy resin of FRP prepregs in hybrid materials is described. Current approaches base on the heating of the whole mould,
which leads for example to a high energy consumption. The idea of using the conductive heating is to minimise the required energy. The heat is directly led into the FRP
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component. The process steps are as follows: i) an adapted prepreg layer is put on a sheet metal structure, ii) the electrical contacts are connected to the sheet metal, iii) the
build-up is inserted into an electrical insulated, unheated mould and iv) the current heats up the sheet metal, which leads to a curing of the prepreg. Additionally the mould
can be heated. Thus, it is also possible to control the direction and the course of the exothermal reaction of the epoxy resin. Through this it might be possible to influence
thermal stresses or the laminate quality. Several basic investigations are carried out in this paper, for example the finding of process parameters or different heating
strategies.
3411 | DEVELOPMENT OF CARBON COMPOSITE BIPOLAR PLATE (9. Composites in Innovative Applications (Luciano Feo))
Kim, Ki Hyun (kimkyun@kaist.ac.kr), KAIST, Korea, South
Kim, Bu Gi (willy4@kaist.ac.kr), KAIST, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South
A vanadium redox flow battery (VRFB) is the most promising energy storage system (ESS) due to its safety, durability and scalability. However, high costs of its components
have been obstacle for commercialization of VRFB. Especially, bipolar plates which are main components for VRFB are fabricated using graphite, which increases not only
both the manufacturing cost and size due to its brittleness, but also decrease the reliability of VFRB. Therefore, it has been demanding requirement to develop the bipolar
plate using other material rather than the graphite although it has high electrical conductivity and chemical stability.
In this work, a carbon composite bipolar plate for VRFB was developed considering its electrical and mechanical properties as well as chemical stability against strong acids.
The flow rate of electrolyte was investigated by numerical analysis with respect to the surface treatment of the carbon composite bipolar plate, from which an optimal
configuration of the bipolar plate was specified. Finally, charge/discharge tests of the VRFB using the optimal carbon composite bipolar plates were performed many times to
observe its energy and voltage efficiencies, from which the durability of the composite bipolar plate was estimated.
3681 | EVALUATION OF THE PROCESS INDUCED RESIDUAL STRESSES AT THE WEB-FLANGE JUNCTIONS OF PULTRUDED GFRP PROFILES (9. Composites
in Innovative Applications (Luciano Feo))
Baran, Ismet (isbar@mek.dtu.dk), Technical University of Denmark, Denmark
Tutum, Cem C. (cctu@mek.dtu.dk), Technical University of Denmark, Denmark
Hattel, Jesper H. (jhat@mek.dtu.dk), Technical University of Denmark, Denmark
Pultrusion is one of the most cost efficient composite manufacturing processes in which constant cross sectional continuous composite profiles are produced. Recently,
pultruded structures are foreseen to have potential for the replacement of conventional materials used in the construction industry. A consequence of the increasing usage of
pultruded profiles in the construction industry requires detailed understanding of the mechanical behavior as well as the failure mechanism of the profile.
The process induced residual stresses and distortions for the pultrusion of an I-beam profile, which has not been considered in the literature up to now, are predicted in the
present study. The residual stresses most likely have an important effect on the mechanical behaviour of the pultruded I-beam especially at the web-flange junction. The
temperature and the cure degree distributions are first obtained at steady state in the thermo-chemical analysis of the pultrusion process and afterwards used in the
mechanical analysis in which the residual stresses and distortions are evaluated. More specifically, a 3D transient Eulerian thermo-chemical analysis is coupled with a 2D
quasi-static Lagrangian plane strain mechanical analysis of the pultrusion process which is a quite new approach in this specific field. The instantaneous cure dependent
resin modulus is used for the present simulation of the pultrusion process since post-curing after cooling is normally not used in pultrusion.
4138 | Experimental analysis of damaged confined masonry walls retrofitted with BFRP under in-plane cyclic loading (9. Composites in Innovative Applications
(Luciano Feo))
Zhen Lei (leizhen0916@163.com), College of Civil Engineering, China
Juntong Qu (qujuntong@126.com), College of Urban Construction and Planing, China
Sheng Miu (1004282505@qq.com), College of Urban Construction and Planing, China
Large numbers of existing old confined masonry (CM) buildings in seismic zones are calling for reliable rehabilitation and strengthening urgently in order to enhance the
seismic performance. FRP strengthening has been regarded as an effective strengthening technique, but its application in the retrofitting of confined masonry buildings,
especially seismically damaged ones, hasn't been studied. This paper investigates the in-plane seismic behaviors of eight damaged and undamaged confined masonry walls
retrofitted with BFRP (basalt fiber reinforced polymer) in a mixed configuration under combined compression and shear loading. All specimens were constructed using solid
clay bricks and weak mortar to simulate the walls built in the mid-20st century. The effect of opening, strip layer, strip width and vertical compression stress level were
considered in the tests. The experimental results reveal that failure mode, lateral strength and ductility, stiffness degradation, energy dissipation of the retrofitted confined
masonry walls can be effectively improved by the externally bonded BFRP.
3290 | Experimental study on steel plate-masonry composite beams under combined torsion (9. Composites in Innovative Applications (Luciano Feo))
Jing Deng-Hu (jingdh@seu.edu.cn), School of Civil Engineering, Southeast University, China
Cao Shuang-Yin (cao@public1.ptt.js.cn), School of Civil Engineering, Southeast University, China
Pan Yong (panyong1218@163.com), School of Civil Engineering, Southeast University, China
Abstract:
Steel plate-masonry composite structure is a newly-developed technology, which is mainly used to retrofit existing masonry buildings to get lager space by replacing some
load-carrying masonry walls. In the design of this type of structure, it is inevitable to meet the orthogonal beams in which at least one of beams ought to be subjected to
bending moment, shear and torsion. In order to better understand the behavior of steel plate-masonry composite beam under combined torsion, a total of six steel platemasonry composite beams were manufactured and tested, which attempted to investigate the failure modes, the influence of related parameters and the load-carrying
capacity of them. The research results show that the thickness of steel plate and the design details on beamsʼ joint have great effect on the load-carrying capacity, however
the spacing of binding bolts has less effect.
Key words:
Steel plate-masonry composite beam; bending moment; shear; torsion; design details
3805 | Fibre surface modification via physical and chemical approach in bioabsorbable composite (9. Composites in Innovative Applications (Luciano Feo))
Liu, Xiaoling (emxxl2@nottingham.ac.uk), University of Nottingham, United Kingdom
Bioresorbable phosphate glass fibre (PGF) / polymer composites have shown great potential for replacing existing metallic bone fracture fixation devices. However, the
interfacial property is rather challenging for biodegradable systems. In this study, phosphate glass fibre surface was coated with biodegradable magnesium coating via
magnetron sputtering. Further chemical modification, including four coupling agents: APS, methyltrimethoxysilane, n-octyltriethoxysilane and trimethoxy(propy)silane, was
applied on the coated fibre surface. The reactions between fibre and coulpling agents were studied using FTIR and XPS. The morphological, mechanical and interfacial
properties of the treated fibres were investigated to understand the effect of physical and chemical fibre surface modification.
Phosphate glass fibre surface was roughened by continuous Mg coating. This physical modified fibre/PCL composite revealed a 72% increase in interfacial shear strength
(IFSS) compared to the non-coated samples. Further coupling agents treatment resulted in lower IFSS value due to the smoother fibre surface , which suggested that
enhancing the mechanical bonding between fibre and matrix by physical modification of fibres was a more effective approach than the chemical modification.
3366 | Flexural Performance Evaluation of SHCC and Reinforced Concrete Composite Slabs (9. Composites in Innovative Applications (Luciano Feo))
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Cho, Chang-Geun (chocg@chosun.ac.kr), School of Architecture, Chosun University, Korea, South
Moon, Hyung-Joo (chocg@chosun.ac.kr), School of Architecture, Chosun University, Korea, South
Feo, Luciano (l.feo@unisa.it), University of Salerno, Italy
Seo, Sang-Gil (chocg@chosun.ac.kr), Korean Highway Co., Korea, South
In current research, a reinforced concrete (RC) composite slab system was newly introduced by applying a strain-hardening cementitious composites (SHCC) panel. In the
developed slab system, the SHCC panel was manufactured by extrusion process and had ribs to allow for complete composite action with topping concrete. Longitudinal
and transverse reinforcements were placed above the SHCC panel, and finally the topping concrete was placed. A series of the four-point bending test on slab specimens
was performed in order to investigate the flexural performance of the proposed composite slab system.
Based on a fiber cross-sectional approach considering with the high-ductile material characteristics of SHCC, a nonlinear flexural model of the SHCC and RC composite slab
was developed. Moreover the flexural design strength of the composite slab system was also newly introduced.
From experimental and predicted results, it was known that the SHCC panel could give improved load and deformation capacities under flexural loading conditions and that
the developed SHCC and RC composite slab system exhibited higher flexural performance compared to a conventional RC slab system in terms of crack control, stiffness,
load capacity and ductility.
3508 | FRACTURE TOUGHNESS IMPROVEMENT OF POLYURETHANE ADHESIVE WITH GLASS FIBERS AT CRYOGENIC TEMPERATURE (9. Composites in
Innovative Applications (Luciano Feo))
Nam, Soohyun (namsu0615@kaist.ac.kr), KAIST, Korea, South
Yu, Young Ho (younghomj@kaist.ac.kr), KAIST, Korea, South
Choi, Ilbeom (chib1020@kaist.ac.kr), KAIST, Korea, South
Bang, Chang Seon (beartang@kaist.ac.kr), KAIST, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South
Polyurethane adhesive is widely used for bonding the secondary barrier of cargo containment of LNG (Liquefied Natural Gas) ships due to its ductility at room temperature
although it becomes brittle at the cryogenic temperature below its glass transition temperature.
Therefore, in this work, the fracture toughness of polyurethane adhesive was investigated using the DCB (Double Cantilever Beam) adhesive joints composed of stainless
steel and aluminum adherends to evaluate the cryogenic reliability at the temperature of -150°C.
In order to improve the fracture toughness of the polyurethane adhesive, it was reinforced with E-glass fibers. The fracture toughness was measured with respect to
adhesive thickness and volume fraction of E-glass fibers. Also the optimal reinforcement methods considering the characteristics of the two different adherends were
investigated with respect to the configuration of reinforcements. From the experimental results, the optimal reinforcement was suggested for the polyurethane adhesive for
the fracture toughness.
3376 | Impact resistance of structural elements in concrete (9. Composites in Innovative Applications (Luciano Feo))
Foti. Dora (d.foti@poliba.it), Polytechnic of Bari, Italy
Tolomeo, Mathias (m.tolomeo@studenti.poliba.it), Polytechnic of Bari, Italy
Paparella, Francesco (f.paparella@poliba.it), Polytechnic of Bari, Italy
Paparella, Vito (vito.paparella@alice.it), Polytechnic of Bari, Italy
Recycling of waste materials is, undoubtedly, one of the most important problems in the future to be solved in all possible ways. It will be necessary to find solutions, even
original, imaginative and brilliant to be, of course, first tested before their practical application.
In the present article the preliminary results of some static and impact tests performed on concrete specimens reinforced with fibers made from waste polyethilene
terephthalate (PET) bottles are reported. The fibers have been obtained by simply cutting the bottles and have been utilized as discrete reinforcement of specimens and little
beams in concrete in substitution of steel bars. A test set-up and some slab specimens have been designed and manufactured for the impact tests. The tests are to be
considered as an approach to a more extensive investigation on the use of PET as a reinforcing material in concrete and masonry structures. The tests provide interesting
results regarding the impact resistance of PET reinforced concrete, suggesting a possible use of this material, in particular for those cases frequently subjected to shocks
and impact actions, such as newjersey guard-rails, road pavements and, especially, airport pavements. The reinforcement with PET has the advantage to be less corrosive
and less expensive than reinforcement consisting of steel wire nets and carbon or glass nets.
3116 | IMPLANTE ORTOPÉDICO DE COMPÓSITO DE POLIHIDROXIBUTIRATO (PHB) E HIDROXIAPATITA EM GATOS (9. Composites in Innovative Applications
(Luciano Feo))
Alves, Endrigo G (endrigogabellini@yahoo.com.br), UFMG, Brazil
Serakides, Rog�ria (serakidesufmg@gmail.com), UFMG, Brazil
Pereira, Marivalda MP (mpereira@demet.ufmg.br), UFMG, Brazil
Rosado, Isabel R (isabelrrosado@yahoo.com.br), UFMG, Brazil
Rezende, Cleuza MF (cleuzaufmg@gmail.com), UFMG, Brazil
O objetivo desse estudo foi avaliar a resposta tecidual ao compósito de polihidroxibutirado 70% e hidroxiapatita 30%, na forma de implantes ósseo e subcutâneo em gatos.
Amostras do compósito foram implantadas no tecido subcutâneo da região dorso-lombar e na região metafisária distal do fêmur direito. Empregou-se 12 gatos adultos,
castrados, sem raça definida com massa corporal média de 3,5kg. Os gatos foram divididos aleatoriamente em três grupos: GI, GII e GIII de acordo com o tempo de
avaliação. As avaliações nos tecidos subcutâneo e ósseo foram realizadas aos 15, 30 e 45 dias e aos 30, 60 e 90 dias respectivamente. A reação subcutânea e óssea ao
compósito foram caracterizadas por reação inflamatória granulomatosa, com predominância de macrófagos e células gigantes. Os resultados obtidos evidenciaram que o
compósito incita uma resposta inflamatória crônica local apesar de se mostrar clinicamente biocompatível.
3371 | ON THE FAILURE STRENGTH OF WEB-FLANGE JUNCTION OF THIN-WALLED PULTRUDED I-PROFILES (9. Composites in Innovative Applications
(Luciano Feo))
Feo, Luciano (l.feo@unisa.it), University of Salerno, Italy
Mosallam, S. Ayman (mosallam@uci.edu), University of California Irvine, United States America
Penna, Rosa (rpenna@unisa.it), University of Salerno, Italy
This paper presents experimental and numerical results of the first phase of a multi-phase comprehensive joint research program between University of Salerno, Italy, and
the University of California, Irvine, USA, on investigating one of the major structural issues that defines the strength limit-state of pultruded fibre-reinforced polymer (PFRP)
profiles.
Specifically, the strength and stiffness of the web-flange junction (WFJ) of the majority of commercially-produced pultruded composite profiles. A summary of experimental
results for twenty-eight full-scale pull-out tests are presented and typical modes failure are identified. Moreover, the influence of the pull-out load distance (d) from the edge
of the specimens on the failure strength of the web-flange junction has been investigated and a new definition for an “influence zone” is proposed that is found to be
dependent on the loaded length, with a maximum value equal to approximately the PFRP memberʼs depth. This proposed zone was observed in all laboratory tests and its
existence was confirmed by the results of FEM numerical analysis. 3-D finite element models were also developed to predict the behavior of these specimens. The results
from the numerical models were compared to those obtained from the experimental program and found to be satisfactory.
2959 | Preliminary analysis of unbonded fiber-reinforced elastomeric bearings under shear loads (9. Composites in Innovative Applications (Luciano Feo))
Toopchi-Nezhad, H. (toopchi@gmail.com), Razi University, Iran
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Elastomeric bearings are used extensively in a variety of Structural and Mechanical Engineering Applications including bridge bearings and vibration isolators. Fiber
Reinforced Elastomeric Bearings (FREBs) are a relatively new type of bearings that comprise alternating bonded layers of elastomer and fiber reinforcement sheets. A
FREB can be used in an unbonded (U) application where no bonding or mechanical fastening is provided at the bearing top and bottom contact surfaces. As such, the shear
loads between the bearing and its top and bottom supports are transferred through friction. Under shear loads, the top and bottom faces of a horizontally deformed U-FREB
roll off the contact supports and the bearing exhibits a special deformation referred to as “rollover deformation”. As a result of rollover deformation, the horizontal loaddisplacement relationship in a U-FREB is nonlinear. As such, conventional analytical solutions of elastomeric bearings cannot be extended to U-FREBs. This paper presents
an analytical approach by which the horizontal stiffness of a U-FREB can be effectively evaluated based on its physical dimensions, shear modulus of elastomer, and the
level of horizontal displacement imposed on the bearing. Application of the proposed approach in stiffness solution of several U-FREBs with different physical geometries,
indicate that the method is sufficiently accurate for preliminary analysis and design of U-FREBs that are horizontally deformed under shear loads.
3806 | Processing of glass infiltrated ceramic composites for dental restorations (9. Composites in Innovative Applications (Luciano Feo))
Yoshimura, Humberto N. (humberto.yoshimura@ufabc.edu.br), Universidade Federal do ABC, Brazil
Chimanski, Afonso (afonso_ch@hotmail.com), Universidade Federal do ABC, Brazil
Cesar, Paulo F. (paulofc@usp.br), Universidade de S?o Paulo, Brazil
Bioceramic prostheses have been widely used in restorative dentistry. For this application, the difficult is to achieve materials with high strength and toughness for long
lifetime and simultaneously high translucency for superior aesthetics. Glass infiltrated ceramic composites are promising materials to achieve this goal. In this work, the
infiltration process of designed SiO2-B2O3-Al2O3-La2O3-TiO2 glasses into the porous alumina preform was investigated. The glass compositions were designed using the
SciGlass software for targeted viscosity and refractive index. The glasses were prepared by melting the oxide raw materials between 1500 and 1600°C. A commercial
porous pre-sintered block was used as the alumina preform. The glass powders were than infiltrated spontaneously into the preform between 1150 and 1200°C in different
times and the infiltration depth was measured. The results of materialʼs characterization showed that the biocomposites with high optical and mechanical properties can be
produced by this method.
4106 | Speed reducer for a robot using composite materials to reduce the noise (9. Composites in Innovative Applications (Luciano Feo))
Sehoon Oh (osh@cau.ac.kr), Chungang University, Korea, South
Jaewon Shin (shinjwgo@naver.com), Chungang University, Korea, South
Recently Robots use higher speed servo motors to reduce the size of motor and the weight of the robot. Dynamic performance, backlash and torsional stiffness become ever
more crucial to robot control systems. In this paper, composite materials are used between the teeth of flexspline and the output flange to reduce the vibration at the teeth
mating. The rotational stiffness and the radial stiffness are calculated using FEM Method and the speed reducer are manufactured to verify the simulation of FEM. Using the
composite materials the new speed reducer for a robot can have the greatest positioning accuracy, highest torsional stiffness, and lowest backlash.
The teeth composes of several kinds of composite material to improve the positioning accuracy.
You can check this product this website
www.sbb.co.kr -> You can see the robot speed reducer
We have worked with Sbb company.
I have attended your conference several times at the Melboune and Scotland.
I have heard your conference news today.
Please consider my paper
Sincerely
3901 | Strengthening of Negative Moment Region in Continuous R.C. Slabs using Mineral Based Composite Materials ? Experimental Study (9. Composites in
Innovative Applications (Luciano Feo))
Atta, A., Zaher, F. and Etman, E. (emadetman@gmail.com), tanta university, Egypt, Egypt
Strengthening of existing one way continuous slab can arise for many different reasons like upgrading the load-carrying capacity, the necessity to make changes in the
structure or the need to solve problems that have occurred during construction. The mineral-based composites (MBC) have excellent properties, not only, to bond with the
base concrete but also have good workability. In addition, the bonding agent is able to transfer stresses to the external reinforcement in an efficient manner. To assess the
effectiveness of using Mineral Based Composite (MBC) technique for the flexural strengthening of negative moment in continuous reinforced concrete slabs, an experimental
program was carried out which included the testing of nine continuous slab specimens with different details of external strengthening techniques. This experimental program
investigated the modes of failures, the effect of different strengthening techniques on the load-deflection relations, and load failures and Comparative study between two
strengthening techniques using either reinforced steel bars with mineral based composite material (MBC) or with epoxy is described. Based on the present experimental
results, it is evident that the mention strengthening techniques of continuous slabs are efficient
3676 | The effect of nanosilica modified by copper ions on the morphology and physical properties of poly (carbonate urethane) elastomer composites (9.
Composites in Innovative Applications (Luciano Feo))
Wasniewski, Bartlomiej J. (bwasniewski@inmat.pw.edu.pl), Warsaw University of Technology, Faculty of Material Science, Poland
Auguscik, Monika (mauguscik@inmat.pw.edu.pl), Warsaw University of Technology, Faculty of Material Science, Poland
Zieleniewska, Milena (milenazieleniewska@wp.pl), Warsaw University of Technology, Faculty of Material Science, Poland
Zielecka, Maria (maria.zielecka-nb@ichp.pl), Industrial Chemistry Research Institute, Poland
Ryszkowska, Joanna L. (jrysz@meil.pw.edu.pl), Warsaw University of Technology, Faculty of Material Science, Poland
Owing to their properties, polyurethanes are used in a number of industries as well as in medicine. With properly selected substrates it is possible to produce polyurethanes
possessing a higher resistance to oxidation and hydrolytic and enzymatic degradation. In recent years researches have been conducted aimed at the application of
nanocomposites from polycarbonate urethanes to be used in elements of permanent implants. For materials used in medicine, antiseptic or antimycosis additives such as
nanoparticles of silver and copper are introduced into polymer systems. The application of a small number of nanoparticles (up to several % of weight of the nanocomposite)
may considerably improve the selected properties of polyurethanes. However, nanoparticles may influence the change in polymerization kinetics. In this work the influence of
nanosilica modified with copper ions was assessed on the polymerization process of polycarbonate urethanes made with and without a dibutyltin dilaurate catalyst.
Mechanical properties and the structure of obtained nanocomposites were assessed using thermal analysis techniques (DSC, TGA, DMA), infrared spectroscopy and
microscopic observations.
3296 | Ultra high speed curing bipolar plates made of carbon fabric/phenolic composite using acid catalyst for PEMFC (9. Composites in Innovative Applications
(Luciano Feo))
Minkook Kim (magicicada@kaist.ac.kr), KAIST, Korea, South
Jun Woo Lim (jul170@kaist.ac.kr), KAIST, Korea, South
Dai Gil Lee (dglee@kaist.ac.kr), KAIST, Korea, South
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Dai Gil Lee (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. In this study, the
bipolar plate has been fabricated using carbon fabric/phenolic because phenolic resin based composite can be mass-produced due to its fast curing reaction compared to
epoxy resin. P-toluene sulfonic acid catalyst was used to accelerate the curing reaction of carbon fabric/phenolic. The electrical conductivity and flexural strength of the
composites were measured with respect to catalyst content because they are two most important parameters to determine the characteristics of composite bipolar plate.
The experimental results showed that the curing time of the carbon fabric/phenolic reduced much as the amount of catalyst was increased. However its flexural strength as
well as contact electrical resistance also decreased as the amount of catalyst was increased because the surface hardness of composite was reduced. Therefore, an
optimum content of the catalyst was investigated considering the electrical conductivity without compromising much the mechanical properties.
4342 | Wear resistance of multilayer coatings when dry cutting fiber reinforced polymers (FRP) (9. Composites in Innovative Applications (Luciano Feo))
Mkaddem, Ali (ali.mkaddem@ensam.fr), ENSAM - Arts et M?tiers ParisTech, France
Ben Soussia, Aymen (Aymen.ben-soussia@ensam.eu), ENSAM - Arts et M?tiers ParisTech, France
El Mansori, Mohamed (mohamed.elmansori@ensam.eu), ENSAM - Arts et M?tiers ParisTech, France
This work discusses the performance of multilayer coatings in dry cutting fiber reinforced polymers. The cutting tests were performed on unidirectional carbon/epoxy and
glass/epoxy specimens with 45° fiber orientation using both Chemical Vapor Deposited (CVD) and Physical Vapor Deposited (PVD) multilayer coatings with neatly different
composition, grain size and substrate-to-coating adherence. TiCN/Al2O3/TiN, TiAlN/AlCrO and TiN/TiAlN coated inserts were considered for experimental tests. Scanning
Electron Microscope (SEM) was utilized to characterize the flank wear patterns. The apparent friction coefficient dealing with the material removal process was deduced
from cutting forces measured using Kistler piezoelectric dynamometer. The adhesive frictional signature was examined on both new and worn inserts through series of
micro-scratch tests using Atomic Force Microscope (AFM). While abrasion mechanisms dominates the flank wear upon all inserts, the abrasion mode transforms from mild
to severe depending upon coating layer characteristics. Regular inspections on the worn face demonstrated that the fail of first-deposited coating layer characterizes a
threshold point from which the insert behavior drastically changes. The change in forces and friction tendenciesʼ slopes beyond threshold proves that fiber phase
abrasiveness dominates wear mechanisms irrespective to coating type.
4134 | Air trapping evaluation during the water entry of flexible bodies (10. Durability of composite materials (Pascal Casari))
Panciroli, R (riccardo.panciroli@unibo.it), Polytechnic Institute of NYU, United States America
Minak, G (giangiacomo.minak@unibo.it), , Italy
Porfiri, M (mporfiri@poly.edu), Polytechnic Institute of NYU, United States America
Air trapping is a relevant phenomenon occurring during the water entry of flat-bottom structures.
It is widely recognized in the literature that this phenomenon might cushion the impact force, but all the previous studies focus on the water entry of rigid bodies. In this work,
an experimental campaign has been conducted to evaluate the effects of the structural deformation on (i) the air trapped during the water entry of flat bottom structures and
(ii) on the impact acceleration. The wedge water entry was recorded by a high speed camera at 1500 Hz and converted to binary image frames. A code for image
segmentation has been developed: using masking, grey levels and dimensional thresholding it was possible to estimate the amount of air trapped between the wedge and
the water and its course during the acquisition period. A correlation with acceleration and strains measured during the tests has been investigated to determine relationships
between air trapping, impact forces and structural flexibility for a wide variety of wedge structures. At last, the Particle Image Velocimetry (PIV) technique has been used to
study the water motion inducted by the impact and its connection with the air trapping phenomenon.
3081 | Durability of Strengthening of reinfored concrete members Using CFRP materials (10. Durability of composite materials (Pascal Casari))
F. Al-Mahmoud (firas.almahmoud@iutnb.uhp-nancy.fr), Nancy I University - IJL - Institut Jean Lamour - IUT Brabois, France, France
Jean-Michel MECHLING (Jean-Michel.Mechling@iutnb.uhp-nancy.fr), Nancy I University - IJL - Institut Jean Lamour - IUT Brabois, France, France
The need to strengthen civil engineering structures is becoming a serious problem for facilities owners. Composite materials offer interesting possibilities due to their high
tensile strength for a low density, their absence of sensitivity to corrosion and their long fatigue life. Under-performing structures are usually strengthened by bonding FRP
sheets or plates onto the external concrete surface of the structural members. But, sometimes, this type of strengthening may be difficult. Although mach research studies
have been conducted on externally bonded FRP specimens to investigate there durability, as previously described, the experimental results cannot be generalized on all
externally bonded FRP structures. Although the durability of externally bonded FRP structure against potential damage caused by freeze-thaw cycling or salt water
immersion has been largely studied, near surface mounted FRP has yet to be examined in this context. Research into the specific issue of freeze-thaw durability for NSM
strengthening applications is thus warranted.
The purpose of this study is to investigate the effect of environmental exposure on the bond for different CFRP strengthening systems. Bending test was conducted to
evaluate the bond with and without environmental exposure. The specimens were strengthened with :1- CFRP sheets 2- CFRP plates 3- NSM CFRP rods embedded in two
filling materials: Epoxy resin and mortar
A total of thirty –sex specimens were prepared for this purpose
3309 | EFFECTS OF TEMPERATURE, SALINITY AND HUMIDITY ON DURABILITY OF GRFP PROFILES FOR BRIDGE APPLICATION (10. Durability of composite
materials (Pascal Casari))
Teixeira, A. M. A. J. (anam@ime.eb.br), Instituto Militar de Engenharia, Brazil
Batista, C. E. C. (eduardo-cursino@hotmail.com), Instituto Militar de Engenharia, Brazil
Torres, C. C. (caiocarvalho88@gmail.com), Instituto Militar de Engenharia, Brazil
Britto, P. F. (pablofbritto@gmail.com), Instituto Militar de Engenharia, Brazil
Ramos, S. S. (samuelsales19@gmail.com), Instituto Militar de Engenharia, Brazil
Bezena, V. H. G. (victorhugo188pe@gmail.com), Instituto Militar de Engenharia, Brazil
GFRP pultruded profiles are being used on the project of a dismountable bridge. These materials present high mechanical properties, lightweight and corrosion resistance
that are suitable for the proposed project. The dismountable bridge is composed of a deck supported by prestressed trussed girders which are mounted by assembling
GFRP tubular profiles. A 1:2,3 scale model of the dismountable bridge with thirteen meters span is being tested in laboratory. This paper presents the description and the
results of the experimental tests performed on the bridgeʼs tubular profiles. Short profiles were instrumented with strain gages and tested in axial compression under various
environmental conditions, such as different temperatures, salinity and humidity. The failure strength and elasticity modulus were obtained experimentally and it was
concluded which parameters caused the loss of strength and reduced stiffness of the profiles.
3476 | Environmental Degradation of the Fracture Resistance of Filament Wound Pipes (10. Durability of composite materials (Pascal Casari))
Zuhair M. Gasem (zuhair@kfupm.edu.sa), Mechanical Engineering Department, King Fahd University of Petroleum and Minerals, Saudi Arabia
An experimental testing program has been carried out to evaluate the effects of various environments on the fracture resistance of glass-filament wound epoxy (GFRE) and
vinyl ester (GFRV) pipes. The fracture resistance for seawater-filled GFRE pipes exposed to the outdoor condition will be presented. Data for GFRV pipes pre-exposed to
different natural conditions including: outdoor, oil-filled, and seawater immersion for 12, 24, 36, and 48 months are reported. The fracture resistance due to environmental
exposure is assessed using pre-cracked notched ring specimens machined from the pipes after exposure.
Seawater-filled GFRE pipes reveal slight degradation in the fracture resistance with higher immersion time. The decrease in fracture toughness is around 6% and 11% for
pre-exposures of 12 and 48 months, respectively. Assuming that the decrease in toughness for GFRE pipes caused solely due to exposure in air-saturated seawater, the
extrapolated toughness for GFRE pipes after 100,000 exposure hours (more than 11 years) is approximately 92% of the base line fracture toughness. No significant
degradation is evident in fracture resistance of GFRV pipes when exposed to outdoor, oil-filled, and seawater-filled environmental conditions.
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degradation is evident in fracture resistance of GFRV pipes when exposed to outdoor, oil-filled, and seawater-filled environmental conditions.
3388 | EVALUATION OF MECHANICAL PROPERTIES OF GFRP PULTRUDED PROFILES EXPOSED IN DIFFERENT MEDIA pH BY DIFFERENT TIME EXPOSURE
(10. Durability of composite materials (Pascal Casari))
Santos Neto, Almir B. S. (almir@unipampa.edu.br), Federal University of Pampa (UNIPAMPA), Brazil
Fiori. M?rcio (mfi@unesc.net), University of the South End of Santa Catarina (UNESC), Brazil
J?nior Fiori, Jair (juniorfiori@gmail.com), University of the South End of Santa Catarina (UNESC), Brazil
Mohamad, Gihad (gihad.civil@gmail.com), Federal University of Santa Maria (UFSM), Brazil
The demand for polymeric pultruded profiles reinforced with glass fiber has been showing steady increase for use in various sectors of engineering.
The profiles include primarily from the low specific weight and excellent mechanical properties and resistance to weathering, when compared with conventional engineering
materials. In this work, GFRP pultruded profiles underwent immersion in solutions at acidic and basic media at different immersion times and different pH values in order to
assess the presence of phenomena of chemical degradation and the effects on the microstructure and mechanical properties. The mechanical properties were evaluated by
mechanical testing of tensile strength and bending. Concomitantly, the interface features and aspects of polymer matrix and glass fiber were evaluated via microscopy. The
results show excellent performance of the profile before the exposure of acidic and basic media with significant influence of exposure time on the characteristics of bending
and tensile strength of the profile.
4137 | EXPERIMENTAL DETERMINATION OF THE EFFECT OF OXYGEN ON THE PROTECTIVE LAYER FORMATION IN REINFORCED CONCRETE (10. Durability
of composite materials (Pascal Casari))
Hussain Raja Rizwan, Ph.D (raja386@hotmail.com), King Saud University, Saudi Arabia
EXPERIMENTAL DETERMINATION OF THE EFFECT OF OXYGEN ON THE PROTECTIVE LAYER FORMATION IN REINFORCED CONCRETE
Raja Rizwan HUSSAIN1*, Abdulrahman ALHOZAIMY2 and Abdulaziz Al NEGHEIMISH3
Abstract:
Specimens with varying environmental conditions were used for varying the oxygen concentration in the laboratory experimentation. Using the experiment results, it was
possible to understand the time dependent influence of oxygen concentration on passive film formation and corrosion of the reinforcement steel embedded in concrete under
various defined conditions satisfactorily. It was observed that for the specimen in air condition with free oxygen from the environment, the corrosion rates and potentials were
highest for the initial 20 day time interval and then started to decline and became the lowest owning to the formation of strong passive layer due to the presence of enough
amount of oxygen in the vicinity of the specimen. On the other hand, the specimen which was completely sealed and there was no oxygen in its vicinity showed the lowest
rates owning to the formation of a weak passive layer at the beginning which resulted in the highest corrosion rate and potential later on. The other specimens also gave
results accordingly.
3484 | FAILURE MODE SPECIFIC FATIGUE TESTING OF NANOPARTICLE-MODIFIED CFRP UNDER VHCF-LOADING (10. Durability of composite materials
(Pascal Casari))
Knoll, Julia B. (julia.knoll@tuhh.de), Hamburg University of Technology, Germany
Koschichow, Roman (r.koschichow@ilk.mw.tu-dresden.de), Technical University Dresden, Germany
Koch, Ilja (i.koch@ilk.mw.tu-dresden.de), Technical University Dresden, Germany
Schulte, Karl (schulte@tuhh.de), Hamburg University of Technology, Germany
Gude, Maik (m.gude@ilk.mw.tu-dresden.de), Technical University Dresden, Germany
Fibre reinforced polymers (FRP) are often used for structural applications where they are subjected to cyclic loading. Investigations of fatigue life and damage mechanisms
were so far limited to the low and high cycle fatigue (LCF/HCF) regime. For the development of reliable fatigue life evaluation methods for FRP at extremely high load cycles
(N > 108) a new shaker based fatigue test rig as well as adapted test specimens were developed. In the very high cycle fatigue (VHCF) test rig the specimen is loaded in
flexure which minimises internal shear stresses and with that the polymer specific heating during high frequency loading. This way, loading frequencies of up to 150 Hz can
be performed. Due to the stress distribution under flexural loading it is possible to analyse different failure modes of the composite simultaneously. In this work carbon fibre
reinforced epoxy resins are tested parallel and transvers to the fibre direction.
A further focus is the nanoparticle-modification of the matrix in order to increase the fatigue life. Especially for matrix dominated failure modes a modification may lead to a
better fatigue performance. Recent investigations showed a significant improvement in fatigue life of FRP up to the HCF regime by a factor of six to ten. The transfer of these
findings to VHCF-loading of nanoparticle-modified carbon fibre reinforced composites are validated with the developed testing technique.
3494 | Fatigue characterization of drilled components in polymer matrix composites (10. Durability of composite materials (Pascal Casari))
Paoletti, Alfonso (alfonso.paoletti@univaq.it), Department of Industrial and Information Engineering and Economics, University of L''Aquila, Italy
Composite materials have been initially used in the aerospace, defence and aircraft industries, but nowadays they are finding applications in consumer oriented applications.
For some requirements of connection in components, it is necessary to drill workpiece materials. Drilling of fibre reinforced composites can produce typical problems such as
delamination of material and fibre pullout, which decrease the fatigue strength of components. The prediction of fatigue life in composites components is not easy because of
the several number of possible failure mechanisms which can occur when these materials are cyclically stressed.
In this paper an experimental investigation on the behaviour concerning fatigue strength and life of drilled components in composite materials subjected to fatigue loading is
presented. The cutting force components measured during drilling operation have been related to the cutting parameters. The influence of cutting speed and feed rate on the
fatigue strength of machined holes has been taken into consideration. Results obtained from repeated flexural fatigue tests on glass and carbon fibres reinforced epoxy
matrix have been used to compare the behaviour of different composite materials. Both thrust force and torque measured during drilling operation show a decreasing trend
as the ratio between cutting speed and feed rate increases.
Fatigue tests have been carried out both on non drilled and drilled specimens. Tests conducted on non drilled materials have allowed to define a threshold typical level of
maximum force of fatigue loading. Failure cycles number has been taken into consideration comparing the threshold value with the traces of fatigue behaviour acquired
during drilled components characterisation. Failure cycles number determined for glass fibres reinforced composites, is not dependent on speed ratio. The extension of
damaged area at the exit side of the hole does not significantly affect the fatigue strength of drilled components.
3463 | Fatigue Life Prediction of Woven CFRP Structure (10. Durability of composite materials (Pascal Casari))
Wicaksono, Satrio (SATR0002@e.ntu.edu.sg), Nanyang Technological University, Indonesia
Chai, Gin Boay (MGBCHAI@ntu.edu.sg), Nanyang Technological University, Singapore
The current study focuses on the fatigue life prediction of the composite structures, especially structures that are made of woven CFRP (carbon fibre-reinforced plastics),
using data that is attained from coupon testing. The fatigue behavior of woven composite structures is different from the fatigue behavior of structures made of unidirectional
(UD) and multidirectional (MD) composite. The fatigue behavior of woven composites is much more complex then UD and MD composites because the interaction between
warp and fill zone need to be taken into account. Thus, thorough study on fatigue behavior of woven composites is very important.
In this paper, the fundamental mechanical responses of woven CFRP test coupons subjected to static and fatigue loading were extensively carried out. These results were
then used in the development of a generalized cumulative damage model to predict static and fatigue response of a woven CFRP I-beam structure. The cumulative damage
model was then applied to the beam under four-point bending to simulate the progression of failure. The predicted results of the static response, fatigue response, fatigue life
and stiffness decay predictions were compared with the experimental data. Good correlations between predicted and experimental results provide the necessary confidence
in using the proposed approach.
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3939 | Hot water ageing effects on glass fiber reinforced composites for wind blade applications (10. Durability of composite materials (Pascal Casari))
Pires, Julio C. P. (arquitoca@gmail.com), Universidade Federal do Rio Grande do Sul, Brazil
Angrizani, Clarissa C. (cangrizani@hotmail.com), Universidade Federal do Rio Grande do Sul, Brazil
Oliveira, Branca F. (branca@ufrgs.br), Universidade Federal do Rio Grande do Sul, Brazil
Amico, Sandro C. (amico@ufrgs.br), Universidade Federal do Rio Grande do Sul, Brazil
Recently there has been an increasing concern about the disposal of materials after use. Given this, it is necessary to study the service life of products and their
environmental impact. In this context, the aim of this work is to study the effect of accelerated aging (hygrothermal) on a glass fiber/epoxy unidirectional composite
manufactured by Resin Transfer Molding, with a fiber volume content of 37% and to use these results to feed a computer simulation applied to a wind generator blade
subjected to wind and rotational forces using the software ABAQUS. Tensile tests of ±45°, 0° and 90° laminates were performed to evaluate ageing in hot water at 50°C for
120, 240 and 360 h. Water absorption testing did not show no a saturation point of the fluid in the composite for the studied ageing period. Regarding tensile testing, it was
observed an increase in strength, probably because the epoxy resin suffered post-cure reaction and physical ageing that may increase the molecular weight. The results
also suggested a decrease in elastic modulus values. The carried out simulation was important to reduce the number of experiments and, at the same time, to assist in
predicting the service life of materials and structures.
4102 | Hygrothermal effects on mechanical behavior of woven Carbon-epoxy composites (10. Durability of composite materials (Pascal Casari))
Bhuyan, Mohammod K (mbhuyan@miners.utep.edu), University of Texas at El Paso, United States America
Bhuyan, Mohammad S (skabir19@yahoo.com), Tuskegee University, United States America
Tseng, Tzu-Liang (Bill) (tseng@utep.edu), University of Texas at El Paso, United States America
The mechanical behaviour of carbon fibre-reinforced epoxy composites with introduced layers of materials is studied. Dry and moisture-saturated specimens were tested
over the temperature range -58°C to 74.5°C. The investigation focuses on the effect of moisture absorption, desorption and temperature on Inter laminar strengthʼs behavior
which causes delamination of carbon fiber and polymeric matrix woven composites. Hygrothermal (HT) ageing exposure was carried out in four sets of HT conditions.
Bending, Tensile, and Compression shear tests were analyzed in order to evaluate the HT effect on delamination damage tolerance (DDT), stress intensity factor at notch tip
and interlaminar shear stress (ILSS) at various exposures ranging zero to 5000 hours. The reserach shows a considerable drop in ILSS based on the experimental data,
exposure to moisture reranging zero to 5000 hours. Optical microstructures of the delaminated surface shows that matrix in the fiber/matrix interface abruptly failed in
macroscopically brittle mode by crack initiation and propagation. Therefore, regardless the geometry of the carbon epoxy structures, for aerospace design HT effect has to
be considered to asses DDT apart from intended loading.
3678 | Influence of epoxy/amine ratio on UV and hygrothermal degradation process of UD composites: correlation between nano- and macroscale mechanical
characterization (10. Durability of composite materials (Pascal Casari))
Belec, L?na?k (belec@univ-tln.fr), MAPIEM - University of Toulon, France
Chailan, Jean-Fran?ois (chailan@univ-tln.fr), MAPIEM - University of Toulon, France
Nguyen, Thanh Hoi (nthoi@ud.edu.vn), University of Danang, Vietnam
In the aim of validating artificial weathering tests, simplified glass fibres/epoxy composites are exposed to a humid tropical environment on one hand, and to controlled
hygrothermal ageing and photodegradation on the other hand.
Different scales of analysis are then used to understand the ageing processes and determine the different degradation kinetics. Atomic Force Microscopy (AFM) and
Dynamic Mechanical Analysis (DMA) associated to physico-chemical analysis highlight the existence of crosslinking heterogeneities in the epoxy/amine matrix. Force
measurements performed by AFM show gradients of elastic modulus at nano-scale at the surfaces and at fibre/matrix interphases. The relaxations associated to the
modified networks are also identified by an appropriate DMA relaxation spectra deconvolution. These defects are attributed to varying epoxy/amine ratio, resulting from the
curing process at specimenʼs surface and around each monofilament.
The consequences of these heterogeneities on composite degradation mechanisms under UV radiation and hygrothermal ageing are then studied, notably by following the
evolutions of relaxation temperatures and modulus of the surface and matrix/fibre interphases.
3488 | Influence of epoxy/glass fibres interface on water diffusion kinetics: Experimental and numerical approach (10. Durability of composite materials (Pascal
Casari))
JOLIFF, Yoann (joliff@univ-tln.fr), MAPIEM - ISITV, France
BELEC, L?na?k (belec@univ-tln.fr), MAPIEM - ISITV, France
CHAILAN, Jean-Fran?ois (chailan@univ-tln.fr), MAPIEM - ISITV, France
The enhancement of these composite structures is closely linked to a better understanding of their behaviour during hydrothermal ageing, more especially at fibre/matrix
interface/interphase. This study deals with the water diffusion in unidirectional composite by three approaches: experimental measurements, analytical and numerical
models. In the initial state, AFM measurements of matrix show a decrease of the stiffness at decreasing distance from the fibre interface. So an interphase with a low
crosslink density around each monofilament can be defined around 1µm. A Fickian diffusion kinetic was determined from water absorption measurements on both the resin
and the UD composite. The numerical simulation shows that the matrix is strongly modified by the presence of fibres, compared to the resin alone. A matrix diffusion
coefficient higher than the bulk resin one must be used to fit correctly the experimental data. This is consistent with the decrease of stiffness highlighted by AFM
measurements in the interphase.
3036 | Measurement of scratch-induced residual stress within SiC grains in ZrB2?SiC composite using micro-Raman spectroscopy (10. Durability of composite
materials (Pascal Casari))
Goodarzi, Ali (goodarzi_ali@yahoo.com), Harvard University, United States America
Taylor, Hailey (taylor-hailey@hotmail.com), Harvard University, United States America
An analytical framework for determination of scratch-induced residual stress within SiC grains of ZrB2–SiC composite is developed. Using a ʻʻsecular equation” that relates
strain to Raman-peak shift for zinc-blende structures and the concept of sliding blister field model for scratch-induced residual stress, explicit expressions are derived for
residual stress calculation in terms of phonon deformation potentials and Raman peak shift. It is determined that, in the as-processed composite, thermal expansion
coefficient mismatch between ZrB2 and SiC induces compressive residual stress of 1.731 GPa within the SiC grains and a tensile tangential stress of 1.126 GPa at the
ZrB2–SiC interfaces. With increasing scratch loads, the residual stress within the SiC grains becomes tensile and increases in magnitude with scratch load. At a scratch load
of 250 mN, the calculated residual stress in SiC was 2.6 GPa. Despite this high value, no fracture was observed in SiC grains, which has been rationalized based on fracture
strength calculations from Griffith theory.
3125 | Mechanical Properties Changes of Concrete Due to Crumbed Rubber Addition (10. Durability of composite materials (Pascal Casari))
Bajaba, Nasser S. (nbajabaa@gmail.com), YIC, Saudi Arabia
A waste tire disposal is a major problem all over the world. One of the potential means of utilizing the waste tires is to process this waste material for the protection of the
environment and society. This study explores the effects of rubber particles on some mechanical properties of concrete. On other word the aim of this work is to present the
results of an experimental investigation conducted with different partial replacement with different rubber sizes by volume of fine aggregate in concrete mixtures for
engineering application. Three different concrete groups were prepared and tested in terms of compression. The mechanical test results demonstrated that the use of crumb
rubber reduced all types of compressive strength. The different crumb rubber sizes have some influence on the mix and can be considered as structural light and moderate
weight concrete.
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3846 | On the effect of Highly Accelerated Life Testing in the degradation of CFRP materials (10. Durability of composite materials (Pascal Casari))
Gonzalez, Sergio (jaime@us.es), Center for Advanced Aerospace Technologies (FADA-CATEC), Spain
Dominguez, Jaime (jaime@us.es), University of Seville, Spain
Lasagni, Fernando A. (jaime@us.es), Center for Advanced Aerospace Technologies (FADA-CATEC), Spain
Large cyclic temperature variations applied to composite materials involve thermal fatigue due to mismatch in the coefficients of thermal expansion between fiber and matrix
(microscopic level) and between plies staked with different orientations. In addition thermal oxidation at high temperature with oxidative atmospheres means weight loss,
shrinkage and fiber-matrix debonding of reinforced plastics materials.
The aim of this study is to characterize and understand the thermal fatigue effects in carbon epoxy laminates. Several thermal cycles have been performed for the ageing of
the investigated materials under two different atmospheres. The first one represents a neutral condition (nitrogen gas) for isolating any effect of oxidative agents. Dry air is
used for the second atmosphere to introduce effects related with oxidation of the materials. Matrix oxidation is expected at high temperature while fatigue matrix cracking
occurs due to the mismatch of thermal expansion coefficient. Coupling of both effects produces the ageing acceleration of CFRPs.
Lose of weight because of oxidation is monitored at several stages of the test. The behavior of the treated CFRPs is characterized trough standard tensile test for static
properties, tensile-tensile fatigue test for dynamic response, microscopy and X-ray CT for transverse matrix cracking observation.
Furthermore, to compare fatigue matrix cracking effects during temperature variation, an isothermal test is performed as well.
3670 | PHYSICAL-CHEMICAL CHARACTERISTICS AND REACTIVITY WITH CALCIUM HYDROXIDE OF SUGAR CANE BAGASSE ASH (10. Durability of composite
materials (Pascal Casari))
Padua, P. G. L. (paulalamezon@hotmail.com), UFMG, Brazil
Poggiali, F.S.J. (spitale@ufmg.br), UFMG, Brazil
Soares, M.M.N.S. (mmaira_br@yahoo.com.br), UFMG, Brazil
Figueiredo, R.B. (figueiredo-rb@ufmg.br), UFMG, Brazil
Gomes, A. M. (abdias@demc.ufmg.br), UFMG, Brazil
Aguilar, M.T.P. (teresa@ufmg.br), UFMG, Brazil
Brazil is the largest producer of sugarcane. Its bagasse is usually burned for energy production providing nearly 3% of residual ashes. The potential use of these ashes into
cementitious composites will depend on calcination conditions. The present work identifies the physical, chemical characteristics of residual ashes (1st and 2nd harvest)
obtained from a controlled calcination in an industry located at west region of the state of Minas Gerais. Chemical composition analysis, X-ray diffraction, grain size
distribution, loss on ignition, thermogravimetry analysis (TGA), differential scanning calorimetry (DSC), specific surface measurements (BET) and Fourier Transform Infrared
spectroscopy (FTIR) tests were used to characterize the ashes. The pozzolanic activity was estimated by pozzolanic activity index tests with cement and lime, by the
modified Chapelle test, electrical conductivity in lime solution tests, TGA and FTIR. The exhaust ashes with a higher content of organic material, the lower silica content and
high degree of amorphicity (2nd harvest), for the same size, have higher pozzolanic activity tests for pozzolanic activity index with cement and lime, modified Chapelle test
compared with the ashes with higher silica content and higher crystallinity (1st harvest). The ash produced in the furnace is recommended to the production of cements of
low environment impact and production of durable concrete.
3462 | Retained strength of quasi-isotropic GF-epoxy laminates after dynamic loading at low elongation (10. Durability of composite materials (Pascal Casari))
Pott, Sebastian (sebastian.pott@fh-stralsund.de), University of Applied Sciences, Germany
Briesemeister, Jens (jens.briesemeister@fh-stralsund.de), University of Applied Sciences, Germany
Maier, Petra (petra.maier@fh-stralsund.de), University of Applied Sciences, Germany
In this study, strength and Youngʼs modulus before and after fatigue exposure have been evaluated by standard tensile tests using prismatic bar specimens with cap strips
(Type 3). Quasi-isotropic GF-epoxy has been loaded over 1 million load cycles at a stress ratio R = 0.1 applying a 5 kN Dyna-Mess servo-pneumatic test cylinder. The
influence of two different test frequencies, 6 Hz and 12 Hz and two different composites, a 6-ply and a 12-ply laminate, on the ultimate tensile strength and Youngʼs modulus
has been determined. The laminates are produced by wet hand lay-up technology with 40 % fibre volume content. The epoxy laminating system is Gurit Ampreg 22 with the
slow hardener. From stress-strain curves of specimen before fatigue exposure strength values at 0.25 % elongation were used as upper force limit for the cyclic loading, by
theory an exposure within fatigue limit. After cyclic loading the Youngʼs Modulus of the 6-ply laminate Gurit UT-E500 [-60/0/60]s decreased by 9.4 %, while the tensile
strength remains constant. Increasing the number of stacking layers to 12, Gurit UT-E250 [-60/0/60]2s, Youngʼs modulus and strength are not effected by dynamic loading
as a result of using thin multi-layered laminates. For both GF-epoxy laminates the increase of test frequency from 6 Hz to 12 Hz does not show any effect on mechanical
properties and sample temperature. The fracture behavior has also been investigated depending on number of cycles and structure of laminate.
4022 | Static and fatigue behavior of carbon/epoxy laminate of a light aircraft ? Relation between material variability and in service loading (10. Durability of
composite materials (Pascal Casari))
Roy, A. (a.roy@crittmateriaux.fr), CRITT MPC, France
Nadot, Y. (yves.nadot@ensma.fr), Institut PPRIME-ENSMA, France
El-Habib, A. (a.el-habib@crittmateriaux.fr), CRITT MPC, France
This study focuses on the mechanical behavior of a light aircraft manufactured using carbon/epoxy composites by the company Dyn'Aviation / AUPA. This aircraft is
currently being sold in kit and is therefore subject to the Special airworthiness certificate of aircraft in Kit (CNSK).
The objective is to help the company Dyn'Aviation for certification ELA 1 (European Light Aircraft, aircraft having a maximum mass of 1200 Kg). The studied aircraft (MCR
4S) is a 4 people of maximum mass 750 Kg and is therefore subject to the standards CS 23 and FAR 23 Amendment 7.
The study focuses on three aspects:
- The variability of mechanical properties study of composite used (0 ° / 90 ° and 0 ° / + 60 ° /-60 °) in order to see if it is possible to quantify a safety factor for the design of
the structure.
- Measurement of the local stresses of the wing during flight on an instrumented aircraft in order tests to establish the fatigue spectrum.
- Mechanical resistance of the wing in static and fatigue tests on a test bench structure. The spectrum of loading fatigue being extracted from the spectra of flight
measurements. The design and analysis of these trials structures is carried out using finite element models.
Knowing the factor of safety and the wing in-service local stresses, we can determine the existing margin between these two quantities:
- The study of variability leads to a high safety factor, this margin is low and the structures are so oversized in order to level the high variability of the material.
- On the other hand, if the material has a low variability, so safety factor is low, the margin between local and sizing stresses will be very high, allowing an optimization of the
structure.
3720 | The Effect of Porosity Rate on the Monotonic and Cyclic Properties of Carbon/epoxy Composite Laminate with a Hole (10. Durability of composite
materials (Pascal Casari))
Park, Yong-Bin (bini9686@hanmail.net), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University , Korea,
South
Yu, Gun-Ah (station866@nate.com), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Song, Min-Hwan (mhsong@koreaaero.com), Research and Development Division, Korea Aerospace Industries Ltd., Korea, South
Kweon, Jin-Hwe (jhkweon@gnu.ac.kr), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Choi, Jin-Ho (choi@gnu.ac.kr), School of Mechanical Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
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Choi, Jin-Ho (choi@gnu.ac.kr), School of Mechanical Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Porosity in composite laminates is one of the most common imperfections induced during manufacturing process. It makes composite laminates vulnerable to throughthickness loads and reduces their mechanical properties. In this study, monotonic and cyclic tests were conducted to investigate the effects of porosity rate on the properties
of carbon/epoxy composite laminates with a hole. Four different porosity rates were generated by changing curing pressures (0, 2, 4, and 6 atm). The material was a carbonepoxy unidirectional prepreg tape HYE 1076E from Cytec. Test specimens consisted of 16 plies with the stacking sequence of [45/0/-45/90]2S. All specimens in the static
compressive tests were loaded at a constant crosshead speed of 2.0 mm/min. The fatigue tests were performed under a cyclic load sinusoidal waveform with a stress ratio
of -1 and loading frequency of 5 Hz. The test results indicate that the static and fatigue strengths of carbon/epoxy laminates with a hole significantly decrease up to 45% at
most with increasing porosity rate.
ACKNOWLEDGEMENT: This work was supported by Priority Research Centers Program through the National Research Foundation of Korea (NRF) funded by the Ministry
of Education, Science and Technology (2012-048078). The authors also gratefully acknowledge the Ministry of knowledge Economy (MKE), Korea Institute for Advancement
of Technology (KIAT) and Dongnam Leading Industry Office through the Leading Industry Development for Economic Region.
3087 | THE POST-FIRE MECHANICAL PROPERTIES OF ORDINARY CONCRETES REINFORCED WITH SHORT STEEL FIBERS (10. Durability of composite
materials (Pascal Casari))
Augusto Cesar Silva Bezerra (augustobezerra@des.cefetmg.br), CEFET-MG, Brazil
Mateus Justino Silva (mateusengenheiro@yahoo.com.br), CEFET-MG, Brazil
Claudio Jos� Martins (cjmartins@civil.cefetmg.br), CEFET-MG, Brazil
Elaine Carbalho Siqueira Corr�a (elaine@deii.cefetmg.br), CEFET-MG, Brazil
Maria Teresa Paulino Aguilar (teresa@ufmg.br), UFMG, Brazil
Paulo Roberto Cetlin (pcetlin@demec.ufmg.br), UFMG, Brazil
Concrete is a widely used material in civil construction, and may be submitted to high working temperatures under various circumstances. Many factors influence the
behavior of this material at high temperatures, which usually leads to the evaporation of the hydrated cement. The dehydrated cement undergoes a contraction,
simultaneously with the thermal expansion of the inert fraction of the material. As a consequence of these conflicting expansions and contractions, the material cracks and its
strength and modulus of elasticity decrease significantly. On the other hand, the addition of short metallic fibers to the material increases its toughness, probably due to its
action on the cracking behavior of the composite. It is thus expected that a concrete containing metallic fibers should maintain its original properties even after exposure to
elevated temperatures. This paper presents an evaluation of the influence of steel fibers on the microstructure and toughness of concretes submitted to high temperatures.
The bending behavior, under strain rate control, of concretes with a strength of 30MPa and containing short steel fibers, submitted to a previous treatment at 500oC, was
analyzed. It was observed that, after both heat treatments, the addition of metallic fibers to concrete was able to maintain the pseudo-ductility and load-carrying capacity of
this composite material.
3166 | THERMAL ENDURANCE OF GLASS FIBRE REINFORCED EPOXY COMPOSITE - DETERMINATION BY THERMAL ANALYSES (10. Durability of composite
materials (Pascal Casari))
Polansky, Radek (rpolansk@ket.zcu.cz), University of West Bohemia, Czech Republic
Prosr, Pavel (prosr@ket.zcu.cz), University of West Bohemia, Czech Republic
Pinkerova, Martina (mpinkero@ket.zcu.cz), University of West Bohemia, Czech Republic
The determination of thermal endurance of glass fibre reinforced epoxy composite used as electrical insulation was studied. The composite was exposed to thermal
treatments at temperatures ranging from 170°C to 200°C for times ranging from 10 to 480 hours. Alternative methods for determination of materialʼs thermal endurance were
searched as a complementary tool to convention methods commonly used for electrical insulating materials (measurement of dissipation factor, volume resistivity,
breakdown voltage, etc.). Attention was drawn to the group of thermal analyses from which three methods were selected: differential scanning calorimetry (DSC),
thermogravimetric analysis (TGA) and thermomechanical analysis in dynamic mode (DTMA). The paper presents overall results of these methods. The temperature of the
first thermo-oxidative DSC peak, the peak maximum on TGA derivative curve and the glass transition temperature evaluated as a peak maximum of loss modulus E// were
used for further evaluation. It has been shown that all analyzed parameters are continuously changing along applied thermal aging and hence meet the requirements of IEC
60216 standards for thermal endurance evaluation. Critical values of monitored parameters were determined and thermal endurance graphs were subsequently plotted.
Comparable results were obtained, even though all applied methods are based on different merit.
3815 | Use of nitrides and oxides of rare earths to produce abrasive composites for high speed machining tools (10. Durability of composite materials (Pascal
Casari))
Chagas, Shirlene (shirlene@uenf.br), UENF, Brazil
Skury, Ana Lucia D. (luciaskury@pq.cnpq.br), UENF, Brazil
Monteiro, Sergio N. (sergio.neves@ig.com.br), IME, Brazil
Composite materials based on Cubic Boron Nitride (cBN) has emerged in research aiming the industrial technological applications. However, what prevented the wide
application of cBN tools was their low flexural strength and fracture toughness. Aiming to produce composites with high content of cBN that exhibit good mechanical
properties and high hardness, this research combined the qualities of cBN with high flexural strength and fracture toughness of Silicon Nitride (Si3N4). The morphology of
elongated β-Si3N4 grains, presents fracture toughness and improved mechanical strength compared to the α-Si3N4 phase, resulting in higher resistance to crack
propagation, despite the phase α confer greater hardness. Due to the difficulty of sintering of Si3N4 mechanism via solid-state diffusion, we used as an aid in the sintering
process lanthanum oxide (La2O3). Rare earth oxides, occupy interstitial positions in the structure of α-Si3N4, promoting its stabilization at high temperatures. Thus, in the
present work an investigation of the cyclical sintering parameters effects was done.
2951 | A 3D DISCRET LATTICE SPRING MODEL FOR QUASI STATIC AND DYNAMIC RESPONSE IN COMPOSITE MEDIA (11. Dynamics of Composite Materials)
K. DOUVON, M. JRAD, A. DAOUADJI *, E.M. DAYA (daouadji@univ-lorraine.fr), Laboratoire d??tude des Microstructures et de M?canique des Mat?riaux, Universit? De
Lorraine, France
Ceramic materials, epoxy and others can be perceived as a collection of strong or lightweight material developed from fibers or any other constituents of more than one kind
which are bonded together chemically. At a macroscopic level, they can also be seen as a conglomerate of microstructural elements that are adhesively interacting as a
result of microstructural forces. The global mechanical properties depend essentially on the microscale geometric arrangement as well as the contact stiffness and cohesion
between their interacting elements. Taking into account the microstructure, the material can be regarded as combination of two or three phases.
Fracture processes due to mechanical loading are major cause of damage of these materials and require an adequate modeling tool. It is important not only for ensuring the
safety of structures but also the optimizing material behaviors. A 3D Discrete Lattice Spring Model is proposed to derive the macroscale constitutive relation from local
components. This model accounts for the discrete or the composite nature of the matter at microscale level and is able to reveal the microstructure's influence on the overall
behavior.
The crack formation, nucleation and propagation in composite media, which highly affected by the microstructure, are well captured by the model. It is based on the
combination of Lattice Spring Method and the Discrete Element Method. Discretizing the matter into microspical elements linked one another by rheologica
3058 | An equivalent single layer homogenization derived by a wave and finite element modelling (11. Dynamics of Composite Materials)
Chronopoulos D. (chronopoulos.dimitri@gmail.com), Ecole Centrale de Lyon / EADS Astrium ST, France
Ichchou M. (Mohamed.Ichchou@ec-lyon.fr), Ecole Centrale de Lyon, France
Bareille O. (olivier.bareille@ec-lyon.fr), Ecole Centrale de Lyon, France
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Troclet B. (bernard.troclet@astrium.eads.net), EADS Astrium ST, France
A dynamic stiffness approach for the prediction of the vibratory response of thick flat and curved laminates and sandwich panels is hereby proposed. The wave dispersion
characteristics of a two dimensional periodic medium are numerically predicted using the Wave Finite Element Method (WFEM). The complex shear deformation effects of
layer coupling on wave propagation within the laminate are captured through a full three dimensional Finite Element (FE) modelling for a very wide frequency range. The
dispersion characteristics are used in order to update classical plate theories and calculate a dynamic stiffness matrix for the modelled laminate. The resulting Equivalent
Single Layer (ESL) modelling proves to be accurate for a wide frequency range. Experimental validation of the presented approach is also conducted. The response of a
honeycomb orthotropic sandwich panel is measured and is successfully compared to the prediction of the ESL model.
3685 | ANALYSIS OF ACOUSTIC AMPLITUDE OF HOLLOW ANISOTROPIC SPHERICAL SHELL SUBMERGED IN LIQUID (11. Dynamics of Composite Materials)
Polyakov, Valery A. (polyakov@pmi.lv), Latvian University, Institute of Polymer Mechanics , Lativa
ANALYSIS OF ACOUSTIC AMPLITUDE OF HOLLOW ANISOTROPIC SPHERICAL SHELL SUBMERGED IN LIQUID
Valery A. Polyakov
Latvian University, Institute of Polymer Mechanics 23 Aizkraukles, LV-1006, Riga, Latvia
Email: polyakov@pmi.lv
Key words: Spherical shell, Radial vibrations, Eigenfrequency, Complex analytical solution.
Summary. Based on a model of radial vibrations of a hollow sphere caused by a harmonic source located on its inner radius, the values of relative amplitudes are presented
and analyzed with respect to depth of the region of disturbance (or thickness of the shell) and material properties. The approximate values of thickness of the anisotropic
sphere corresponding to a steep rise in the natural frequencies of radial vibrations are revealed. The wave model of a thick-wall sphere is analyzed into statements about its
resonance activation.

1 INTRODUCTION
In engineering design and development, reliable and accurate computational methods are required to give assessment of the vibration intensity across the thickness of
shells related to a change in the amplitude of wave propagation. Tremendous advancements have been achieved during recent years due to improved numerical solutions to
achieve efficient and rapid calculations in acoustic vibrations (C. M. A. Vasques and J. Dias Rodrigues, 2011) and the resonant vibrations of a sandwich plate with
honeycomb core (S.V. Sorokin and et., 2001). Nevertheless, to further progress, computational methods will require developments in theoretical and predictive procedures –
both basic and innovative – and in applied research.
The objective function in the statement considered characterizes the radiation of waves from the surface of a solid body and depends on its sizes and elastic properties and
on the location of the wave excitation source. The search for this function for the vibration amplitude, with account of distinctions between wave processes in the composite
and the liquid medium, which nevertheless provide identical values of physical characteristics, such as pressure, speed, and impedance, on their con¬tact surface, is a
specific feature of the problem stated. In fact, the problem is reduced to determining the effect of vibration of the inner surface of a transtropic spherical shell on the vibration
amplitude on the outer surface upon its contact interaction with a liquid medium into which sound waves are radiated.
2 RESULTS AND CONCLUSIONS
Following a similar technique described by the author in [3], the governing equations were derived using an operational method with the Laplace transform. For the
dimensionless ratio of an outer surface velocity to a given inner surface velocity, the solution can be expressed as
(1)
where, the following dimensionless parameters have been introduced:

Resonant curves in the time interval were the whole show, see Fig. 1, 2500 1/сек., 0,50.
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3707 | Characterising the transverse permeability of flax to be used as a reinforcement for flax reinforced thermoplastics (11. Dynamics of Composite Materials)
Kazmi, S Monis R. (skaz012@aucklanduni.ac.nz), University of Auckland, New Zealand
Das, Raj (skaz012@aucklanduni.ac.nz), University of Auckland, New Zealand
Jayaraman, Krishnan (skaz012@aucklanduni.ac.nz), University of Auckland, New Zealand
Bickerton, Simon (skaz012@aucklanduni.ac.nz), University of Auckland, New Zealand
Considerable research has been carried out on natural fibers as reinforcements because of their light weight, good mechanical properties, biodegradability, sustainability and
higher stiffness per unit mass compared to glass fibers. The sheet consolidation process has potential to produce natural fiber reinforced thermoplastics and is believed to
depend on the porosity or permeability of the fiber sheets involved. The focus of this study is to characterize three candidate flax types in terms of the through thickness or
transverse permeability. Saturated transverse permeability of three flax reinforcements, unidirectional (0/90 and 0/0 layup), fine twill and coarse twill will be measured inside
a permeability rig and under a compaction machine. The permeability found from each experiment was plotted against the fiber volume fraction to observe the relationship of
permeability with fiber volume fraction. The results were used to predict the effect of transverse permeability on the tensile and short beam shear strength of sheet
consolidated flax reinforced polypropylene composites. Results showed that the mechanical properties depend on the consolidation time in the sheet consolidation process.
The consolidation time is directly related to the transverse permeability of the flax type, which itself depends on the fiber volume fraction Hence there is a trade off between
the achievable fiber volume fraction of the sheet consolidated composite and the manufacturing time.
3092 | Concept for characterization of fatigue damage and failure of laminated composites by cycle- and stress-dependent stiffness properties (11. Dynamics of
Composite Materials)
Brunbauer, Julia (julia.brunbauer@unileoben.ac.at), University of Leoben, Austria
Pinter, Gerald (gerald.pinter@unileoben.ac.at), University of Leoben, Austria
Laminated composites are increasingly used in automotive and wind energy industry as well as aeronautics. Many machine parts and components in those applications are
exposed to cyclic service loads. In contrast to classical metal fatigue highly anisotropic behaviour has to be dealt with. It is known in literature that different damage modes
and continuous degradation of elastic properties during fatigue loading have to be considered. These challenges are promoting need for more detailed investigations of
fatigue damage and failure in composites. Talreja and Reifsneider described in the 1980s that damage mechanisms in laminated composites occurring during fatigue life are
reflected in changes of stiffness properties. These correlations offer possibilities of monitoring damage during fatigue life and predicting failure in orthotropic laminated
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reflected in changes of stiffness properties. These correlations offer possibilities of monitoring damage during fatigue life and predicting failure in orthotropic laminated
composites. In this work experimental methods to measure elastic coefficients of stiffness matrices of orthotropic materials will be developed on the one hand. On the other
hand, failure behaviour in composite materials during cyclic tests will be monitored and correlated to stiffness properties. Characterization of composite material behaviour
and its changes under influence of cyclic loads will enable creation of FE models based on cycle- and stress-dependent material data.
3441 | Dynamic analysis of unsymmetrical composite laminated plate under the action of moving loads by finite element method (11. Dynamics of Composite
Materials)
Forouzani, Parham (parham1456@yahoo.com), University Technology Malaysia, Malaysia
Farahmandpour, O (banin848@yahoo.com), University Technology Malaysia, Malaysia
The dynamic responses of an unsymmetrical composite laminated plate subjected to moving load were investigated. Two dimensional finite element method based on firstorder shear deformation theory with 20 degrees of freedom was developed to study the effect of extension, bending, and transverse shear deformation. A Newarkʼs time
integration method was used to solve the governing equation.in the first phase the problem of moving loads was solved for isotropic and composite laminated plates, and in
second phase the equation was solved to determine the effect of acceleration of moving load on maximum displacement of isotropic and composite plate.
`
KEY WORDS: Dynamic analysis; Moving loads; unsymmetrical Laminated Composite
3781 | Dynamic Behaviour of Laminated Plates Subjected to a Combined Loading (11. Dynamics of Composite Materials)
Susler, Sedat (suslers@itu.edu.tr), Faculty of Aeronautics and Astronautics, Istanbul Technical University, Istanbul, Turkey
Kazanci, Zafer (z.kazanci@hho.edu.tr), Aerospace Engineering Department, Turkish Air Force Academy ,Istanbul, Turkey
Turkmen, Halit S. (halit@itu.edu.tr), Faculty of Aeronautics and Astronautics, Istanbul Technical University, Istanbul, Turkey
The engineering structures may be subjected to the dynamic loads such as blast. Several studies are reported on both free vibration and dynamic response analysis of
isotropic, orthotropic and laminated composite plates subjected to air blast loading. In all these studies, only the effect of the blast is taken into account. However, because of
the initial situation, in plane forces may exist and may affect the dynamic response of the plate subjected to the blast loading. In this study, a closed form solution is
presented for the simply supported laminated composite plates subjected to a combined loading which includes both the blast and the in-plane forces. In-plane stiffness and
inertia effects are considered in the formulation of the problem and transverse shear stresses are ignored. The geometric nonlinearity effects are taken into account by using
the von Karman large deflection theory of thin plates. Approximate solution functions are assumed for the space domain and substituted into the equations of motion. The
Galerkin method is used to obtain the nonlinear differential equations in the time domain. The finite difference method is applied to solve the system of coupled nonlinear
equations. The displacement-time and strain-time histories are obtained and compared with the ones obtained by ANSYS. There is a good correlation between the results.
Therefore, the method presented here can be used for the dynamic response analysis of laminated plates in preliminary design.
2979 | Dynamic stability of Laminated Composite Shell of Revolution under Follower Forces by Finite Strip Method (11. Dynamics of Composite Materials)
khayat,majid (khayatmajid@yahoo.com), shahid chamran university of ahvaz , Iran
poorveis,davood (dpoorveis@scu.ac.ir), shahid chamran university of ahvaz , Iran
moradi,shapour (moradis@scu.ac.ir), shahid chamran university of ahvaz , Iran
amin,abedinipour (a.abedinipour@yahoo.com), shahid chamran university of ahvaz , Iran
Laminated composite shells are commonly used in various engineering applications including aerospace and marine structures. In this paper buckling behavior of composite
laminated shells of revolution under follower forces which remain normal to the shell middle surface throughout the deformation process, is investigated using semi-analytical
finite strip method. Stability of structures under deformation-dependent loads depending on the loading type, body attached or space attached, load distribution and shell
boundary conditions can be categorized under conservative or non-conservative title. In the case of conservative loads static criterion (divergence) can be used which finally
produce symmetric global stiffness matrix. Non-conservativeness of loads can cause the system be divided into purely and hybrid non-conservative. The first group only fails
by flutter and so the kinetic criterion which connects computing buckling loads to vibration equation of structure, governs. In the hybrid case both criteria, static or kinetic, can
dominate the problem.The shell is divided into several closed strips with alignment of their nodal lines in the circumferential direction. The governing equations are derived
based on first-order shear deformation theory which accounts for through thickness shear flexibility with Sanders-type of kinematic nonlinearity. Displacements and rotations
in the shell middle surface are approximated by combining polynomial functions in the meridional direction
3503 | Dynamic stiffness method for vibration analysis of thick rotating laminated composite shell of revolution (11. Dynamics of Composite Materials)
Tran Ich T. (tranichthinh@yahoo.com), Hanoi University of Science and Technology, Vietnam, Vietnam
Nguyen Manh C. (nguyenmanhcuong@hotmail.fr), Hanoi University of Science and Technology, Vietnam, Vietnam
In this research, vibration analysis of thick rotating laminated composite shell of revolution is investigated using Dynamic Stiffness Method (DSM). The first-order shear
deformation shell theory is used to account for the effects of transverse shear deformations. Based on the closed form analytical solution of the equation of motion of the
rotating cross-ply cylindrical and conical shell, the Dynamic stiffness matrix has been established. The effect of Coriolis and centrifugal accelerations on the circumferential
and longitudinal modes is considered. Frequency characteristics of thick cylindrical and conical shells are examined with respect to the variations of rotating speeds,
circumferential wave numbers, and length, thickness ratio and boundary conditions. The validity and accuracy of the present method are demonstrated by comparing the
predicted frequencies to those available in the literature and a very good agreement has been observed. Obtained results confirm many advantages of DSM: higher
precision, computing time and stokage volume saved, suitable for the vibration analysis in medium and high frequency range.
Keywords: Vibration analysis, Rotating composite conical shell, Rotating composite cylindrical shell, Dynamic stiffness method, Continuous element method, Composite
shell of revolution.
3904 | Effect of Coupled Shear/Torsion Loading on the fatigue behavior of Carbon/Epoxy composite material (11. Dynamics of Composite Materials)
Vin?cius Moraes (vinimpvieira@gmail.com), Universidade Federal de Itajub?, Brazil
Fab?ola O. Yamane (fabiolaottoboni@gmail.com), Universidade Federal de Itajub?, Brazil
Mirian de Lourdes N. M. Melo (mirianmottamelo@ig.com.br), Universidade Federal de Itajub?, Brazil
Angelo de Souza (angelo@unifei.edu.br), Universidade Federal de Itajub?, Brazil
Ant?nio C. A. J?nior (antonio.ancelotti@gmail.com), Universidade Federal de Itajub?, Brazil
The increasing use of composite materials in primary aircraft structures has required studies related to material behavior under fatigue loading. While much of the process of
certification of aircraft structures is done by means of fatigue tests in the structure, knowledge of material behavior under fatigue is of utmost importance at the time of design
and structural design of the piece. In operating conditions, the structure operates under multiaxial loading, which is not generally considered the tests laid down in coupon
level. In this study, test coupons for in plane shear testing were submitted to fatigue tests under multiaxial loading (shear and torsion) in order to evaluate their influence on
material properties. The results show that the coupling forces cause a reduction in the residual strength, thereby reducing the limit of deformation to be used in the design of
the structure. Thus, this type of data can be used during the design of the structure subject to fatigue to improve the robustness of the design.
3321 | Ensaios de Torção em Compósito Epóxi Reforçado com Fibra de Vidro (11. Dynamics of Composite Materials)
Dias, Jos� C. (jcelio@unifei.edu.br), UNIFEI, Brazil
Souza, A. (angelo@unifei.edu.br), UNIFEI, Brazil
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Compósitos são conhecidos por sua excelente combinação de alta rigidez estrutural e baixo peso. Sua inerente anisotropia permite ao projetista fabricar o material para
alcançar as exigências de desempenho desejadas. Dentro dessas exigências considera-se, para este trabalho, o compósito epóxi reforçado com fibra de vidro. Para este
fim, as amostras de seção retangular foram preparadas e a partir dos resultados obtidos dos ensaios buscou-se verificar a influência das orientações das fibras. As
amostras ensaiadas em condições de regime elástico e de ruptura, teste de torção sob temperatura ambiente de 23°C, apresentaram valores para o módulo de elasticidade
ao cisalhamento maior para as amostras com orientação de fibras com ângulo de 45º, enquanto que as amostras com 0° e 90º apresentaram valores inferiores, devido ao
grau de anisotropia do material. Os dados da rigidez e resistência mecânica foram analisados fundamentados na teoria de barras sob torção, as quais foram retiradas de
laminas de compósito com comportamento ortotrópico, com a finalidade de determinar o módulo de elasticidade ao cisalhamento no plano e através da espessura. As
diferenças no desenvolvimento das falhas para as orientações 0°, 90º e 45º são descritas em detalhes, bem como os valores do módulo de elasticidade ao cisalhamento.
3576 | ESTIMATING DESIGN PARAMETER VARIABILITY OF THERMOPLASTIC HONEYCOMB SANDWICH PANELS THROUGH STOCHASTIC ANALYSIS OF
THEIR DYNAMIC BEHAVIOUR (11. Dynamics of Composite Materials)
Stijn Debruyne (stijn.debruyne@khbo.be), University of Leuven, department of mechanical engineering, Belgium
Dirk Vandepitte (dirk.vandepitte@mech.kuleuven.be), University of Leuven, department of mechanical engineering, Belgium
Eric Debrabandere (eric.debrabandere@khbo.be), University college Bruges Ostend, department of mechanical engineering, Belgium
In this paper it is described how the variability of some design parameter of honeycomb sandwich panels is estimated from their experimentally determined vibration
behaviour.
A first part describes the physics of a set of seven thermoplastic honeycomb sandwich test panels. Special attention is given to the observed variability on some of the
parameters that govern the dynamic behaviour of a panel.
A second part in the article discusses the full process of experimental modal analysis. Focus is laid on the estimation of the modal parameters and their variability due to
measurement and parameter estimation uncertainty.
In the third part of the paper a suitable FE – model is proposed in order to calculate resonance frequencies and mode shapes of honeycomb panels with free boundary
conditions.
It is outlined how the Youngʼs moduli of both skin faces in length and width direction and the two relevant out-of-plane shear moduli of the homogenized honeycomb core are
related to the geometrical parameters of the panels. It is extensively discussed how stochastic model updating is applied to deal with the specific problem of
underdetermined model updating.
After model updating, the obtained databases of the elastic parameters are considered as stochastic random fields. Taken into account the whole set of test samples, the
aleatory and epistemic uncertainty are estimated, together with the correlation lengths which are related to physical panel variability.
3800 | Evaluation of dynamic properties of railway freight vehicle suspensions made from long fibre glass reinforced polymers (11. Dynamics of Composite
Materials)
?ern?, Ivo (Ivo.Cerny@seznam.cz), SV?M a.s., Czech Republic
Mayer, Rayner M. (rayner@sciotech.demon.co.uk), Sciotech Projects Ltd., United Kingdom
Long fibre glass reinforced polymers (GRP) are materials with a great potential for the use in wide range of machinery components and structures due to some specific
favourable properties. In addition, glass reinforced polyester composites also are competitive to conventional structure materials from the viewpoint of price. Low specific
weight, high strength, suitable or even excellent fatigue resistance enable one to use GRP materials in light-weight structures, like aircraft components or wind turbine
blades. In additions, low E-modulus, approximately 7-times lower in comparison with steel, together with internal damping and low dynamic stiffness in comparison with
static stiffness, makes GRP composites suitable for the manufacture of road-friendly leaf springs and suspensions including those for high capacity trailers and railway
freight vehicles.
In the paper, results of a comprehensive experimental programme of measurement of dynamic characteristics of prototypes of springs manufactured form long fibre glass
reinforced polyester composites, to be used in suspensions of railway freight vehicles, are presented, analysed, discussed and compared with the same characteristics of
conventional steel suspensions and springs, both trapezoidal and parabolic. Track forces and dynamic damping were evaluated form both sweep tests and drop tests. The
dynamic characteristics of GRP springs indicated their potential to become a part of track and environmentally friendly vehicles.
3000 | Evaluation of Elastic Modulus of Engineering Cement Composites Using Different Methods (11. Dynamics of Composite Materials)
Aguilar, Maria Teresa P. (teresa@ufmg.br), Federal University of Minas Gerais, Brazil
Almeida, S�lvio Martins de (simaal@gmail.com), Federal University of Minas Gerais, Brazil
Bezerra, Augusto C. da Silva (augustobezerra@araxa.cefetmg.br), Federal Technology Education Center of Minas Gerais, Brazil
Figueiredo, Roberto B. (figueiredo-rb@ufmg.br), Federal University of Minas Gerais, Brazil
Cetlin, Paulo. R. (pcetlin@demec.ufmg.br), Federal University of Minas Gerais, Brazil
There are different methods of evaluating the Young's modulus. The most common methods involves the measurement the tensile/compressive strength and the strain of
the material. The obtained value is a reasonable approximation of the elastic modulus for homogeneous materials that behave according to Hooke's Law, since the test is
conducted with controlled strain rate in a rigid machine. For many other materials such as polymers, gray cast irons and woods which have a high damping constant, it must
be considered that the stress and deformation are dependent on time and frequency. Most compounds also behaves in the same way because of the presence of interfaces.
Different experimental techniques can be used to determine the dynamic stiffness and / or damping for these materials: resonant frequency, decreasing of free vibration,
rotation of beams, and thermal methods. Even so , for cementitious compounds , the compression test and the use of empirical equations that relate the module with the
specific mass and compressive strength are commonly used to determine de elastic modulus. However, it is usual to obtain inconsistent results. This paper analyzed
comparatively the modulus of elasticity of engineering cementitious composite determined by using empirical equations and tests of compressive strength and forced
resonant frequency.
3672 | EXPERIMENTAL CHARACTERIZATION OF A CARBON/EPOXY COMPOSITE MATERIAL UNDER DYNAMIC COMPRESSION (11. Dynamics of Composite
Materials)
Tarfaoui, M. (mostapha.tarfaoui@ensta-bretagne.fr), ENSTA Bretagne, France
Choukri, S. (choukri@emi.ac.ma), EMI Rabat, Morocco
El Malki, A. (aboulghit1@hotmail.com), ENSTA Bretagne, France
Many composite aircraft structures such as fuselage and wing skins, engine nacelles, and fan blades are situated such that impacts at high strain rates are a realistic threat.
To investigate this threat, high velocity impact experiments and subsequent numerical analyses were performed to study the compressive loading at high strain rates on
composite material.
The present study aims at the modelling of the dynamic response of a carbon/epoxy composite to high strain rates. An experimental work on different lay up laminates and
based on the use of the split Hopkinson pressure bars(SHPB) was carried out. The specimens are taken on plates carried out by the vacuum infusion technique and consist
of forty layers of quasi unidirectional glass fibres with 90% warp yarns and 10% weft yarns. The samples were tested as well in the transverse direction as in the layers
direction. Results of the study were analyzed in terms of dynamic modulus, maximum stress, and deformation at maximum stress. The evolution of the dynamic behaviour
law versus the strain rate and the fibre orientation was established. The tests show a strong material sensitivity to the dynamic loading and the load direction.
3656 | Free dynamic of shear deformable laminated beams (11. Dynamics of Composite Materials)
Lenci, S. (lenci@univpm.it), DICEA, Polytechnic University of Marche, Italy
Clementi, F. (francesco.clementi@univpm.it), DICEA, Polytechnic University of Marche, Italy

http://conference.mercatura.pt/gestao4/index.php?pagina=1367&

Page 29 of 159

Conferências 5: Resumos condensados

2/14/13 11:42 AM

We consider the model used in [1, 2], i.e., a shear-deformable two-layer beam with elastic interface and with all inertia terms. We also consider both tangential and normal
interface stiffnesses, and we mainly focus on flexural vibrations, because they are the most important in applications. The model leads to an eigenvalue problem which can
be solved in close form: its solution is a bit involved and cannot be handled easily. Thus, it is useful to have simpler expressions, obtained by simpler models, which neglect
the previous parameters. However, the practical validity of this simplified model is not clear. Thus, we perform extensive calculations in order to assess, even quantitatively,
when these effects can be neglected. We vary jointly the parameters measuring the previous effects, and we show how and how fast the natural frequencies of the full
problem converge toward those of the simplified model. We identify frequencies associated to ʻstrangeʼ normal modes, and we show that they go to infinity, since they are
not present in the limit case. Quantitative estimations of the ratio of convergence is proposed.
[1] Nguyen, Q. H. Martinelli, E. and Hjiaj, M., Derivation of the exact stiffness matrix for a two-layer Timoshenko beam element with partial interaction, Eng Struct, 33, 298–
307 (2011).
[2] Dilena, M. Morassi, A. Vibrations of steel–concrete composite beams with partially degraded connection and applications to damage detection, J Sound Vib, 320, 101–
124 (2009).
4115 | Influence of tensile preloading on impact behavior of thick composite plates. (11. Dynamics of Composite Materials)
Guillaud N. (nicolas.guillaud@ensam.eu), Arts et Metiers ParisTech, Institut de Mecanique et d?Ingenierie?Bordeaux, (UMR 5295) , France
Viot P. (philippe.viot@ensam.eu), Arts et Metiers ParisTech, Institut de Mecanique et d?Ingenierie?Bordeaux, (UMR 5295) , France
Froustey C. (catherine.froustey@u-bordeaux1.fr), Universit? de Bordeaux, Institut de Mecanique et d?Ingenierie?Bordeaux, (UMR 5295) , France
Dau .F (frederic.dau@ensam.eu), Arts et Metiers ParisTech, Institut de Mecanique et d?Ingenierie?Bordeaux, (UMR 5295) , France
Lataillade J-L. (Jean-Luc.LATAILLADE@ENSAM.EU), Arts et Metiers ParisTech, Institut de Mecanique et d?Ingenierie?Bordeaux, (UMR 5295) , France
Many studies examined the impact behavior of composite structures subjected to impact loading.
Generally, impact occurs when the structure is in use, that is to say, it is preloaded.
However, few studies concern the influence of preloading on the impact response of composite plates. In the literature, we can find studies related to thin plates (< 5 mm),
subjected to low
impact energies (< 10 J). The influence of preloading on the impact behavior of thick composite plates (>10 mm) has not been studied.
This study concerns Carbon / epoxy composite plates.
Three different thickness were investigated ([0°/45°/90°/−45°)i )S for i = 2, 3 or 4 (5, 10 and 15 mm thick).
Tensile preloadings were defined according to the ultimate tensile strength of the plates (up to ¼ of the ultimate strength) and impact energies were up to 100 J.
Tests were performed on a drop tower and were defined using Doelhert design of experiments for which parameters were thickness, tensile preloading and impact energy.
Impact behavior was characterized from impact force and displacement measurements. The strain state of back sheet was determined using digital correlation.
Damage was characterized using non destructive control technique and de-ply technique.
3505 | Numerical-experimental investigations on dynamic response of stiffened and unstiffened folded composite plate (11. Dynamics of Composite Materials)
Tran Ich T. (tranichthinh@yahoo.com), Hanoi University of Science and Technology, Vietnam, Vietnam
Bui Van B. (binhphuongduc@yahoo.com), University of Power Electric, Hanoi, Vietnam , Vietnam
The present work deals with a numerical-experimental investigation on free vibration and transient response of folded glass fiber/polyester composite plate with and without
stiffeners.
Based on the finite element codes established, using an 8-noded isoparametric element with 5-degrees of freedom per node for both of plate and stiffener, the natural
frequencies and transient responses of the folded composite plates were determined .
The tests have been carried out to determine the natural frequencies of the above calculated folded composite plates with various types of geometry. Three first natural
frequencies of these specimens were measured by using a multi-vibration measuring machine (DEWEBOOK-DASYLab 5.61.10).
The frequencies calculated by computational model for studied stiffened and unstiffened folded composite plates under different boundary conditions are in good agreement
with experiments. Some transient displacement responses were shown to see the effect of stiffeners, the folding angles etc.
Key Words: Experimental and numerical investigations, stiffened folded laminated composite plate, finite element method, natural frequencies, transient responses.

3645 | OPTIMIZATION OF MODAL FREQUENCY RESPONSE OF A CAR CHASSIS WITH SHAPE MEMORY ALLOY (11. Dynamics of Composite Materials)
Qiu Ju (qiuju0511@nuaa.edu.cn), MSC Shanghai Office, China
ABSTRACT:
A recently developed constitutive car model and a finite element formulation for predicting the thermomechanical response of shape memory alloy hybrid composite
(SMAHC) structures are briefly described. Attention is focused on constrained recovery behavior in this study, but the constitutive formulation is also applicable to modeling
restrained or free recovery. Numerical results are shown for an aluminum chassis of a car with embedded Nitinol actuators subjected to thermal loads. Control of random
response of the chassis is demonstrated and compared to conventional approaches including addition of conventional composite layers. The SMAHC approach is shown to
be significantly more effective in the dynamic response abatement applications than the conventional approaches. The impetus for the control is an extremely weightefficient stiffening effect, which makes the SMAHC approach ideally suited for the difficult problem of low-frequency vibration. In the end, the optimal angle of Nitinol
actuators and tempura are found, according to optimization process, minimal dynamic response and etc.
Keywords: Shape Memory Alloys, Nitinol, Hybrid Composites, Car Modeling, Thermoelastic Stability, Random Response
3454 | Parametric Instability Analysis of Laminated Flat and Cylindrical Panels Subjected to Non-Uniform In-Plane Loads (11. Dynamics of Composite Materials)
Ovesy, H. R. (ovesy@aut.ac.ir), Center of Excellence in Computational Aerospace Engineering, Aerospace Engineering Department, Amirkabir University of Technology,
Iran
Fazilati, J. (jfazilati@aut.ac.ir), Aerospace Research Institute, P.O. Box 14665-834, Tehran, Iran
A panel, under in-plane dynamic loading where a constant mean load added to a harmonically varying excitation with a constant frequency, meets situations where the
instability conditions may appear.
The amplitude of the corresponding dynamic instability load may even be lower than the value corresponding to static bifurcation point.
On the other hand, the panel is not necessarily under the act of uniform loading. Different loading distribution may occur when the panel takes part in a complex structure.
The aim of the current work is to take account of effects of such loadings in parametric stability analysis of laminated composite plate and cylindrical shell panels.
The finite strip method is utilized. Initially the stress distribution field is calculated in the panel. The calculated stress field within the panel is used to evaluate the stiffness
reduction of the model. The governing equation of the problem is extracted from the principle of the virtual work. The equation is then reduced to a Mathieu type differential
equation. The Bolotin's approximation method is used in order to extract the results describing the panel dynamic instability behavior. The periodic solutions lead to instability
regions in the space of loading amplitude-loading frequency parameters.
In order to demonstrate the capabilities of the developed method in predicting the structural dynamic stability behavior, some results are obtained and compared with those
in the literature wherever available.
3453 | Research on dynamic buckling of carbon fiber composite honeycomb under out-of-plane impact load (11. Dynamics of Composite Materials)
Tao Zhang (zhangt7666@mail.hust.edu.cn), Huazhong Universty of Science and Technology, China
Xiaobo Zhang (zhangxiaobo1987@smail.hust.edu.cn), Huazhong Universty of Science and Technology, China
Yanmeng Xie (583578994@qq.com), Huazhong Universty of Science and Technology, China
http://conference.mercatura.pt/gestao4/index.php?pagina=1367&

Page 30 of 159

Conferências 5: Resumos condensados

2/14/13 11:42 AM

Yanmeng Xie (583578994@qq.com), Huazhong Universty of Science and Technology, China
Zhelu Guo (guozhelu1988@126.com), Huazhong Universty of Science and Technology, China
A novel kind of honeycomb made up of composite laminates has attracted more and more engineers' eyeballs.The out-of-plane property of the honeycomb is quite
significant, especially when subjected to dynamic load according to the research by Gibson and Ashby.This paper tried to take research on the mechanism of the dynamic
buckling and composite failure in the honeycomb when under out-of-plane impact load.Simulation study had been taken in a general FEM program using the method of
explicit dynamic analysis with a displacement convergence control criterion.Composite honeycombs with different sizes and material were modeled using the parametric
modeling technology.The Hashion composite failure criteria was introduced to simulate the damage propagation in the composite laminates.Three types of test impact load
had been designed including rectangle pulse load, ramp pulse load and triangular pulse load.The B-R method was introduced to determine the initial dynamic buckling
time.Finally found that there has mainly been three phases as elastic compression,elastic and plastic initial buckling and post buckling during the dynamic buckling of the
honeycomb. The composite honeycomb collapsed with a progressive failure mode which was quite different with the traditional aluminium honeycomb.Size,material and
composite stacking sequence in the cell walls had great influence on the dynamic buckling performance of the honeycomb.
3450 | Research on dynamic buckling of carton composite honeycomb under out-of-plane impact load (11. Dynamics of Composite Materials)
Tao Zhang (zhangt7666@mail.hust.edu.cn), HuaZhong Universty of Science and Technology, China
Xiaobo Zhang (zhangxiaobo1987@smail.hust.edu.cn), HuaZhong Universty of Science and Technology, China
Yanmeng Xie (583578994@qq.com), HuaZhong Universty of Science and Technology, China
Zhelu Guo (guozhelu1988@126.com), HuaZhong Universty of Science and Technology, China
A novel kind of honeycomb made up of composite laminates has attracted more and more engineers' eyeballs.The out-of-plane property of the honeycomb is quite
significant, especially when subjected to dynamic load according to the research by Gibson and Ashby.This paper tried to take research on the mechanism of the dynamic
buckling and composite failure in the honeycomb when under out-of-plane impact load.Simulation study had been taken in a general FEM program using the method of
explicit dynamic analysis with a displacement convergence control criterion.Composite honeycombs with different sizes and material were modeled using the parametric
modeling technology.The Hashion composite failure criteria was introduced to simulate the damage propagation in the composite laminates.Three types of test impact load
had been designed including rectangle pulse load, ramp pulse load and triangular pulse load.The B-R method was introduced to determine the initial dynamic buckling
time.Finally found that there has mainly been three phases as elastic compression,elastic and plastic initial buckling and post buckling during the dynamic buckling of the
honeycomb. The composite honeycomb collapsed with a progressive failure mode which was quite different with the traditional aluminium honeycomb.Size,material and
composite stacking sequence in the cell walls had great influence on the dynamic buckling performance of the honeycomb.
3455 | Study of mechanical properties of fiber metal laminates under shock load (11. Dynamics of Composite Materials)
Tao Zhang (zhangt7666@mail.hust.edu.cn), Huazhong University of Science and Technology, China
Yanmeng Xie (583578994@qq.com), Huazhong University of Science and Technology, China
Xiaobo Zhang (zhangxiaobo1987@smail.hust.edu.cn), Huazhong University of Science and Technology, China
Zhelu Guo (guozhelu1988@126.com), Huazhong University of Science and Technology, China
Fiber metal laminates (FMLs) is a hybrid material composed of metal sheets and fiber composite layers. FMLs has several advantages，such as high specific strength，
high specific modulus，significant fatigue properties, outstanding designability and corrosion resistance. This paper mainly uses numerical simulation method to study the
performance of carbon fiber aluminum alloy laminates under shock load.
In the numerical simulation, the laminates specimens, which have the same size , are divided into three types based on different number of aluminum alloy layers. Specimen
1 has two metal layers, then specimen 2 has three metal layers, and specimen 3 has four metal layers. Fiber layers are in the orthogonal stacking sequence of
0°/90°/0°/90°/0°.Based on Chur empirical formula, the shock load is calculated corresponding different explosive quality. The Hashin failure criteria is applied to judge carbon
fiber damage. Johnson-Cook criteria is used to judge the aluminum alloy damage.
Through numerical simulation, finally the study shows that specimen 3 has better performance than specimen 2 and specimen 1 for impact damage and deformation. While
specimen 1 has the advantage in absorption of impact energy compared with specimen 2 and specimen 3.From this study, it is found that increase of alternately overlayed
layer number can enhance the mechanics properties of fiber metal laminates.
2981 | Vibration and Damping Model of Fiber Reinforced composite Structures (11. Dynamics of Composite Materials)
Dr Ahmed Hamada (a_ahmed_59@yahoo.com), Associate Prof , Department of mechanical design & production Engineering ,Faculty of engineering, Shebin El Kom
EGYPT , Egypt
Vibration and Damping Model of Fiber Reinforced composite Structures
A.ABD EL-HAMID HAMDA
Email : a_ahmed_59@yahoo.com
ABSTRACT :
Composite structures of various orientation and thickness with fiber-reinforced beams find increasing applications in aerospace and automotive structures due to their high
strength, stiffness to weight ratios, and high damping characteristics.
Determination of vibration and damping model of fiber reinforced composite structures are essential not only in the design but also in manufacture development. In the
present work the modeling of the damping distribution in vibration composite structures is established with the lowest residual errors. The experimental analysis and finite
element techniques are utilized to study the effect of stacking sequence, degree of anisotropy , and boundary conditions as a function of vibration modes.
The analysis of the obtained results proves not only the efficiency of the proposed model but also its applicability in any wide range of frequency spectrum of composites.
Key words : Composite ,Modeling ,Damping ,Eigen Nature
3349 | Copper/CNTs composites fabricated by friction stir processing (12. Electro-thermal properties of composite materials (Dai-Gil Lee))
Choi D.H. (cdh0326@skku.edu), Sungkyunkwan Univ., Korea, South
Ahn B.W (wordup1@skku.edu), Sungkyunkwan Univ., Korea, South
Jung S.B. (sbjung@skku.edu), Sungkyunkwan Univ., Korea, South
Carbon nanotubes' (CNTs) ability to reinforce various materials is a potentially useful property in addition to their chemical and thermal stability. They show high yield
strength and elastic moduli; for example, single walled and multi-walled carbon nanotubes have elastic moduli of up to 1TPa and a yield strengths as high as 50GPa.
However, poor interfacial bonding between the CNTs and the metal matrix has been observed, which could be detrimental to the composite's mechanical properties. Several
methods have been explored to improve CNT-metal composites, including equal channel angular pressing, shockwave consolidation and mechanical alloying. However,
these techniques each show weaknesses. Shockwave consolidation can produce a two-phase system liable to fail at stresses lower than the strength of the bulk metal due
to intergranular delamination. Friction stir processing (FSP) is a solid-state joining and microstructural modification process, where a rotating tool pin is plunged into the
surface of a metal and traversed along its surface. The friction and plastic deformation imposed by the tool heats and softens the workpiece, and the tool pin promotes the
intermixing of materials in its vicinity. This work reports the use of FSP to produce composites of copper alloys with multi-walled CNTs. The effect of CNTs on the
composites' microstructures, thermal and mechanical properties were also examined.
3067 | Corrosion behaviour of TiC-reinforced Hadfield manganese austenitic steel matrix in-situ composites (12. Electro-thermal properties of composite
materials (Dai-Gil Lee))
Srivastava, Ashok Kumar (ashok.iitkgp@yahoo.co.uk), O P Jindal Institute of Technology, Raigarh (CG), India, India
Das, Karabi (karabi@metal.iitkgp.ernet.in), Indian Institute of Technology, Kharagpur (WB), India, India
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The corrosion behaviour of Hadfield manganese austenitic steel matrix composite reinforced with
the varying amount of TiC and unreinforced Hadfield manganese austenitic steel matrix alloy has
been evaluated in 3.5% NaCl aqueous solution with the pH value of 6 by the potentiodynamic
polarization curves and linear polarization resistance measurements at a scan rate of 1 mV/s at room
temperature (25±2°C). The corrosion rate of the composites is higher than that of their unreinforced
matrix alloy and it increases with the increasing volume fraction of TiC. The poor corrosion
resistance of the composites can be attributed to the galvanic effects between the matrix and
reinforcement.
3686 | Electrical percolation behaviour of different kinds MWCNTs synthesis by two CVD techniques embedded in polycarbonate composites (12. Electrothermal properties of composite materials (Dai-Gil Lee))
Hassan, Abdelwahab (abdhamdiii@yahoo.com), IFW dresden, Germany
The electrical percolation behavior of different kinds of Multi-wall carbon nanotubes (MWCNTs) synthesised by fixed bed and aerosol CVD techniques was investigated on
melt mixed composites based on insulating polycarbonate matrix. The electrical properties of the composite were assessed using bulk electrical conductivity measurements.
The electrical percolation behaviour was found to be strongly dependent on the properties of CNTs which varied with the synthesis condition and treatments. The lowest
electrical percolation threshold was determined for annealed MWCNTs at high temperature. Owing to annealing lead to remove amorphous carbon and catalysts therefore
improve the qulity of CNT. Annealing MWCNTs show good dispersability. the electrical percolation threshold was studied as function of catalyst particles, purification and
annealing in such case of MWCNTs synthesis by fixed bed CVD.The morphology of composite was studied using scanning electron microscopy (SEM), and high resolution
transmission electron microscopy (HRTEM) and light microscope. Therse is good relation between synthesis condition treatment and electrical percolation threshold.
3151 | Reduction of vibrations of mechanical systems using piezoelectric elements (12. Electro-thermal properties of composite materials (Dai-Gil Lee))
Katarzyna Bia?as (katarzyna.bialas@polsl.pl), Silesian University of Technology, Poland
The main aim of this work is introduce of synthesis of active mechanical systems. The synthesis presented in this work is understand as a non-classical method of designing
of systems. As a result of the synthesis one can obtain the structure and parameters of the system with required properties. The synthesis consists of two basic stages. At
the first stage, while designing a new system, it is necessary to define the requirements related to the frequency of free vibration of the system; this being done in order to
obtain the structure and parameters of a system composed only of passive elements. At the second stage, it is necessary to choose active elements.
A very important issue is to determine the possibility of physical implementation of the active reduction of vibration. The solution presented in this work is the application of
piezoelectric elements. This effect consists in the occurrence of electric charges on their surface caused by mechanical stresses.
The inverse piezoelectric effect consists in the change of dimensions of the piezoelectric material caused by the application of an electric field. The deformation occurs due
to the shift of ions under the influence of electrostatic forces and is proportional to the applied field. The phenomenon of conversion of mechanical energy into electric one,
occurring in piezoelectric materials, makes it possible to apply the latter in many technological fields e.g. in the reduction or control of mechanical vibration.
3754 | Thermal and acoustic insulation behaviour of natural fibre reinforced bio-epoxy composites (12. Electro-thermal properties of composite materials (DaiGil Lee))
Andre Alves (alvesandre85@gmail.com), Universidade do Minho, Portugal
Jo?o Velosa (jcvelosa@det.uminho.pt), Universidade do Minho, Portugal
Sergio Patinha (patinha.sergio@gmail.com), Universidade do Minho, Portugal
Sohel Rana (soheliitd2005@gmail.com), Universidade do Minho, India
Raul Fangueiro (rfangueiro@civil.uminho.pt), Universidade do Minho, Portugal
In recent times, the use of bio-composites is becoming a common practice in many areas. The considerable use of this kind of composites is not only due to their
environmental benefits, but also sometimes their good mechanical as well as thermal and acoustic insulation behaviour. In the present work, bio-composites were fabricated
using various natural fibres (sisal, jute and linen) and a bio-epoxy resin through vacuum infusion technique. These bio-composites were characterized for mechanical,
thermal and acoustic insulation properties and the experimental results have been presented and discussed. Additionally, their performance was compared with some
conventional materials such as plaster board and cork, which are widely used for interior construction of buildings. The experimental results showed that most of the biocomposites exhibited better thermal and acoustic insulation properties than the conventional materials of equivalent density and thickness. The bio-composites containing
sisal fibres presented around 50% better sound reduction as compared to plaster board and, the composites containing flax fibres showed satisfactory values of thermal
conductivity similar to cork board of double thickness. In conclusion, these materials exhibit reduced thickness as compared to the conventional materials and can achieve
significant improvements in thermal and acoustic insulation.
3917 | Thermo-Mechanical Fatigue Behaviour of SMA-Composite Corrugated Structures (12. Electro-thermal properties of composite materials (Dai-Gil Lee))
Hiremath, S.R. (shashishekarayya@aero.iisc.ernet.in), Indian Institute of Science, India
Prasath, R. (rajendra.prasath6@gmail.com), Indian Institute of Science, India
Prajapati, R. (maulik.aeronautical@gmail.com), Indian Institute of Science, India
Roy Mahapatra, D. (droymahapatra@aero.iisc.ernet.in), Indian Institute of Science, India
Shape Memory Alloy (SMA) wires for thermally actuated and two-way thermo-mechanical shape memory actuators remain potential candidate for also structural
reinforcement in Polymer Matrix Composites (PMC) while providing distributed actuation capabilities. When SMA wires are embedded in PMC with primary reinforcement
materials (fibers/fabric), there are two major factors which lead to certain major design challenges. One is the PMC curing induced residual stress and the other is the
thermal actuation induced interfacial deformation mechanisms involving significant stress induced martensites. Both of these factors influence actuation performance in
terms of recoverable strain or stress and also in terms of the durability (fatigue life) and re-processing or re-cycling of such composites. In the present paper, we consider a
specific type of SMA Reinforced PMC Corrugated Structures. The effective phase diagram is constructed experimentally and is compared with the original phase diagram of
the unconstrained SMA wire. The transformation temperature and critical stress are obtained as a function of the full cycle thermal actuation cycle. A computational method
based on lumped thermo-mechanical constitutive model and a one-dimensional finite element has been developed which is used to simulate experimentally observed
behavior. Further objective is to develop phenomenological model involving the design parameters of interest toward predicting thermal actuation fatigue.
3750 | A study of high-speed RTM through thickness direction for reducing impregnation time (13. Experimental analysis of laminated plate and shell structures)
Song Hee Han (sh0921@jbnu.ac.kr), Chonbuk National University, Korea, South
Hyun Chul Lee (lhc6837@jbnu.ac.kr), Chonbuk National University, Korea, South
Seong Su Kim (sskim@jbnu.ac.kr), Chonbuk National University, Korea, South
The resin transfer molding (RTM) process is widely used to fabricate fiber reinforced composite structures. Especially, it is suitable for manufacturing thin plate structures
due to low processing cost, excellent dimensional control, tolerance sensitivity and etc. But the conventional RTM processes has a limit for mass production at large
structures because impregnation time increases significantly in proportion to the area of the product. In this study, the composite underbody for automobiles was fabricated
by the new high-speed RTM process to reduce the time for impregnation. The key idea of this method is to change the resin flow direction from in-plane to through-thickness
of the preform. Computational fluid dynamics (CFD) simulation was introduced to optimize variable parameter such as temperature, pressure and location of vents. To
evaluate impregnating state, void content was estimated and then mechanical properties of new high-speed RTM process were compared with that of conventional RTM
process.
3108 | Acoustic Emission-Aided Experimental Testing of Composite Columns' Buckling (13. Experimental analysis of laminated plate and shell structures)
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3108 | Acoustic Emission-Aided Experimental Testing of Composite Columns' Buckling (13. Experimental analysis of laminated plate and shell structures)
Samborski, Sylwester (s.samborski@pollub.pl), Lublin University of Technology, Department of Applied Mechanics, Poland
Teter, Andrzej (a.teter@pollub.pl), Lublin University of Technology, Department of Applied Mechanics, Poland
Debski, Hubert (h.debski@pollub.pl), Lublin University of Technology, Department of Machine Design, Poland
The paper deals with experimental testing of thin-walled composite columns under compression monitored with an Acoustic Emission system. The columns were made of
eight layer carbon-epoxy laminate with open cross-section; three different sequences of plies were tested. The laminate structures were formed with the autoclaving
technique. Strength properties of the composites were determined experimentally in accordance with the appropriate ISO standards. The structures were compressed axially
through articulated support up to the moment of failure. During the whole compression process the Vallenʼs “AMSY-5” Acoustic Emission (AE) acquisition system was
collecting the elastic wave propagation data. These signals contained information on defect initiation and propagation within the composite columns, even though the
damage was not visible nor could be heard. The piezoelectric sensor registered the motion of the specimenʼs surface as a result of damage processes. The signal was next
multiplied and registered by the “AMSY-5” AE equipment. Thanks to this, the load – deflection curve could be enriched with additional data, such as the number of AE
counts. The experimental results confirmed the numerical ones obtained with the “Abaqus/CAE” Finite Element code.
3132 | Biaxial notched strengths of composite laminates (13. Experimental analysis of laminated plate and shell structures)
Caminero, M.A. (miguelangel.caminero@uclm.es), University of Castilla-La Mancha, Spain
Martinez, J.L. (JuanLuis.Martinez@uclm.es), University of Castilla-La Mancha , Spain
Serna, M.C. (MariaCarmen.Serna@uclm.es), University of Castilla-La Mancha, Spain
Lopez, J.J. (JuanJose.Lopez@uclm.es), University of Castilla-La Mancha, Spain
The design of composites structures frequently includes discontinuities such as cut-outs for access and fastener holes for joining and become critical regions under loading.
Understanding of notched specimen behaviour is necessary for the design of complex structures where parts are mostly connected with bolts and rivets [1]. The
development of stress concentrations due to the presence of notches is an important topic because it causes large decrease in strength compared with unnotched laminate
[2]. Most of the investigations have in common the fact that they only considered uniaxial loading conditions and the strength of notched laminates depends on loading
conditions. Hence, biaxial testing is essential to understand and predict the effect of notches in composite laminates [3-5]. In this work, we develop biaxial testing of
unnotched and notched (open hole) composite laminates using a planar cruciform type specimen in order to study the stress or strain concentration and the reduction of the
strength due to presence of the open hole. The experimental results are compared with strain distribution obtained from numerical simulations.
[1] Lee, J., Soutis, C., Compos. Sci. and Tech., 68 (2008), 2359-2366
[2] Pierron, F., Green, B., Wisnom, M.R., Hallet, S.R., Compos.: Part A, 38 (2007), 2307-2320.
[3] Huang, Y., et al., J. Compo. Mater.,, 44 (2010), 2429-2445
[4] Soutis, C., Filiou, C., Appl. Compos. Mater., 5 (1998), 365-378
[5] Kaddour, A.S., Proceedings ICCM16,(2007)
3357 | Effect of resin gradient pressure on mode I crack initiation and propagation in laminate plates processed via RTM (13. Experimental analysis of laminated
plate and shell structures)
Shiino, Marcos Y. (marcosshiino@yahoo.com.br), Faculdade de Engenharia de Guaratinguet?, UNESP - Univ Estadual Paulista, Materials and Technology Department,
Fatigue and Aeronautic Materials Research Group, Brazil
Alderliesten, Rene C. (R.C.Alderliesten@tudelft.nl), Faculty of Aerospace Engineering, TUDelft ? Delft University of Technology, Structural Integrity Group, Netherlands
Cioffi, Maria O. H. (cioffi@feg.unesp.br), Faculdade de Engenharia de Guaratinguet?, UNESP - Univ Estadual Paulista, Materials and Technology Department, Fatigue and
Aeronautic Materials Research Group, Brazil
Pitanga, Midori Y. (midori@feg.unesp.br), Faculdade de Engenharia de Guaratinguet?, UNESP - Univ Estadual Paulista, Materials and Technology Department, Fatigue and
Aeronautic Materials Research Group, Brazil
Interlaminar fracture has been a major concern for composite laminates as it is considered a life limiting parameter for aircraft structures. Such fracture type can be
measured against strain energy release rate (SERR) for different types of opening modes. These quantitative measurements can provide quality information on the
manufacturing process such as resin transfer molding (RTM). RTM has been applied in large volumes for aircraft structures. In this process, pressure gradient effect as well
as saturation effects on fiber tows can lead to differences in laminate mechanical and fracture properties. SERR tests in mode I were performed on coupons taken from
laminates processed by RTM under 3-6 bar pressure. The critical SERR (GIc) as well as propagation values were evaluate by an R-curve (GI versus a). As the pressure
effect has some relationship with attenuation from ultrasonic test, it was compared to interlaminar properties of carbon (5HS)/epoxy(RTM6) composite with ≈54% of fiber
volume fraction. The results showed slight trends in regard of the measured properties being mostly poor next to the vacuum line gate.
3854 | Experimental analysis of composite materials reinforced by metal (13. Experimental analysis of laminated plate and shell structures)
Wr?bel Andrzej (andrzej.wrobel@polsl.pl), Silesian University of Technology, Poland
In recent years there are a lot of new materials are being discovered. In the article methods for testing of composite materials reinforced by sheet metal were presented. The
main point of this article is present the experimental identification method of stress in composites. The research aims to compare the most commonly used composites
containing fibers: glass, aramid and carbon. All method will by check by computer simulation in graphical program.
The other method presented in article is classified to experimental methods, it consists in measuring the stresses by strain gauge methods. Finally, the results of both
methods are summarized in the common graphs and comparative analysis was carried out.
3483 | Experimental investigation on the impact bevahiour of monolithic and multi-layered composite plates of polycarbonate and aluminium (13. Experimental
analysis of laminated plate and shell structures)
Vaz-Romero, ?lvaro (avazrome@ing.uc3m.es), Universidad Carlos III of Madrid, Spain
Rodr?guez-Mill?n, Marcos (mrmillan@ing.uc3m.es), Universidad Carlos III of Madrid, Spain
Rusinek, Alexis (rusinek@enim.fr), National Engineering School of Metz ENIM, France
Arias, ?ngel (aariash@ing.uc3m.es), Universidad Carlos III of Madrid, Spain
In recent years, use of multi-layered composite plates has been increased versus monolithic metal plates in impact protection applications, civilian or military. The study of
impact behaviour of multi-layered plates and their comparison with monolithic plates for different shape projectiles is an open research topic in relationship with failure mode,
energy absorption mechanics and optimum areal density for ballistic protection.
In this work, a complete set of impact tests has been carried out to investigate the impact behaviour of multilayered mixed polycarbonate-aluminium plates, normally
impacted at initial velocity from 20 to 180 m/s. Various configurations were impacted by conical-nosed projectiles of 13 mm diameter using a pneumatic cannon. The
influence of the order, thickness, type and number of layers on the impact behaviour and failure mode of composite targets was studied. The order of layers affected the
ballistic resistance of multi-layered targets and the optimum configuration for minimum areal density has been determined.
2998 | Fatigue hysteresis behavior of long-fiber reinforced ceramic matrix composites (13. Experimental analysis of laminated plate and shell structures)
Li, Longbiao. (llb451@nuaa.edu.cn), College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, China
The long-fiber reinforced ceramic matrix composites exhibit obvious hysteresis behavior under fatigue loading. The slip between fiber and matrix in the interface debonded
region during unloading and subsequent reloading is the mainly reason for the hysteresis loops. The fatigue hysteresis loop models were proposed in the paper by the
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region during unloading and subsequent reloading is the mainly reason for the hysteresis loops. The fatigue hysteresis loop models were proposed in the paper by the
micromechanical approach. The interface reverse slip length during unloading and interface new slip length during reloading were determined by the fracture mechanics
approach. By assuming the mechanical hysteresis behavior of cross-ply and woven ceramic composites was mainly controlled by the fiber/matrix interface slip in the
longitudinal ply or the longitudinal yarns, the hysteresis loops of unidirectional, cross-ply, 2d and 2.5d long fiber reinforced ceramic composites corresponding to different
peak stresses and different cycles have been predicted respectively. The predicted results agreed well with the experimental data.
3545 | FRACTURE TOUGHNESS TESTING OF HYGROTHERMALLY CONDITIONED QUASI-ISOTROPIC CARBON FIBRE/EPOXY LAMINATES (13. Experimental
analysis of laminated plate and shell structures)
Mar?n, L (lorena.marin@udg.edu), Universitat de Girona, Spain
Trias, D. (dani.trias@udg.edu), Universitat de Girona, Spain
Mayugo, J. A. (ja.mayugo@udg.edu), Universitat de Girona, Spain
Badall?, P. (pere.badallo@udg.edu), Universitat de Girona, Spain
The fracture toughness of different quasi-isotropic composite laminates of the compact tension specimens has been investigated with several hygrothermal conditioning. The
goal is to compare the effects of moisture and temperature on the fracture toughness characterization of structural laminates.
The environmental effects can limit the applications of composites due to the degradation of the mechanical properties during service and the fact that moisture absorption
depends on the stacking sequence making even more difficult to estimate this degradation. Experimental tests have been carried out for cross-ply and quasi-isotropic
laminate specimens of a T800/M21 carbon/epoxy material. Microscopy analysis of the fracture surface of testing specimens has been performed and compared to
investigate the influence of hygrothermal conditioning. The obtained results represent the dependence of the degradation of elastic and failure properties on moisture and
temperature.
3049 | HIGH-SPEED DIGITAL IMAGE CORRELATION: APPLICATION TO BI-AXIAL FATIGUE ON COMPOSITES (13. Experimental analysis of laminated plate and
shell structures)
Busca D. (damien.busca@enit.fr), INP, Ecole Nationale d?Ing?nieurs de Tarbes, Laboratoire G?nie de Production, France
Fazzini M. (marina.fazzini@enit.fr), Universit? de Toulouse, INP, Ecole Nationale d?Ing?nieurs de Tarbes, Laboratoire G?nie de Production, France
Lorrain B. (bernard.lorrain@enit.fr), Universit? de Toulouse, INP, Ecole Nationale d?Ing?nieurs de Tarbes, Laboratoire G?nie de Production, France
Mistou S. (sebastien.mistou@nimitech.fr), Universit? de Toulouse, INP, Ecole Nationale d?Ing?nieurs de Tarbes, Laboratoire G?nie de Production, Nimitech Etudes, France
Karama M. (moussa.karama@enit.fr), Universit? de Toulouse, INP, Ecole Nationale d?Ing?nieurs de Tarbes, Laboratoire G?nie de Production, France
Pastor M.L. (marie.laetita.pastor@iut-tarbes.fr), Universit? de Toulouse, UPS, IUT Tarbes, Institut Cl?ment Ader, France
To study the behavior of a carbon fiber reinforced plastic laminate under a bi-axial stress state, a new type of cruciform specimen has been developed. This specimen is
manufactured using Liquid Resin Infusion process. To achieve this, a specific mold has been designed. The specimen is first designed using finite elements method. The
specimen is loaded bi-axially under static and cyclic fatigue loadings. The experiments are monitored using Digital Image Correlation with two High-speed cameras. DIC
allows precise measurement of strain fields at different steps of the loading procedure. A comparison between those field measurements during static testing and the finite
elements model is used to validate the design of the sample. Thermographic measurements are used simultaneously with DIC to monitor fatigue testing. IR thermography
shows damage evolution during fatigue loading, while DIC allows to show the increase of the displacement due to the damage process. It has been attempted to make a
correlation between those measurements.
3695 | postbuckling behaviour of thin-walled composite beams subjected to pure bending (13. Experimental analysis of laminated plate and shell structures)
Kubiak Tomasz (tomasz.kubiak@p.lodz.pl), Lodz University of Technology, Poland
Swiniarski Jacek (jacek.swiniarski@p.lodz.pl), Lodz University of Technology, Poland
Kolakowski Zbigniew (zbigniew.kolakowski@p.lodz.pl), Lodz University of Technology, Poland
The paper deals with critical loads determination, analysing of postbuckling behaviour of thin-walled composite beam-columns subjected to pure bending. Considered thin
beam of channel and hat cross-section was subjected to pure bending in the plane containing the axis of symmetry of the cross-section. It is assumed that the beam is made
of a laminate (eight layers, the carbon fibres in an epoxy resin).
The experimental test was performed and the results was compared with analytical-numerical and FEM analysis. The experimental test was used to validation the FEM and
analytical numerical models. Applied analitycal-numerical method uses asymptotic Koiter theory for conservative systems in the second order approximation modified by
Byskov and Hutchinson.
In the analytical-numerical method the boundary condition corresponding to simply support loaded edges was assumed. While using the capabilities of the finite element
method four different models of loads and boundary conditions was considered, they are as follow:
Models 1 and 2 – part of considered beams loaded at the edges of the pressure distribution corresponds to the bending stress distribution with two different boundary
conditions;
Model 3 - considered part of the beam with the handles to four-point bending test;
Model 4 - three times longer then considered part of the beam with the handles to four-point bending test;
3730 | ULTRSONIC ATTENUATION ON THE ARTIFICIALLY INDUCED POROSITY OF CARBON/EPOXY COMPOSITE LAMINATES (13. Experimental analysis of
laminated plate and shell structures)
Yu, Gun-Ah (station866@nate.com), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Park, Yong-Bin (bini9686@hanmail.net), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea,
South
Song, Mim-Hwan (mhsong@koreaaero.com), Research and Development Division, Korea Aerospace Industries Ltd., Korea, South
Kweon, Jin-Hwe (jhkweon@gnu.ac.kr), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Choi, Jin-Ho (choi@gnu.ac.kr), School of Mechanical Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Porosity is one of the most common defects found in the composite parts. In general, chemical and image analysis are the common methods for determining porosity level.
However, these analyses require destructing the composite parts. In this paper, the evaluation of the porosity volume of unidirectional carbon/epoxy laminates using
ultrasonic C-scan was conducted. The main objective of this study is to compare the result of the ultrasonic C-scan with that of the image analysis. Laminate thickness also
measured to investigate the effects of cure pressure and porosity level. Standard porous specimens were fabricated with two different compaction time and four different
cure pressures (0, 2, 4, and 6 atm) to obtain different porosity level. Five different laminate thicknesses were also considered (8, 16, 32, 64 and 96 plies). The analysis
results showed that the correlations between porosity level and ultrasonic attenuation are derived. With those results, the porosity levels can be quantitatively estimated by
the recommended ultrasonic attenuations curve.
Acknowledgement: This work was supported by Priority Research Centers Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (2012-048078). The authors gratefully acknowledge Korea Aerospace Industries, Ltd. for its support and would also like to thanks
Haeng-seop SHIM and his colleagues.
3894 | VOID CONTEND OF COMPOSITES PRODUCED BY RTM FOR AERONAUTICAL APLICATION (13. Experimental analysis of laminated plate and shell
structures)
Pitanga, M. Y. (midori@feg.unesp.br), UNESP - Univ Estadual Paulista, Brazil
Cioffi, M. Odila H. (cioffi@feg.unesp.br), UNESP - Univ Estadual Paulista, Brazil
Voorwald, Herman J.C. (voorwald@feg.unesp.br), UNESP - Univ Estadual Paulista, Brazil
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Voorwald, Herman J.C. (voorwald@feg.unesp.br), UNESP - Univ Estadual Paulista, Brazil
Shiino, Marcos Y. (marcosshiino@yahoo.com.br), UNESP - Univ Estadual Paulista, Brazil
Montoro, Sergio R. (sergiormontoro@hotmail.com), UNESP - Univ Estadual Paulista, Brazil
Silva, Siranny G.P. (siranny@yahoo.com.br), UNESP - Univ Estadual Paulista, Brazil
Composites materials are replacing metals in aircraft structures due the high specific mechanical property. This benefit increase performs and energy safe, essential
parameters to operational cost reduction. The Resin Transfer Moulding (RTM) process is considered a promising technology to the manufacture of advanced fiber-reinforced
polymer matrix composites with a large-scale production. RTM allow high mechanical properties control and low process cycle, when compared with other manufacture
process. However, void formation during RTM processing could reduce laminate mechanical properties. The aim of this work is to evaluate void contents and mechanical
properties of 5H satin carbon fiber reinforcement/RTM6-2 produced by RTM.
3043 | Warping section analysis by numerical modelling and volume measurements techniques (13. Experimental analysis of laminated plate and shell
structures)
Romain Brault (romain.brault@enit.fr), LGP/ENIT - Pprime Institute - Nimitech Etudes, France
Arnaud Germaneau (arnaud.germaneau@univ-poitiers.fr), Pprime Institute, France
S?bastien Mistou (mistou@enit.fr), LGP/ENIT - Nimitech Etudes, France
Pascal Doumalin (doumalin@lms.univ-poitiers.fr), Pprime Institute, France
Jean-Christophe Dupr? (jean-christophe.dupre@lms.univ-poitiers.fr), Pprime Institute, France
Marina Fazzini (marina.fazzini@enit.fr), LGP/ENIT, France
The transverse shear effects is a important phenomenon which have to be taken into account in the composite structures studies. This paper deals with the use of differents
kind of transverse shear functions for the analytical displacement fields calculations of composite materials. Since the old models of Kirchhoff-Love and Reissner-Mindlin to
consider the transverse shear stresses, litterature gives a very large number of functions wich can be used to consider the transverse shear effects, especially the warping
sections.
We propose a method based on the X-rays µ-computed tomography (XµCT) and digital volume correlation (DVC) techniques, allowing to provide experimental results in
specimen volume to compare with analytical and numerical values.
Three points bending test is chosen to constitute the boundary conditions set of the study. A known analytical formulation is used to calculate longitudinal and transverse
displacement values. Numerical models are also built to constitute reference results in order to compare some transverse shear functions for different geometries values, to
analyze results in function of the specimen thickness. Volume measurement techniques are used to highlight real displacements and warping in the bending case.
Different kind of results are compared to make conclusions about the validity of existing warping functions. Also the interest of volume measurements for deep composite
structure is demonstrate through this experimental investigation.
3613 | A new cylindrical cell honeycomb core (14. Foams, honeycomb, wood and cellular materials used in composite structure (Philippe Viot))
Cernescu, Anghel V. (anghelcernescu@yahoo.com), Politehnica University of Timisoara; Aalto University of Finland, Romania
Faur Nicolae (ruaf2001@yahoo.com), Politehnica University of Timisoara, Romania
Romanoff Jani (jani.romanoff@aalto.fi), Aalto University of Finland, Finland
Remes Heikki (heikki.remes@aalto.fi), Aalto University of Finland, Finland
Structural members made up of two stiff, strong skins separated by a lightweight core are known as sandwich panels. The separation of the skins by the core increases the
moment of inertia of the panel with little increase in weight, producing an efficient structure for resisting bending and buckling loads. Due to high mechanical characteristics
of sandwich structures, their fields of application are increasing and along with these the research activities of these structures are constantly increasing and highly topical.
Based on this fact in this paper is proposed a new cylindrical cell honeycomb core which can be an alternative to replace the hexagonal cell honeycomb core. The cylindrical
cells are obtained by combining with laser welding two halves of the cylinder. The two halves are obtained by deforming a strip of core material. First the proposed core
structure is characterized by their geometry and manufacturing process. Then based on FEM analysis is assessed the stress and strain state in the proposed structure
compared with hexagonal cell honeycomb core. The results showed a weight of round cell honeycomb core comparable to that of hexagonal cell core, but with higher
strength and stiffness characteristics. Other expected results for the proposed core are related to better behavior for impact loadings.
3287 | ANALYSIS OF THE MICROSTRUCTURE OF FOAM GLASS PREPARED BASED WASTE GLASS (14. Foams, honeycomb, wood and cellular materials used
in composite structure (Philippe Viot))
Stiti, Nacira (lastiti@yahoo.fr), UMMTO, Tizi ouzou university , Algeria
Ayadi, Azzedine (azzedinea@yahoo.fr), UMBB, Boumerdes university , Algeria
The production of foam glass based waste glass plays a very important role in environmental protection, and also gains in energy. As part of our work, we seek to improve
the properties of glass to obtain a building material lighter with excellent insulation properties.
The foam glass is obtained by sintering, the manufacturing process used is pressing the mixture of powdered glass and foaming agent in humidity and pressure compaction
optimized respectively 8% and 400 bars.
The properties of glass foam are very dependent on the porosity and morphology. It is in this context that our proposed work to analyze the microstructure of the glass
produced by scanning electron microscopy (SEM) and optical microscopy (OM) to be more precise on the size and shape of pores constitute our material.
KEYWORDS: foam glass, glass; waste recycling; sintering; materials; composite; porous;
3346 | Cryogenic Reliability of the Locally Reinforced Insulation Board of LNG ship (14. Foams, honeycomb, wood and cellular materials used in composite
structure (Philippe Viot))
Yu, Young Ho (younghomj@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
Liquefied natural gas (LNG) is mainly carried by LNG ships, whose cargo containment system is composed of dual barriers and insulation board. The insulation board should
have not only cryogenic reliability against thermal load, but also high thermal insulation performance for safe and efficient transportation of LNG. Polyurethane foam
reinforced with 10 wt.% of glass fiber has been used for the insulation board to increase the fracture toughness of the foam at cryogenic temperature, which increased both
the manufacturing cost and thermal conductivity of insulation boards.
In this study, the polyurethane foam was locally reinforced with glass fiber at the area subjected to high thermal stress to decrease the production cost and to increase the
thermal insulation characteristics. The cryogenic reliability of the insulation board was investigated based on fracture mechanics with respect to glass fiber reinforcement
using finite element analysis. Also tensile and compressive tests and fracture toughness test were performed at the cryogenic temperature, from which an optimum
insulation board at the cryogenic temperature was developed.
3801 | Development of Advanced Cellular Solid Topologies Using Fused Deposition Modeling and Electroforming Processes (14. Foams, honeycomb, wood and
cellular materials used in composite structure (Philippe Viot))
Storck, Steven (storck1@umbc.edu), UMBC- University of Maryland, Baltimore County, Department of Mechanical Engineering, 1000 Hilltop Circle, Baltimore MD 21250,
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Storck, Steven (storck1@umbc.edu), UMBC- University of Maryland, Baltimore County, Department of Mechanical Engineering, 1000 Hilltop Circle, Baltimore MD 21250,
United States of America, United States America
Zupan, Marc (mzupan@umbc.edu), 1UMBC- University of Maryland, Baltimore County and 2FEUP-Faculdade de Engenharia da Universidade do Porto, United States
America
This talk will address our recent efforts on new hybrid cellular solid core materials for composites structures. Currently used low density cellular solids are limited by available
manufacturing techniques to a discrete set of feasible topologies. Fused deposition modeling combined with electroforming removes the manufacturing limitations and
creates topologies with mechanical properties that can exceed those of conventional cores. In this work rapid prototyping in combination with electroforming is used to
generate cores of acrylonitrile butadiene styrene (ABS) plastic, copper and nickel in topological arrangements not achievable with the current state of the art. The response
of fused deposition ABS plastic and electroform copper-nickel coated ABS cellular solids will be presented. The disparate phases, making up the material, are individually
characterized using novel microsamples (specimens with a gage section ~250 microns square) which allow for direct mechanical property measurement. These
measurements at the micro length scale are linked down to the material microstructure and up to the macro scale core deformation response. Experimental results and
analytical modeling are used to explain the hybrid cellular solid collapse response. Finally material selection charts and performance metrics will be given for competitive
comparison within the material space.
3691 | DEVELOPMENT OF COMPOSITE MATERIALS BASED ON EXPANDED PERLITE AND PLASTIC WASTES, MECHANIC-CHEMICAL PROPERTIES (14. Foams,
honeycomb, wood and cellular materials used in composite structure (Philippe Viot))
Mohamed TAHIRI (m.tahiri@univcasa.ma), FSAC, Morocco
Hind ABDELLAOUI (hinda.eve@gmail.com), ENSEM, Morocco
The optimization and streamlining of certain structures, parts manufacturing combined with high technical qualities (mechanical strength and physicochemical), recycling and
reclamation of industrial waste, reducing maintenance costs ... have motivated the use and development of specific materials whose composition and characteristics
accommodate themselves to technological contraints.
Different formulations are made; taking into account both the proportion of expanded perlite, the nature of the inorganic fillers or reinforcements pledged that the thickness of
the plates. The various tests carried out to test the mechanical properties and mechanic-chemical product lead to the following conclusions:
- Parts that offer the most strength are thicker with a reinforcement fabric and a plastic light load of expanded perlite;
- Increasing the rate of expanded perlite reduced the density of the product and gives it lightness.
The fields of application of the composite material developed highly dependent on characteristics mentioned above. Its chemical mechanical strength gives it a certain
rigidity to even use it as a blanket of protection of soil available. On the other hand, the lightness of the product is indicated for use in wallboard for thermal or acoustic
insulation.
This work presents the methodology for developing a range of composite materials based on, expanded perlite produced in Morocco, and plastic wastes; for various
applications (wall panels, decorative ceramics …).
3663 | Dynamic and quasi-static bending behaviour of aluminium foam-filled thin-walled aluminium tubular columns (14. Foams, honeycomb, wood and cellular
materials used in composite structure (Philippe Viot))
Duarte, Isabel (isabel.duarte@ua.pt), Department of Mechanical Engineering, Centre for Mechanical Technology & Automation, University of Aveiro, Portugal
Vesenjak, Matej (matej.vesenjak@um.si), Faculty of Mechanical Engineering, University of Maribor, Slovenia
Krstulovic-Opara, Lovre (Lovre.Krstulovic-Opara@fesb.hr), Faculty of Electrical Eng., Mechanical Eng. and Naval Architecture, University of Split, Croatia
Closed-cell aluminium alloy (Al-alloy) foams are one of the candidate materials to be integrated in vehicles as crash-absorbing safety elements due to their excellent energy
absorption capacity. In order to exploit this potential to increase the passenger safety in transport vehicles, mechanical tests have been carried out to analyse the use of
these foams as stiffening elements for thin-walled columns that are the basic components in the concept and design of automotive body structures. In this paper, the use of
Al-alloy foams as filler materials of Al-alloy thin-walled tubular columns will be presented. Both are made by Al-alloy that offers considerable potential to reduce the weight of
the body-in-white. A comprehensive experimental investigation on the quasi-static and dynamic response of such structures subjected to three-point bending was carried
out. For that, cylindrical specimens of Al-alloy foams are prepared using the powder metallurgical route, and introduced into empty thin-walled tubular columns. For
comparison purposes, empty tubular columns and cylindrical foam specimens are also tested under the same test conditions as the foam-filled thin-walled tubular columns.
During the testing the specimens experienced different deformation and failure mechanism. The analysis of the three-point bending behaviour shows superior response of
Al-alloy thin-walled tubular columns filled with Al-alloy foam under quasi-static as well as under dynamic loading conditions.
4308 | Effect of time on fracture behavior and mechanism of closed-cell PVC foam under mixed-mode I/II loading (14. Foams, honeycomb, wood and cellular
materials used in composite structure (Philippe Viot))
Poapongsakorn, Piyamon (ppoapong@sut.ac.th), School of Manufacturing Engineering, Suranaree University of Technology, Thailand
Kanchanomai, Chaosuan (kchao@tu.ac.th), Department of Mechanical Engineering, Thammasat University, Thailand
Closed-cell polymeric foams are widely used as core materials in sandwich structures. Under service loads, cracks in foam core sandwich structures may be subjected to
complex stress states, i.e. mixed-mode problem, for which mode I fracture criteria is no longer sufficient. In this study, fracture behavior and mechanism of the closed-cell
PVC foam under mixed-mode I/II loading were investigated. The effect of time on mixed-mode fracture behavior was also examined by varying loading rate (0.1 and 1000
mm/min). For both loading rates, mode I fracture toughness decreased as mixed-mode angle increased. While, mode II fracture toughness increased for mixed-mode angle
up to 45°. For mixed-mode angle higher than 45°, the mode II fracture toughness was insensitive to the change of mode-mixity since the fracture mechanisms were evidently
similar, i.e. they were dominated by shear. Moreover, the fracture toughness under pure mode II loading was significantly lower than that under pure mode I loading due to
collapse of cell walls which resulted in the loss of load-bearing ability and the reduction of fracture resistance.
3120 | Elaboration and characterization of the mechanical behavior in tensile of cellular materials Sn-Pb (14. Foams, honeycomb, wood and cellular materials
used in composite structure (Philippe Viot))
Abd-Elmoune?m BELHADJ (belhadj_1@yahoo.fr), Doctor, Algeria
Mohammed AZZAZ (azzazusthb@gmail.com), Professor, Algeria
This study is devoted to the production of metallic foams based based on Sn50-Pb50. Various relative densities and pore sizes were considered by means of the liquid metal
infiltration process. The mechanical behaviour was characterized. Room temperature uniaxial tensile tests were performed and the tensile curves of foams with different
densities and cell size were analysed considering the metallic foams mechanical behaviour.
3288 | Experimental and Numerical Study of GFRP and CFRP Thin Sandwich Panels under Impact and Static Loading (14. Foams, honeycomb, wood and cellular
materials used in composite structure (Philippe Viot))
Kumar, Prashant (prkumar@iitk.ac.in), Department of Mechanical Engineering, College of Engineering, Pune, India, India
Ugale, Vinay (vinay_ugale@yahoo.co.in), Department of Mechanical Engineering, College of Military Engineering, Pune, India, India
Mishra, Nirendra (Mishra.nirendra@gmail.com), Department of Mechanical and Mining Engineering, Indian School of Mines, Dhanbad, India, India
Singh, Kalyan (kks.composite@gmail.com), Department of Chemistry, Indian School of Mines, Dhanbad, India, India
Experimental and Numerical Study of GFRP and CFRP Thin Sandwich Panels under Impact and Static Loading
Prashant Kumar , V. B. Ugale, N. M. Mishra and K. K. Singh
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Abstract
Glass fabric reinforced thin sandwich panel and carbon fabric reinforced thin sandwich panel (thickness close to 2.5 mm) were studied to explore an alternative material for
the outer body of various machines and appliances such as automobile, refrigerator, washing machine, lathe machine, drill press, cupboards, light furniture etc. The
polyester foam Coremat XM of 2 mm thickness was used as core material in the sandwich panels. The panels were fabricated by vacuum bagging process. The sandwich
panels were characterized through two plate tests (i) transverse static loading through UTM (ii) low velocity normal impact loading under a drop weight impact test set up.
The static test was carried out on a 150 mm diameter plate rigidly clamped at its circumference and loaded at the center with a suitably designed punch. The load-deflection
relation was monitored and failure modes were studied. The impact test was also carried on 150 mm diameter plate rigidly clamped at its circumference. The panels were
characterized at three incident energy levels 6 J, 12 J and 18 J. The damage area, indentation depth and permanent depression over damage area, energy absorption
capability, and failure modes were observed under incident impact loading. The impact drop test was simulated by LS-DYNA to estimate the extent of damage and the
behavior of panel. The overall damage area in GFRP and CFRP sandwich panels was found to be similar at impact energy of 6 J and 12 J. However, at 18 J impact energy,
the drop weight penetrated through CFRP sandwich panels while no penetration was observed in GFRP panels. The GFRP panels deflected easily under the impact load,
developing lower stresses which do not cause much damage. On the other hand, larger stresses are developed in stiff CFRP panels which cause higher damage and
penetration. Since the aim of this study was to explore alternative material for thin mild steel (MS) sheets used for enclosures of various machines and appliances, the
properties of thin MS sheets were also compared with those of GFRP and CFRP sandwich panel. The mass per unit area of sandwich panels was nearly 70% less than that
of 0.8 mm thick MS sheet. In MS sheets, permanent damage was found to be extensive; that is, indentation was much deeper and the extent of lateral deformation was
much larger.
3074 | Formability study of sandwich shells with metal foam cores (14. Foams, honeycomb, wood and cellular materials used in composite structure (Philippe
Viot))
Mata, H. (dem09005@fe.up.pt), IDMEC, University of Porto, Portugal
Jorge, Natal R. (rnatal@fe.up.pt), IDMEC, University of Porto, Portugal
Santos, Abel D. (abel@fe.up.pt), INEGI, University of Porto, Portugal
Parente, Marco P L. (mparente@fe.up.pt), IDMEC, University of Porto, Portugal
Valente, Robertt A F. (robertt@ua.pt), University of Aveiro, Portugal
Fernandes, Ant?nio A. (aaf@fe.up.pt), IDMEC, University of Porto, Portugal
The main goal of this work is study the formability sandwich structures, consisting of two aluminum sheets (skins), separated by a core of aluminum metal foam using a
bending tests. The materials of the composite structure show a different mechanical behavior. The difference in mechanical behavior is explained by the axisymmetric
compressive stress states test and by the influence of hydrostatic pressure in the yield of the porous material (aluminum foam). This pressure has no influence on the yield
of the homogeneous solid material (aluminum sheet).
To study the formability of this composite structure it was performed a series of static bending tests for a three different length specimens 114 mm, 167.5 mm and 230 mm.
On the bending tests, the force is applying at a middle spam of the specimens using a cylinder punch and a specific die.
Numerical model of this test for this sandwich structure were also developed using elastoplastic models able to describe the different in the plastics domain for both types of
material, by the influence of hydrostatic pressure in the transfer of the porous material and also to the interface sheet/foam were introduce sets of cohesive elements.
Finally, with the results obtained experimentally were possible evaluation the mechanical behavior of the sandwich structure, obtained yielding information and it was
possible compare the numerical results with experimental tests.
2990 | High compressive strength porous graphite as a core in sandwich composites: Synthesis and characterization (14. Foams, honeycomb, wood and cellular
materials used in composite structure (Philippe Viot))
Hosseini, Hooman (h_hosseini@aut.ac.ir), Amirkabir University of Technology, Faculty of Polymer Engineering and Color Science, Department of Polymer Engineering, Iran
Teymouri, Mohammad (teymourim@ripi.ir), National Iranian Oil Company, Research Institute of Petroleum Industry, Petroleum Refining Development Division, Iran
Ghaffarian, Seyyed Reza (sr_ghaffarian@aut.ac.ir), Amirkabir University of Technology, Faculty of Polymer Engineering and Color Science, Department of Polymer
Engineering, Iran
Moeini, Ali reza (moeiniar@ripi.ir), National Iranian Oil Company, Research Institute of Petroleum Industry, Petroleum Refining Development Division, Iran
Davoodi, Fatemeh (f_davoodi@srbiau.ac.ir), Islamic Azad University of Tehran, Science and Research branch, Iran
Porous graphite has been synthesized by two step polymerization of coal tar pitch under heat and pressure. First step is attributed to the meso carbon micro bead (MCMB)
formation in the pitch matrix via heating to the maximum fluidity temperature and applying pressure to maintain stability in MCMB production. XRD and optical microscopy
results showed formation of stacking aromatic carbon sp2 layers and enhanced graphitization degree. MCMB formation is essential for the next step due to its graphite
transformation in the matrix. Second step belongs to foam production based on internal bubble formation, as a result of pyrolysis reactions and releasing of remaining
volatile matters restricted by external pressure. XRD presented magnified peaks of graphite crystals formed on the ligaments of pore walls. SEM and OM depicted the
formation of pores throughout the mesophase pitch media. Mechanical properties proved the capability of synthesized porous structure to use as a core in sandwich
composite construction (Compressive modulus of 1.75 GP and ultimate compressive strength of 12.5 MPa), furthermore, low density and light weight features (ρ<1gr/cm3
and higher specific weight) are another brilliant characteristics of these noble materials make them favorable to utilize in light weight material constructions.
3635 | Numerical study on the compressive behaviour of honeycomb core (14. Foams, honeycomb, wood and cellular materials used in composite structure
(Philippe Viot))
Ivanez, Ines (idel@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Sanchez-Saez, Sonia (ssanchez@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Sandwich composite structures are widely used as lightweight components in several industrial sectors, mainly transport industry, due to high bending stiffness and strength
combined with low weight. In aerospace structures, the most usual components of composite sandwiches are carbon-fibre face-sheets and honeycomb core. These
structures are susceptible to be damaged by impact load cases during their operating life, such as bird strikes and impact from hailstones and foreign objects.
Under low-velocity impact loading, sandwich structures are expected to respond by bending, and little damage may occur. However, at higher impact velocities, failure
mechanisms such as laminate bending failure, core/face-sheet interface delamination, and core compression, may appear. Therefore the core mechanical behaviour
becomes a decisive factor for evaluating the energy absorption performance of sandwich structures.
As there are many factors which can affect the compressive behaviour of these core structures, in this work the relationship between the crushing behaviour of aluminium
honeycomb core and several parameters (material properties, specimen and cell size, foil and specimen thickness) is studied by using a numerical model implemented in
Abaqus finite-element code. Experimental tests were used to validate this model.
3286 | Relation of porosity of foam glass prepared based waste glass (14. Foams, honeycomb, wood and cellular materials used in composite structure (Philippe
Viot))
Stiti, nacira (lastiti@yahoo.fr), Tizi ouzou ( UMMTO), University , Algeria
Ayadi, azedine (azzedinea@yahoo.fr), Boumerdes ( UMBB ), University , Algeria
The development of glassmaking techniques is intimately linked to human progress and improvement of living conditions. The glass foam is counted among the new glass
products meeting certain requirements sought comfort in the individual building (thermal and acoustic insulation).
Recycling waste glass has a very large extent, it is not limited to saving energy in the manufacture of building materials on an industrial scale, but it contributes significantly
to protecting the environment accentuated on the campaign against pollution.
The micrographs obtained by SEM at the University of Rennes 1 (France) glass foam developed; allowed to see clearly and to demonstrate that the foam glass has an
inhomogeneous type of pore volume distribution.
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inhomogeneous type of pore volume distribution.
Keywords: Foam Glass, Glass; Waste Recycling; Sintering; Materials; Composite; Porous; Acoustic Insulation, Heat Insulation, Energy
References
[1] Bernardo E, Esposito L, Rambaldi E, et al.,Glass based stoneware' as a promising route for the recycling of waste glasses, ADVANCES IN APPLIED CERAMICS, 108, 1
(2009), 2-8.
3879 | Behaviour of composite masonry walls with opening at different end conditions (15. FRP and Historic Masonry Structures (Roberto Capozzuca))
El-Shafiey, Tarek M. F., Etman, Emad E., and Bayoumi, Said A (emadetman@gmail.com), Faculty of Engineering, Tanta University, Egypt
There are numerous existing wall bearing buildings in Egypt and in many places around the world. The composite masonry walls, (walls combined of masonry, and upper
and lower reinforced concrete beams), are commonly used in traditional buildings as a load-bearing walls stiffened by beams. This paper describes an experimental program
investigating the behavior of composite masonry walls. The experimental program included the test of nine composite masonry walls under monolithic vertical loads. The
main variables were the effect of the change in beam stiffness relative to the wall, existence and size of openings, and the end conditions of the walls (existence of
intersecting walls). It is revealed that the increase in the depth of the lower beam of the composite wall reduced deflection and the wall capacity increased. It is also found
that the presence of opening in the walls reduces its stiffness and failure load. It is shown that the stiffness of the intersecting perpendicular walls affect the deflection and
failure load.
3586 | EXPERIMENTAL SHEAR TESTS ON HISTORIC MASONRY WALLS STREGTHENED BY GFRP (15. FRP and Historic Masonry Structures (Roberto
Capozzuca))
Capozucca, Roberto (r.capozucca@univpm.it), University Politecnica Marche, Italy
The preservation of the architectural heritage in the form of historic masonry buildings is one of the duties appointed to structural civil engineering. The failure of masonry
walls under combined compression and shear is a dangerous failure mechanism of historic buildings, especially, under seismic actions. The knowledge of the behaviour of
historic unreinforced (HURM) and reinforced (HRM) masonry walls under in-plane loading permits to design adequately the rehabilitation of existing masonry buildings.
Numerous works have investigated the behaviour of URM, but there is a lack of experimental results for HURM. The present paper describes an experimental research
carried out to investigate the behaviour of HURM and HRM walls strengthened using Glass Fiber Reinforced Polymers (GFRPs) until failure. Cracking phases, strain
distribution and deflections under incrementing cyclic shear loading were recorded during experimental in-plane shear tests. The experimental behaviour of HURM was
studied by using walls built with historic bricks in scale 1/3rd. The walls were subjected to in-plane cyclic loading; following shear damage with diagonal cracking, the walls
were strengthened using GFRP strips bonded diagonally to one of the surfaces of wall. The strengthened walls were subjected to cyclic loading until failure. The behaviour
of both the HURM and URM walls under in-plane cyclic loading is discussed on the basis of the experimental results obtained.
3572 | FEA modelling of masonry curved arches reinforced with GFRP strips (15. FRP and Historic Masonry Structures (Roberto Capozzuca))
Fedele R. (fedele@stru.polimi.it), Dipartimento di Ingegneria Strutturale (DIS), Politecnico di Milano, Italy
Milani G. (milani@stru.polimi.it), Dipartimento di Ingegneria Strutturale (DIS), Politecnico di Milano, Italy
Basilio I. (ibasilios@gmail.com), Danish Building Research Institute, Aalborg University, Denmark
Not only as a structural intervention technique, but also as an intrinsic reinforcement material, fibre reinforced polymer (FRP) represents a suitable alternative within field of
masonry structures. Among the FRP, wide diversity of applications, retrofitting of old masonry structures is considered a key item for society. Preservation by societies has
captured the techniciansʼ attention by using FRP material instead of old traditional techniques such as external reinforcement with steel plates, surface concrete coating and
welded mesh. A comparison of a 3D FEA model with a limit analysis assessment for curved masonry arches is presented and validated with experimental work. Good
correlation with experimental work and analytical simulations was achieved when comparing with the limit analysis approach which provides a theoretical framework where:
masonry has no tensile strength; it can resist infinite compression; and no sliding occurs within the masonry. Results have been emphasised directly on the changed failure
mechanism and corresponding ultimate load, namely when arched masonry structures are externally reinforced with FRP materials. Experimental results allowed us to
validate a 3D limit analysis and FEA models. The impact of different reinforcement configurations on reinforced masonry was evaluated. Based on the obtained results,
conclusions highlight considerations before a FRP strengthening technique is selected as an alternative and considerations on its application.
3932 | Investigation of Impact Force between Two Buildings with Different Material under Near-Fault Ground Motion, Subjected on Building Pounding (15. FRP
and Historic Masonry Structures (Roberto Capozzuca))
Barros, R. (rcb@fe.up.pt), FEUP, Portugal
Naderpour, H. (naderpour@semnan.ac.ir), University of Semnan, Iran
Khatami, S. (m61.khatami@gmail.com), University of Semnan, Iran
Building pounding is one of the most important structural damage between two adjacent buildings during earthquake. The collisions between the buildings can inflict severe
damages on structural and non-structural elements as they have different periods and different materials. In recent years, many researchers have studied building pounding
since pounding has been the cause of a number of mid-rise building collapses.
In this paper, effect of pounding is closely investigated between two adjacent buildings surrounded by steel and concrete structures with a certain separation distance. Useful
suggestions are made to control the lateral displacements including the inclusion and addition of sufficient lateral-load-carrying system within the original design to control
the lateral displacements within tolerable limits. It is concluded that by using proper structural system in surrounding steel and concrete buildings, it would be possible to
maintain desirable lateral drifts, and as a consequence, to avoid catastrophic collisions. But the amount of drift reduction depends on the structural system utilized.
Keywords: Building pounding, Impact Force, Near-fault, Damper, Brace, Shear wall.
3304 | MASONRY STRUCTURES RETROFITTING WITH POLYMERIC GRIDS (15. FRP and Historic Masonry Structures (Roberto Capozzuca))
Stoica, Daniel (stoica@utcb.ro), Technical University of Civil Engineering Bucharest, Romania
An alternative solution for the steel nets reinforcement is to use the polymeric grids. In the present, for masonry structures three types of grids are available: RG20, RG30
and RG4 (RichterGard system) with the strength capacities of 20, 30 and 40 kN/m. The performances of the grids with integrated joints consist in variable and self-reliable
strengths ant the capacity for adaptation in case of local stress concentrations resulting energy dissipation inducted in excess, coming from the geometrical conformation
and from the macro-molecular structure of the used polymers. The RG new system concept consist in participation of all the masonry strength resources and avoiding the
local unitary stress concentrations. In this aim the masonry buildings will be jacketing only on the perimeters, at the external envelopes, with polymeric grids inserted in a
simple lime or even lime-cement mortar layer. In some cases also some masonry structural elements may be confined. Using this system the masonry confinement conduct
to a reduction of masonry anisotropy and non-homogenously switched by continuous geometrical deflections and to triaxial compression unitary stresses.
3931 | Seismic Response of Three Adjacent Concrete Buildings under Near-Field and Far-Field Earthquakes, Subjected on Building Pounding (15. FRP and
Historic Masonry Structures (Roberto Capozzuca))
Barros, R. (rcb@fe.up.pt), FEUP, Portugal
Naderpour, H. (naderpour@semnan.ac.ir), Semnan University, Iran
Khatami, S. (m61.khatami@gmail.com), Semnan University, Iran
Nowadays, as the cost of land is high, tall buildings are often constructed close to each other sometimes without the required separation distance. Earthquake causes
sudden movement of the ground, which is transferred to the structures. During earthquakes, buildings show lateral displacements which can cause several impacts between
adjacent buildings. Therefore building pounding is one of the important reasons of damages of buildings during seismic excitation. This phenomenon occurs when two
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adjacent buildings. Therefore building pounding is one of the important reasons of damages of buildings during seismic excitation. This phenomenon occurs when two
adjacent buildings have little gap providing insufficient separation distance. Although many earthquake codes have suggested minimum gap size requirements between
adjacent buildings, several past studies have shown some shortcomings to estimate mentioned distance. As some parts of Iran are high seismic risk zones of near-field and
far-field earthquake occurrence, it is used here in a more complex example of adjacent buildings modeled to understand performance and consequences of such excitations.
Three reinforced concrete buildings are modeled and analyzed by SAP2000 under Tabas near-field and far-field earthquake records. Buildings are modeled with seven, six
and five stories each and with a separation distance of about 10 cm, evaluating the effect of the earthquakes by numerical comparisons. Finally, using a numerical algorithm
in MATLAB, the results of near-field and far-field earthquakes used were reviewed.
Key words: Building Pounding, Earthquake, Link element, near and far-field
3571 | Shear bond stresses analysis of curved reinforced masonry pillars (15. FRP and Historic Masonry Structures (Roberto Capozzuca))
Fedele R. (fedele@stru.polimi.it), Dipartimento di Ingegneria Strutturale (DIS), Politecnico di Milano, Italy
Milani G. (milani@stru.polimi.it), Dipartimento di Ingegneria Strutturale (DIS), Politecnico di Milano, Italy
Basilio I. (ibasilios@gmail.com), Danish Building Research Institute, Aalborg University, Denmark
Over the past decades, the scientific community has paid considerable attention to the use of composite polymers. Not only as an intervention technique after structural
damage or hazard conditions, but also as an effective reinforcement method. The efficacy and reliability of fibre reinforced polymer (FRP) intrinsically depends on the
adhesion between the FRP and the masonry substrate. Therefore, technicians have focused their efforts on the masonry-FRP interface. Nowadays regardless available
studies among literature, the masonry bond-slip distribution curves are still a matter of discussion. The analyses cases studied and presented in this work, contain a
numerical simulation of two different curved masonry pillar reinforced with glass FRP materials. The modelling of reinforced curved masonry by means of glass FRP is done
by resorting to FEA commercial and non-commercial software for comparison. The masonry-glass FRP models idealise a homogenous characterisation of the behaviour of
both materials behaviour, where non-linearity complexity occurred at the interface along with visible glass FRP detachment from the masonry substrate. The numerical
results were calibrated with an experimental campaign performed at the laboratory. Good correlation with the FEA model and the experimental results were obtained.
Furthermore, delamination of FRP reinforcement from the masonry pillar shows how brittle the masonry-glass FRP interface is, once the substrate has no strength left.
3906 | Some considerations on the efficiency of carbon fiber anchors applied on CFRP sheets reinforcements of masonry elements (15. FRP and Historic
Masonry Structures (Roberto Capozzuca))
Briccoli Bati Silvia (silvia.briccolibati@unifi.it), University of Florence, Italy
Mario Fagone (mario.fagone@unifi.it), University of Florence, Italy
Giovanna Ranocchiai (giovanna.ranocchiai@unifi.it), University of Florence, Italy
Several consolidation techniques based on bonding composite materials, and particularly CFRP strips, are more and more used in the past decades for the rehabilitation
and the reinforcement of both concrete and masonry elements. A lot of papers in the literature are devoted to the investigation of the mechanical characteristics of the bond
interface between the CFRP reinforcement and the structural elements. Nevertheless, these consolidation methods still exhibit some crucial aspects to be clarified,
especially for masonry. As it is well known, the key factor characterizing the mechanical behaviour of the CFRP to masonry reinforcement, at least for a collapse analysis, is
the bond strength, which strongly depends on the mechanical characteristics of the masonry support.
The mechanical properties of CFRP sheet reinforcements can be effectively increased improving the connection mode, for example introducing mechanical anchors as
shown in [1]. In this paper the most significant results of an experimental campaign devoted to the analysis of the effectiveness of CFRP reinforcements “nailed” to masonry
elements are reported. The experimental results show a significant increase of both the strength and the ductility of this kind of reinforcements with respect to the “simple
bonded” CFRP sheets.
[1] Niemitz C.W., “Anchorage of carbon fiber reinforced polymers to reinforced concrete in shear application”, thesis of master of Science, University of Massachusetts,
February 2008
3940 | THE USE OF BIOCOMPOSITES AS REINFORCEMENT IN CIVIL ENGINEERING (15. FRP and Historic Masonry Structures (Roberto Capozzuca))
Sciolti Margherita Stefania (margherita.sciolti@unisalento.it), Department of Engineering for Innovation, University of Salento, Italy
Leone Marianovella (marianovella.leone@unisalento.it), Department of Engineering for Innovation, University of Salento, Italy
Aiello Maria Antonietta (antonietta.aiello@unisalento.it), Department of Engineering for Innovation, University of Salento, Italy
Maffezzoli Alfonso (alfonso.maffezzoli@unisalento.it), Department of Engineering for Innovation, University of Salento, Italy
The need to guarantee higher safety levels of concrete and masonry structures under both short and long term conditions have led to the use of new materials and
technologies, in conjunction or in place of traditional ones. In this context fiber-reinforced composite materials have gained an increasing success, mostly for strengthening
existing structures.
More recently, the research interest has been focused on the use of bio-composite materials, that besides the high mechanical performances and the lower cost, contribute
to the construction sustainability, being recyclable.
In this paper an experimental investigation on bio-composite materials is reported together with bond test on masonry elements aiming to validate the effectiveness of these
reinforcement systems in terms of interface behaviour.
In particular, flax, hemp and basalt fibers as well as natural components based resins were utilized in the experimental program. The chosen materials were firstly
characterized by means mechanical and physical tests. After, single lap shear tests were carried out to study the interface behaviour between masonry elements and biocomposite: strains distribution in the longitudinal (along the bonded length) and transverse (along the sheet width) directions as well as slip values have been recorded. The
ultimate condition has been analysed in terms of ultimate load and collapse mechanism.
The obtained experimental results are compared and discussed.
3877 | Behavior of reinforced concrete continuous beams strengthened using NSM-FRP (16. FRP reinforced concrete structures (Ombres Luciano))
Khalil, Abdel Hakim A., Etman, Emad E., and Hany, Ahmed (emadetman@gmail.com), Faculty of Engineering, Tanta University, Egypt
Behavior of reinforced concrete continuous beams strengthened using NSM-FRP.
By
Khalil, Abdel Hakim A., Etman, Emad E. and Hany, Ahmed
Near Surface Mounted (NSM) technique became particularly attractive for flexural strengthening of Reinforced concrete beams. Although there are numerous amount of
research in the literature about the application of NSM for simply supported beams, there are very limited numbers for using NSM for the strengthening of RC continuous
beams in the hogging and sagging momentʼs regions.
The paper included experimental program with the length of the NSM plates as a main variable. The study was extended to cover analytical investigation that was compared
with the available equations in different codes. The results showed that the technique is feasible for the strengthening of the continuous RC beams in hogging and sagging
moments in the mean time keeping the ductility within the required limits by the different codes.
3278 | BEHAVIOUR OF CONCRETE SLABS STRENGTHENED WITH FRP (16. FRP reinforced concrete structures (Ombres Luciano))
Mahdy, Mohamed (mmahdy2@yahoo.co.uk), the Structural Eng. Dept., Mansoura University, El-Mansoura, Egypt, Egypt
Tahwia, ahamed (mmahdy1@gmail.com), the Structural Eng. Dept., Mansoura University, El-Mansoura, Egypt, Egypt
Elboghdady, amr (mmahdy1@hotmail.com), the Structural Eng. Dept., Mansoura University, El-Mansoura, Egypt, Egypt
It is important to study the behavior of reinforced concrete slabs strengthened with externally bonded fiber reinforced polymer (FRP) materials. An experimental study was
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It is important to study the behavior of reinforced concrete slabs strengthened with externally bonded fiber reinforced polymer (FRP) materials. An experimental study was
carried out on ten slabs. Each one of the tested slabs was 125 cm long × 125 cm wide × 5 cm thick, and was simply supported at its four edges. The steel reinforcement
ratio was 0.43% in the first group and 0.65% in the second one Each group had its control slab (a slab without FRP). Two types of FRP material have been used; namely,
carbon fiber reinforced polymer sheet (CFRP) and glass fiber reinforced polymer sheet (GFRP). The following parameters were studied: types of FRP material, the
configuration of the strengthening FRP material, the amount (quantity) of the strengthening FRP material and the steel reinforcement ratio. The aim of the research is to
study the structural behavior of RC slabs strengthened with externally bonded fiber reinforced polymer (FRP). To achieve this aim the following measurements were
recorded: failure load, strain in steel and fiber material at the slab center and deflection at the slab center and at the middle point of the quarter span. A simple mathematical
model has been used to predict the ultimate load of each slab. The results showed that strengthening with FRP is very useful in increasing the load carrying capacity and
reducing deflection. Also good agreement has been found between the experimental and theoretical results.
3507 | Characterization of Adhesively Bonded Joints (16. FRP reinforced concrete structures (Ombres Luciano))
Wu, Yufei (yfwu00@cityu.edu.hk), City University of Hong Kong, Hong Kong
The paper will report experimental and analytical studies on FRP-concrete interface. The intefacial bond properties will be charaterized and reported.
3538 | Efficient Repair Technique for RC Beams Pre-Damaged in Shear (16. FRP reinforced concrete structures (Ombres Luciano))
Hussein Mohamed (m_hussein_20@yahoo.com), Tanta University, Egypt
Afefy Hamdy (m_hussein_20@yahoo.com), Tanta University, Egypt
Khalil Abdel-Hakeem (m_hussein_20@yahoo.com), Tanta University, Egypt
This paper evaluates experimentally the structural performance of RC beams pre-damaged in shear and repaired using a new efficient technique. In the new technique, a
temporary prestressing force was used to close all the existing shear cracks prior to the application of the externally bonded CFRP sheets. The new technique has the
following advantages: closing all existing shear cracks and generation an initial tension force in the CFRP strengthening sheet as a result of removing the temporary
prestressing force which in turn delays the formation and propagation of cracks. These advantages were verified by testing seven RC beams designed to be failed in shear.
The tested beams included two beams strengthened using the proposed technique, two beams repaired by epoxy injection before being strengthened using CFRP, one
beam strengthened using CFRP applied directly over the cracked concrete surface, one beam strengthened without preloading and one control specimen tested up to failure
without any strengthening. Experimental results carried out on un-strengthened and strengthened RC beams, are presented and analyzed. Finally, a comparison between
the present experimental results and the predictions using the available formulations recommended by some international guide lines is presented and commented.
3283 | Evaluation of two-way RC slabs strengthened in shear with CFRP rods (16. FRP reinforced concrete structures (Ombres Luciano))
Meisami, Mohammad hasan (mhm7050@gmail.com), PhD Student, Department of civil Engineering, Isfahan University of Technology, Iran
Mostofinejad, Davood (dmostofi@cc.iut.ac.ir), Professor, Department of civil Engineering, Isfahan University of Technology, Iran
Flat concrete slabs have been suffering from weakness in shear resistance in many buildings and parking structures. Therefore, many research works in recent decades
have been concentrated on novel strengthening techniques of two-way concrete slabs against punching shear. As an attempt to this move, results of an experimental work
on 4 flat two-way slabs with central loading are presented in this paper. The reinforced concrete (RC) slabs were designed according to ACI 318-05 code provisions. One of
the slabs served as control specimen and three others were strengthened with different materials and procedures. The first slab was strengthened with new shape of steel
stirrups, the second with M16 screw and nuts and the third one with CFRP rods. The strengthening was performed at 24 points with identical arrangement for all three slabs.
Specimens were tested under monotonic central load through a steel plate using a hydraulic jack up to failure. The control slab failed due to punching shear during the
loading; however, test results showed that all strengthening techniques were successful to prevent from punching shear. The results also showed significant increase in
loading carrying capacity and displacement ductility for all strengthening procedures.

3783 | Experimental bond study of GFRP RC under sustained loads. (16. FRP reinforced concrete structures (Ombres Luciano))
Vilanova, I (irene.vilanova@udg.edu), Universitat de Girona, Spain
Torres, Ll (lluis.torres@udg.edu), Universitat de Girona, Spain
Baena, M (marta.baena@udg.edu), Universitat de Girona, Spain
Duran, I (imma.duran@udg.edu), Universitat de Girona, Spain
In the last decades, the use of fibre reinforced polymer (FRP) bars has emerged as an alternative to steel reinforcement. Hence, new codes and recommendations for the
use of FRP materials for structural purposes are being developed. The structural behaviour of reinforced concrete (RC) elements is strongly dependent on the bond
performance between concrete and the reinforcing material.
Large literature on the bond performance between FRP reinforcement and concrete is available. However, most of this research is focused on the short-term response of
FRP RC elements. When concrete is sustained to long term conditions, creep and shrinkage plays an important role on the structural behaviour. Therefore, bond-slip
relationship between concrete and reinforcing material should be re-examined.
In this work, 12 pull out specimens have been tested under sustained loads for three months. Two concrete strengths (45MPa and 25MPa), two bonded lengths (5 and 10
times the diameter of the reinforcing bar) and two reinforcing materials (GFRP and steel) have been used. The tests were carried out on special frames designed to apply a
sustained constant load. For every specimen, two transducers were used and monitoring of the long term slip at the loaded and the unloaded end was conducted.
Experimental results are presented and discussed in this paper.
3017 | Experimental investigation of natural flax FRP wrapped concrete (16. FRP reinforced concrete structures (Ombres Luciano))
Yan, Libo (lyan118@aucklanduni.ac.nz), The University of Auckland, New Zealand
Chouw, Nawawi (n.chow@auckland.ac.nz), The University of Aucklans, New Zealand
This study investigated the compressive behaviour of natural flax fibre reinforced polymer (FFRP) wrapped plain concrete (PC) and coir fibre reinforced concrete (CFRC). A
total of 12 cylinders were tested under axial compression. Test results indicated that flax FRP wrappings increase the ultimate compressive strength and ductility of the
confined concrete significantly. Coir fibre inclusion reduces the numbers and widths of the cracks in the concrete. In addition, existing confinement stress and strain models
were used to predict the experimental results of the FFRP wrapped PC and CFRC cylinders. This study indicates that natural flax fabric has the potential to strenthen the
existing concrete columns.
3621 | Experimental study of local bond performance between FRP bars and concrete (16. FRP reinforced concrete structures (Ombres Luciano))
Baena, Marta (marta.baena@udg.edu), Universitat de Girona, Spain
Torres, Llu�s (lluis.torres@udg.edu), Universitat de Girona, Spain
Turon, Albert (albert.turon@udg.edu), Universitat de Girona, Spain
Vilanova, Irene (irene.vilanova@udg.edu), Universitat de Girona, Spain
Duran, Imma (imma.duran@udg.edu), Universitat de Girona, Spain
Fibre reinforced polymer (FRP) bars were introduced in the market as an alternative for internal reinforcement in concrete structures exposed to environments likely to cause
corrosion in steel reinforcement. Owing to their mechanical properties, differences in the structural performance of concrete elements reinforced with these materials exist
when compared to steel reinforced concrete (RC).
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when compared to steel reinforced concrete (RC).
Bond performance between concrete and reinforcement is one of the most important factors when designing RC structures. Significant efforts have been conducted to
experimentally determine the bond characteristics of non-standardised FRP commercial bars, as this is a fundamental requirement for their practical use. Bond performance
is usually described using a global bond-slip law. However, the global bond-slip law may differ from the local behaviour at each point along the bonded length.
The objective of this experimental programme is to investigate bond between FRP bars and concrete at a local level. With the aim at analysing the bond transfer process
without modifying the bond performance, internal strain gauging of the reinforcing bar was proposed. Information from the strain gauges is used to derive the distribution of
stresses along the reinforcement bar and concrete, as well as bond forces and slips. The comparison between experimental data allows studying some of the factors
expected to affect bond performance, namely: bonded length, surface configuration and concrete strength.
3208 | Fire behavior of slender concrete beams prestressed with CFRP tendons (16. FRP reinforced concrete structures (Ombres Luciano))
Hugi, Erich (erich.hugi@empa.ch), Empa, Materials Science and Technology, Switzerland
Terrasi, Giovanni P. (giovanni.terrasi@empa.ch), Empa, Materials Science and Technology, Switzerland
Bisby, Luke (luke.bisby@ed.ac.uk), University of Edinburgh, United Kingdom
Maluk, Cristian (c.maluk@ed.ac.uk), University of Edinburgh, United Kingdom
High performance, self-consolidating concrete (HPSCC) reinforced with high-strength, lightweight, and non-corroding prestressed reinforcement is emerging as an attractive
type of a novel composite material. One potential application is the prefabrication of with carbon FRP tendons prestressed HPSCC beams, which are utilized for instance as
slender load-bearing beams and columns in glass-concrete building facades. In case of fire, two major drawbacks are known namely the bond strength degradation between
CFRP reinforcing tendons and concrete as well as the potential explosive spalling of HPSCC when subjected to a sudden temperature increase. Both phenomena and
especially their impact on the fire endurance time in terms of load-bearing capacity are still poorly understood. This paper gives insight into the fire behavior of slender CFRP
prestressed HPSCC beams and presents selected results acquired during a series of fire resistance tests. The fire exposed span length of the beams was 3.04 m, the width
200 mm and the thickness varied between 45 mm and 75 mm. Main findings: If fire-induced spalling occurs, then the fire resistance time of the investigated elements is
governed by this local damage. If spalling is prevented by adding PP microfibers, then thermal splitting-cracks induce bond failure of the CFRP tendons in their prestress
transfer zone. Reduction in tensile strength of the tendons or reduction in bond strength due to resin softening appeared to play no critical role.
3775 | GFRP bars behaviour: compression strength (16. FRP reinforced concrete structures (Ombres Luciano))
Almerich, Ana (analchu@mes.upv.es), Universitat Politecnica de Valencia, Spain
Martin, Pedro (pmartin@mes.upv.es), Universitat Politecnica de Valencia, Spain
Molines, Jose-Miguel (molines@ctac.es), Universitat Politecnica de Valencia, Spain
Rovira, Juan (jrovira@mes.upv.es), Universitat Politecnica de Valencia, Spain
Fiber-reinforced polymer (FRP) materials have emerged as an alternative material for producing reinforcing bars for concrete structures. FRP reinforcing bars offer
advantages over steel reinforcement in that FRP bars are noncorrosive, nonconductive, lightweight. Countries have established design and construction guidelines
specifically for the use of FRP bars as concrete reinforcement.
However, none of them allow using FRP bars as reinforcement in columns or other in compression members or compression reinforcement in flexural members. It is
acceptable for FRP tension reinforcement to experience compression due to moment reversals or changes in load pattern. All of them indicate that the compressive strength
of the FRP reinforcement should not, however, be neglected and further research is needed in this area.
Standard test methods are not yet established to characterize the compressive behavior of FRP bars. If the compressive properties of a particular FRP bar are needed,
these should be obtained from the bar manufacturer. The report provides a description of the test method used to obtain the compression properties for a specific GFRP bar.
More of 500 specimens are tested. Moreover, this research obtains a compression mechanical properties certification by "Eduardo Torroja" Institute, being permissible use
as reinforcement of concrete sections under compression stresses.
3723 | Influence of FRP Shear Connectors on the Direct Shear Behavior of Concrete Sandwich Wall Panel (CSWP) for Exterior Envelopes of Buildings (16. FRP
reinforced concrete structures (Ombres Luciano))
YUN, Hyun-Do (wiseroad@cnu.ac.kr), Dept. of architectural Engineering, Chungnam National University, Korea, South
This paper summarizes the experimental results of concrete sandwich wall panels (CSWP) specimens under pull-out loading conducted to investigate the effect of types and
reinforcing area of shear connector made with glass fiber-reinforced polymer (GFRP) on the shear behavior of CSWP used as exterior cladding walls. In this study, two types
of thermal insulations; expanded polystyrene (EPS) and extruded polystyrene with special slots (XPSS) and two types of FRP shear connectors with different reinforcing
area; 6mm x 2mm and 12mm x 2mm were used for CSWP specimens. Test results indicated that the types of insulations and reinforcing area of GFRP shear connectors
have a significant effect on the direct shear behavior between concrete wall and insulation. As reinforcing area of GFRP shear connector increase, increase in shear strength
of CSWP with EPS insulation is less than CSWP specimens with XPSS insulation due to relatively lower strength of EPS compared to XPSS strength.
3554 | Non-linear numerical analysis of failure mechanism of FRP retrofitted beam column connection in 3-D single story RC Frame under Seismic Loading (16.
FRP reinforced concrete structures (Ombres Luciano))
Kabir Mohammad Zaman, MK (mzkabir@aut.ac.ir), AmirKabir University, Iran
Hejabi, Hadi (hadihejabi@aut.ac.ir), AmirKabir University, Iran
Many reinforced concrete structures were built without adequate consideration for seismic effects. Such buildings are of great concern because, in the event of an
earthquake, they may fail in a brittle and catastrophic manner. This paper intends to study the behavior of a 3-D portal FRP retrofitted reinforced concrete using numerical
finite element method. The applied loads were adopted as progressive lateral cyclic loading while the gravitational vertical loads were constantly and simultaneously applied.
For validity of FE analysis,the authors' previous experimental work was considered. The numerical investigation was mainly focused on the effectiveness of overlying FRP
fabric on confining of the beam column connection, the influence of out of plane beam on connection performances, the failure mechanism, crack propagation, initial and
post crack lateral stiffness of the frame, and the lay-up configurations on connection performances.The obtained results show the substantial improvement in both ductility
and strength of the frame and stored energy dissipation. The optimum laminate arrangement and sensitive places around the connection were presented at the end of study
in order to achieve the supreme frame performances.
3240 | Numerical Investigation On Concrete Columns Reinforced With FRP Bars Under Eccentric Loading (16. FRP reinforced concrete structures (Ombres
Luciano))
Heydari, Mostafa. (b_heydari_p@yahoo.com), Islamic Azad university Bandar Abbas Branch, Iran
Hatami, Farzad. (hatami@aut.ac.ir), Amirkabir University of Technology, Iran
One of the fundamental challenges in bad weather conditions is the corrosion of steel in reinforced concrete.
This study is carried out on non-reinforced and reinforced concrete columns with composite bars strengthened by FRP.
The purpose of this study is determining the behavior of columns under pure axial and eccentric compressive loading (combination of axial force and bending moment) with
the numerical method. In numerical analysis, behavioral parameters of columns is calibrated and Validated by laboratory samples. Thus, the effect of parameters of the
arrangement of fibers, number of layers and number and cross section of composite bars on the strength and ductility of the columns under mentioned load are investigated
and, considering necessary behavioral parameters, a comprehensive numerical parametric study is carried out by ABAQUS software.
The results indicate a definite increase in strength and ductility of concrete columns reinforced with composites bars strengthened with FRP, and eccentric axial load reduces
the effects of this improvement. Therefore, the strength and ductility of reinforced concrete columns under combined axial force and bending moment can be improved by
proper arrangement of fiber to improve.
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proper arrangement of fiber to improve.
3239 | Numerical Investigation on Concrete Slabs Reinforced With FRP Bars (16. FRP reinforced concrete structures (Ombres Luciano))
Parviz, Elham. (elham_parviz@yahoo.com), Islamic Azad university Bandar Abbas Branch, Iran
Hatami, Farzad. (hatami@aut.ac.ir), Amirkabir University of Technology, Iran
In this study, several two – way concrete slabs with specific dimension ( similar prototypes ) such as reinforced concrete ( RC) slabs with internal steel bars, reinforced slabs
with composite bars and reinforced slabs strengthened with externally–bonded strip composites are modeled using the finite element software ( ABAQUS ) .
The purpose of this study is to explain the flexural behavior of these slabs under the central loading using the numerical method.
The flexural behavior of these concrete slabs are investigated and compared, and then the obtained results are validated by the standard existent experimental results.
Finally, the effects of various parameters such as number of composite layers, number and cross–section of composite bars on resistance, flexural behavior and load
capacity in these slabs under central loading, are investigated. The results are then presented in the tables and graphs.
2989 | Parametric Study of Composite Steel-Concrete Beams with External Prestressing (16. FRP reinforced concrete structures (Ombres Luciano))
Amer M. Ibrahim (amereng05@yahoo.com), civil engineering/ diyala university , Iraq
Saad k. Mohaisen (saadalhadithi@yahoo.com), civil engineering/al-mustansiria university, Iraq
Qussay W. Ahmed (qussay_2006@yahoo.com), civil engineering/ diyala university , Iraq
The main purpose of the present paper is to investigate the effect of several important parameters on the behavior of external prestressed composite steel-concrete beams.
ANSYS computer program (version 12.0) has been used to analyze the three dimensional model. The nonlinear material and geometrical analysis based on IncrementalIterative load method, is adopted. These parameters include effect of compressive strength of concrete, effective prestressing stress to ultimate stress ratio, effective height
to center of prestressing cables ,effect of external prestressing technique , type of loading, tendon profile, degree of interaction , ratio of thickness to width of concrete slab ,
using unsymmetrical I-steel beams ,effect of number of stiffeners and effect full and partial Interaction.
3093 | Parametric study of resistance to compression of steel-concrete partially encased composite columns (16. FRP reinforced concrete structures (Ombres
Luciano))
PEREIRA, M. F. (margot.pereira@usp.br), EESC-USP, Brazil
DIOGENES, H. J. F. (hidelbrando@sc.usp.br), EESC-USP, Brazil
EL DEBS, A. L. H. C. (analucia@sc.usp.br), EESC-USP, Brazil
To the intense process of industrialization suffered by construction over the past years is associated the continuous search for structural and/or constructive systems aimed
to the rationalization of the construction, among which stands out the composite structures of steel-concrete. Among these elements, the steel-concrete partially encased
composite column presents positive features regarding to structural behavior and the executive process. However, codes such as ABNT-NBR 8800: 2010 and Eurocode 4,
recommends using transverse reinforcements anchored in the web of the steel section, thus hindering the enforcement proceedings and consequently increases costs and
deadlines. In this context, this paper discuss in exploratory level, the structural behavior of composite columns partially encased, in order to promote the development of the
subsequent experimental analysis. It was evaluated the influence of substitution of transverse reinforcement for the concrete with steel fibers, and welded steel wire mesh.
Therefore, numerical models were developed using the software DIANA + Fx, based on FEM. The nonlinear analysis model is presented in terms of behavior force versus
displacement for different values of characteristic resistance of the concrete in compression. The results were promising in terms of the reinforcement replacement
Keywords: Partially encased composite columns, compressive strength, numerical analysis.
3988 | RC columns Flexural strengthening with NSM (16. FRP reinforced concrete structures (Ombres Luciano))
Esfandi Sarafraz, Mehdi (mehdi_sarafraz@yahoo.com), Bandar Anzali Branch, Islamic Azad University, Iran
Near surface mounted (NSM) fiber reinforced polymer (FRP) is one of the latest and most promising strengthening techniques for reinforced concrete (RC) structures. This
technique is based on bonding carbon or glass fiber reinforced polymer (CFRP or GFRP) bars (rods or laminate strips) into grooves cut in the cover of RC members. The
aim of this research is using this technique to improve the flexural capacity of RC columns subjected to bending and compression. For this purpose, three reinforced
concrete column specimens were designed, constructed and subjected to constant axial compression and lateral cyclic loading. The test results show that a significant
increase on the load carrying capacity can be achieved by using the NSM technique.

3814 | Repair of shear-defecient beams and thermally damaged repaired with various configurations of CFRP (16. FRP reinforced concrete structures (Ombres
Luciano))
R. Al-Rousan (rzalrousan@just.edu.jo), Jordan University of Science & Technology, Jordan
R. Haddad (rhaddad@just.edu.jo), Jordan University of Science & Technology, Jordan
A. Swesi (a_swesi2008@yahoo.com), Jordan University of Science & Technology, Libya
The efficiency of using Carbon Fiber Reinforced Polymer (CFRP) to regain shear capacity of shear-deficient and thermally shocked beams was investigated. Sixteen high
strength normal weight RC beams (100×150×1400 mm) were cast, heated at 500 °C for 2 hours and then cooled rapidly by immersion in water then repaired and later tested
under four-point loading until failure. CFRP plates in combination with CFRP sheets were used to strengthen the high shear zone of these beams. The experimental results
indicated that upon heating then cooling reinforced concrete (RC) beams exhibited extensive map cracking without spalling. The load carrying capacity and stiffness of RC
beams decreased by about 68 and 64% of original values, respectively. RC repaired beams recovered the original load carrying without achieving the original stiffness.
Those with CFRP plates at inclinations of 90° and 45° regained more than 90% and 79% of the original load capacity and stiffness, respectively, whereas those repaired with
combination of CFRP plates and sheet regained more than 102, and 81% of the original load capacity and stiffness, respectively. The experimental results were validated by
finite element analysis using CFRP-concrete bond characteristics, obtained from direct tests on near-end pullout concrete specimens. The finite element analysis showed
good agreement with the experimental results in terms of load-deflection and load-CFRP strain curves.
3816 | REPAIR OF SHEAR-DEFICIENT LWAC BEAMS DAMAGED BY THERMAL SHOCK (16. FRP reinforced concrete structures (Ombres Luciano))
Haddad, Rami H. (rhaddad@just.edu.jo), Jordan University of Sci & Tech, Jordan
Al-Rousan, Rajai Z. (rzalrousan@just.edu.jo), Jordan University of Sci & Tech, Jordan
AL-Asadi, Ali K. (rhaddad@just.edu.jo), Jordan University of Sci & Tech, Jordan
The potential of using externally bonded Carbon Fiber Reinforce Polymer (CFRP) composites as a method of repairing thermally shocked shear deficient lightweight
concrete reinforced beams was investigated. Sixteen beams were casted with dimensions of (100x150x1400 mm), without shear reinforcement in the high shear region,
before cured for 28 days, and exposed to thermal shock then repaired for shear using CFRP composites. Repair schemes included vertical and inclined CFRP strips, CFRP
sheets wrapping, and combinations of vertical or inclined CFRP strips and CFRP sheet. The mechanical response for control, thermally damaged, and repaired beams were
evaluated, under four-point loading system, for ultimate load, stiffness, toughness, and mid-span deflection, as well as for shear-crack opening, and load cracking modes.
The experimental results showed that the thermal shock had a detrimental effect on concrete integrity. Most repair schemes helped regaining or even exceeding original
mechanical properties represented in ultimate shear capacity, stiffness, toughness, and strain at maximum stress. The stain induced in CFRP composites prior to failure
ranged from 20% to 80% of their ultimate stains. Use of externally bonded CFRP composites helped transforming failure mode for thermally damaged beams into a more
ductile one. Finally, the test results were used to validate an analytical shear model for predicting shear strength capacity. The predictions from the proposed model showed
good agreement with test results.
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good agreement with test results.
3080 | Serviceability and failure mode of corroded RC beams repaired with NSM CFRP rod (16. FRP reinforced concrete structures (Ombres Luciano))
A. Kreit (amjad_kret@hotmail.com), University of Toulouse; UPS, INSA, LMDC (Laboratoire Mat?riaux et Durabilit? des Constructions), France, France
F. Al-Mahmoud (firas.almahmoud@iutnb.uhp-nancy.fr), Nancy I University - IJL - Institut Jean Lamour - IUT Brabois, France, France
A. Castel (castel@insa-toulouse.fr), University of Nice-Sophia Antipolis, Laboratory Jean Alexandre Dieudonn?, Nice cedex 02, France, France
R. Fran?ois (francois@insa-toulouse.fr), University of Toulouse; UPS, INSA, LMDC (Laboratoire Mat?riaux et Durabilit? des Constructions), France, France
ABSTRACT: The mechanical behaviour of corroded RC elements is generally damaged by the reduction of reinforcement cross-section and the deterioration of steelconcrete bond. The aim of this paper is to inves-tigate the post-repair performance of corrosion-damaged RC beams. Beams are repaired with Near Surface Mounted (NSM)
carbon fiber-reinforced polymer (CFRP) rods. In the NSM technique, the CFRP rods are placed inside precut grooves and are bonded to the concrete with epoxy adhesive.
Firstly, experimental results obtained on one reinforced concrete beam exposed to a natural corrosion for 25 years are reported. Secondly, corrosion simulations performed
on several RC beams are presented and compared to the performance of control members. One 6-mm-diameter NSM CFRP rod is used to repair the beams. All specimens
were repaired after pre-loading in service condition. The corrosion simulation tests were performed to clarify the effects both steel cross-sectional loss and concrete cover
spalling (loss of bond) on the structural performance of the beams. The beams were tested statically in three-point bending up to failure. Serviceability is studied analyzing
the overall stiffness and the development of crack patterns and crack widths before and after repairing. Ultimate capacity, ductility and failure mode are also discussed.
The failure mode of all repaired RC beams during simulation tests was the pull-out of the CFRP rod. But the failure mode of the repaired corroded RC beam occ
3427 | Temperature performances of concrete confined with PBO-Fiber Reinforced Cementitious Mortar jackets (16. FRP reinforced concrete structures (Ombres
Luciano))
Ombres,Luciano (luciano.ombres@unical.it), University of Calabria, Italy
The performances of plain concrete elements wrapped with a system made by PBO (short of Polypara-phenylene-benzo-bisthiazole) fiber meshes embedded into an
inorganic stabilized cementitious matrix (Fiber Reinforced Cementitious Mortar, FRCM) under different temperature values, are analyzed, both theoretically and
experimentally, in the paper. The aims of the paper are i) to analyse the influence of the temperature on the effectiveness of the concrete confinement, and, ii) to define
analytical relationships able to characterize the stress-strain response of the PBO-FRCM confined concrete taking into account the effects of the temperature values.
Results of tests, carried out on cylindrical specimens confined with the PBO -FRCM system under different temperature values in the PBO-FRCM jacket ranging from 25°c to
100 °C, varying the fibres reinforcement ratio, and the compressive concrete strength, are described. A comparison between experimental results against predictions both of
some guidelines and theoretical models proposed for the analysis of confined concrete elements is, then, presented and discussed.
A simple semi-empirical model to predict axial peak strength and associated axial strain in PBO-FRCM confined concrete is also proposed.
3279 | USING HIGH PREFORMANC CEMENTITIOUS FOR REPAIR COLUMNS (16. FRP reinforced concrete structures (Ombres Luciano))
Mahdy, Mohamed (mmahdy2@yahoo.co.uk), Structural Eng. Dept., Mansoura University, El-Mansoura, Egypt, Egypt
To restore the structural capacity of the distressed elements, retrofitting and/or strengthening are needed Laboratory investigation was undertaken to develop highpreformance cement-based grouts cementitious composites that makes them ideally suited for structural repair. An experimental program was conducted where nine circular
reinforced concrete columns were tested with varying material types and repair location ( cover only – cover extended to core) – one as control, four contained various
material types throughout the cross-section and four contained repair material only in the outer concrete. All nine columns were tested by the application of a concentric,
axial compression force. Another nine columns with the same repair techniques were tested subjected to eccentric loads. It was found that ductility of the columns with a
silica fume or fibers contain in repair material proved to be more ductile. Placing the repair material at cover through the steel reinforcement into core increased the load
capacity compared with cover only. Using Silica fume or fibers in the repair material at cover through the steel reinforcement into core to increases load capacity by 30 %.
The use of fibers or silica fume in repair material is an efficient means providing ultimate load of repair columns enhancement in eccentric case.
3383 | Material Tailoring and Moduli Homogenization for Finite Twisting Deformations of Functionally Graded Mooney-Rivlin Hollow Cylinders (17. Functionally
graded materials and structures (Romesh Batra, Erasmo Carrera))
Dryden, John R. (jrdryden@uwo.ca), The University of Western Ontario, Canada
Batra, Romesh C. (rbatra@vt.edu), Virginia Polytechnic and State Uniaversity, United States America
We analyze plane strain large twisting deformations of a hollow cylinder made of an isotropic and inhomogeneous Mooney-Rivlin material with material moduli varying in the
radial direction. The cylinder is deformed by applying either tangential tractions on the inner surface and tangential displacements on the outer surface or vice versa. The
radial variation of the moduli is found that will minimize the tangential displacement of the bounding surface where tangential traction is specified. Furthermore, the modulus
of a homogeneous Mooney cylinder is found that is energetically equivalent to the inhomogeneous cylinder.
4350 | A Thermo-mechanical Analysis of FGM plates via Collocation with Radial Basis Functions (17. Functionally graded materials and structures (Romesh
Batra, Erasmo Carrera))
Giunta, Gaetano (gaetano.giunta@tudor.lu), CRP Henri Tudor, Luxembourg
Belouettar, Salim (salim.belouettar@tudor.lu), CRP Henri Tudor, Luxembourg
Neves, Ana (ananeves@fe.up.pt), University of Porto, Portugal
Ferreira, Antonio (ferreira@fe.up.pt), University of Porto, Portugal
Carrera, Erasmo (erasmo.carrera@polito.it), Politecnico di Torino, Italy
In this paper, the mechanical behaviour of plates subjected to thermal loads is investigated.
The temperature field is obtained by exactly solving Fourier's heat conduction equation and it is
considered as an external load within the mechanical analysis.
Several higher-order plate models as well as classical theories are derived thanks to a compact
notation for the a-priori approximation of the displacement field upon the through-the-thickness direction.
The governing differential equations and boundary conditions are obtained in a compact nucleal
form that does not depends upon the displacements expansion order.
This latter can be regarded as a free parameter of the formulation.
A meshless strong form solution based upon collocation with radial basis functions is then adopted.
Functionally graded plates are investigated.
Results are validated towards an analytical Navier-type solution and three-dimensional FEM results
showing that good results can be obtained.
4348 | Advances in the modelling of sandwich structures with functionally graded cores (17. Functionally graded materials and structures (Romesh Batra,
Erasmo Carrera))
Yiatros, Stylianos (stylianos.yiatros@cut.ac.cy), Cyprus University of Technology, Cyprus
Advances in the modelling of sandwich structures with thin face plates and soft cores that have graded properties across their depth are presented. The gradation of core
density can offer reduction in weight as well as prevent other instabilities such delamination at the face plate-core interface. An earlier pilot study (Yiatros et al, 2012) for the
buckling and postbuckling of sandwich struts with functionally graded cores, highlighted the effectiveness of the use of the potential energy principle combined with two
different shear deformable theories to describe core kinematics (Wadee et al, 2010), to provide promising results both in terms of critical loads and the position of the
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different shear deformable theories to describe core kinematics (Wadee et al, 2010), to provide promising results both in terms of critical loads and the position of the
secondary bifurcation which marks the onset of interactive buckling and destabilizes the strut. Two models are presented, one based on Timoshenko Beam Theory for core
deformation and another one based on the higher order Reddy-Bickford theory. The current work extends the range of application for different core gradations and the
results are validated with existing experimental work, establishing the range of applicability of each model.
References
Wadee MA, Yiatros S & Theofanous M, Comparative studies of localized buckling in sandwich struts with different core bending models, Int. J. Nonlin. Mech., 2010, 45, 111120, ISSN:0020-7462
Yiatros S, Wadee MA & Völlmecke C, Modelling of interactive buckling in sandwich struts with functionally graded cores, J. Eng. Mech.-ASCE, 2012
4176 | Analysis of functionally graded cylindrical panel with piezothermoelectric layer under dynamical loading (17. Functionally graded materials and structures
(Romesh Batra, Erasmo Carrera))
Alireza Chitgarha (achitgarha@gamil.com), Department of Mechanical Engineering, Amirkabir University of Technology , Iran
Summary. In this paper a three dimensional elasticity solution of finite simply supported functionally graded panel with a piezothermoelectric on the outer surface of the panel
under dynamical thermo-mechanical excitation have been presented. The boundary conditions at the ends are satisfied by expanding governing equations in double suitable
fourier series. In this method the coupled partial differential equation of motion reduce to uncoupled partial differential equations. The resulting equations can be solved by
finite element method. Newmark method is used to march in time. Numerical results are presented for a functionally graded panel with piezothermoelectric layer. The effect
of material property gradient index on the variables is investigated.
3683 | Characterisation of exponentially graded materials by ultrasound (17. Functionally graded materials and structures (Romesh Batra, Erasmo Carrera))
Braunbr?ck, Andres (andres@cens.ioc.ee), Institute of Cybernetics at Tallinn University of Technology, Estonia
Majak, J?ri (Juri.Majak@ttu.ee), Faculty of Mechanical Engineering at Tallinn University of Technology, Estonia
For some materials or advanced composites the structure made up of many layers with slightly different properties calls to consider the material properties as smoothly
varying or functionally graded. In the anaysis of wave motion problems, the assumption has to be that the wave length is larger than the layering scale of the material.
In this paper longitudinal wave motion is considered. The material properties along the direction of wave propagation are assumed to be functionally graded in terms of the
material elastic properties and/or the material density. These varying material properties are described by exponential functions.
The wave motion is excited as a harmonic oscillation of finite length (harmonic burst). The numerical solution is analysed for various frequencies and compared with several
different cases of exponentially graded material properties.
3705 | Design of functionally graded sandwich panels (17. Functionally graded materials and structures (Romesh Batra, Erasmo Carrera))
Pohlak Meelis (meelis.pohlak@ttu.ee), Faculty of Mechanical Engineering,Tallinn University of Technology, Estonia
Majak J?ri (juri.majak@ttu.ee), Faculty of Mechanical Engineering,Tallinn University of Technology, Estonia
Karjust Kristo (kristo.karjust@ttu.ee), Faculty of Mechanical Engineering, Tallinn University of Technology, Estonia
Henrik Herranen (henrik.herranen@ttu.ee), Faculty of Mechanical Engineering, Tallinn University of Technology, Estonia
Henri Lend (henri.lend@ttu.ee), Faculty of Mechanical Engineering, Tallinn University of Technology, Estonia
Based on experimental study and FEA the procedure for design of the light-weight sandwich panel with functionally graded facings is developed. The elasticity properties
and density varies throughout the facing in thickness direction. The initial configuration of the panel is determined on the basis of the panels used currently in Estonian
seaborne industry companies. Next the FEA model for structural analysis is developed. Iterative optimization procedure is treated in order to determine optimal configuration
of the sandwich structure. The optimization problem is subjected to structural and geometric constraints.
Manufacturing of the sandwich panel according to optimal configuration determined has been foreseen, but this is not main focus of the current study (FGM layer can be
obtained for example by use of variable fiber volume fractions).
3526 | Dynamic analysis of complex FGM shell combinations with arbitrary boundary conditions (17. Functionally graded materials and structures (Romesh
Batra, Erasmo Carrera))
Qu,Yegao (quyegao@gmail.com), Shanghai Jiao Tong University, China
Wu, Shihao (wushihao-feifei@hotmail.com), Shanghai Jiao Tong University, China
Long, Xinhua (xhlong@sjtu.edu.cn), Shanghai Jiao Tong University, China
Chen, Yong (chenyong@sjtu.edu.cn), Shanghai Jiao Tong University, China
Hua, Hongxing (hhx@sjtu.edu.cn), Shanghai Jiao Tong University, China
This paper evaluates a unified formulation for vibration analysis of functionally graded shell combinations subjected to different boundary conditions. A modified variational
principle in conjunction with a multi-segment partitioning technique is employed to derive the formulation based on Reissner-Naghdiʼs thin shell theory. The material
properties of the shells are assumed to be graded continuously in the shell thickness direction according to power-law distributions in terms of volume fractions of the
constituents. Double mixed series, i.e., Fourier series and Legendre orthogonal polynomials, are used as admissible functions for each shell segment. A considerable
number of free vibration solutions are presented for functionally graded shells of elementary configurations (e.g., circular cylindrical, conical and spherical) and joined shells
(e.g., Hermetic capsule, cone- cylinder combination) with various combinations of free, shear-diaphragm, clamped and elastic-supported boundary conditions. Validity and
accuracy of the present formulation are confirmed by comparing the present solutions with the existing results and those obtained from finite element analyses. With regard
to the steady-state and transient vibrations, functionally graded conical-cylinder combinations subjected to different external forces are examined. Effects of the material
power-law distribution and boundary condition on the transient responses of the conical-cylinder combination are also discussed.
2971 | Dynamic stress intensity factors for several moving cracks in a non-homogeneous orthotropic plane (17. Functionally graded materials and structures
(Romesh Batra, Erasmo Carrera))
Ayatollahi,Mojtaba (mo_ayatollahy@yahoo.com), University of Zanjan,P.O.Box 45195-313, Zanjan,, Iran
Bagheri,Rasul (rasul_m65@yahoo.com), University of 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 calculation are performed to show the effects of material
properties and the speed of cracks propagating on the stress intensity factors of crack tips.
3430 | Dynamics of magneto-electro-elastic curved beams (17. Functionally graded materials and structures (Romesh Batra, Erasmo Carrera))
Piovan, Marcelo T. (mpiovan@frbb.utn.edu.ar), CIMTA, Universidad Tecnologica Nacional FRBB, Argentina
Filipich, Carlos P. (cfilipich@gmail.com), Departamento de Ingenier?a, Universidad Nacional del Sur and CIMTA, Universidad Tecnologica Nacional FRBB, Argentina
Ramirez, Jos? M. (josemramire@gmail.com), CIMTA, Universidad Tecnologica Nacional FRBB, Argentina
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Ramirez, Jos? M. (josemramire@gmail.com), CIMTA, Universidad Tecnologica Nacional FRBB, Argentina
This article is concerned with the dynamic analysis of structures constructed with magneto-electro elastic (MEE) materials. In recent years, simple structures constructed
with piezoelectric and magnetostrictive materials are employed in engineering applications for sensing and actuation uses. Therefore studies on the dynamics of this kind of
structures are an important task. A variety of models for MEE structures has been introduced for analyzing piezoelectric and piezomagnetic plates and shells. These
structures are normally modeled with 2D or 3D elasticity approaches. One dimensional models for slender MEE structures are scarce in the international literature.
According to the knowledge of authors, a few 1D approaches analyzing the dynamics of straight MEE beams have been published recently, but studies focused in the
dynamics of slender MEE curved beams are practically absent.
In this article, a 1D model representing the mechanics of layered MEE curved beams is introduced. The motion equations are derived according to the Hamiltonʼs principle
for coupled elastic – electric – magnetic fields. The electromagnetic field is previously solved according to given hypothesis and the incorporated to the potential functional.
Then, the coupled magnetic, electric and elastic equilibrium equations of the curved beam are solved within the context of numerical procedures in order to characterize the
vibration behavior of the MEE curved beams.
3271 | Effect of the temperature on the nonlinear vibrations of FGM cylindrical shells with geometric imperfections (17. Functionally graded materials and
structures (Romesh Batra, Erasmo Carrera))
Strozzi, M. (matteo.strozzi@unimore.it), University of Modena and Reggio Emilia, Italy
Pellicano, F. (francesco.pellicano@unimore.it), University of Modena and Reggio Emilia, Italy
In this paper, the nonlinear vibrations of functionally graded (FGM) circular cylindrical shells are analyzed. The Sanders-Koiter theory is applied to model the nonlinear
dynamics of the system in the case of finite amplitude of vibration. The shell deformation is described in terms of longitudinal, circumferential and radial displacement fields.
Simply supported, clamped and free boundary conditions are considered. The displacement fields are expanded by means of a double mixed series based on Chebyshev
orthogonal polynomials for the longitudinal variable and harmonic functions for the circumferential variable. The effect of the geometric imperfections is accounted for by
means of a modal representation. Both driven and companion modes are considered allowing for a travelling-wave response of the shell in the circumferential direction.
Numerical analyses are carried out in order to characterize the nonlinear response when the shell is subjected to a harmonic external load. A convergence analysis is carried
out by considering a different number of axisymmetric and asymmetric modes. The present study is focused on determining the nonlinear character of the shell dynamics
under different thermal loading conditions.
3885 | Free vibration of rectangular P-, S-, and E-FGM plates with distributed masses using third order shear deformation theory (17. Functionally graded
materials and structures (Romesh Batra, Erasmo Carrera))
Kari, Mohammadreza (mohammadreza_kari@yahoo.com), Saveh Branch, Islamic Azad University, Iran
Sadraee, Masoomeh (masoomeh.sadraee@gmail.com), Saveh Branch, Islamic Azad University, Iran
Motahari, Reza (r.motahari60@gmail.com), Saveh Branch, Islamic Azad University, Iran
Vibration problems of plates with and without mass loading are very common in engineering applications. The problem of plates carrying distributed masses initiated from
the design of electronic systems. The printed circuit boards and plate-like chassis can be approximated as flat rectangular plates carrying distributed masses and subjected
to vibration. Considering these masses as distributed masses can give us better and more accurate results.
Composite plates are widely used in industry and new fields of technology, but stress singularities in composites may occur at the interface between two different materials,
due to the mismatch of materials. Therefore, the concept of functionally graded material (FGM) was introduced to satisfy the demand of ultra-high-temperature environment
and to eliminate the stress singularities.
In this paper the free vibration of a simply supported FGM plate with distributed mass is emphasized. Three cases of P-, S- and E-FGM plates are considered. The problem
is solved by means of a double fourier series, and third order shear deformation theory (TSDT) is used for displacement field. The effects of size and location of the
distributed mass on the response of the plate are also presented. A thorough comparison with well known published results is presented for the case of free vibration of
unloaded plates and good agreement is observed.
3297 | Functionally graded piezoelectric-piezomagnetic layer with multiple cracks (17. Functionally graded materials and structures (Romesh Batra, Erasmo
Carrera))
Mousavi, Seyed Mahmoud (mahmoud.mousavi@aalto.fi), Aalto University, Finland
In this article, anti-plane analysis of cracked functionally graded piezoelectric-piezomagnetic (FGPP) layer is carried out. The analysis is done vie distributed dislocation
technique (DDT). The behavior of the FGPP layer is determined in the presence of a Volterra-type screw dislocation. Then by distributing the dislocation, the cracks are
formed via DDT. The field intensity factors including stress, electric and magnetic are determined for layer with one. It is depicted that the DDT is capable of the analysis of
FGPP layer.
3542 | Geometrically Non-linear Free Vibration Analysis of Circular Functionally Graded Plates using a Homogenization Procedure. (17. Functionally graded
materials and structures (Romesh Batra, Erasmo Carrera))
EL Kaak Rachid (rachidkhinto@gmail.com), Ecole Normale Sup?rieure de l''Enseignement Technique de Rabat, LaMIPI, Universit? Mohammed V-Souissi,Rabat, Morocco
El Bikri Khalid (pr.elbikri@yahoo.com), Ecole Normale Sup?rieure de l''Enseignement Technique de Rabat, LaMIPI, Universit? Mohammed V-Souissi,Rabat, Morocco
Benamar Rhali (rbenamar@emi.ac.ma), Ecole Mohammadia d?Ing?nieurs, LERSIM, Agdal Universit? Mohammed V-Agdal , Morocco
In the present study, the problem of geometrically nonlinear free vibrations of functionally graded circular plates (FGCP) is studied. An homogenization procedure (HP) has
been developed to reduce the problem under consideration to that of isotropic homogeneous circular plate. The material properties of the functionally graded composites
examined are assumed to be graded in the thickness direction of the plate and estimated through the rule of mixture. The theoretical model is investigated by using the
classical Plate theory. In-plane deformation is included in the formulation. Hamiltonʼs principle is applied and a multimode approach is derived to calculate the fundamental
nonlinear frequency parameters. The numerical results obtained are presented and compared with available published results dealing with the problem of functionally graded
plates.
3352 | Hot Deformation Characteristics of Functionally Graded Steels (FGS) Produced By Electroslag Remelting (17. Functionally graded materials and
structures (Romesh Batra, Erasmo Carrera))
Naderi, Babak (babaknaderi61@gmail.com), Amir kabir University of technology, Iran
Aghazadeh Mohandesi, jamshid (babaknaderi61@gmail.com), Amir kabir University of technology, Iran
this work hot compression test was carried out at 900-1200 °C with strain rate of 0.1-1 (S-1) up to ~50% height reduction on a functionally graded steel (FGS) specimens
comprised of ferritic, bainitic, austenitic and martensitic layers (αβγMγ). The stress-strain curves are strongly dependent on temperature and strain-rate. Compressive flow
stress varied from 40 to 105 MPa depending on the applied temperature and strain rates. Variation in steady state flow stress with temperature and strain rates was studied.
The strain-rate sensitivity exponent (m) and deformation activation energy (Q) for the αβγMγ composite under studied condition were 0.106 and 354.8 KJ mol-1,
respectively, which are within the values of boundary layers of ferrite (304.9 KJ mol-1) and austenite (454.8 KJ mol-1) layers. Given the alternative microstructure of the
αβγMγ FGS a range of deformation mechanism from dynamic recovery to dynamic recrystallisation maybe prevails, were the intensity of each mechanism depends on
temperature and strain rates. In accordance to the experimental results, an empirical power-law equation has been developed over the range of temperatures and strain-rate
investigated, the equation accurately describing the temperature and strain-rate dependence of the flow stress.
3557 | Karhunen-Löeve decomposition for vibration analysis of nonlinear curved beams made of functionally graded materials and piezoelectric actuators (17.
Functionally graded materials and structures (Romesh Batra, Erasmo Carrera))
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Functionally graded materials and structures (Romesh Batra, Erasmo Carrera))
Piovan, Marcelo T. (mpiovan@frbb.utn.edu.ar), CIMTA, Universidad Tecnol?gica Nacional FRBB, Argentina
Domini, Sebasti?n, (dominis@frbb.utn.edu.ar), CIMTA, Universidad Tecnol?gica Nacional FRBB, Argentina
The Functionally Graded Materials (FGM) have been studied for several years due to their constructive features. Unlike laminated composite materials, the FGM are a class
of composites that change their constitution smoothly and continuously from one surface to other following a particular law of distribution. The piezoelectric materials are a
branch of the smart materials with a lot of applications in engineering designs, also with a growing importance in control of deformations and vibrations and used for
actuators and sensors as well. FGM and piezoelectric structures that combine both characteristics are constructed for several industrial purposes. These structures consist
of layers of FGM with piezoelectric plates embedded in the structure or bonded in the surface or both.
In this paper a nonlinear model for a curved beam constructed with FGM and piezoelectric materials is presented. The model considers different types of gradation laws,
shear deformation among others of importance. The motion equations for different problems are analyzed by means of finite element approaches and the studies of transient
dynamics (with nonlinear excitations) are tackled with reduced models developed employing the Karhunen-Löeve or Proper orthogonal decomposition.
A number of studies are carried out in order to characterize different aspects of the dynamics of curved beams with piezo-FGM.
3440 | Microstructure and mechanical properties of a functionally graded material consisting of a highly alloyed CrMnNi-steel and varying Mg-PSZ content (17.
Functionally graded materials and structures (Romesh Batra, Erasmo Carrera))
Decker, Sabine (sabine.decker@iwt.tu-freiberg.de), TU Bergakademie Freiberg, Germany
Lippmann, Julia (lippmaju@mailserver.tu-freiberg.de), TU Bergakademie Freiberg, Germany
Krueger, Lutz (krueger@ww.tu-freiberg.de), TU Bergakademie Freiberg, Germany
A functionally graded material (FGM) consisting of a high alloyed 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 highly alloyed (16 wt.% Cr, 6 wt.% Mn, 6 wt.% Ni) and the Mg-PSZ content
increases along the sample height from 0 vol.% to 40 vol.%. Three kinds of FGM were sintered by combining layers of 1 mm height with different Mg-PSZ contents. Since a
different heat distribution is to be expected for the different FGMs, the several layers were investigated in matters of density, hardness and grain size. Bending samples were
cut from the FGMs and tested by three point bending test. Afterwards, the material failure was investigated by scanning electron microscopy and light optical microscopy. It
was shown, that the number of layers didnʼt influence the porosity, the hardness and the grain size of the particular layers. The porosity within the FGM increased with
increasing ceramic content, while the bending strength decreased.
3057 | Multi-level bamboo structure for affordable housing (17. Functionally graded materials and structures (Romesh Batra, Erasmo Carrera))
Korde Chaaruchandra (chaarukorde27@gmail.com), IIT Delhi, India
Mohanty Sanat (sanat.mohanty@gmail.com), IIT Delhi, India
Gupta Ashok (ashokg@civil.iitd.ac.in), IIT Delhi, India
Puttagunta Sudhakar (sudhakar.puttagunta@gmail.com), Haritha Ecological Insitute, India
In the present times where land is an important constrain, with rising populations it has become all the more necessary to go multi-level in developing affordable housing
schemes. The challenging issue for going multi-level using bamboo is to develop strong columns of required heights. In addressing these issues the two key parameters are
pure axial load and bending moment carrying capacity of bamboo columns. This is achieved using a new innovative jointing technology i.e. “Haritha IITD Bamcrete
Technology (HIB)” for developing twin bamboo columns as main load bearing elements to develop bamcrete columns (bamboo concrete composite columns) for multi-level
housing.
The present paper discusses the construction of a 6m x 6m three story bamboo structure using bamboo columns as main load bearing elements. The three story structure is
constructed using all-bamboo columns and bamcrete columns of 6 m height. The floors of the structure at two levels are constructed using bamboo trusses with bamboo
flooring. The roof of the structure is developed using bamboo arches of 6m span. Thus it brings out the potential of bamboo to be used for multi-level bamboo housing as a
green-composite material.
2895 | Nonlinear flutter of functionally graded plate under a hypersonic flow (17. Functionally graded materials and structures (Romesh Batra, Erasmo Carrera))
Hao Y.X. (bimhao@sohu.com), Beijing Information Science and Technology University, China
An analysis on the nonlinear dynamics of a FGM plate in hypersonic flow subjected to an external excitation and uniform temperature change is presented in this paper.
Material properties of the constituents are assumed to be temperature-independent and the effective properties of FGM plate are graded in thickness direction according to a
simple power law function in terms of the volume fractions. Based on von Karman type nonlinear strain–displacement relationship, the nonlinear governing equations of
motion are derived by using Hamiltonʼs principle. Galerkinʼs method is then utilized to discretize the governing partial equations to a two-degree-of-freedom nonlinear system
including the quadratic and cubic nonlinear terms. A third-order piston theory is applied for the hypersonic aerodynamic load. Numerical results including the bifurcations,
waveform, phase plots and Poincare maps are presented for FGM plate to show the influences of material gradient index, Mach number and in-plane load parameter on the
nonlinear dynamics.
3024 | Propagation of multiple cracks in a functionally graded orthotropic (17. Functionally graded materials and structures (Romesh Batra, Erasmo Carrera))
Rahmani,Omid (omid.rahmani@znu.ac.ir), university of zanjan, Iran
Bagheri, Rasul (rasul_m65@yahoo.com), university of zanjan, Iran
Ayatollahi,Mojtaba (mo_ayatollahy@yahoo.com), university of zanjan, Iran
In the present paper, multiple cracks with constant length propagating in the non-homogeneous orthotropic half-plane under anti-plane loading is investigated by means of
the dislocation method. 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 half-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 half-plane weakened by several moving cracks. Numerical examples are
provided to show the effects of material properties, crack size and the speed of cracks propagating on the stress intensity factors of crack tips.
3175 | REDUCING STRESS CONCENTRATION FACTOR IN A PLATE WITH AROUND HOLE BY USING FGM (17. Functionally graded materials and structures
(Romesh Batra, Erasmo Carrera))
Sburlati Roberta (sburlati@dicat.unige.it), University of Genova, Italy
In this paper the problem of maximizing the strength of a homogeneous plate with a circular hole is investigated. Holes are well known to be a design problem because often
the site of fracture in structures. With improvement of manufacturing processes a solution to reduce stress concentration (SCF) around a hole in a plate may be obtained by
using an inhomogeneous plate with Youngʼs modulus that progressively decreases towards the hole; in other words, by using a radially functionally graded material (FGM)
plate. The above mentioned studies are performed by assuming an entire FGM plate; however, to meet the SCF mitigation only a circular FGM ring around the hole can
satisfy the requirement and bring about a reduction of manufacturing costs. The aim of this contribution is to present an analytical solution to obtain the SCF around a
circular hole in a homogeneous plate in which a radially functionally graded material ring around the hole is perfectly bonded to the plate. The plate is subjected to uniform
uniaxial tension loading and comparisons with the placement of homogeneous rings are investigated. Analytical solutions in closed form are obtained and numerical
examples permit us to describe the effect of a graded coating in comparison to their homogeneous counterpart. Optimal tailoring of the plate is explored and functional
grading is shown to improve the performance of the plate.
3658 | Steel/intermetallic functionally graded materials fabricated by using Laser Engineered Net Shaping (LENS) (17. Functionally graded materials and
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3658 | Steel/intermetallic functionally graded materials fabricated by using Laser Engineered Net Shaping (LENS) (17. Functionally graded materials and
structures (Romesh Batra, Erasmo Carrera))
Tomasz DUREJKO (tdurejko@wat.edu.pl), Department of Advanced Materials and Technologies, Military University of Technology, Poland
Michal ZIETALA (mzietala@wat.edu.pl), Department of Advanced Materials and Technologies, Military University of Technology, Poland
Jerzy BYSTRZYCKI (jbystrzycki@wat.edu.pl), Department of Advanced Materials and Technologies, Military University of Technology, Poland
This work presents our most recently obtained original results on the 316L stainless steel/Fe3Al intermetallic Functionally Graded Materials (FGMs) fabricated by using
LENS. LENS is the leading additive manufacturing technology for the production of high-performance metal parts. Among a variety of different intermetallic compounds that
can be used in the heterogeneous metal/intermetallic materials, the Fe3Al and FeAl-based intermetallics called iron aluminides are of special interest because of their
outstanding corrosion resistance at high temperature. The steel/aluminide FGMs may offer the unique benefits of excellent oxidation and sulfidation as well as wear
resistance combined with a high strength at elevated temperature in hostile environment as compared only to the steel counterparts. In this work microstructure and
microhardness of the steel/Fe3Al FGMs were investigated. The LENS MR-7 system was used to build fully dense functionally graded blocks and tubes with continues
gradient. The microstructural and phase analysis were carried out by SEM, XRD and EBSD. Chemical homogeneity after laser deposition was analyzed using EDS coupled
with SEM and XRF. Internal integrity of builds was investigated by using X-ray tomography. Based upon the obtained chemical and phase compositions combined with
microstructures, their effect on the hardness behavior of the steel/intermetallic FGMs will be shown.
3822 | The effect of composite layers ?MgAl intermetalic layer / PVD coating? obtained by duplex treatment on the tribological and corrosion properties of
AZ91D magnesium alloy (17. Functionally graded materials and structures (Romesh Batra, Erasmo Carrera))
Jerzy Smolik (jerzy.smolik@itee.radom.pl), Institute for Sustainable Technologies - National Research Institiute, Pulaskiego 6/10, 26-600 Radom, Poland, Poland
Adam Mazurkiewicz (adam.mazurkiewicz@itee.radom.pl), Institute for Sustainable Technologies - National Research Institiute, Pulaskiego 6/10, 26-600 Radom, Poland,
Poland
Jaros?aw Mizera (jmizera@inmat.pw.edu.pl), Warsaw University of Technology, Pl. Politechniki 1, 00-661 Warsaw, Poland, Poland
The magnesium alloys are very interesting construction materials in aviation, automotive and machine industries. Their low densities from 1.75 to 1.85 g/cm3 and high
specific strength give a chance of considerable reduce of energy. The main inconvenient feature of magnesium alloys which make difficult their applications is very small
corrosion and tribology resistance.
This paper presents the technological process of creation of the composite layers consist of “intermetalic layer MgAl – PVD coating” on AZ91D magnesium alloy intended for
anticorrosion and anti-wear applications. The investigated composite layers were obtained with the use of the duplex treatment technology, which consist of diffusion
treatment in Al powder followed by PVD deposition method. Two different PVD coatings namely TiCrAlN and Al2O3 were obtained on the AZ91D magnesium alloy with the
MgAl intermetalic layer on the surface.
The properties of the designed and created composite layers like as microstructure, phase structure, chemical composition, adhesion and mechanical properties were
investigated. The paper also demonstrates the results of corrosion investigations as well as tribology investigations carried out for AZ91D magnesium alloy covered by
investigated composite layers.
The obtained results proved that hybrid surface treatment technology – diffusion treatment in Al powder + Electron Beam deposition, enable to significant increase of
corrosion and tribology resistance of AZ91D magnesium alloy.
3835 | Thermo-elastic analysis of FGM annular circular plates resting on elastic foundation (17. Functionally graded materials and structures (Romesh Batra,
Erasmo Carrera))
Alibeigloo, A. (abeigloo@modares.ac.ir), Tarbiat modares University, Iran
Abedi, A. (a.abedi@modares.ac.ir), Tarbiat modares University, Iran
Three dimensional bending analysis of a functionally graded (FG) solid circular and annular plate subjected to thermo-mechanical load is investigated. Circular plate is
rested on two parametric elastic foundation and has various edges boundary condition. Analytical solution is presented for the plate with simply supported edges by using
Fourier series in in-plane axis and state space technique in thickness direction. For the other edges condition, semi analytical solution by using differential quadrature
method along the in-plane axis and state space technique in thickness direction is carried out. Mechanical property of the plate was assumed to vary exponentially through
the thickness, and Poisson ratio was held constant. The temperature gradient can be derived by solving the heat conduction equation exactly. The exactness of the present
procedure is verified by comparing the numerical results with published results. Furthermore the effects of temperature change, Pasternak elastic foundation coefficients,
applied mechanical load, gradient index, aspect ratio and thickness to length ratio on the behavior of the plate are examined.
3934 | A NON-LINEAR FINITE ELEMENT FOR CURVED ACTIVE COMPOSITES WITH EMBEDDED PIEZOELECTRIC LAYERS (18. Health Monitoring Techniques in
Composite Structures)
Sartorato, M. (murilosart@gmail.com), EESC/USP, Brazil
Medeiros, R. (medeiros@sc.usp.br), EESC/USP, Brazil
Ribeiro, M. R. (malribei@usp.br), EESC/USP, Brazil
Tita, V. (voltita@sc.usp.br), EESC/USP, Brazil
In recent years, the study of smart composite materials has increased due to the development of active piezoelectric fibers that can be produced into thin patches of
laminates made of piezoelectric fibers reinforced polymers that, unlike the more common used piezoceramics, can undergo large displacements and strains without
fracturing. This characteristic improves the potential of such materials as curved shaped laminates can be produced and used as both sensors and actuators in non-planar
structures for several applications such as structure health monitoring, damage identification, vibration control and/or suppression, energy harvesting, along with others.
However, several obstacles remain to the practical application of this technology: difficulty in fiber manufacturing techniques, mechanical and electrical properties prediction
and obtainment and mechanical behavior prediction and simulation. In this work, a model for structural composite laminates containing active piezoelectric layers is
presented and used to formulate a shell quadratic finite element with eight nodes for large displacements and curved structures. The element was implemented into the finite
element commercial package Abaqus through its UEL (User ELement) Fortran subroutine. Numerical results of damaged and undamaged carbon-epoxy composites with
macro-fiber composites (MFC) piezoelectric patches attached under static and/or dynamic load cases are presented.
3512 | Computational and Experimental Dynamic Analyses of Hybrid Bonded Joints Monitored through Smart Composites (18. Health Monitoring Techniques in
Composite Structures)
Medeiros, Ricardo de (medeiros@sc.usp.br), Department of Aeronautical Engineering, Engineering School of S?o Carlos, University of S?o Paulo, Brazil
Ribeiro, Marcelo L. (malribei@usp.br), Department of Aeronautical Engineering, Engineering School of S?o Carlos, University of S?o Paulo, Brazil
Borges, Emanuel N. (enb@sc.usp.br), Department of Aeronautical Engineering, Engineering School of S?o Carlos, University of S?o Paulo, Brazil
Tita, Volnei (voltita@sc.usp.br), Department of Aeronautical Engineering, Engineering School of S?o Carlos, University of S?o Paulo, Brazil
Frequency Response Functions (FRFs) has been investigated for hybrid titanium-composite (epoxy resin reinforced with carbon fibers) single lap joints with damage at the
overlap region. In fact, the FRFs can be used in a structural health monitoring system, which must be able to detect damages in the bonded joints. Therefore, single lap
hybrid joints with damage or not were manufactured and evaluated by modal analyses, using accelerometers and smart composite sensors made of piezoelectric materials
and epoxy resin. Thus, the results obtained from the accelerometers were compared to the results provided by the smart composite sensors. After that, finite element
models with damage or not were developed in order to simulate the experimental tests. In this case, the properties of the smart composite sensor were modeled using a
method established by the authors in the last works. Also, the overlap region was analyzed applying contact elements in order to simulate the damage. After the
computational analyses, the numerical calculations were compared to the experimental FRFs. Finally, there are discussions about the potentialities and limitations of the
finite element analyses and the detection technique based on FRFs.
3727 | Damage Index Analysis Based on H2 Norm (18. Health Monitoring Techniques in Composite Structures)
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Ju Qiu (qiuju0511@nuaa.edu.cn), MSC Shanghai office, China
Dr. Ion Stiharu (istih@alcor.concordia.ca), Department of Mechannical Engineering of Concardia University, Canada
Damage Index Analysis for Composite Based on H2 Norm
Abstract: This paper has two parts. The first part introduces a method on damage identification based on H2 norm. Take a 2D composite truss as an example, act on the
dynamic load, and consider damping and no damping. Its results demonstrate that damage index has a very high sensitivity to find multi-damages in the composite structure,
and at the same time, the damage sizes are corresponding to the different damage indexes. This approach will quantify the sparse nature of damage for further
investigations and be significantly extended to the aircraft structures. The second one illustrates a procedure based on the continuous-wavelet transform (CWT) for the
analysis of the damage element, such as a beam, which is found by the first part. And it also discusses its application to a fault location in the composite beam. The analysis
carried out shows that multi-faults exist in the beam by the CWT-transformed signals, and reveals the minor discontinuities of the first mode of the beam.
Keywords: Truss; H2 norm; Damage index; CWT"
4306 | Damage quantification diagnosis strategies forcomposite tail plane structures based on propagation Lamb waves (18. Health Monitoring Techniques in
Composite Structures)
Gao, Dongyue (dongyue2006@mail.dlut.edu.cn), Dalian university of technology, China
Wang, Yishou (wangys@dlut.edu.cn), Dalian university of technology, China
Wu, Zhanjun (wuzhj@dlut.edu.cn), Dalian university of technology, China
Gorgin, Rahim (r_gorgin@yahoo.com), Dalian university of technology, Iran
A widespread need to develop a cost-effective, in-service structural health monitoring (SHM) system is growing for determining the integrity and assessing the long-term
durability of full-scale composite components on an aircraft structure. In this paper, in-service structural health monitoring (ISSHM) methodology based on Lamb wave
damage quantification diagnosis technology is proposed as the pre-research of full-scale composite tail plane health monitoring technology. First, an overview of the damage
quantification diagnosis method is given. To illustrate the capability of the diagnosis method, two applications are presented: (1) monitoring of damage location on thin-walled
structure, (2) monitoring of delamination growth around a typical aircraft composite structure during static load testing. The results show that, through using Lamb wavesbased damage quantification diagnosis method, the damage location and delamination growth of typical structure on composite tail plane can be evaluated and monitored
well.
4358 | DELAMINATION DETECTION IN COMPOSITE BEAMS USING SYSTEM IDENTIFICATION (18. Health Monitoring Techniques in Composite Structures)
Ali, Md Younus (md.ali3@adfa.edu.au), University of New South Wales , Australia
Shankar, Krishna (k.shankar@adfa.edu.au), University of New South Wales , Australia
The current work presents an new application of ERA based System Identification to identify, locate and assess the size of delaminations in laminated composite beams.
Unlike the use of frequency measurements, system identification has the potential to readily pinpoint the location and the extent of damage, in addition to alerting to its
occurrence. Most importantly, while most techniques require measurements from the undamaged structure, System Identification can indicate and assess local damage by
comparison with the rest of the structure; so measurements on the structure in its pristine condition is unnecessary. The numerical simulation was performed with ANSYS
13.0, to model Carbon Fibre Reinforced Plastic (CFRP) beams with simulated delaminations and generate transient impulse response signals. The impulse response and
the input signals are fed into the ERA algorithm to estimate the system dynamic properties, namely the stiffness and damping coefficients of all elements in the structure.
Variations in the dynamic properties readily identify the presence, location and severity of the damage. The numerical simulation of 8 ply quasi-isotropic CFRP laminated
beams demonstrate that delaminations as small as one percent of the beam length in size can be identified and assessed using the present method. Experimental
simulations indicate that noise in the measured impulse signals need to be eliminated for successful practical implementation of the technique.
3721 | Fatigue life evaluation and crack detection of the adhesive joint with carbon nano tube (18. Health Monitoring Techniques in Composite Structures)
Kang, Min-Hyo (mhkang@gnu.ac.kr), Research Center for Aircraft Parts Technology, School of Mechanical and Aerospace Engineering, Gyeongsang National Univesity,
Korea, South
Choi, Jin-Ho (Choi@gnu.ac.kr), Research Center for Aircraft Parts Technology, School of Mechanical and Aerospace Engineering, Gyeongsang National Univesity, Korea,
South
Kweon, Jin-Hwe (jhkweon@gnu.ac.kr), Research Center for Aircraft Parts Technology, School of Mechanical and Aerospace Engineering, Gyeongsang National Univesity,
Korea, South
For a composite material with a high specific strength and specific stiffness with excellent damping and good impact properties, its joint design is a very important
consideration because an improper design may lead to overweight or defective structures. The joining of composite materials has traditionally been achieved by mechanical
fastening or adhesive bonding. Adhesive bonding does not require holes and distributes the load over a larger area than mechanical joints. As the use of adhesively bonded
joints subjected to cyclic loading has increased in recent years, it is important to measure fatigue cracking and the life of these adhesive joints in an effort to understand the
fatigue behavior.
In this paper, the static and dynamic strengths of the composite adhesive joints with the 2% wt carbon nano-tubes were studied. The composite to aluminum single-lap joints
were fabricated and their strengths were evaluated. The fatigue crack growth rate of the adhesive joint with the dispersed carbon nano-tube was compared to those of an
adhesive joint without carbon nano-tubes. In addition, the equivalent resistance and capacitance of the adhesive film were measured by means of a fabricated electric circuit
and an A/D converter during the fatigue test.
3131 | On line, in situ monitoring of composites using paper based low cost graphite sensors (18. Health Monitoring Techniques in Composite Structures)
Saad Nauman (saadnauman@hotmail.com), Institute of Space Technology, Pakistan
Zeeshan Asfar (zeeshanasfar@gmail.com), Vividtech technologies, Pakistan
In service monitoring of composites is gaining popularity among engineers and technologists due to certain inherent advantages of making a structure self sensing. . One of
the important aspects of any such system would be the integration of reliable and low cost sensors inside the composite structure. It is important that these sensors not only
have all the attributes of commercially available sensors such as sensitivity, low noise and linearity but they should also be made in ready to integrate configurations
compatible with composites manufacturing processes. This attribute will make the sensors function as a smart integral part of the composite part and will allow extracting
maximum information about the state of structural health without altering the original fiber architecture/geometry.
The present article discusses one such paper based sensor realized from graphite coatings and integrated in the reinforcement during manufacturing prior to resin
impregnation for unobtrusive structural health monitoring of composites. Results have shown that our sensor can detect onset and propagation of damage inside the
composite and can be employed for monitoring of complex composite parts due to its inherent advantages such as low cost, simplicity of design and unobtrusive nature.
3317 | Sensitivity analyses of a piezoelectric SHM system for delaminated composite flange skin structures (18. Health Monitoring Techniques in Composite
Structures)
Alaimo, A. (andrea.alaimo@unikore.it), University of Enna Kore, Italy
Milazzo, A. (alberto.milazzo@unipa.it), University of Palermo, Italy
Orlando, C. (calogero.orlando@unikore.it), University of Enna Kore, Italy
In this paper, a Structural Health Monitoring (SHM) piezoelectric system is studied to investigate the sensitivity for skin/stiffener de-bonding and delamination cracks
detection. the numerical analyses are carried out by using a Boundary Element code for non-homogeneous piezoelectric domain. The delamination cracks as well as the
adhesive between the host structure and the piezoelectric patch are modeled by means of a modified non linear Spring Model. Static and dynamic parametric analyses are
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performed on a flange skin assembly in order to characterize the electromechanical response of the sensor by varying the crack configuration. based on the
electromechanical response, a damage index is defined with the aim to easily correlate the piezoelectric patch output to the crack location. The fracture mechanics analyses
are also performed to fully characterize the problem and to link the sensor output to fracture mechanics parameters, i.e. the Total Energy Release Rate G and the mode mix
phase angle.

3135 | Structural Health monitoring for composite structures via MEMS accelerometers (18. Health Monitoring Techniques in Composite Structures)
Francesco Caimmi (francesco.caimmi@polimi.it), Politecnico di Milano, Dipartimento di Chimica, Materiali e Ingegneria Chimica "Giulio Natta", Italy
Matteo Bruggi (bruggi@stru.polimi.it), Politecnico di Milano, Dipartimento di Ingegneria Strutturale, Italy
Stefano Mariani (mariani@stru.polimi.it), Politecnico di Milano, Dipartimento di Ingegneria Strutturale, Italy
Paolo Bendiscioli (paolo.bendiscioli@st.com), STMicroelectronics, AMS Product Division, Italy
Marco De Fazio (marco.de-fazio@st.com), STMicroelectronics, Advanced System Technology, Italy
An approach based on cheap, off-the-shelf triaxial micro-electro-mechanical sensors (MEMS) is proposed to develop robust structural health monitoring (SHM) systems.
While these sensors are not as accurate or precise as other transducers commonly used in SHM, their low price allow them to be deployed in large number, thus
overcoming through redundancy their limitations. As such SHM system is surface-mounted, it does not suffer from the restrictions imposed by sensors to be embedded into
the structure, e.g. fibre Bragg grating sensors.
The development of the MEMS-based SHM method was tackled from two different viewpoints, experimental and numerical.
The optimal sensors deployment was studied by an optimization procedure relying on concepts from topology optimization and exploiting the ability of MEMS sensors to be
deployed in large number and to sense orientation as well as acceleration. The optimization scheme was verified by applying it to simple geometries (such as the simply
supported or clamped plates) for which the validity of the solution could be intuitively assessed. The results show that dense sensor patterns characterize the optimal
solutions.
Then simple, laboratory scale specimens containing damage (cracks) of known position were instrumented with MEMS sensors. Cracks were grown by applying various
cyclic loading protocols. The practical possibility of using the output signal from the MEMS transducer to detect the extent of the growth was demonstrated.
3003 | Structural Health Monitoring of the Helicopter Main Rotor Blades Employing Novel FBG Sensors Techniques (18. Health Monitoring Techniques in
Composite Structures)
C. A. Dan (dancodrut@imp.gda.pl), Institute of Fluid-Flow Machinery, Polish Academy of Sciences, Poland
P. Malinowski (pmalinowski@imp.gda.pl), Institute of Fluid-Flow Machinery, Polish Academy of Sciences, Poland
T. Wandowski (tomaszw@imp.gda.pl), Institute of Fluid-Flow Machinery, Polish Academy of Sciences, Poland
S. Opoka (szymon.opoka@imp.gda.pl), Institute of Fluid-Flow Machinery, Polish Academy of Sciences, Poland
W. Ostachowicz (wieslaw.ostachowicz@imp.gda.pl), Institute of Fluid-Flow Machinery, Polish Academy of Sciences, Gdynia Maritime University, Faculty of Navigation,
Poland
A commercial Structural Health Monitoring (SHM) system of the helicopter main rotor blades is the next step in the new age of safety regulations. The problem of health
monitoring of the main helicopter rotor blade is still a troublesome one because the technical solution for such a dynamic and sensitive application must be one that will have
to satisfy and overcome the very strict technical and economical conditions imposed in the industry. This paper proposes a complementary SHM approach strategy
consisting of two fundamentally well known monitoring techniques that are employed simultaneously by exploiting the flexibility and multi-functionality of Fiber Bragg Grating
sensors (FBG). The fused system with multifunctional measurement capability can perform continuous static strain measurement in a large scale (thousands of micro
strains) in the low frequency domain for potential operational load monitoring and ultrafast triggered strain measurement in a small scale (tens of micro strains) in the
ultrasonic domain for potential damage detection, or a hybrid Lamb wave damage detection system. Several possible solutions to overcome this issue are discussed and
analyzed in the present paper, together with the challenges they pose. The best solution is considered and analyzed in detail and a general configuration of the system is
presented.
KEYWORDS: SHM, Main Rotor Blade, Fiber Optic Acoustic Sensor, Operational Load Monitoring, Hybrid Lamb Wave Damage Detection
3456 | Textile-Based Sensor Networks for the Structure Monitoring of Lightweight Structures and Membrane Constructions (18. Health Monitoring Techniques in
Composite Structures)
Haentzsche, Eric (eric.haentzsche@tu-dresden.de), Technical University Dresden,Institute of Textile Machinery and High Performance Material Technology , Germany
Kluge, Axel (axel.kluge@tu-dresden.de), Technical University Dresden,Institute of Textile Machinery and High Performance Material Technology , Germany
Nocke, Andreas (andreas.nocke@tu-dresden.de), Technical University Dresden,Institute of Textile Machinery and High Performance Material Technology , Germany
Cherif, Chokri (chokri.cherif@tu-dresden.de), Technical University Dresden,Institute of Textile Machinery and High Performance Material Technology , Germany
In the framework of the research presented here, structure-integrated, textile-based sensor networks for a continuous structure monitoring for FRP and membrane
constructions are developed. The approach consists of the textile integration of functional threads made of carbon, which operate in a sensorial way, into the textile
reinforcing structure already during the fabric manufacturing process. For this, textile technologies such as weaving and multiaxial stitch-bonding are used. The sensor
threads are aligned in the reinforcing structure in the direction of the load to effectively record the occurring loads. The two-dimensional alignment of the sensor threads is
carried out using special process-specific manipulation devices such as Open-Reed-Weaving during weaving and warp thread shogging systems when applying multiaxial
warp knitting technology. An important focus of the presented work is directed towards the achievable sensor characteristics especially with respect to the sensitivity and the
long-term stability. Research has shown that sensor structures can be realized with the help of carbon fibers that are suitable for the qualitative and especially quantitative
detection of mechanic loads. Long-term tests show that especially the stability of the sensor characteristics for longer periods of time forms a scientific challenge. Amongst
others, different approaches for the improvement of the long-term characteristics were analyzed and compared to each other.
3504 | A modified analytical model for Analysis of perforation of projectile into ceramic composites targets (19. Impact on Composites (Filipe Teixeira Dias,
Frederik Coghe))
Liaghat,Gholamhosein (ghlia530@modares.ac.ir), Tarbiat Modares University, Iran
shanazari,Hadi (hshanazari@gmail.com), Tarbiat Modares University, Iran
Tahmasebi, Mehdi (m.tahmasebiabdar@gmail.com), Tarbiat Modares University, Iran
In this paper based on Woodward[1] model, an analytical model has been presented for perforation of projectile into ceramic composites targets. In this model applying
different phases of projectile during perforation(erosion, mushrooming and rigid phase), modification of semi-angle of ceramic cone during perforation process, modification
the shape of nose of projectile and change in yeild strength of ceramic during perforation are made to Woodward theory. the ballistic limit and residual velocity of projectile
by presented model have a good agreement with experimental and other theoretical results of other researchers.
3517 | A non linear shear damage model to reproduce permanent indentation caused by impacts in composite laminates (19. Impact on Composites (Filipe
Teixeira Dias, Frederik Coghe))
Fanteria, Daniele (daniele.fanteria@dia.unipi.it), University of Pisa, Italy
Longo, Giuseppe (giuseppe.longo@ing.unipi.it), University of Pisa, Italy
Panettieri, Enrico (enrico.panettieri@gmail.com), University of Pisa, Italy
In aeronautical composite structures, the damage caused by impacts is an issue of great concern and in-service damage detection is related to the indentation left by the
impacts, hence the importance to understand the physical phenomena which control indentation. Recent studies suggest that indentation is greatly affected by the
transverse shear behavior of laminates, nevertheless its numerical simulation is still an open issue.
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transverse shear behavior of laminates, nevertheless its numerical simulation is still an open issue.
In the paper a non-linear material model, including both in-plane and transverse shear, is developed and implemented in an existing continuum-damage-mechanics-based
UMAT routine for the ABAQUS finite element code. Such enhanced simulation tool can cope with both the damage and the indentation caused by the impacts.
The new model has been used to simulate impacts on composite specimens, according to ASTM D7136, for different energy levels at given dart mass. The simulation
results are firstly compared with those obtained by means of the original UMAT routine, implementing a simplified shear model, in order to verify the new model and to
assess the importance of transverse shear in the simulation of impact events. A comparison between simulated and in-house experimentally measured time histories of both
contact force and absorbed energy shows a remarkable agreement, thus providing a preliminary validation of the code. The new model is also able to reproduce closely the
experimental indentation in terms of extension and depth.
3772 | A nonlocal damage model for laminated composites subjected to low velocity impact loading (19. Impact on Composites (Filipe Teixeira Dias, Frederik
Coghe))
Maio, Leandro (leandro.maio@unina.it), Department of Aerospace Engineering, University of Naples ''''Federico II'''', Italy
Monaco, Ernesto (ermonaco@unina.it), Department of Aerospace Engineering, University of Naples ''''Federico II'''', Italy
Ricci, Fabrizio (fabricci@unina.it), Department of Aerospace Engineering, University of Naples ''''Federico II'''', Italy
Lecce, Leonardo (leonardo@unina.it), Department of Aerospace Engineering, University of Naples ''''Federico II'''', Italy
Classical Finite Element-simulations using continuum damage models are known to be susceptible to so-called mesh sensitivity (its size and alignment): when the finite
element discretization is refined, the numerical solution does not converge to a physically meaningful solution of the problem . This behaviour is not unique for damage
models, but also occurs in softening plasticity and other continuous representations of material degeneration. Nonlocal damage models are used to avoid the mesh
dependency problems of local damage models. In this work a nonlocal damage model is implemented in the well-known commercial explicit Finite Element code Abaqus via
the Vectorized User MaTerial subroutine VUMAT. However, this method is relatively easy to implement into any existing code. The only information of last converged
incremental step are used for the computation of the non local quantity. Therefore the results become step size dependent, but will converge for decreasing step size. The
increment size used in an explicit simulation is normally much smaller than used in an implicit simulation in order to render stable solutions; so, the step size dependency is
negligible for explicit codes. The effectiveness of the non-local model is assessed through the simulation of an composite laminate under impact loading. It is shown that the
non-local numerical strategy is able to reduce the pathological mesh dependency inherently present in local damage models.
3514 | A progressive damage model for fiber reinforced plastic laminates subjected to impact loading (19. Impact on Composites (Filipe Teixeira Dias, Frederik
Coghe))
Xin, S. H. (xinsh@mail.ustc.edu.cn), University of Science and Technology of China, China
Wen, H.M. (hmwen@ustc.edu.cn), University of Science and Technology of China, China
A progressive damage model is proposed herein to predict the failure and post-failure behavior of fiber reinforced plastic laminates subjected to impact loadings. The present
model is mainly composed of three parts: first, quadratic stress based failure criteria are presented to predict the onset of various damages such as in-plane tensile failures,
in-plane compression failure, through-thickness compression failure, in-plane shear failure, through-thickness tensile failure (delamination); second, the post-failure softening
response is controlled by a linear form damage evolution law combined with the fracture energy approach and stiffness progressive reduction is characterized by a scalar
variable determined by equivalent displacement related to the characteristic length of element for each failure/damage initiation criterion; third, strain rate dependency of the
strength as well as the modulus of FRP laminated materials are also considered in the model by introducing the dynamic increase factor (DIF) into the model within a unified
framework. This new constitutive model is incorporated in ABAQUS/Explicit as a user subroutine. Comparisons are made between the present numerical results and some
available experimental data for fibre reinforced plastic laminates under impact by projectiles in a wide range of velocities and good agreement is obtained.
3640 | Advanced concepts for an improved military ballistic helmet design (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Coghe, Frederik (frederik.coghe@rma.ac.be), Royal Military Academy, Belgium
Kakogiannis, Dimitrios (dimitrios.kakogiannis@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
Whereas the protection level and efficiency of bulletproof vests has constantly been improved, the level of protection offered by military ballistic helmets has been limited to
revolver and pistol threats at the best. The work presented here is part of a project to fill this existing gap in protection level. This work more specifically focuses on the
development of new composite structures that might lead to important mass reductions. A first structure consists of a 'distended' composite material, where a number of
composite layers have been spaced using a polyurethane foam material. A second structure consists of a monolithic fiber-reinforced composite backed by a rigid titanium
plate at different stand-off distances. The ballistic resistance offered by these two structures even as the risk on behind-armour blunt trauma (BABT) will be compared to a
baseline design using both an experimental and numerical approach.
4364 | AN INDUSTRIAL SOLUTION FOR PREDICTING DELAMINATION AND DEBONDING IN AIRCRAFT COMPOSITE STRUCTURES SUBMITTED TO TYRE
IMPACT EVENT (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Fouinneteau, M. (Michel.FOUINNETEAU@airbus.com), AIRBUS, France
Tire debris impact is a recurring event in the aircraft lifetime, which can
potentially affect its structural integrity. In this work, delamination and debonding failure
mechanisms are investigated in order to define a robust modeling method applicable at
aircraft subcomponent level.
A standard cohesive element available in the explicit code Abaqus is used to represent ply
interface and bondline failure. Due to finite element model size limitation driven by industrial
operability, relatively large cohesive element size was used. A calibration exercise based on
an existing knock-down method [1] was conducted to insure correlation at coupon levels such
as DCB, ENF and MMB.
The calibrated methodology confidence was assessed upon three different levels of structural
complexity ranging from skin panel to wing box lower skin based on Airbus building block
approach philosophy.
Numerical prediction for delaminated and debonded areas have shown a satisfying level of
correlation to test in terms of predicted damage and overall structural behavior. Such
methodology can be used to have a general assessment on post-impact structure integrity.
4368 | Comparison between low-velocity impact and quasi-static indentation of Fibre Metal Laminates (19. Impact on Composites (Filipe Teixeira Dias, Frederik
Coghe))
Bienias, Jaroslaw (j.bienias@pollub.pl), Lublin University of Technology, Poland
Jakubczak, Patryk (p.jakubczak@pollub.pl), Lublin University of Technology, Poland
Surowska, Barbara (b.surowska@pollub.pl), Lublin University of Technology, Poland
Fibre Metal Laminates are new kind of hybrid materials composed of thin metal and fibre reinforced polymer layers. There are used in the aerospace due to they high
mechanical properties. However, it is known that classic composite have no resistance to dynamic loads. The purpose of this study was to investigate the differences in the
behavior of low-velocity impact and analogically quasi-static indentation of some FML (Al/CFRP and Al/GFRP). Samples were subjected by using a drop-weight impact
tester and the testing machine. The comparison of two dynamically different loads with the same boundary conditions showed that the low-velocity impact phenomena is a
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tester and the testing machine. The comparison of two dynamically different loads with the same boundary conditions showed that the low-velocity impact phenomena is a
one of the most important issue for composite structures, particularly in aerospace structures. It was observed that the same force levels during impact and quasi static
indentation causes completely different size of FMLs damage, but similar failure mechanisms. Low-velocity impact causes much more extensive destruction of this materials.
In extreme cases, the impact caused laminate perforation, while quasi-static indentation force only internal micro-degradation. It was concluded that quasi-static indentation
is not always able to reproduce the effect of low-velocity impact loading for FMLs. The lower strain rate of load application brings to non-linear behavior also during the
loading phase of indentation. Under dynamic loads high meaning has the unloading process, which can causes additional transverse cracks in FML.
3777 | Damage analysis of curved composite laminates under low velocity impact (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
DOGAN, OGUZ (odogan@aselsan.com.tr), ASELSAN INC., Turkey
PARNAS, LEVEND (lparnas@me.com), MIDDLE EAST TECHNICAL UNIVERSITY, Turkey
Composite laminates subjected to low velocity impact are modeled to simulate intra- and inter-laminar failure. The analysis is carried out by commercial FE code. For
modeling contact, the hard contact law is selected and tangential behavior of the impact is assumed to be frictionless. The impactor is modeled as a rigid body in order to
reduce computational time since its deformation is observed to be negligible in previous studies. In the first part, the contact force history of the impact without damage is
compared with some numerical and experimental data from literature for composite structures with various geometries. In the second part, a progressive damage analysis is
included with intra- and inter-laminar failure modes. A stress based failure criteria is employed for damage initiation taking into account fiber tension/compression and matrix
tension/compression failure modes. A fracture mechanics technique is used in the damage propagation algoritm. In addition, the cohesive elements based on linear elastic
traction separation law are utilized to predict the initiation and propagation of delamination. Layers and interfaces are modeled by solid stress elements and cohesive
elements, respectively. The user-defined material subroutine including degradation of material stiffness and the removal of damaged elements for progressive damage is
implemented in FE code. The effects of the mesh density, element types and failure criteria on the numerical results are presented.
3724 | DAMAGE ESTIMATION DUE TO LOW VELOCITY IMPACT ON LAMINATED COMPOSITE (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Kumar,Deepak (deepakmit2003@gmail.com), Department of Aerospace Engineering,Research Center for Aircrat Parts Technology,Gyeongsang National University, Jinju,
Gyeongnam 660-701, Korea, South
Kweon,Jin-Hwe (jhkweon@gnu.ac.kr), Department of Aerospace Engineering,Research Center for Aircrat Parts Technology,Gyeongsang National University, Jinju,
Gyeongnam 660-701, Korea, South
Choi,Jin-ho (choi@gnu.ac.kr), School of Mechanical Engineering, Research Center for Aircraft Parts Technology Gyeongsang National University, Jinju, Gyeongnam 606791 , Korea, South
Low velocity impact is considered potentially dangerous for a composite structure mainly because, the damage in the form of delamination and matrix cracking. To be able to
assess the critical nature of the induced damage, a thorough study of damage mechanism is needed. The main challenge is prediction about damage initiation and
propagation of low velocity impact-induced damage by the use of damage mechanism. The delamination and matrix cracking areas are modeled as cohesive zone and the
damage process as a contact behavior between the interfaces. For the damage evolution law, stress and fracture mechanics based failure criteria is applied. Damage model
is implemented in FEM code ABAQUS. The preliminary results show good agreement with the experimental results published by others.
Acknowledgement: This work was supported by Priority Research Centers Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (2012-048078). The authors also gratefully acknowledge the Ministry of knowledge Economy (MKE), Korea Institute for Advancement of
Technology (KIAT) and Dongnam Leading Industry Office through the Leading Industry Development for Economic Region.
2995 | Deformation and destruction of anisotropic materials under impact (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Radchenko, Andrey (andrey-radchenko@live.ru), Tomsk State University Architectural and Building, Russian Federation
Radchenko, Pavel (radchenko@live.ru), Tomsk State University Architectural and Building, Russian Federation
Materials with primary orientation of physicomechanical properties are widely used in various areas of engineering, including as the equipment for the launch of projectiles,
the projectiles and barrier. At the same time properties of such materials at intensive dynamic processes poorly studied. In work results of research of behaviour of
anisotropic materials and designs are submitted at impact and pulse loads. For the description of the behaviour of anisotropic materials within the framework of the
phenomenological approach the model which is taking into account distinctions in strength on compression and a stretching is offered. The model as allows carrying out
researches with any orientation of properties of a material concerning system of coordinates. Numerical modeling is carried out in three-dimensional statement. The range of
speeds of interaction up to 3000 m/sec is considered. Evolution of wave processes and destructions is investigated on orientation physicomechanical a material, kinematic
and geometrical parameters. Orientations of properties providing optimum use of anisotropic materials are determined.
3757 | Design of composite structures resisting hypervelocity Impact (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
SONG, Zhen-Fei (song_stanley@sina.com), Institute of Fluid Physics, Chinese Academy of Engineering Physics , China
ZHAO, Shi-Cao (zhaoshicao@gmail.com), Institute of Computer Application, Chinese Academy of Engineering Physics, China
Composite materials using high performance fibers and/or ceramic layers are widely applied in shielding structures, for example, in a Whipple resisting hyper-speed impact
of a aerospace debris. The ceramic layer or its fibers have high modulus and hardness, and therefore can be adopted to prohibit penetration of a high-speed projectile. The
high strength and low modulus fibers such as Kevlar have been used to generate large deformation and therefore absorb the kinetic energy of a projectile.
We launch a 10-mm-diameter and 0.15-mm-thickness flyer plate by means of electric gun to quantitatively evaluate the shielding performance of designed composite
structures. It is seen that the 2024 alloy panel sandwiched with Kevlar layers has the best performance of cutting down the shock peak and meanwhile generate largest
deformation to absorb the kinetic energy of the flyer plate.
The shielding panel covered with a layer of ceramic is designed to enhance the performance under the hypervelocity impact of a particulate cloud. We also use electric gun
to accelerate a particulate cloud composed of Al2O3 particulates with the size of 10-20 m and the total mass of 20mg. For 2024 alloy target 3.2mm in thickness, the
damage speed of particulate penetration is as high as about 1.4km/s under the impact speed of about 7km/s. While the target covered with a 200 m ceramic film withstand
the continuing impacts of the hypervelocity particulates without penetration until the target is perforated.
3367 | Drop-weight impact and compression after impact tests on hybrid laminated composite plates (19. Impact on Composites (Filipe Teixeira Dias, Frederik
Coghe))
Gonzalez, E. V. (emilio.gonzalez@udg.edu), Universitat de Girona, Spain
Maimi, P. (pere.maimi@udg.edu), Universitat de Girona, Spain
This work presents an experimental study of the drop-weight impact response of hybrid laminates manufactured with polymer-based composite materials. Three different
materials manufactured by epoxy Resin Transfer Moulding are used: unidirectional carbon tape, carbon fabric and glass fabric. A considerable amount of in-plane quasiisotropic laminates are analysed by combining pairs of materials and by changing their location in the through-the-thickness of the laminate. In addition, different impact
configurations are performed in order to increase the range of cases. The analysis is completed by non-destructive inspections based on ultrasonic technique and
Compression After Impact tests for the assessment of the residual strength. The results obtained demonstrate the effects of hybridization of composite structures under
impact loading conditions. Accordingly, the work yields to recommendations for structure design using hybridization.
3382 | Dynamic Analysis of Simply Supported Laminated Composite Hypar Shell Roof Subjected to Oblique Impact by Finite Element (19. Impact on Composites
(Filipe Teixeira Dias, Frederik Coghe))
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Das Neogi Sanjoy (sanoy_civil08@yahoo.com), Meghnad Saha Institute of Technology, India
Karmakar Amit (srikatha@yahoo.co.in), Jadavpur University, India
Chkravorty Dipankar (prof.dipankar@gmail.com), Jadavpur University, India
Introduction
Laminated composite has gained immense popularity in different industrial sectors due to high specific stiffness and weight. In spite of these advantages this material is
vulnerable to sudden impact due to its low transverse shear strength. Civil engineering shells, which are generally a roofing unit, are often susceptible to impact by wind born
debris, snow fall etc. These impacts may be normal or oblique. A close look through the literature shows that impact analysis of civil engineering shells have not been
addressed properly. This report is an effort to investigate the vibration characteristics of low-velocity impact by a solid striker impacting at the central node of composite
skewed hypar shell roof at different angle of impact and at different impact velocities.
Mathematical Formulation
A finite element approach is adopted here to analyse simply-supported boundary condition. An eight-noded isoparametric curved quadratic element is utilised in the present
study. Modified Hertzian contact law is applied, which considers permanent indentation, to compute the contact force generated at the impact point applied at different
angles. The time-dependent equations are solved using Newmarkʼs time-integration algorithm.
Numerical Examples
The problems are solved with two different objectives. Firstly, benchmark problems are solved to validate the stiffness, mass matrices as well as the impact formulation.
Apart from this, impact response of skewed hypar shell is studied for simply-supported boundary condition, different angle of impact and impact velocities. Along with the
contact force, the time history of displacement at the central point is studied to explore the dynamic magnification factor and equivalent static load.
Result Discussion
The results are analysed meticulously to extract the recommendations of engineering significance. A selection guideline is given to select the most appropriate option among
the available ones.
3566 | Dynamic Compressive Response of Ceramic Microspheres/Epoxy Syntactic Foams (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Hamed Ahmadi (h_ahmadi@modares.ac.ir), Tarbiat Modares University, Iran
Gholamhossein Liaghat (ghlia530@modares.ac.ir), Tarbiat Modares University, Iran
Syntactic foams are materials made by incorporating microspheres into a matrix. Earlier studies show that polymer matrix syntactic foams demonstrate strain rate sensitivity
in compressive loading. So in this study, the volume fraction effect on the high strain rate compressive properties of syntactic foam is investigated using a Split Hopkinson
Pressure Bar (SHPB) apparatus. Ceramic microspheres and epoxy resin with different volume ratios is used in these syntactic foams. Quasi static experiments were also
carried out to demonstrate the rate effects of the foam as well as to study its failure behavior. Finally the trends of changing in compressive strength and modulus of due to
changing in volume fraction will be discussed and demonstrate in charts.
2999 | Dynamic Short beam Shear Testing of 3D woven Composites (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Subhash, Ghatu (subhash@ufl.edu), University of Florida, United States America
Woven composite specimens with different architectures such as orthogonally woven, angle interlock 3D woven, as well as a 2D woven composites were tested at high
loading rates under flexural loading. A modified split Hopkinson pressure bar with momentum trap was used to impart controlled displacement to the composite specimens.
A high speed digital camera was used to monitor the deflection ad record the nature of damage induced during the loading. In addition, the impact device tip geometry was
varied to perform both dynamic bend tests as well as low velocity blunt impacts on test specimens. It was noted that the induced damage in 2D plane woven composites is
dominated by delamination, the 3D woven composites exhibited diffused damage with multiple microcracks. The residual stiffness of each composite specimen was also
determined by reloading under quasi-static conditions. This procedure allowed for the evaluation of damage tolerance of different architectures. Results from these tests
indicate that the addition of z-yarns in 3D woven composites reduce the delamination resistance yet increase the damage tolerance.
4110 | Effect of acrylate triblock copolymer on glass/ Epoxy composites toughness during low velocity impacts (19. Impact on Composites (Filipe Teixeira Dias,
Frederik Coghe))
Matadi Boumbimba, Rodrigue (rodrigue.matadi-boumbimba@u-bordeaux1.fr), d�partement DuMAS de l''Institut de M�canique et Ing�nierie (I2M), Bordeaux UMR 5295
CNRS, Universit� de Bordeaux, Arts et M�tiers-ParisTech, INRA, France
Viot, Philippe (Philippe.VIOT@ensam.eu), d�partement DuMAS de l''Institut de M�canique et Ing�nierie (I2M), Bordeaux UMR 5295 CNRS, Universit� de Bordeaux,
Arts et M�tiers-ParisTech, INRA, France
Froustey, Catherine (catherine.froustey@u-bordeaux1.fr), d�partement DuMAS de l''Institut de M�canique et Ing�nierie (I2M), Bordeaux UMR 5295 CNRS, Universit� de
Bordeaux, Arts et M�tiers-ParisTech, INRA, France
Gerard, Pierre (pierre.gerard@arkema.com), ARKEMA - GRL, RN 117 - BP 34 64170 Lacq France , France
Inoubli, Raber (raber.inoubli@arkema.com), ARKEMA - GRL, RN 117 - BP 34 64170 Lacq France , France
L�onardi, Fr�d�ric (frederic.leonardi@univ-pau.fr), IPREM / EPCP - UMR 5254, Universit� de Pau, France
Glass fiber reinforced polymer composites have been widely used in high performance materials in aerospace, automotive and marine applications. These materials present
poor out of plane properties. This fact limits their use in structures subjected to impact perforation.
In order to overcome this problem, many solutions have been reported. Recently, the incorporation of nanoparticles such as metal oxyde nanoparticles, nanoclays, graphite
nanoplatelets and carbon nanotubes, in the matrix of conventional fiber reinforced composites have been investigated. The most innovative method consists in using block
copolymers modified thermoset resins, whose reaction induces microphase separation.
Our work aims to investigate the effect of acrylate triblock copolymer (Nanostrength) on impact resistance of glass/ Epoxy composites. A drop weight tower was used to
perform low-velocity impact tests on composites with and without Nanostrengths. Some Dynamic mechanical analyses (DMA) tests have been conducted to characterize the
effect of Nanostrength on both storage modulus and glass transition temperature. Different observation tools, including optical observation, scanning electron microscopy
(SEM) and Atomic force microscopy (AFM) were used. Addition of Nanostrength in Epoxy matrix leads to the increase in both strength, and impact resistance of the
composite. However a slight decrease of storage modulus and glass transition temperature has been observed.
3628 | Effect of block copolymer nano-reinforcements in the matrix on the low?velocity impact response of sandwich structures (19. Impact on Composites
(Filipe Teixeira Dias, Frederik Coghe))
Ramakrishnan, Karthik-Ram (karthik.ramakrishnan@adfa.edu.au), I2M, Arts et Metiers Paristech, Talence, France
Viot, Philippe (philippe.viot@ensam.eu), I2M, Arts et Metiers Paristech, Talence, France
Guerard, Sandra (sandra.guerard@ensam.eu), I2M, Arts et Metiers Paristech, Talence, France
Leonardi, Frederic (frederic.leonardi@univ-pau.fr), IPREM-EPCP, Pau, France
Shankar, Krishna (k.shankar@adfa.edu.au), ADFA, UNSW - Canberra, Australia
Sandwich composites with fibre reinforced plastic (FRP) facesheets have emerged as a major class of lightweight structural materials in a wide range of engineering fields
including aerospace, automotive and marine structures. This is due to attractive mechanical properties such as high specific stiffness and high strength. Unfortunately, some
FRP sandwich structures have very low energy absorption capability when subjected to impulsive loads. This is of concern due to the susceptibility of sandwich structures to
damage caused by impact. The objective of this paper is to evaluate the dynamic response of sandwich composites based on Kevlar fibre reinforced epoxy and Rohacell®
foam. The improvement in impact performance of sandwich structures that can be achieved by the addition of nanoparticles in the resin matrix is investigated. Nanostrength,
an acrylate triblock copolymer that self-assembles in the nanometer scale is added to the epoxy matrix. The effect of the nano-reinforcements on flat sandwich plates under
low velocity impact is investigated at the macroscopic and mesoscopic scales. An instrumented drop tower setup is used for the low velocity impact tests of the sandwich
plates with neat or nano-reinforced epoxy matrix, at different energies. The macroscopic response of the sandwich structure and the microscopic phenomena involved in
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plates with neat or nano-reinforced epoxy matrix, at different energies. The macroscopic response of the sandwich structure and the microscopic phenomena involved in
dissipating the impact energy are identified and compared for sandwich plates with and without nanoparticles.
3679 | Effect of the fibre on impact strength of composite materials (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
P. Santos (d1259@ubi.pt), University of Beira Interior, Portugal
A. Campos (andrecampos87@gmail.com), University of Beira Interior, Portugal
P.N.B. Reis (preis@ubi.pt), University of Beira Interior, Portugal
J.A.M. Ferreira (martins.ferreira@dem.uc.pt), University of Coimbra, Portugal
Composites are a good alternative to the traditional materials as consequence of their high specific strength and stiffness. Although these materials offer excellent in-plane
performance they have inferior through-thickness properties and, in case of impact loads, the damage resultant can range from matrix cracking, fibre failure and/or
delaminations. The failure mechanisms basically are the same in most composites but their mode of occurrence vary with type of loading and properties of the constituents.
In terms of fibres, it is recognized that the do glass or carbon fibres fail by brittle cracking. Instead, the aramid fibres fail by a series of small fibril failures, where the fibrils are
molecular strands that make up each aramid fibre and are oriented in the same direction as the fibre itself. These many small failures absorb much energy and, therefore,
result in very high toughness. Therefore, the aim of this work intends to develop a systematic study about the effect of the fibre on impact strength of composite materials.
3880 | Effects of Material Uncertainties on the Shock Response of Sandwich Composites (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Motley, Michael R. (mrmotley@uw.edu), University of Washington, United States America
The objective of this work is to present a numerical investigation of composite sandwich plates subject to extreme loads with considerations for the stochastic nature of the
material properties and the composite layup. The anisotropic nature of adaptive composites is a direct result of the stacking sequence of the individual orthotropic laminate
layers and, when applicable, of the core material. Correlations will be developed between variations in material stiffness parameters and variations in fiber orientation angles
with an objective of developing probabilistic distributions of the fiber orientation angle such that uncertainty in the material stiffness is properly considered and the stochastic
problem can be simplified to a single variable problem in the elastic region. Using this simplified single variable approach, the effects of variability in composite material
parameters on the structural response of composite plates subject to extreme shock loads will be considered. The numerical investigations will be conducted using the fluidstructure interaction capabilities of commercial finite element solver ABAQUS/Explicit. The goal of this work is to obtain a set of parametric curves outlining the effects of
stochastic material parameters on the global shock response of composite sandwich structures.
3445 | Examination of mechanical properties of the composite of timing belt (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Domek Grzegorz (gdomek@whm.pl), Kazimierz Wielki University, Poland
Dudziak Marian (marian.dudziak@w.pl), Poznan University of Technology, Poland
Timing belts are made of fiber reinforced polymer. Mechanical properties of the composite is determined by the basic parameters of belt division. Is used in the production of
dozens or even hundreds of types of materials. Manufacturers have experimented lanes without indicating the direction and basis of modifications. This paper presents the
results of research, the mechanical characteristics of the main types of composites with an indication of the significance of their formation for certain types of belts. The test
results are fiber-reinforced thermoplastic polyester and steel, and reinforced thermoset polyester fiber and Kevlar. The test results are necessary for the accurate calculation
using FEM methods, as used in the program material models do not allow for an accurate calculation.
3533 | Experimental analysis of high velocity impacts on tape carbon/epoxy laminates (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
L?pez-Puente, J (jlpuente@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Varas, D. (dvaras@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Artero-Guerrero, J.A. (jartero@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Pernas-S?nchez, J. (jpernas@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Carbon/epoxy composite laminates are widely used in transport industries due to its excellent mechanical properties and its low density compared with metallic materials.
The high speed train industry for instance is focusing its attention on those materials, in order to develop lighter structures, allowing speed increase and lower energy
consumption. The aerospace and the aeronautic industries widely use carbon/epoxy composite laminates in many structural parts (for example in the Boeing 787 and the
Airbus A350); in order to increase its use, it is necessary to know how those materials behave under any loading condition, including high velocity impact.
In this work, the effect of high velocity impacts of steel spheres on carbon/epoxy tape laminates is studied. Experimental tests were carried out at two different impact angles
and in a wide range of velocities (from 80 to 490 m/s). In order to analyze the composite plate behavior under these conditions, laminates were inspected by means of a CScan providing information about the damaged area. In addition, after scanning, laminates were carefully cut along a transverse plane at the impact point to determine the
type of damage. The residual velocity in case of perforation is also measured so as to determine the absorbed energy during the impact.
3034 | Experimental Investigation of Hail Impacts on Glass Fiber/Epoxy Composite Panels (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Fereidoon,Abdolhossein (ab.fereidoon@gmail.com), Department of Mechanical Engineering, Iran
Sabet,Ali Reza (a.sabet@ippi.ac.ir), Department of composite, Iran
dolati,shokoofeh (shokoofeh.dolati2008@gmail.com), Department of Mechanical Engineering, Iran
Zamani,Mahdieh (Mahdieh.zamani2008@gmail.com), Department of Mechanical Engineering, Iran
Polymer matrix composites are extensively used in the construction of a variety of structures. Many of them are subjected to foreign impact loads such as hail ice impact.
Hail ice impact exposes composite structures such as aircraft flight and control surfaces and wing and fuselage skins and etc. to damage but their treatments are not
completely and realistically understood. In this paper we experimentally investigated the behavior of composite panels under ice impact and repeated ice impacts. Four
different orientations of glass fibers with four layers are selected to construct perform glass fiber epoxy composite panels and the effect of these different orientations on
damage area resulting from ice impact are studied. Image software was employed to evaluate damage area of each sample using a back light marking as well as getting
help from whitening phenomenon associated with delamination of composite plates. After performing impact on composite plates and calculating damage area caused by ice
impact two consecutive ice impacts on composite plates were repeated from investigation on repeated ice impacts changes in damage area were calculated. The result
shows plates with fiber orientation shear produce minimum damage area. These results may be due to extra normal and shear strengths of fibers against ice impacts loads.
3193 | Experimental investigation on the radial and circular crack propagation of PVB laminated glass subject to dynamic out-of-plane loading (19. Impact on
Composites (Filipe Teixeira Dias, Frederik Coghe))
Chen J. (cjjmonica@163.com), State Key Laboratory of Automotive Safety & Energy, Department of Automotive Engineering, Tsinghua University, China
Xu J. (cjjmonica@mail.tsinghua.edu.cn), State Key Laboratory of Automotive Safety & Energy, Department of Automotive Engineering, Tsinghua University, China
Liu B. (cjjmonica@mail.tsinghua.edu.cn), State Key Laboratory of Automotive Safety & Energy, Department of Automotive Engineering, Tsinghua University, China
Xu X. (cjjmonica@mail.tsinghua.edu.cn), State Key Laboratory of Automotive Safety & Energy, Department of Automotive Engineering, Tsinghua University, China
Li Y. (cjjmonica@mail.tsinghua.edu.cn), State Key Laboratory of Automotive Safety & Energy, Department of Automotive Engineering, Tsinghua University, China
Yao X. (cjjmonica@mail.tsinghua.edu.cn), School of Aerospace, Tsinghua University, China
PVB laminated glass has been widely used in automotive industry serving as a critical safety structure material, i.e. the windshield to minimize the injury posed to pedestrian
and passenger during accidents. Due to the nonlinearity of the material (a polymer sheet sandwiched by two brittle glass panels), the mechanical behavior of PVB laminated
glass still remains unraveled. In particular, cracks on the windshield contain abundant impact information which is of great importance to both design improvement and
accident reconstruction. In this paper, a drop-weight combined with high-speed photography experiment devices are set up to conduct out-plane impact test of PVB
laminated glass panel. Typical load-time curve is recorded via impact sensor and analyzed to understand the crack initiation and propagation mechanism. The velocity and
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laminated glass panel. Typical load-time curve is recorded via impact sensor and analyzed to understand the crack initiation and propagation mechanism. The velocity and
acceleration of two typical crack type, i.e. the radial and circular cracks are investigated respectively. The results show that cracks are initiated during the unloading process.
Further, parametric study on two factors, PVB thickness and impact velocity is discussed and a semi-empirical model is suggested to describe the cracking behavior under
various impact conditions. Results may shed lights on the crack initiation and propagation research of laminated material and provide fundamental experimental data for
future theoretical analysis.

3447 | Geometry Product Specifications GPS in the design of composite machine elements (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Domek Grzegorz (gdomek@whm.pl), Kazimierz Wielki University, Poland
Ko?odziej Andrzej (a.kolodziej@ip.pwsz.kalisz.pl), Stanis?aw Wojciechowski Higher Vocational State School in Kalisz, Poland
The work is part of many years of research on the design and operation of gears with timing belts. It contains results of measurements of surface properties and geometry of
belts made of composite materials. Depending on the technology and materials used in composite products they receive different geometrical form. Despite of widely used
standards, new timing belts have different dimensions, which are essential for conditions of use and durability of the gear. Tests and measurements during and after
exploitation allow for observation of influence of composite material on durability of the belt. Meshing between belt and pulley is also highly influenced by different materials,
which can be seen on the wear of the pulleys. Designing of timing belts made of different composite materials requires a great deal of knowledge about the behavior of
materials in the production process. Knowledge about mechanical properties of materials, permanent deformation of first load and the mechanical hysteresis loop shape is
crucial for exploitation of gears with timing belts.
3908 | Impact and Grounding Damage Resistance Analysis of Marine Grade Sandwich Hull Panels (19. Impact on Composites (Filipe Teixeira Dias, Frederik
Coghe))
De Marco Muscat-Fenech, Claire C. (claire.demarco@um.edu.mt), University of Malta, Malta
Cortis, Jeremy (jeremy.cortis@um.edu.mt), University of Malta, Malta
Cassar, Charles (info@buccaneerboatsltd.com), Buccaneer Boats Ltd, Malta
Sandwich panels for marine craft are designed according to BS12215-5:2008. The skinʼs constituents are orthophthalic polyester, POLYLITE® 440-M850, resin and
CSM/woven E-glass; the core is DIVINYCELL® H100 closed cell linear PVC foam. The panel is fabricated using a wet layup and cured under a vacuum pressure. The
individual skin laminates are known to have improved mechanical properties, 40% thickness, 70% fibre weight of traditional laminates. The simultaneous combination of the
flexible skins with the light weight core is to support bottom & side pressure and be able to sustain the slamming & pounding, commonly encountered by such craft. The
resulting panel offers additional safety for marine craft, since these panels may be considered as having a double hull configuration utilising the top and bottom skins, with an
energy absorption core medium. Applying this safety idea, the panels are to be subjected to impact testing according to ASTM D7766M-11, quasi-static indentation:
D6264M, procedures A & B and dynamic drop tests: D7136M. The standard indentor will also be modified to subject and simulate the panel impacting and grounding on
different shaped rocks. From the results a proposal is to be made that this double hull configuration is to be adopted as a safety aspect and standard method of fabrication,
against accidental sea impact or grounding.
3669 | Impact simulations in variable stiffness panels (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Melro, Antonio R. (amelro@fe.up.pt), INEGI, Portugal
Lopes, Claudio S. (claudiosaul.lopes@imdea.org), IMDEA, Spain
Camanho, Pedro P. (pcamanho@fe.up.pt), FEUP, Portugal
Automated Fibre Placement (AFP) allows obtaining long structural components in less time and with better quality. Research has been focusing on using AFP for the
manufacture of structural panels with curved fibres instead of traditional straight fibres. The result is a panel with a variable stiffness along its area, function of the fibre
orientation in each point of the panel. However, given the curvilinear shape of the placed fibres, there are manufacturing issues which need to be more carefully studied and
their impact on the final structural behaviour of the panel characterised. One of those issues is the lack of parallelism between consecutively laid tows which can lead to the
formation of matrix-rich gaps between tows.
The object of this study is the characterisation of these weaker regions of the panel and their influence on the overall behaviour of the panel in out-of-plane impact loading.
Small-size specimen are conceived which contain misaligned fibres with a resin-rich region between them; this represents the worst case scenario which can occur in
variable stiffness panels. These laminae are positioned inside a quasi-isotropic lay-up and impacted by a small sphere-like object. In parallel with the experimental
programme, numerical analyses of the concept are conducted using recently proposed three-dimensional failure criteria for the tows and a non-linear damage model for the
matrix in order to predict damage propagation around the impacted region.
3307 | Indentation and penetration of glass fibre reinforced phenolic matrix (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Astarita A. (antonello.astarita@unina.it), University of Naples "Federico II", Italy
Caprino G. (caprino@unina.it), University of Naples "Federico II", Italy
Langella A. (antgella@unina.it), University of Naples "Federico II", Italy
Lopresto V. (lopresto@unina.it), University of Naples "Federico II", Italy
Squillace A. (squillac@unina.it), University of Naples "Federico II", Italy
The impact behavior of laminates made of glass fibre and phenolic resin was studied. The laminates were produced by an autoclave forming process in two different
samples typologies: orthotropic and quasi-isotropic. For both the above mentioned samples, different thickness, 3, 4, 5, and 6 mm, were obtained overlapping different
numbers of layers following the stacking sequences (0/90)s, (0/90/+45/-45)s.
Impact test were carried out using a spherical indenter, 19.8 mm in diameter, on a drop weight machine. Tests up to penetration were carried out at the aim to obtain the
complete load curve and the strength of the material to be penetrated. On this curve, different energy values were selected in correspondence of characteristic points related
to damage. The aim of the variable energy tests is to correlate the dimension of the indentation left by the indenter on the surface of the laminate with the impact energy. The
indentation depth was measured using a LEICA DCM3 confocal microscope. A dedicated software allows to measure all the dimensions of interest. The tests confirmed that
the samples show similar behavior respect to the energy adsorption. About the external damage, the quasi-isotropic specimens showed an higher resistance than the
orthotropic ones, in all the different thicknesses tested. The indentation depth follows a logarithmic law as a function of the impact energy, contrarily to what happens for
laminates made by epoxy resin where an exponential law was found.
3479 | Influence of defects on the fatigue behaviour of composites (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Kosmann, Nils (nils.kosmann@tuhh.de), Institute of Polymers and Composites, Technische Universit?t Hamburg, Germany
Schmutzler, Henrik (henrik.schmutzler@tuhh.de), Institute of Polymers and Composites, Technische Universit?t Hamburg, Germany
Liebig, Wilfried (wilfried.liebig@tuhh.de), Institute of Polymers and Composites, Technische Universit?t Hamburg, Germany
Schulte, Karl (schulte@tuhh.de), Institute of Polymers and Composites, Technische Universit?t Hamburg, Germany
Defects, such as voids or impact damages in composite structures, have a major influence on their fatigue behaviour. Voids cannot entirely be avoided during manufacturing
of composite structures. The void content in parts produced by resin transfer moulding depends strongly on the process parameters such as pressure difference between
source and trap and the geometry of the mould, or the part respectively. Another defect wich can occur during the lifetime of composite parts is impact damage. This impact
damage leads to delaminations between layers with different fibre orientation and matrix cracks within the layers.
In this work, the relationship between voids as well as impact damages and fatigue lifetime was investigated. Specimens made of a glass fibre non crimp fabric (NCF) were
produced by vacuum assisted resin transfer moulding (VARTM). To obtain various void contents different processing parameters were used. Impact damage was introduced
using a drop weight with a hemispherical head.
Based on the conducted experiments the influence of defects on the fatigue life of glass fibre based NCF composites is characterised. The focus of this presentation will be
on the influence of an impact damage on the fatigue behavior.
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on the influence of an impact damage on the fatigue behavior.
3161 | Influence of open holes on composites subjected to low velocity impacts (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Amaro, Ana (anaamaro@dem.uc.pt), Univ. Coimbra, Portugal
Reis, Paulo (preis@ubi.pt), Univ. Beira Interior, Portugal
Moura, Marcelo (mfmoura@fe.up.pt), Univ. Porto, Portugal
Neto, Maria (anaamaro@dem.uc.pt), Univ. Coimbra, Portugal
It is recognized by the open literature that laminated plates containing holes have been studied exhaustively in terms of tensile and compressive loading, but fewer studies
can be found on the impact failure of composite plates containing holes. Therefore, this study intends to improve the knowledge on low velocity impact response of glass
fibre epoxy laminates containing holes. A numerical approach based on a 3D analysis including a cohesive mixed-mode damage model implemented via interface finite
elements was performed.
The numerical method captures well the delamination shape and the observed trends induced by the holes presence. The increase of delamination size and the change of
its shape were verified numerically to be a consequence of the change of the interlaminar shear stress distributions which are found to play a fundamental role on the
delamination size and profile.
From the experimental tests, it was verified that holes did not have remarkable influence on the load-displacement and load-time relations. However, non-negligible
differences were noted on the energy absorbed by damage, as well as on the damage size and the respective outlines. Effectively, the presence of holes increases the
energy absorbed by damage and, consequently, the damage size. Moreover, the damage outline is also altered due to the presence of holes.
3458 | LOW VELOCITY IMPACT BEHAVIOR OF HEMISPHERICAL-CORE SANDWICH STRUCTURES (19. Impact on Composites (Filipe Teixeira Dias, Frederik
Coghe))
Tasdemirci, Alper (alpertasdemirci@iyte.edu.tr), Izmir Institute of Technology, Turkey
Kara, Ali (alikara@iyte.edu.tr), Izmir Institute of Technology, Turkey
Turan, Ali K. (kivancturan@iyte.edu.tr), Izmir Institute of Technology, Turkey
Guden, Mustafa (mustafaguden@iyte.edu.tr), Izmir Institute of Technology, Turkey
In this study, a novel core design is proposed for structural sandwiches and low velocity impact behavior of these structures was investigated both experimentally and
numerically. This new core design consists of a hemispherical dome and an attached cylindrical portion, both crushing and/or buckling as deformation progress. This
behavior is strongly affected by some parameters as thickness, radius and geometry (the dome can be either a shallow shell or a complete hemisphere as in this study). In
the current study, a 304L stainless steel hemispherical structure having a diameter of 40 mm, height of 30 mm, and thickness of 0.4 mm was used. Sandwich structures
were prepared by bonding four hemispherical core units between two 5 mm thick cross-ply E-Glass/Polyester composite face sheets. In the experiments, a Fractovis Plus
drop weight tower was used. An impact velocity of 5.05 m/s was chosen with a mass of 15 kg during the tests. In the numerical simulations, a commercial explicit finite
element code LS-DYNA was used. Core material was modeled with Johnson-Cook material model. Composite face sheets were modeled by using orthotropic elastic
material model since the examinations of tested specimens showed no sign of failure in the face sheets. There is close agreement between the experimental and numerical
results. This validated numerical model can be further used in optimization of the core geometry.
3273 | LOW VELOCITY IMPACT ON TWO DIMENSIONAL (2D) MULTISTITCHED WOVEN E-GLASS/POLYESTER NANO COMPOSITES (19. Impact on Composites
(Filipe Teixeira Dias, Frederik Coghe))
Bilisik Kadir (Correspoinding author) (kadirbilisik@gmail.com), Erciyes University, Turkey
Yolacan Gaye (gyolacan@gmail.com), Erciyes University, Turkey
LOW VELOCITY IMPACT ON TWO DIMENSIONAL (2D) MULTISTITCHED WOVEN E-GLASS/POLYESTER NANO COMPOSITES
The aim of this study was to understand the low velocity impact energy absorption mechanism and identified failure modes of the developed 2D multistitched Eglass/polyester nano composites. For this reason, 2D unstitched E-glass/polyester, 2d unstitched E-glass/polyester/nano, 2D multistitched E-glass/polyester and 2D
multistitiched E-glass/polyester/nano composites were developed.
Under low velocity impact load, all structures were showed damaged areas in front an dback faces. The damaged areas in 2D unstitched E-glass/polyester
compositestructure was higher than those of 2D unstitched E-glass/polyester/nano,2D multistiched E-glass/polyester and 2D multistitched E-glass/polyester/nano composite
structures, whereas 2D multistitched E-glass/polyester/nano composite structure has the smallest front and back face damaged areas. In addition, it was found that the
damaged areas in 2D unstitched E-glass/polyester/nano and 2D multistitched E-glass/polyester structures were between 2D unstitched E-glass/polyester and 2D
multistitched E-glass/polyester/nano composite structures.The failures under the low velocity impact load for all structures were generally indentation, matrix craking, local
delaination and fiber breakages. The results from the study showed that multistiching and nano material addition in 2D woven structure enhanced the damage damage
tolerance capability.
3755 | Modeling of Fabric-Reinforced Composite under Shock Loading (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
ZHAO, Shi-Cao (zhaoshicao@gmail.com), aInstitute of Computer Application, Chinese Academy of Engineering Physics, China
SONG, Zhen-Fei (song_stanley@sina.com), Institute of Fluid Physics, Chinese Academy of Engineering Physics , China
Due to the mismatch of modulus and strength between fiber and matrix, the shock response of fabric-reinforced composite (FRC) materials is nonhomogeneous in nature,
and strong localization prevails in such a short duration of several micro seconds. To represent the local feature of material compression and damage, a computational
model is established using the smoothed particle hydrodynamics (SPH). The fabric and matrix materials are rebuilt using SPH particles, respectively, according to the texture
of given composite material. Different from the homogeneous continuum model, the material parameters, such as elastic modulus and strength are determined from the
properties of fibers and matrix materials. The global feature of anisotropy is therefore implicit in the fabric texture of the composite. Delicately designed planar impact tests
are performed for carbon fiber-reinforced epoxy (CFRE) matrix material for purpose of determining material properties under high strain rate in the computational model. It
involves laminated CFRE composite specimens with various thicknesses having the same volume fraction of epoxy resin. In combination with numerical simulations, the
shock peak and subsequent unloading process measured using Doppler laser interferometer provide sufficient data not only to set the material parameters, but also to rectify
and further refine the computational model. Discussions are also given to development of current computational model for FRC, in addition to its possible extension to
medium strain-rate loading.
3521 | Numerical analysis of high velocity impacts on tape laminates (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Pernas-S�nchez, J. (jpernas@ing.uc3m.es), University Carlos III of Madrid, Spain
Artero-Guerrero, J. A. (jartero@ing.uc3m.es), University Carlos III of Madrid, Spain
Zahr Vi�uela, J. (jzahr@ing.uc3m.es), University Carlos III of Madrid, Spain
Varas, D. (dvaras@ing.uc3m.es), University Carlos III of Madrid, Spain
L�pez-Puente, J. (jlpuente@ing.uc3m.es), University Carlos III of Madrid, Spain
To design an aeronautical structure, it is necessary to perfectly know the loads that are going to be subjected during its service life, in order to optimize its design minimizing
the weight. One of the most important requirements for these structures is the tolerance to the impact of debris at high velocities. This requirement has become more
important since, with the aim of reducing the weight, the use of composites in civil aircraft structures has increased. In order to diminish the cost of development of new
aeronautic structures, the use of validated numerical tools has become a key issue.
The aim of this work is to develop a numerical methodology to faithfully reproduce the behavior of carbon/epoxy laminates under high velocity impacts of small debris; to this
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The aim of this work is to develop a numerical methodology to faithfully reproduce the behavior of carbon/epoxy laminates under high velocity impacts of small debris; to this
end a material model which takes into account different failure criteria (fiber failure, matrix failure and delamination) is used in a commercial finite element software. In order
to validate the numerical methodology, experimental test were conducted using a one-stage gas gun; in those test carbon epoxy tape laminates have been impacted by a
steel projectile within wide range of velocities (between 70 to 500 m/s). Residual velocity of the projectile and damaged area of impacted specimen has been measured in
order to compare and validate the numerical simulations. Results obtained show a good agreement between experimental and numerical data.
3534 | On the influence of filling level in CFRP aircraft fuel tank subjected to high velocity impacts (19. Impact on Composites (Filipe Teixeira Dias, Frederik
Coghe))
Artero-Guerrero, J. A. (jartero@ing.uc3m.es), University Carlos III of Madrid, Spain
Pernas-Sánchez, J. (jpernas@ing.uc3m.es), University Carlos III of Madrid, Spain
Varas, D. (dvaras@ing.uc3m.es), University Carlos III of Madrid, Spain
López-Puente, J. (jlpuente@ing.uc3m.es), University Carlos III of Madrid, Spain
The effects of Hydrodynamic Ram (HRAM), a phenomenon that occurs when a high-energy object penetrates a fluid-filled container, are of particular concern in the design
of composite wing fuel tanks for aircrafts. In HRAM, momentum and kinetic projectileʼs energy is transferred through the fluid to the surrounding structure, increasing the risk
of catastrophic failure. Usually, HRAM phenomenon is analyzed considering completely filled tanks; but in real flight situation, it is more likely that the impact may occur
when the tank is partially filled. The influence of the filling percentage on the failure of the tanks has been clearly shown in previous experimental works.
In this work, the commercial finite-element code LS-DYNA has been used to simulate an HRAM event due to the impact of a steel sphere into a partially water-filled CFRP
woven laminates square tube. The intralaminar damage of the CFRP has been taken into account implementing a UMAT subroutine whereas interlaminar damage is
reproduced using a cohesive interaction. An Arbitrary Lagrangian Eulerian (ALE) approach is used to simulate the fluid-structure interaction. Two fluid materials, water and
air, are used in the numerical model to reproduce the partially filled conditions. Once the numerical model is validated by means of experimental data, the effect of the filling
level in the failure of the tank can be analyzed in detail taking advantage of the information provided by the numerical model.
4349 | PREDICTION OF BFS IN COMPOSITE ARMORS UNDER BALLISTIC IMPACT (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Bandaru Aswani Kumar (aswani006@gmail.com), Department of Applied Mechanics, Indian Institute of Technology Delhi, India
Suhail Ahmad (suhail@am.iitd.ac.in), Department of Applied Mechanics, Indian Institute of Technology Delhi, India
Laminated composites used in lightweight body armors may be subjected to various impact loading depending on the type of impactor, impactor velocity, layup of laminas
and design requirements. Many parameters are involved in the characterization of composite body armor under ballistic impact. Back Face Signature (BFS) is one of the
important performance factors for assessing body or vehicle armors. In the current work, BFS and dynamic response of a composite plate under ballistic impact are
determined. Kevlar 29 and 129 composite panels, commonly used in protective body armor, are considered as the target in this study. Numerical studies using explicit time
domain approach has been carried out to determine the ballistic response. The ballistic response of the target plate is investigated through direct impacts of two types of
rigid and non deforming (7.5 mm diameter Hardened steel 120˚ cylindrical-conical shaped and 9 mm hemispherical nosed) projectiles. The BFS is estimated for various
cases considering different impact velocities. Validation study for the present FE model explained above and subsequent results of dynamic analysis are verified through the
existing results reported in the literature. The BFS predictions for a wide range of velocities for two types of projectile have been made. Keeping in view the design
requirements comparative studies for adequacy of armors have been carried out and recommendations have been made in accordance with requisite armor standards.
4296 | PROBABILISTIC FAILURE OF S2- GLASS EPOXY COMPOSITE FOR DAMAGE INITIATION DUE TO HIGH IMPACT (19. Impact on Composites (Filipe
Teixeira Dias, Frederik Coghe))
Patel, Shivdayal (shiv_dayal_patel@live.com), Indian institute of Technology Delhi, Hauz Khas, New Delhi-110016, India
Ahmad, Suhail (suhail@am.iitd.ac.in), Indian institute of Technology Delhi, Hauz Khas, New Delhi-110016, India
Mahajan, Puneet (mahajan@am.iitd.ac.in), Indian institute of Technology Delhi, Hauz Khas, New Delhi-110016, India
Fiber reinforced composite beams are susceptible to damage due to impact by foreign objects and in plane loading. In order to assess the safe load carrying capacity and
the probability of failure under impact, dynamic analysis of composite beams subjected to high velocity impact is carried out. The contact force between the impactor and the
target depends on the impactor mass, velocity and the elastic properties and other characteristic of composite beams. The limit state function for the composite beam under
impact is derived from Hashinʼs failure model. The uncertainties associated with the properties and their inherent scatter in the geometric and material properties and input
load are modeled in a probabilistic fashion. The probabilistic analysis and reliability prediction of the system is carried out using the Gaussian Response Surface method and
validity of methods are established using Monte Carlo simulation procedure. Probability of failure is calculated for each lamina for different impactor velocities, ply
orientations and boundary conditions. It is observed that at 120 m/s impactor velocity all plies except the last ply failed. The probability of failure of last ply for symmetric
cross ply for simply supported boundary condition is more than the probability of failure for the same ply for the angle plies laminate. Sensitivity analysis of probability of
failure with respect to random parameters considered is an important study for design optimization.
3738 | Quality of the recovered metal matrix a measure of the efficiency as of the MMC recycling process (19. Impact on Composites (Filipe Teixeira Dias,
Frederik Coghe))
Nagolska, Dorota (dorota.nagolska@put.poznan.pl), Poznan University of Technology, Poland
Gawdzinska, Katarzyna (k.gawdzinska@am.szczecin.pl), Maritime University of Szczecin, Poland
Kaminski, Marcin (marcin.kaminski@p.lodz.pl), Lodz University of Technology, Poland
Quality of composite castings with infiltration reinforcement is dependent on many various factors. Technological parameters of the saturation process, manufacturing
methods and quality of components are considered as the basic ones. During the recycling process of composite materials, the basic component that is being reclaimed is
the metal matrix. The main aim of this paper is an evaluation of chemical composition and microstructure of the recovered metal matrix material.
In the first stage, influence of preparation of liquid matrix metal is analyzed, with particular attention paid to its purity, degree of degassing and overheating as well as an
influence of the reinforcing material type on the final structure of composites obtained in the process of vacuum saturation. Specific of the structure and flaws occurring in
such materials are of the particular concern here, as they are decisive for the methods of quality evaluation of these materials. Manufactured compositeʼs castings are
subjected to the recycling process by a melting of the metal matrix on the second stage. The metal obtained in this way is analyzed regarding impurities occurring in its
volume and, simultaneously, a comparison of evaluation methods of traditional metal alloys and metal composite castings is performed
3481 | Study of oblique impacts on helicopter blades. Modelling of woven composite laminates made of plies with different orientation (19. Impact on
Composites (Filipe Teixeira Dias, Frederik Coghe))
Navarro, Pablo (pablo.navarro@isae.fr), Institut Clement Ader, France
Pascal, Florian (Pascal.Florian@eurocopter.com), Institut Clement Ader, France
Aubry, Julien (julien.aubry@isae.fr), Institut Clement Ader, France
Marguet, Steven (steven.marguet@univ-tlse3.fr), Institut Clement Ader, France
Ferrero, Jean-Francois (Jean-francois.FERRERO@isae.fr), Institut Clement Ader, France
Lemaire, Sandrine (sandrine.lemaire@eurocopter.com), Eurocopter, France
Tawk, Issam (issam.tawk@balamand.edu.lb), University of Balamand, Lebanon
This work focuses on the study of medium velocity (~70 m/s) oblique impacts on the lower surface of an 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. A FEM modelling of the skin is presented. 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. Here
an extension of this model to more complex composite configurations (several fabric materials and orientations) is investigated. The specific shell elements are connected
using 3D interface elements. As "classic" 3D interface elements cannot be used to connect shell elements, a specific interface element is developed. This specific interface
element is compatible with the rotational degrees of freedom of shell elements and takes into account the thickness of the woven elements. This interface is damageable.
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element is compatible with the rotational degrees of freedom of shell elements and takes into account the thickness of the woven elements. This interface is damageable.
Two oblique impacts on sandwich panels made up of two woven carbon-epoxy plies with different orientations are modelled. The calculated fracture surface correlates well
the experimental observation.

4301 | Test and Modelling of Impact on Buckled Composite Panels (19. Impact on Composites (Filipe Teixeira Dias, Frederik Coghe))
Schueler, Dominik (dominik.schueler@dlr.de), DLR Institute of Structures and Design, Germany
Toso-Pentec?te, Nathalie (nathalie.toso@dlr.de), DLR Institute of Structures and Design, Germany
Voggenreiter, Heinz (heinz.voggenreiter@dlr.de), DLR Institute of Structures and Design, Germany
Aircraft structures are vulnerable to impacting projectiles like runway debris, birds or hail. With the increased application of composite materials in aircraft building the high
velocity impact (HVI) response of reinforced polymers has been a topic of research for the last decades. Only a limited number of authors investigated the effect of the stress
state in the target structure on the impact response and found that preloads can significantly amplify the extent of damage. Current design practice for composite aircraft skin
structures is to allow local buckling at limit load under compression. The HVI response of buckled skin plates is therefore highly relevant and studied in this paper. The
methodology includes a test campaign with the DLR gas gun on flat buckled plates and numerical finite element simulations with the commercial code Abaqus using intraand inter-ply damage models. Impact on buckled plates was modeled using a coupled implicit-explicit simulation procedure. In a first step Eigenforms were extracted and
introduced as geometric imperfections and in a Riks-analysis the imperfect mesh was then loaded into the post-buckling region. The transient impact response was
simulated with the explicit solver. From the experimental and numerical results an influence of compressive preloads and the different buckling patterns on the impact
damage was observed. The numerical model was validated and able to capture the interaction between static preloads and impact loads.
3523 | The effect of metal surface condition on impact resistance of CFRP/Steel Fibre Metal Laminates (19. Impact on Composites (Filipe Teixeira Dias, Frederik
Coghe))
Parnanen, Tuomas (tuomas.parnanen@aalto.fi), Aalto University, School of Engineering, Department of Applied mechanics, Finland
Kanerva, Mikko (mikko.kanerva@aalto.fi), Aalto University, School of Engineering, Department of Applied mechanics, Finland
Saarela, Olli (olli.saarela@aalto.fi), Aalto University, School of Engineering, Department of Applied mechanics, Finland
The high impact resistance of Fibre Metal Laminates (FMLs) is based on the diverse failure routes provided by the laminated structure. The failure modes in pure FRP
laminates caused by impact loadings are matrix cracking, fibre fractures, fibre-matrix interface failures and interlaminar delaminations. In FML structures, the metal layers
provide some additional energy absorption failure modes such as metal plasticizing, metal fracture and also debonding at metal-FRP interfaces. In this research, the lowvelocity impact resistance of CFRP/Steel FMLs with different metal surface treatments, i.e. different interfaces, is studied by means of experimental research. Test
specimens were prepared with three different steel (AISI 304L, 0.6 mm) surface conditions to have three specimen configurations. The surface conditions were as-received,
nitric acid-etched and electropolished. Prior to lamination, a six-step cleaning procedure was applied to the pre-treated steel sheets. The specimens were laminated using
FM300 adhesive film (Cytec) and M21/T700GC unidirectional carbon fibre-epoxy prepreg layers (Hexcel). The impact testing was performed using a drop tower with
hemispherical impactor. The impact energies in each test series ranged between 10 - 40 J in order to examine the impact damage progression. The differences in impact
resistances were studied by impact force-time curves, permanent deflection profiles and debonding sizes at the metal-polymer interfaces.
3779 | The response of composite plates subjected to sequential and simultaneous low velocity impacts (19. Impact on Composites (Filipe Teixeira Dias,
Frederik Coghe))
Ghajari, Mazdak (m.ghajari@imperial.ac.uk), Imperial College London, United Kingdom
Robinson, paul (p.robinson@imperial.ac.uk), Imperial College London, United Kingdom
Iannucci, Lorenzo (lo.iannucci@imperial.ac.uk), Imperial College London, United Kingdom
The aim of this research is to investigate the damage response of aircraft-grade carbon/epoxy laminates subjected to sequential and simultaneous low velocity impacts,
typical of hail strikes.
Sequential and simultaneous multi-site impacts are performed on composite plates. During experiments, the impact load history is recorded and after each test, the extent of
damage is visualised with the C-scan method. A Finite Element (FE) model of the laminate is developed using continuum shell elements. A few layers of cohesive elements
are inserted between sublaminates in order to model delamination initiation and growth during impacts. An energy-based damage model is employed to define translaminar
damage. The model of the plate is calibrated using experimental data, and then, it is used to predict damage due to multi-site impacts.
An interesting observation was that in comparison with simultaneous impacts, sequential impacts caused larger damage, especially larger delamination. This would
potentially reduce the compressive and shear residual strength of the laminate, which suggests that sequential impacts are more detrimental. Using the detailed
computational results, the mechanisms that lead to larger damage during sequential impacts are explained.
In future, residual compressive and shear strengths of the plates after single and multi-site impacts will be measured with the aid of appropriate test fixtures.
3577 | A study on the bonding characteristics of a carbon/epoxy-aluminum single lap joint specimen under the out-of-plane pressure and temperature
conditions (20. Joints in Composite Structures (Jin-Hwe Kweon))
Hong, J.H. (jinhoyan@nate.com), Chung-Ang University, Korea, South
Chang, Seung-Hwan (phigs4@cau.ac.kr), Chung-Ang University, Korea, South
In this paper, an experimental study was carried out for measuring the bonding strength of carbon/epoxy composite-metal hybrid tubular structures according to the
environmental temperature changes. Residual stress due to different coefficient of thermal expansion occurred in the interface of co-cured composite-metal structures. To
simulate pressures in radial direction generated during the curing process of composite an additional pressure device was invented and used to the single lap joint
specimen. Testing specimen was cured in autoclave under 0.7MPa including vacuum. And tensile test and fatigue test were carried out in the temperature conditions of 20℃, 25℃, 50℃ with and without additional pressures. As a result, bonding strength and fatigue life with additional pressure were higher than those of without additional
pressure case. In addition, we found that the bonding strength of the specimen under room temperature (25℃) condition showed the highest value and the low and high
temperature environments deteriorated the bonding strength. And fatigue life was also affected by temperature changes.
3718 | A STUDY ON THE STRENGTH IMPROVEMENT OF THE MULTI-BOLTED JOINT (20. Joints in Composite Structures (Jin-Hwe Kweon))
Yun, Jong-Hwa (smilejjonga@nate.com), School of Mechanical Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Jinju,
Gyeongnam 660-701, Korea, South
Choi, Jin-Ho (choi@gnu.ac.kr), School of Mechanical Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Jinju, Gyeongnam 660701, Korea, South
Kweon, Jin-Hwe (jhkweon@gnu.ac.kr), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Jinju,
Gyeongnam 660-701, Korea, South
The joining of composite materials has traditionally been achieved by adhesive bonding or mechanical fastening. The mechanically fastened composite joints are free from
surface treatment, service temperature, humidity and other environmental conditions. Most aircraft bolt joints consist of multiple bolts and they may share the load unequally
due to the relatively brittle nature of composites.
In this paper, the new method for the strength improvement of the multi-bolted composite joint was proposed and tested. The multi-bolted composite joints which have 5
bolts were manufactured and tested. The displacements around the holes of adherend were calculated assuming that the each hole was subjected to a uniform load and the
hole clearances of multi-joint were determined by using the calculated displacements. The strengths of the multi-joints with hole clearance were evaluated and compared
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with those of the multi-joints without hole clearance.
Acknowledgement: This work was supported by Priority Research Centers Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (2012-048078). and the second stage of BK21 project at Gyeonsang National University.
3487 | An induction welding study of glass fibre reinforced polypropylene reinforced composite (20. Joints in Composite Structures (Jin-Hwe Kweon))
Losada, Ricardo (ricardo.losada@aimen.es), Joining Technology Plant, AIMEN Technology Centre, Spain
Palleiro, Clara (clara.palleiro@aimen.es), Joining Technology Plant, AIMEN Technology Centre, Spain
de la Mano, Rub?n (rmano@aimen.es), Joining Technology Plant, AIMEN Technology Centre, Spain
Rodriguez, Elena (erodriguez@aimen.es), Joining Technology Plant, AIMEN Technology Centre, Spain
Thermoplastic composites (TPCʼs) show a number of advantages respect thermosets. However, due to the deformation restrictions just composite components with simple
geometries can be produced. To make more complex structures, some components should be joined together . There are different alternatives for joining TPC structures,
but because of their nature welding methods are the most adequate. Among them, the most interesting are those that heat just a thin layer of the composite around the
bond. One of such methods is induction welding which offers a number of advantages; serves to weld large parts at one time, also serves to weld three dimensional joints
with complex geometries, etc .
In this work it is presented an experimental investigation of induction welding of a TPC. The main goal was to analyze the influence of the processing conditions on the
structural properties of the joint. The material used in this work was a GF-PP composite. The susceptor employed was a mesh made of galvanized steel. A set of
experiments were performed to determine the maximum and minimum input power levels, needed to carry out properly the welding. The obtained results indicated that a
proper joint was attained with power levels from 5.3-11.7 kW and with heating times from 20-40 s, under a welding pressure of 42 N cm-2. An optimum processing window
based on a critical value of shear strength (10 MPa) was determined from the experimental results.
3537 | Analytical model to predict the secondary bending of composite bolted joints. (20. Joints in Composite Structures (Jin-Hwe Kweon))
Olmedo, Alvaro (aolmedo@ing.uc3m.es), University Carlos III of Madrid, Spain
Santiuste, Carlos (csantius@ing.uc3m.es), University Carlos III of Madrid, Spain
Barbero, Enrique (ebarbero@ing.uc3m.es), University Carlos III of Madrid, Spain
In aircraft components subjected to high loads the most common assembling technique is the bolted joint. The stress concentration at joint is aggravated in composite
materials due to their fragility. Thus, the study of composite bolted-joints is a critical aspect in the structural design. The effects of the main parameters of the joint (geometry,
stacking sequence, torque, clearance, etc.) have been analysed in numerous experimental studies. However, fewer references can be found which employ analytical
methods to study composite bolted-joints.
In this work an analytical method was developed for replicating the stiffness of single-lap composite bolted-joints. Due to the asymmetry of the load path in a single-lap joint
there are a bending moment applied in each plate. This secondary bending modifies the stress field in the surrounding of the joint, introducing out-of plane displacements.
The proposed model idealise bolt joints as non-linear spring-mass system considering springs and frictional elements in series and parallel. The main contributions of the
proposed model are the consideration of non-linear frictional elements and the estimation of the secondary bending effect as a function of plates bending stiffness.
The analytical model was validated through comparison with experimental data and numerical results provided by a three-dimensional finite element model developed in
Abaqus/STANDARD.
3896 | Electrochemical and laser surface modification affecting the interfacial shear strength in TiGr fiber-metal laminate (20. Joints in Composite Structures
(Jin-Hwe Kweon))
Marcolini V. (victormarcolini@gmail.com), Universidade de Sao Paulo (USP), Brazil
Dias R.C.C. (ritacosta.dias@gmail.com), Universidade de Sao Paulo (USP), Brazil
Rudimar Riva (rudiriva@gmail.com), Instituto de Estudos AvanÃ§ados (IEAV-CTA), Brazil
Ortenzi A. Jr. (ortenzi.usp@gmail.com), Universidade de Sao Paulo (USP), Brazil
Tarpani J.R. (jrpan@sc.usp.br), Universidade de Sao Paulo (USP), Brazil
0.5 mm-thick Ti6Al4V sheets in, respectively, as-received and previously surface laser-texturized conditions were subjected to the so-called NaTESi anodisation process.
Surface modified metal sheets were then utilized in the manufacture of TiGr (Titanium-Graphite) Hybrid Fiber-Metal Laminate (HFML) by hot-pressing them against an inner
2 mm-thick thermoplastic polymer (PPS - polysulphide phenylene) matrix laminate reinforced with continuous graphite fibers. Roughness measurement of metallic sheets
was performed with the aid of mechanical perfilometer, atomic force microscopy, as well as through micrographic and fractographic analyses. Short beam shear strength
testing (ASTM D-2344) of HFML testpieces disclosed that laser texturization followed by NaTESi anodisation yielded a rougher surface than plain electrochemical treatment
(4.76 um against 0.837 um, respectively), which, in turn, led to higher interfacial shear strength of metal/polymer interface for the two-step (photonic/electrochemical) surface
modification process (85.25 MPa against 75.22 MPa).
3737 | Experimental evaluation of glulam finger joints reinforced with natural fibers (20. Joints in Composite Structures (Jin-Hwe Kweon))
Dias, Antonio A. (dias@sc.usp.br), Escola de Engenharia de S?o Carlos - Universidade de S?o Paulo, Brazil
Chilito, Amaya M. L. (lorechilito@hotmail.com), Escola de Engenharia de S?o Carlos - Universidade de S?o Paulo, Columbia
Fiorelli, Juliano (julianofiorelli@usp.br), Faculdade de Zootecnia e Engenharia dos Alimentos - Universidade de S?o Paulo, Brazil
Fibers reinforced polymers have been used in strengthening of structural timber members, such as in glued laminated timber (glulam). By other hand, the use of composites
of natural fibers and epoxy resin has produced good results. The aim of this study was analise the use of this composite in strengthening glulam finger joints. Firstly, were
evaluated tensile strength and modulus of elasticity of composites with natural fibers of sisal (Agave sisalana), piassava (Attalea funifera) and curauá (Ananas erectifolius);
results for sisal and curauá fibers were promising. In a second step, were done tensile tests in timber pieces of Pinus sp (35 x 100 x 3000 mm) with finger joints at middle of
its length, strengthened with natural fibers and with glass fibers. For comparasion, were also done tensile test in pieces with finger joints not strengthned and pieces withot
joints. Results show that natural fibers have a good potential for reinforcing glulam finger joints replacing synthetic fibers.
4369 | Experimental investigation and numerical modelling of spot welding-adhesive joints response (20. Joints in Composite Structures (Jin-Hwe Kweon))
Tomasz Sadowski (t.sadowski@pollub.pl), Lublin University of Technology, Poland
Marcin Knec (marcin.knec@gmail.com), Lublin University of Technology, Poland
Przemyslaw Golewski (pgolewski@gmail.com), Lublin University of Technology, Poland
The paper deals with modelling and testing of the hybrid joints obtained by combination of the two simple techniques, i.e. by application of spot welding and adhesive. The
joints were subjected to uniaxial tension. The experiments were performed for: 1) a pure adhesive joint in order to investigate material parameters for numerical modelling of
the hybrid joint, 2) a pure joining of the parts by spot-welding, 3) the spot-welding-adhesive joining of the structural elements. The experiments with application of digital
image ARAMIS system allowed for on-line monitoring of the deformation process of the joined elements.
Modelling of the hybrid joints response to mechanical loading was performed by ABAQUS code. Two damage processes were taken into account: in spots and in adhesive
layers (cohesive elements). The following conclusions can be formulated:
• the strengthening of joints by application of adhesive significantly improves static strength
• the final failure of the joined structural system significantly depends on the surface of adhesive area
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3298 | EXPERIMENTAL STUDIES ON GFRP BUTT JOINT UNDER FLEXURAL, TENSILE AND LEAK PRESSURE TEST (20. Joints in Composite Structures (Jin-Hwe
Kweon))
R. N. Ladhwe (rnl.mech@coep.ac.in), Department of Mechanical Engineering, College of Engineering, Shivajinagar, Pune, Maharashtra, 411005, India. , India
K. K. Singh (kks.composite@gmail.com), Department of Mechanical and Mining Machinery Engineering, Indian School of Mines, Dhanbad, Jharkhand, 826004, India. , India
P. K. Sarkar (sarkarpk1955@yahoo.co.in), Department of Mechanical and Mining Machinery Engineering, Indian School of Mines, Dhanbad, Jharkhand, 826004, India. ,
India
Prashant Kumar (prkumar@iitk.ac.in), Department of Mechanical Engineering, College of Engineering, Shivajinagar, Pune, Maharashtra, 411005, India. , India
Two identical pieces of aluminum pipe were butt joined by winding a wetted roving of glass fiber with epoxy. After the resin was cured, a sleeve of GFRP was formed over
the aluminum pipes near the joint plane. The GFRP butt joint was studied through three kinds of test: (i) bending, (ii) tensile and (iii) leak test at high internal pressure. The
bend specimens were tested through an appropriately designed four-point-bend-setup. Thin sleeve specimens failed due to breakage of GFRP sleeve at the joint plane.
However, the critical load is substantially larger than the load which causes yielding in an aluminum pipe with no joint. In thick sleeve specimens, the butt joint did not fail but
the failure occurred due to the formation of plastic hinges in the adherends. In tensile tests, thin sleeve specimens failed due to failure of the GFRP sleeve at the joint plane.
Thick sleeve specimen resisted higher load but one of the two adherends slipped out of the GFRP sleeve because the plastic deformation of the material within the GFRP
sleeve made the adherend longer and thinner. A pressure oil leak test was performed using a dead weight pressure gauge tester. Specimens with lesser number of passes,
the oil leaked through the GFRP sleeve near the joint plane. As the number of passes increased, the oil pressure expanded the GFRP sleeve and oil leaked through the
sides. With the further increased in number of passes, no leak was detected till the aluminum adherend reach the yield point.
3310 | Experimental Study on Joints of Concrete-Filled Tubular Columns and H-Shaped Steel Beams (20. Joints in Composite Structures (Jin-Hwe Kweon))
Rong, Bin (tjerobin@126.com), School of Civil Engineering, Xinjiang University, Urumqi 830046, China, China
Apostolos, Fafitis (fafitis@asu.edu), Department of Civil and Environmental Engineering, Arizona State University, Tempe, 85287, USA, United States America
MIAO, Jikui (mjikui2004@163.com), School of Architecture and Urban Planning, Shandong Jianzhu University, Jinan, 250101, China, China
Abstract. Ten specimens were tested under static tensile load to study the mechanical properties of diaphragm-through joints of concrete-filled square steel tubular columns.
The static tensile loading experiments show that there are three types of failure modes: the failure of the weld, the failure of the flange and the failure of the tube. With
comparison of failure modes, load-displacement curves and bearing capacity, it was found that the tensile load from the steel beam flange is mainly shared by the square
steel tube and the diaphragm. The contribution of the infilled concrete is small and can be neglected.
Keyword：Concrete-filled square steel tubular column; H-shaped steel beam; Diaphragm-through joint; Static tensile loading experiment.

3012 | Experimental Study on Mechanical behaviours of Adhesively-bonded Joints between FRP Bridge Deck and Steel Girder (20. Joints in Composite
Structures (Jin-Hwe Kweon))
Jiang, Xu (xu.jiang@tudelft.nl), Delft University of Technology, Netherlands
Kolstein, Henk (M.H.Kolstein@tudelft.nl), Delft University of Technology, Netherlands
Bijlaard, Frans (F.S.K.Bijlaard@tudelft.nl), Delft University of Technology, Netherlands
Due to various advantages of Fibre-Reinforced Polymer (FRP) decks, the FRP bridge decks are increasingly used for the rehabilitation of old concrete-steel composite
bridges. By replacing the deteriorated concrete decks with FRP decks, the dead load of composite bridges was significantly reduced and correspondingly the service-life of
steel girders and substructures can be extended without any further strengthening. The researches presented in this paper focus on the mechanical behaviours and failure
modes of the adhesively-bonded connections between FRP decks and steel girders. The adhesively-bonded joint specimens were made by gluing the sandwich FRP decks
to steel plates with epoxy adhesive. According to the real application of composite bridges, these adhesively-bonded joints usually suffer the shear loading due to the
composite action behaviour between the FRP decks and steel girders in the longitudinal direction of bridges, and the tensile loading due to the up-lift forces caused by
loading on other traffic lanes in the transverse direction of bridges, as well as combination of both situation. In this paper, a tensile-shear loading device was designed and
presented. By using this loading device, the adhesively-bonded joints were experimentally investigated under the static loading. For the tensile loading condition, the loadingcapacity of adhesively-bonded joints was about 15kN, and the failure mode was the combination of de-bonding in the FRP laminates and cracks through the interface
between FRP laminates and adhesive layer. However, for the shear loading condition, the loading-capacities of three replicated adhesively-bonded joint specimens were
deviated from each other, from 45kN to 82kN. The failure of adhesive joints was initiated by cracks in the adhesive layer.
3055 | Failure analysis of clearance fitted pin in unidirectional-woven composite joints (20. Joints in Composite Structures (Jin-Hwe Kweon))
Aluko, Olanrewaju (aluko@umflint.edu), University of Michiigan-Flint, United States America
A finite element analysis would be performed to predict the failure load of unidirectional and woven pinned loaded composite joints using the characteristic curve model. The
characteristic dimensions that would be used to determine the characteristic curve would be evaluated from stresses obtained for finite element method without experimental
tests. A parametric study to evaluate the combined effect of clearance and friction on joints failure using Yamada-Sun failure criterion would be carried out for different
values of coefficient of friction and pin-hole clearances. The numerical solution from finite element model would be presented.
3841 | FAILURE ANALYSIS OF CO-BONDED COMPOSITE PIPE FLANGE (20. Joints in Composite Structures (Jin-Hwe Kweon))
Okupuro, David-West (opukuro.david-west@plymouth.ac.uk), Univ. Plymouth, United Kingdom
Huirong, Le (opukuro.david-west@plymouth.ac.uk), Univ. Plymouth, United Kingdom
Shiyang Qu (opukuro.david-west@plymouth.ac.uk), Univ. Plymouth, United Kingdom
Stanislaw Kuncik (opukuro.david-west@plymouth.ac.uk), Univ. Plymouth, United Kingdom
Stephen Grove (opukuro.david-west@plymouth.ac.uk), Univ. Plymouth, United Kingdom
Neil James (opukuro.david-west@plymouth.ac.uk), Univ. Plymouth, United Kingdom
The bonding strength of composite pipe that constitutes of glass fibres and epoxy matrix; and quasi-isotropic
glass fibre and styrene matrix composite flange has been investigated using test method and finite element
analysis. The findings were explained in terms of the bond characteristics and load – displacement relationships.
Post-mortem visual and microscopic damage assessment of the de-donded zones of the test samples were
examine and reported herein.
3716 | FAILURE OF CARBON/BMI-NOMEX SANDWICH JOINTS UNDER PULL-OUT LOADING IN VARIOUS ENVIRONMENTAL CONDITIONS (20. Joints in
Composite Structures (Jin-Hwe Kweon))
Park, Sung-Jun (isungjun@nate.com), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Jinju,
Gyeongnam 660-701, Korea, South
Park, Yong-Bin (yongbin2003@nate.com), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Jinju,
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Park, Yong-Bin (yongbin2003@nate.com), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Jinju,
Gyeongnam 660-701, Korea, South
Lee, Gyeong-Chan (haneul0528@nate.com), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Jinju,
Gyeongnam 660-701, Korea, South
Kweon, Jin-hwe (jhkweon@gnu.ac.kr), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Jinju,
Gyeongnam 660-701, Korea, South
Choi, Jin-Ho (choi@gnu.ac.kr), School of Mechanical Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Jinju, Gyeongnam 660701, Korea, South
An extensive parametric test was conducted to investigate the hygrothermal effect on the failure of the carbon/BMI-Nomex sandwich joints with core heights and densities.
Pull-out tests were performed for two different humidity conditions (dry and saturation) and three different temperature environments (24, 82, and 177℃). Two different
honeycomb core densities (32 and 64 kg/㎥) and three different core heights (9.5, 15, and 25.4 mm) were also examined. The test results showed that the core shear
buckling was commonly observed in all specimens except for the joint with the core density of 64 kg/㎥. After core shear buckling, however, the joints carried additional loads
over the buckling loads and then finally failed in the bottom face. The joint with 32 kg/㎥ core density had an ultimate failure load which was 35% lower than that of the joint
with 64 kg/㎥ core density. However, there was no effect of core height on the ultimate load. The ultimate load at the elevated temperature (177℃) and wet conditions were
24.5% higher than that at room temperature.
Acknowledgement:This work was supported by Priority Research Centers Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (2012-048078). The authors also acknowledge the Ministry of knowledge Economy (MKE), Korea Institute for Advancement of
Technology (KIAT) and Dongnam Leading Industry Office through the Leading Industry Development for Economic Region.
3715 | FATIGUE BEHAVIOR OF METAL PIN-REINFORCED COMPOSITE SINGLE-LAP JOINTS IN HYGROTHERMAL ENVIRONMENT (20. Joints in Composite
Structures (Jin-Hwe Kweon))
Son, Han-Gi (gardian86@nate.com), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Park, Yong-Bin (bini9686@hanmail.net), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea,
South
Lee, Byeong-Hee (kojuboo320@nate.com), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea,
South
Kweon, Jin-Hwe (jhkweon@gnu.ac.kr), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Choi, Jin-Ho (choi@gnu.ac.kr), School of Mechanical Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Choi, Ik-Hyeon (ihchoi@kari.re.kr), Korea Aerospace Research Institute, Daejeon, South Korea, Korea, South
Bonded joints are inherently vulnerable to stresses in the transverse direction that cause delamination. Particularly, when bonded joints without fasteners are exposed high
temperature and wet condition with cyclic loading, the problem becomes more critical. In this study, the fatigue behavior of stainless steel pin-reinforced co-cured composite
single-lap joints on the effect of a hygrothermal environment was investigated by test. Specimens were exposed to 71oC temperature and 85% relative humidity until
moisture saturation following the ASTM D5229 standard. Fatigue tests were conducted in three different environmental conditions (RTD; room temperature and dry, ETD;
elevated temperature and dry, and ETW; elevated temperature and wet). Tension-tension cyclic loads were applied to the specimens with the stress ratio of 0.5 and the
maximum stress level ranging from 60% to 90% of the static strengths of the joints. The results showed that the fatigue strength of pinned joint at the million cycles of
repeated loads was improved up to 14% at most.
ACKNOWLEDGEMENT : This work was supported by the Priority Research Centers Program through the National Research Foundation of Korea (NRF) funded by the
Ministry of Education, Science and Technology (2012-048078). The authors also acknowledge the Ministry of Knowledge Economy(MKE), Korea Institute for Advancement
of Technology(KIAT) and Dong-nam Leading Industry Office through the Leading Industry Development for Economic Region.
3595 | FEM STUDY OF THE USE OF EXPANSIVE SYSTEMS IN DOWEL CONNECTIONS OF TIMBER STRUCTURES (20. Joints in Composite Structures (Jin-Hwe
Kweon))
J.G. Fueyo (fueyo@usal.es), University of Salamanca, Spain
M. Dom?nguez (mdominguez1@usal.es), University of Salamanca, Spain
A. Cabezas (jacf@usal.es), University of Salamanca, Spain
The majority of the structural timber joints use metallic components, specially dowel-type fasteners. This joints are composed by steel cylindrical elements which work under
moment and shear forces and which transmit the loads between timber elements through a compressive contact. This contact is modelled through a simplified distribution of
stresses which were proposed by Johansen in 1949 and which with slight changes are used today in the majority of the standards.
In order to improve their performance, some technicians have proposed techniques imported from other materials. An example is the use of expansive dowel systems in
concrete structures. In timber, this technology has been hardly used. The results obtained using the Johansen models, for the dowel type joints without expansive systems,
has been confirmed during the last years through experimental and fem studies. In the expansive dowels, it is necessary to modify the models, taking into account the new
stress distributions.
The aim of this work has been to study the improvement of the mechanical behaviour of the dowel type connections with expansive systems. The effect of parameters like
the geometries, loads, constraints and materials, were considered. The final goal was to propose new equations, parallel to those of Johansen, which take into account the
variation in the strength capacity provoked by the use of this new technology. These equations will facilitate the design of this joints in the future.
3608 | Impact of Thermo-mechanical Fatigue Loading on CFRP/aluminum adhesively bonded joints (20. Joints in Composite Structures (Jin-Hwe Kweon))
Hazarabedian, Alfredo (alfredo.hazarabedian@cnea.gov.ar), National Agency of Atomic Energy, CNEA, Avda. Gral.Paz 1499, (1650) San Martin, Pcia. de Buenos Aires,
Argentina, Argentina
Kokubu, German (kokubu@cnea.gov.ar), National Agency of Atomic Energy, CNEA, Avda. Gral.Paz 1499, (1650) San Martin, Pcia. de Buenos Aires, Argentina, Argentina
Poodts, Ezequiel (ezequiel.poodts4@unibo.it), Interdepartmental Center for Industrial Research on Advanced Applications in Mechanical Engineering and Materials
Technology, CIRI-MAM, University of Bologna, Viale Risorgimento 2, 40136 Bologna, Italy, Italy
Belinco, Cesar (belinco@cnea.gov.ar), National Agency of Atomic Energy, CNEA, Avda. Gral.Paz 1499, (1650) San Martin, Pcia. de Buenos Aires, Argentina, Argentina
Minak, Giangiacomo (giangiacomo.minak@unibo.it), Interdepartmental Center for Industrial Research on Advanced Applications in Mechanical Engineering and Materials
Technology, CIRI-MAM, University of Bologna, Viale Risorgimento 2, 40136 Bologna, Italy, Italy
Aerospace structures such as satellites require being lightweight in order to reduce the cost of launching. Adhesive bonding has been proven as a reliable joining technique,
but a very strong difficulty arises when such structures are exposed to large thermal excursion cycles, since joint materials can have very different coefficients of thermal
expansion. The mismatch traduces in internal stresses in the bonded zone of the components every time the temperature changes, thus failure or degraded strength due to
fatigue loading of these areas can appear in time.
In this article, the components under study are struts of a satellite-antenna interface structure under design. This are composed by CFRP tubes made with UHM carbon fiber
reinforced cyanate esther resin adhesive bonded to 2024 aluminum end fits. An experimental campaign has been designed to assess the influence of different bond length
and laminate sequence on overall joint performance. First, quasi-static tests applying tensile loading of the part on the axial direction of the tube has been performed, in
order to obtain the base properties of each specimen type. A number of each type of specimens type were set to cycle between -40 and 70°C, then quasi-static tests in the
same fashion as explained before were performed in order to obtain the residual strength of the component after different number of cycles. The result was used to decide
the best design for the component.
3531 | Mixed mode local T-S law for ductile adhesive bonding (20. Joints in Composite Structures (Jin-Hwe Kweon))
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Cui, H (cuihao_nwpu@hotmail.com), Delft University of Technology, Netherlands
Koussios, S (S.Koussios@tudelft.nl), Delft University of Technology, Netherlands
This paper presents for the first time a new method for measuring the local constitutive response of an adhesive layer with the mixed mode bending (MMB) test. MMB tests
of ductile adhesively bonded composite laminates were carried out. An equivalent crack method was developed for evaluating the fracture energy of the adhesive. An optical
measuring system was employed to measure the deformation field around the initial crack tip. By making use of J-integral based inverse methods, the local tractionseparation (T-S) laws for the adhesive were obtained. The experimentally measured local T-S laws were implemented into a numerical model to reproduce the MMB test
results. It was found that the shear response and tensile response were coupled to each other during the mixed mode fracture process. Shear deformation dominates the
elastic-plastic stage of the adhesive layer, while tensile deformation dominates the voids nucleation and correlation stage. Good agreements between simulations and
experiments ensure the correct applicability of the present method.
2987 | Parametric study of composite beam-column connection according to tridimensional finite element modeling (20. Joints in Composite Structures (JinHwe Kweon))
Kataoka, Marcela N. (kataoka@sc.usp.br), University of Sao Paulo, Brazil
El Debs, Ana Lucia H. C. (analucia@sc.usp.br), University of Sao Paulo, Brazil
This paper deals with the behavior of composite beam-column connections composed of concrete filled steel tube (CFT), steel beams, bolts, endplates and slab. The
parametric analysis presented in this work is based on numerical simulations performed with software TNO Diana. A tridimensional finite element model was used to
simulate the structural behaviour of a wide range of composite connections to obtain a better understanding about the mechanical behaviour during its loading process till
failure. The varied parameters were: bolts diameter, stud spacing and slab reinforcement ratio. Through the parametric study, the composite connection has been discussed
in detail and recommendations for design have been done.
3206 | Sandwich joints with a gap in the core ? Which factors influence the stress concentrations significantly? (20. Joints in Composite Structures (Jin-Hwe
Kweon))
Dallmeier (dallmeier@ikt.rwth-aachen.de), Stephanie, Germany
Guenther (guenther@ikt.rwth-aachen.de), Benedikt, Germany
Ngahane Nana (nana@ikt.rwth-aachen.de), Liliane, Germany
Feldhusen (feldhusen@ikt.rwth-aachen.de), Joerg, Germany
To overcome one of the main sandwich technology roadblocks, namely the lack of an appropriate joining technology, the ikt is doing research on the topic of a mechanical
joining technology for sandwich structures. Using a mechanical joining technology inevitably leads to a gap between the sandwich core and hence resulting in a disturbance
of the distribution of forces. The local effects caused by such a gap in the core have already been examined with a combination of FEA and the Morris Method, to determine
the influence of different geometric and material factors on the stress distribution. As main factors the ratio of height of the facings to sandwich height (tf/h), the ratio of the
Youngʼs modulus of both core parts (Ecr/Ecl) and the ratio of the Youngʼs modulus of the facings and the core (Ec/Ef) have been identified.
In this work the theoretical approach is evaluated by using the design of experiments. This serves two purposes. Firstly the calculated stresses at the top of the upper facing
are compared with the measured stresses to check the finite element model. Secondly the results of the Morris Method are evaluated by the means of the design of
experiments. As test setup a three point bending test according to ASTM C 393 is used. The stress distribution is monitored with strain gauge chains, which measure the
stresses in a 2 mm interval, starting in the middle of the gap.
3714 | STATIC AND FATIGUE CHARACTERISTICS OF STAINLESS STEEL PIN-REINFORCED COMPOSITE PANELS WITH HAT-SHAPED STIFFENER (20. Joints in
Composite Structures (Jin-Hwe Kweon))
Ji, Hun (hji@gnu.ac.kr), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Park, Yong-Bin (bini9686@hanmail.net), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea,
South
Yun, Sang-Uk (appiros@naver.com), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Kweon, Jin-Hwe (jhkweon@gnu.ac.kr), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Choi, Jin-Ho (choi@gnu.ac.kr), School of Mechanical Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
The bonded joint is more vulnerable to through-thickness loading than mechanical joints. It leads to a need to enhance strength through-thickness direction of the joints. The
z-pinning method is a promising method to increase the through-thickness strength of composite structures because the pins are inserted into the pre-cured laminate and
therefore do not cause the serious damage to the fibers. In this study, the z-pinned composite hat joints were manufactured and tested under static and fatigue loads to
investigate the effect of z-pinning on the failure behavior of the joints. The joints have three different widths (25, 50, and 75 mm) and three different pinning patterns. The
effects of pin surface treatment are also examined. Pin diameter and areal density are 2% and 0.5 mm, respectively. Results showed the z-pinning significantly increases the
static and fatigue strengths of hat-joint. The pinning pattern also played important role in the failure of the joints. The strength differences by the joint width were negligible.
Acknowledgement: This work was supported by Priority Research Centers Program through the National Research Foundation of Korea (NRF) funded by the Ministry of
Education, Science and Technology (2012-048078). The authors also gratefully acknowledge the Ministry of knowledge Economy (MKE), Korea Institute for Advancement of
Technology (KIAT) and Dongnam Leading Industry Office through the Leading Industry Development for Economic Region.
3076 | Strength prediction of bolted joints in CFRP composite laminates based on subcritical damage modelling (20. Joints in Composite Structures (Jin-Hwe
Kweon))
Atas, A. (a.atas@balikesir.edu.tr), Balikesir University, Turkey
Soutis, C. (constantinos.soutis@manchester.ac.uk), University of Manchester, United Kingdom
This work presents the experimental and numerical results of an investigation into the strength prediction of mechanical joints in HTS40/977-2 carbon fibre reinforced plastic
(CFRP) composite laminates. A range of double-lap single fastener tensile tests were performed in order to establish a database of strength and subcritical damage patterns
(transverse matrix cracks in the 90˚ layers, axial splits within the 0˚ and ±45˚ layers and delamination between the adjacent layers). Penetrant enhanced X-ray radiography
was used to identify the subcritical damage patterns of the specimens after testing.
The aim of the investigation was to develop a strength prediction method based on modelling the subcritical damage mechanisms, which is universally applicable without
resorting to correlation factors. Discrete modelling of the initiation and growth of these subcritical damage modes, using cohesive zone elements (CZEs), directly simulated
the local stress redistributions and superseded the role of the correlation factors. CZEs use a strength-based failure criterion to predict the onset of damage and a fracture
mechanics based approach to predict its growth. The only material properties required to simulate the subcritical damage modes were the interfacial strength and fracture
energies of the particular material system used. It has been shown that the effect of various joint geometries, laminate lay-ups and stacking sequences on the joint strength.
3791 | STUDY OF V SHEAR CONNECTOR ON COMPOSITE BEAMS (20. Joints in Composite Structures (Jin-Hwe Kweon))
Cavalcante, Otavio Rangel de Oliveira (otaviorc@hotmail.com), Universidade Federal do Ceara, Brazil
Bezerra, Luciano Mendes (lmbz@unb.br), Universidade de Brasilia, Brazil
Chater, Latif (latifchater@gmail.com), Universidade de Brasilia, Brazil
The shear connector is a fundamental component of composite beams. Its function is to bring about a degree of interaction between the concrete slab and the steel profile.
The stud bolt connector is currently the most adopted solution, mainly because of its high productivity on site. The “V” shear connector, proposed here, is a more rigid
variation of the “U” connector, which has already been extensively studied, maintaining the strong interaction between both structural elements provided by it, but reducing
the concentration of stress in both the concrete and the steel beam in comparison to the stud bolt. These conclusions were arrived atby means of a numerical study through
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the concentration of stress in both the concrete and the steel beam in comparison to the stud bolt. These conclusions were arrived atby means of a numerical study through
finite elements models and an experimental one, in which push-out tests based on the European code EN 1994-1-1:2004 were carried out for variations of the “V” connector
and stud bolts. These studies have shown that this connector is an interesting solution, as it improves the “U connector in all aspects, from the distribution of stress in the
concrete and steel profile to the rigidity of the connection.

3739 | Surface treatment effects of prolypropylene short fibres on composites mechanical behaviour (20. Joints in Composite Structures (Jin-Hwe Kweon))
dos Santos, D.J. (demetrio.santos@ufabc.edu.br), Federal University UFABC, Brazil
Tavares, L.B. (lara.btavares@hotmail.com), Federal University UFABC, Brazil
Batalha, G.F. (gfbatalha@gmail.com), S?o Paulo University, Brazil
Composite materials have their behaviour influenced by many factors: matrix properties, reinforcement geometry, interface and others. The region formed through contact
between matrix and reinforcement, the interface, determines the loading transfer property and consequently its influence on composite mechanical behaviour. This paper
has the purpose of investigate the effect of treating the surface of short polypropylene fibres, by acid etch, on subsequent adhesion from such fibres to epoxy and polyamide
and to the obtained composite properties. Short polypropylene fibres had their surface structure and energy modified by acid etch, both surface structures were studied
through Infrared Spectroscopy in Attenuated Total Reflectance. Specimens, obtained from melted polypropylene, were used to verify the surface wettability in contact to
epoxy and polyamide by Contact Angle Measurement, before and after the surface treatment. Uniaxial extension and impact Izod experiments were carried out, with neat
resin and composites of PP fibre/epoxy and PP fibre/PA, in order to investigate quantitatively the influence of adding fibre to the resin and of the acid treatment on the
mechanical properties. Optical Microscopy (OM) and Scanning Electron Microscopy (SEM) were applied to verify fibres dispersion and fibre rupture mechanism after failure,
respectively.
3895 | Towards the maximization of interfacial shear strength in TiGr hybrid fiber-metal laminate through surface laser texturization (20. Joints in Composite
Structures (Jin-Hwe Kweon))
Dias R.C.C. (ritacosta.dias@gmail.com), Universidade de Sao Paulo (USP), Brazil
Riva R. (rudiriva@gmail.com), Instituto de Estudos Avancados (IEAV-CTA) , Brazil
Ortenzi A. Jr. (ortenzi.usp@gmail.com), Universidade de Sao Paulo (USP), Brazil
Tarpani J.R. (jrpan@sc.usp.br), Universidade de Sao Paulo (USP), Brazil
Surface texturization of 0.5 mm-thick Ti6Al4V alloy sheets was conducted with modulated high power fiber laser in order to create appropriate roughness level to improve
adhesion between the metal sheets and thermoplastic polymer (PPS - polysulphide phenylene) matrix laminate reinforced with continuous graphite fibers during hot-press
manufacture of TiGr (Titanium-Graphite) Hybrid Fiber-Metal Laminate (HFML). Photonic processing of metallic alloy surface was carried out in a microprocessor computer
xyz table, so that diversification of microcavities interspacing and geometry was achieved by keeping fixed the laser beam displacement rate and changing its interpulse time
and diameter. Roughness measurement of metallic sheets was performed with the help of mechanical perfilometer, atomic force microscopy, as well as through
micrographic and fractographic analyses. Short beam shear strength testing (ASTM D-2344) of HFML test coupons indicated optimum metal surface conditioning with a 160
W laser beam, which gave rise to an average surface roughness of 8.5 μm. Under such circumstances, maximum resistance of 75 MPa was attained against shear
delamination of metal/polymer interface during mechanical testing.

3413 | A semi-analytical technique for fracture analysis of piezoelectric composites (21. Meshless and Advanced Numerical Techniques (Carla Roque, Jorge
Belinha))
Li Chao (chao.li3@unsw.edu.au), The University of New South Wales, Australia
Man Hou (h.man@unsw.edu.au), The University of New South Wales, Australia
Song Chongmin (c.song@unsw.edu.au), The University of New South Wales, Australia
Gao Wei (w.gao@unsw.edu.au), The University of New South Wales, Australia
Due to the intrinsic coupling behaviour, piezoelectric materials are widely used as sensors and actuators in automotive components, aerospace panels as well as other
mechanical and civil structures. In those applications, piezoelectric sensors and actuators are embedded in or bonded to a host material. However, during the manufacturing
process and under the complex mechanical and electrical loading conditions, interface cracks and interface debonding may be induced because of the high stress
concentrations caused by the mismatch of mechanical and electrical properties between different layers. Moreover, piezoelectric materials have low ultimate tensile strength
and low fracture toughness, they have high tendency to develop cracks.
In this study, a semi-analytical technique, the so-called scaled boundary finite element method is extended to analyse cracks and notches inside piezoelectric composites. In
this method, only the boundary needs to be discretized. In contrast to the boundary element method, the scaled boundary finite element method does not require any
fundamental solution. The stress and electric displacement intensity factors are evaluated directly from the scaled boundary finite element solutions of the singular stress
and electric displacement fields. Numerical study is conducted in this paper to verify the accuracy and highlight the simplicity and efficiency of the proposed technique. The
present results show excellent agreement with those in the literature.
3114 | Analysis of composite plates using radial basis functions and multiobjective optimization for node adaptation. (21. Meshless and Advanced Numerical
Techniques (Carla Roque, Jorge Belinha))
Roque, Carla M.C. (croque@fe.up.pt), INEGI, Portugal
Madeira, Jose F.A. (jaguilar@dem.ist.utl.pt), IDMEC-IST, ISEL, Portugal
Ferreira, Antonio J.M. (ferreira@fe.up.pt), FEUP, Portugal
Meshless methods are used for their capability of producing excellent solutions without requiring a mesh, being only required node placement. However, node placement is
still an open question, especially in strong form collocation meshless methods.
In order to optimize node distribution and number, a direct multisearch technique for multiobjective optimization is used. The method is inspired by the search/poll paradigm
of direct-search methods of directional type from single to multiobjective optimization and uses the concept of Pareto dominance to maintain a list of feasible nondominated
points.
The optimization method is applied to the bending of composite simply supported plates, using the third order shear deformation theory of Reddy.
Results show that the method is capable of reducing the number of nodes in the grid without compromising the accuracy of the solution.
3651 | Computational homogenization of microstructured materials based on the window method (21. Meshless and Advanced Numerical Techniques (Carla
Roque, Jorge Belinha))
D?ster, Alexander (alexander.duester@tuhh.de), Hamburg University of Technology, Germany
Heinze, Stephan (stephan.heinze@tuhh.de), Hamburg University of Technology, Germany
Sehlhorst, H.-G. (alexander.duester@tuhh.de), Siempelkamp Maschinen- und Anlagenbau, Germany
We will present numerical procedures based on the window method to compute effective properties of cellular and heterogeneous materials. The window method is a
variation on the self-consistency method that is familiar from analytical homogenization procedures. The basic idea is to embed the microstructure to be homogenized into a
matrix material with properties corresponding to the effective medium. Since the aim of the homogenization procedure is to compute the effective properties, they are initially
unknown, of course, so the window method defines a nonlinear problem which can be solved iteratively. A projection and a homogenization are carried out to compute the
effective material properties, thus producing a relation between the homogenized strains and stresses. Performing a numerical differentiation of the stresses with respect to
the strains results in the elasticity tensor of the homogenized material which is the quantity of interest. Several examples will be presented to demonstrate the properties of
this approach, ranging from reinforced materials to foams. We will also consider how the homogenized material properties within finite element computations of sandwich
structures can best be used and then compare the results with reference values that are obtained either by experimental testing or computation of the fully resolved
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structures can best be used and then compare the results with reference values that are obtained either by experimental testing or computation of the fully resolved
microstructure.
3689 | Estimating the Behavior of FRP-Strengthened Slab-Column Connections Using Neuro-Fuzzy Model (21. Meshless and Advanced Numerical Techniques
(Carla Roque, Jorge Belinha))
Hoseini Vaez, Seyed Rohollah (hoseinivaez@gmail.com), University of Qom, Iran
Naderpour, Hosein (naderpour@semnan.ac.ir), Semnan University, Iran
Slab-column connections is not ideal from the structural point of view, because of the high shear stresses around supporting columns, which can lead to abrupt punching
shear failure at a load which is well below its flexural strength. In these systems inadequate detailing for seismic events has resulted in considerable structural damages
during past earthquakes. In recent years, several experimental approaches have been presented by researchers which have studied the influence of FRPs on upgrading the
flat slab systems but there is no proper model that can predict the effect of FRP by using the available experimental data. A wide range of experimental datasets obtained
from concentric punching shear tests of strengthened slab-column connections from the literature are used in training and testing of the neuro-fuzzy model. By assuming
parameters like geometric properties of slabs and columns, material properties of concrete and also the FRP as the input nodes, the output node is the behavior of
strengthened slab-column connection. The neuro-fuzzy modelling is developed to address the interaction between various punching shear modelling parameters and the
uncertainties between them, which might not be properly captured in classical modelling approaches. The simulated results indicate a good agreement with available
experimental.
3417 | Exact Dynamic Stiffness Elements Using 1D Higher-Order Theories: Application to Sandwich Beams (21. Meshless and Advanced Numerical Techniques
(Carla Roque, Jorge Belinha))
Pagani, A. (alfonso.pagani@polito.it), Politecnico di Torino, Italy
Carrera, E. (erasmo.carrera@polito.it), Politecnico di Torino, Italy
Boscolo, M. (Marco.Boscolo.1@city.ac.uk), City University London, Great Britain
Banerjee, J. R. (J.R.Banerjee@city.ac.uk), City University London, Great Britain
The dynamic stiffness formulation for 1D higher-order theories is presented and subsequently used for the free vibration analysis of sandwich beams. Refined beam models
are built using N-order Taylor-like polynomials to interpolate the displacement field on the cross-section of the beam according to the Carrera Unified Formulation (CUF),
which allows the obtaining of any-order theories with no need of ad hoc formulations. Classical beam theories (Euler-Bernoulli and Timoshenko) are also considered and
obtained as particular cases. The Principle of Virtual Displacements is used to derive the differential governing equations and the associated natural boundary conditions. An
exact dynamic stiffness matrix is then developed by relating amplitudes of harmonically varying loads to those of the generalized displacements. The resulting dynamic
stiffness matrix is used with particular reference to the Wittrick-Williams algorithm to carry out the free vibration analysis of sandwich beams. The accuracy of the theory is
confirmed both by published literature and by finite element solutions from the commercial code MSC/NASTRAN.
3475 | The non-linear analysis of plates considering a meshless method (21. Meshless and Advanced Numerical Techniques (Carla Roque, Jorge Belinha))
J. Belinha (jorge.belinha@fe.up.pt), Institute of Mechanical Engineering, Portugal
L.M.J.S. Dinis (ldinis@fe.up.pt), Faculty of Engineering of the University of Porto, Portugal
R.M. Natal Jorge (rnatal@fe.up.pt), Faculty of Engineering of the University of Porto, Portugal
The Natural Neighbour Radial Point Interpolation Meshless Method (NNRPIM) is extended to the non-linear analysis of plates submitted to transversal loads considering a
three-dimensional approach.
In the NNRPIM the Natural Neighbour concept is used in order to enforce the nodal connectivity. Using the Voronoï diagrams, constructed from the unstructured set of
nodes discretizing the problem domain, it is possible to obtain the “influence-cells”, which are in fact influence-domains entirely nodal dependent. From the Delaunay
triangles, the dual of the Voronoï cells, a node-depending background mesh is created. This integration mesh is used in the numerical integration of the NNRPIM
interpolation functions, which are constructed using the Radial Point Interpolators. The obtained interpolation functions posses the delta Kronecker property, simplifying the
natural and essential boundary conditions imposition.
Assuming the three-dimensional deformation theory the plate displacement field and the strain and stress field are obtained from the weak-form of Galerkin. Since the scope
of this work is to extend and validate the NNRPIM in the large-deformation elasto-plastic plate analysis, the used non-linear solution algorithm is the Newton-Raphson initial
stiffness method and the efficient “forward-Euler” procedure is used in order to return the stress to the yield surface. Several non-linear elasto-plasticity problems are studied
to demonstrate the effectiveness of the method.
3687 | Using Artificial Neural Networks for Predicting the Behavior of Slab-Column Connections Strengthened by FRP (21. Meshless and Advanced Numerical
Techniques (Carla Roque, Jorge Belinha))
Hoseini Vaez, Seyed Rohollah (hoseinivaez@gmail.com), University of Qom, Iran
Naderpour, Hosein (naderpour@semnan.ac.ir), Semnan University, Iran
During past earthquakes, Slab-column connections in flat slabs with inadequate detailing for seismic events have resulted in considerable structural damages. Punching
shear failure is the governing failure mode in the presence of gravity and lateral load combinations. The ductility of such structural systems is limited by the deformation
capacity of the slab-column connections. Considering their advantages to conventional materials, the use of composites has become popular for increasing both the flexural
and shear strength of structural members. The application of fiber reinforced polymers (FRPs) is simple, quick and easy to install. In recent years, several experimental
approaches have been presented by researchers which have studied the influence of FRPs on upgrading the flat slab systems but there is no proper model that can predict
the effect of FRP by using the available experimental data. Artificial neural networks (ANNs) provide a general practical method for real-valued, discrete-valued, and vectorvalued functions from examples. In this paper, artificial neural networks were developed in order to predict the effect of FRP on behavior of slab-column connections. A wide
range of experimental data was used to construct and train the networks. By assuming parameters like geometric properties of slabs and columns, material properties of
concrete and also the FRP as the input nodes, the output node is the behavior of strengthened slab-column connection. The simulated results by using ideal networks
indicate a good agreement with available experimental data and also behavior of flat slabs during earthquakes and can be used as a reliable predictor tool for FRPstrengthened slabs.
3097 | A comprehensive validation of analytical homogenization models: the case of coated spherical particles reinforced composites. (22. Micromechanics
(Antonio Melro))
Elias Ghossein (elias.ghossein@polymtl.ca), Ecole Polytechnique de Montr?al, Canada
Martin Levesque (martin.levesque@polymtl.ca), Ecole Polytechnique de Montr?al, Canada
Homogenization theory is well established for spherical particles reinforced composites. However, for the case of composites reinforced by coated spheres, no systematic
study compares rigorously the accuracy of analytical homogenization models for a wide range of phases mechanical properties and volume fractions.
The purpose of this communication is to validate the performance of well-known analytical homogenization models for the case of coated spherical particles reinforced
composites. A numerical tool has been developed and two independent steps have been processed: i) random generation of representative microstructures of the studied
composites and ii) computation of composites mechanical effective properties.
The random microstructures were generated using an algorithm based on molecular dynamics. The effective properties were obtained using an algorithm based on the Fast
Fourier Transforms (FFT). The advantage of this method stems from its rate of convergence and the fact that it does not require meshing.
Using the numerical tool, a broad range of phases mechanical properties, spheres volume fractions and coating thicknesses has been studied. The numerical results were
compared to the predictions of existing analytical homogenization models and their limitations in terms of accuracy have been identified. This contribution is important
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compared to the predictions of existing analytical homogenization models and their limitations in terms of accuracy have been identified. This contribution is important
because it provides a benchmark for comprehensive performance assessment of existing analytical homogenization models.
3644 | A Numerical Study on the Influence of Different Void Morphologies on the Effective Material Properties of CFRP Laminates Based on X-ray Computed
Microtomography (22. Micromechanics (Antonio Melro))
Chrupalla, David (david.chrupalla@dlr.de), German Aerospace Center, Germany
Kreikemeier, Janko (janko.kreikemeier@dlr.de), German Aerospace Center, Germany
Krause, Daniel (daniel.krause@dlr.de), German Aerospace Center, Germany
During the manufacturing process a totally defect free laminate cannot be guaranteed. Defects like fibre misalignments or voids occur for instance because of leaky vacuum
bags and not fully degased resin materials. As a result, material properties like stiffness and strength are degraded which can lead to a premature collapse of the structure.
On the other hand, structures with a void volume fracture that is regarded as critical might still be able to withstand the applied loads. For this reason it is important to predict
the influence of voids on the load bearing behaviour of a structure with numerical models.
In the first step of this work, the morphology of the voids is investigated. For this purpose, small specimens are cut from a porous cfrp plate with unidirectional fibre
reinforcement. The morphological characterisation is carried out by X-ray computed microtomographic (μCT) data of the specimen. In the second step, the geometry of the
voids is imported into the finite element code ABAQUS. Numerical calculations with void geometry conforming finite element meshes as well as the computationally effective
GAUSS-point method are carried out to obtain the effective material properties for the different kinds of void morphologies.
3878 | A particular implementation of the Modified Secant Homogenization Method for Particle Reinforced Metal Matrix Composites (22. Micromechanics
(Antonio Melro))
Zahr Vi?uela, Jorge Alonso (jzahr@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
P?rez Castellanos, Jos? Luis (percaste@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
The stress-strain relationship for Particle Reinforced Metal Matrix Composites (PMMC) in the nonlinear regime has been frequently assessed by means of the Modified
Secant Homogenization Method, by Suquet (1995). This nonlinear Homogenization uses a Linear Elastic Homogenization scheme to calculate the Secant Compliance
tensor of the composite in terms of the known Secant Compliance tensors of the compositesʼ constituent phases.
The subject of the present work is the development of a particular implementation of the Modified Secant Homogenization Method for the case of PMMCs using, as the
required underlying Linear Elastic Homogenization scheme, the Halpin-Tsai based scheme proposed by Zahr and Pérez-Castellanos (2011).
The developed implementation results in an iterative procedure for the estimation of the nonlinear macroscopic stress-strain response in which there are only two explicit
parameters: the reinforcement volume fraction and the ʻsʼ parameter of the Halpin-Tsai equation which, in turn, carries implicitly the information of particle aspect ratio and
orientation.
The proposed scheme is then applied to the prediction of the uniaxial hardening curve of a PMMC characterized by a geometrically isotropic microstructure where reinforcing
particles of different aspect ratios are randomly oriented inside the matrix, and for which no other rigorous Linear Homogenization technique (except for the relatively wide
Hashin-Shtrickman bounds) is available.
3489 | Analysis of syntactic foam micromechanics using a generalized Vlasov-Jones foundation model (22. Micromechanics (Antonio Melro))
Shams, Adel (ashams01@students.poly.edu), Polytechnic Institute of New York University, United States America
Porfiri, Maurizio (mporfiri@poly.edu), Polytechnic Institute of New York University, United States America
Syntactic foams are lightweight particulate composites that are fabricated by dispersing thin hollow reinforcements in a matrix material. A spherical elastic inclusion
embedded in a dissimilar medium is often used as a unit cell model to study syntactic foams' micromechanics and the analysis is generally conducted using threedimensional linear elasticity. Here, we take a different approach for the analysis of the unit cell problem by developing a generalized Vlasov-Jones foundation model for the
matrix and describing the inclusion using Donnell shell theory. This framework is specialized to uniaxial tensile loading of the unit cell in the presence of interfacial cracks,
which are introduced to model inclusion-matrix debonding. A variational method is used to formulate a nonlinear boundary value problem for both the shell and foundation
displacements. An iterative numerical procedure based on the Ritz method is presented to obtain a tractable solution. A parametric study is performed to elucidate the effect
of debonding extent, inclusion volume fraction, and shell thickness on debonding energetics and effective elastic modulus of polymer-glass syntactic foams. The proposed
approach is validated using finite element results and experimental data on epoxy-glass syntactic systems.
3893 | Constitutive modeling of elasto-plastic composites using two (2) incremental mean-field formulations (22. Micromechanics (Antonio Melro))
A. A. K. Christelle-Monique Tchalla (christelle.tchalla@tudor.lu), Public Research Centre Henri Tudor, Luxembourg
W. L. Azoti (wiyao.azoti@tudor.lu), Public Research Centre Henri Tudor, Luxembourg
Y. Koutsawa (yao.koutsawa@tudor.lu), Public Research Centre Henri Tudor, Luxembourg
A. Makradi (ahmed.makradi@tudor.lu), Public Research Centre Henri Tudor, Luxembourg
S. Belouettar (salim.belouettar@tudor.lu), Public Research Centre Henri Tudor, Luxembourg
H. Zarhouni (zahr@lpmm.univ-metz.fr), Laboratoire d'Etude des Microstructures et de M�canique des Mat�riaux (LEM3), France
The present work aims to derive the macroscopic response of elasto-plastic composites materials using the Incremental Micromechanics Scheme (IMS). Such mean-field
scheme is coupled with the well-known incremental formulation that characterizes the return mapping algorithm in the computation of the instantaneous tangent effective
modulus. To this end, the J2 elasto-plasticity is carried out in its 3-dimensional version where the “consistent” modulus calg of each phase is computed from works of Doghri
and Ouaar (2003). The time discretization over the interval [tn, tn+1] of all rate relations is solved through a generalized mid-point rule. This rule applied on the “consistent”
modulus calg yields to the “anisotropic” modulus.
The IMS is based on the Differential Scheme idea where effective properties of the composite material are obtained by a gradual addition of infinitesimal quantities of
reinforcements. Introduced firstly by Vieville and Lipinski (1994), the IMS is useful in the case of high volume fraction of the inhomogeneities with high contrast between the
properties of the host material and the reinforcements. Once the tangent “anisotropic” modulus of each phase determined, the homogenized material properties can be
determined by the iterative procedure presented in Vieville et al. (2006).
3569 | Effects of interface moduli on mechanical behavior of nanoparticle-reinforced composites: a parametric study (22. Micromechanics (Antonio Melro))
Yang, B.J. (bumjoo@kaist.ac.kr), Korea Advanced Institute of Science and Technology (KAIST), Korea, South
Hwang, Y.Y. (hyn1014@kaist.ac.kr), Korea Advanced Institute of Science and Technology (KAIST), Korea, South
Lee, H.K. (haengki@kaist.ac.kr), Korea Advanced Institute of Science and Technology (KAIST), Korea, South
ABSTRACT
Nanocomposites have been widely employed in engineering field; however, micromechanics is not commonly used in analysis of the nanocomposites due to several
considerations, such as size and interface effects [1]. This paper sumemerizes a parametric study conducted to show the effect of interafece moduli on the overall behavior
nanoparticle-reinforced composites [2]. A micromechanical framework [2] for composites containing nano-sized and randomly located particles is adopted. The interface
moduli and the modified Eshelby tensor [3,4] are incorporated into the micromechanical framework. Numerical examples based on the micromechanical model are
presented to investigate in detail the correlation between interface moduli and the behavior of the nanocomposites.
REFERENCES
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3308 | Finite Element Microstructural Homogenization techniques and Intergranular, intragranular microstructural effects on effective diffusion coefficient of
heterogeneous polycrystalline composite media. (22. Micromechanics (Antonio Melro))
Jothi,Sathiskumar (S.Jothi@swansea.ac.uk), Swansea University, United Kingdom
Croft,T.N. (t.n.croft@swansea.ac.uk), Swansea University, United Kingdom
Brown,S.G.R (s.g.r.brown@swansea.ac.uk), Swansea University, United Kingdom
EA De Souza Neto, (e.desouzaneto@swansea.ac.uk), Swansea University, United Kingdom
Microstructural intergranular and intragranular effects play a vitally important role in mass transport within heterogeneous polycrystalline composite media. Full scale
macroscopic specimen or component modelling of heterogeneous polycrystalline composite media is complex, time consuming and computationally expensive.
Consequently it is important to develop a homogenous model to predict the effective diffusion coefficient of the heterogeneous polycrystalline composite media. It is also
important to investigate the effect of intergranular and intragranular microstructure on effective diffusivity of heterogeneous polycrystalline composite media. A two
dimensional finite element microstructural representative volume element (FEMRVE) model with different intergranular and intragranular microstructures has been
developed using the well-known Voronoi tessellation technique. The effective diffusivity predicted by the FEMRVE model with various intergranular and intragranular
microstructures of heterogeneous polycrystalline composite media agrees well with the results of various effective medium theories.
3625 | Hybrid Micro Meso Modeling Approach to Predict Compressive Failure of Multidirectional Laminates (22. Micromechanics (Antonio Melro))
Bishara, Majeed (m.bishara@isd.uni-hannover.de), Institute of Structural Analysis, Leibniz Universitat Hannover, Germany, Germany
Rolfes, Raimund (r.rolfes@isd.uni-hannover.de), Institute of Structural Analysis, Leibniz Universitat Hannover, Germany, Germany
Jansen, Eelco (e.jansen@isd.uni-hannover.de), Institute of Structural Analysis, Leibniz Universitat Hannover, Germany, Germany
Vogler, Matthias (vogler.consulting@email.de), Consulting Engineer, Hannover, Germany, Germany
A Hybrid Micro Meso modeling (HMiMe) approach is presented in this paper to simulate the compressive failure of multidirectional laminates, including the effect of fiber
kinking. A good understanding of fiber kinking is essential for the prediction of stiffness and strength of long fiber reinforced composites under compression. The initiation
and propagation of kink bands are very complex problems, where different phenomena such as local instabilities and local nonlinearities (material and geometrical) interact
and have to be taken into account. Although the peak load of unidirectional laminates can be determined with a simple 1D-micromodel, the full (2D and 3D) micromodeling is
essential to simulate the propagation of kink bands and the in-/out-of-plane kinking. A 3D-micromodel is presented in this paper to understand the kinking mechanism,
considering the nonlinear behavior of the polymer matrix under multiaxial loading conditions.
Compressive failure of carbon-epoxy multidirectional laminates can be seen as an interaction of three failure mechanisms: Fiber kinking, matrix cracking and delamination.
This interaction is responsible for the final failure of the structure at the meso- and macroscale. Based on the 3D-micromodel a new Hybrid Micro Meso modeling strategy is
developed to establish stiffness and strength of multidirectional laminates under compressive loading, taking into account the out-of-plane fiber kinking.
3491 | Identification of the material properties needed in cure simulations from inverse analysis and finite element homogenization (22. Micromechanics
(Antonio Melro))
Wucher, Benoit (benoit.wucher@cenaero.be), Cenaero, Belgium
Lani, Fr?d?ric (frederic.lani@uclouvain.be), Universit? Catholique de Louvain, Belgium
Martiny, Philippe (philippe.martiny@cenaero.be), Cenaero, Belgium
Pardoen, Thomas (thomas.pardoen@uclouvain.be), Universit? Catholique de Louvain, Belgium
Bailly, Christian (christian.bailly@uclouvain.be), Universit? Catholique de Louvain, Belgium
Manufacturing a composite part to a certain shape can be challenging because of the distortions which arise during the curing process. These distortions are the result of the
thermal expansion and the chemical shrinkage taking place in the course of the curing cycle. The deviation between the final part and the original design is often an issue
when time comes to assemble several parts together. Therefore, reducing this deviation is crucial to manufacturers. This can be achieved by modifying the geometry of the
mold with the help of accurate numerical predictions of the cure-induced deformations.
Modeling the curing process of epoxy-based composite structures requires the knowledge of a large number of material parameters. Characterizing all of those properties
would be far too costly and time-consuming. In this paper, we first propose to determine the most influential properties through inverse analysis on simple structures which
show significant distortions, and compare those properties with the results obtained with finite element analysis performed at the microscopic scale, where the continuous
evolution of the moduli of the resin during cure is taken into account. The resulting values are then used to simulate larger structures, in which each ply is considered as a
homogeneous material with constant properties within each state of the resin. This approach allows for computationally efficient curing simulations of large-scale structures
while maintaining a good accuracy
3795 | Investigation of Thermal and Mechanical properties of Short Fibre Thermoplastic Composites (22. Micromechanics (Antonio Melro))
Ioannou, Ioannis (mep10ii@sheffield.ac.uk), The University of Sheffield, United Kingdom
Hodzic, Alma (A.Hodzic@sheffield.ac.uk), The University of Sheffield, United Kingdom
Soutis, Costas (constantinos.soutis@manchester.ac.uk), The University of Manchester, , United Kingdom
Gitman, Inna (i.gitman@sheffield.ac.uk), The University of Sheffield, United Kingdom
Mariam Al-Ali AlMa''adeed (m.alali@qu.edu.qa), Qatar University, Qatar
This work investigates the effect of micro-mechanical parameters on the material properties of short fibre composites using analytical micro-mechanical and numerical
models. The parameters under the investigation were fibre orientation and fibre aspect ratio. The connection between the micro-scale parameters and the macroscopic
response has been the subject of various discussions in analytic and numerical modelling. There are three main parameters governing the mechanical and thermal
behaviour of short fibre composites: Aspect Ratio (AR), Fibre Orientation and Volume Fraction. Analytical models like Shear Lag model, Halpin-Tsai equations, Voigt and
Reuss bounds, Hashin Shtrinkman bounds, Eshelby model and Mori Tanaka model have been considered. A three parameter algorithm was created in order to produce the
micro-geometry which was then introduced into a Finite Element model. A two dimensional periodic RVE was created and subjected to periodic kinematic boundary
conditions, for the cases of randomly distributed fibres that were aligned, misaligned and randomly oriented with aspect ratio from 1 to 10. In order to eliminate stochastic
phenomena, which may arise due to the random nature of orientation and position in each analysis, we repeated the same test for five samples-realisations of each size.
The size of the Representative Volume Element (RVE) was investigated first, for the linear elastic regime for aspect ratios from 1 to 10.
3740 | Mechanical influence of different type of CNTs grown on carbon felt mechanical in Silicone (22. Micromechanics (Antonio Melro))
Matsubara, Elaine Y (elainematsubara@ffclrp.usp.br), Universidade de Sao Paulo, Brazil
Rosolen, J Mauricio (rosolen@ffclrp.usp.br), Universidade de S?o Paulo, Brazil
The quality of the interface between the carbon nanotubes (CNT) and the polymer is a subject that is still not complety understood. The use of carbon nanotubes in the
preparation of this composite provides a means of controlling the thermal, mechanical, and electro-magnetic properties. However, dispersion of carbon nanotubes in
polymers like thermoplastic, silicone, and epoxy-resin is no easy task since carbon nanotubes present strong interactions between them. Thus we show evidences that CNT
on a micrometric matrix like carbon felt is able to transfer its mechanical properties to polymer matrix of Silicone. The use of CNT/felt as a hybrid composite matrix for the
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on a micrometric matrix like carbon felt is able to transfer its mechanical properties to polymer matrix of Silicone. The use of CNT/felt as a hybrid composite matrix for the
development of polymer composites has been proposed before, but its mechanical properties have never been studied. Here we show employing experiments on dynamic
conditions the mechanical behavior of Silicone/CNT/felt where CNT represent two type of carbon nanotubes.It was found that CNT transfer its mechanical properties same
when are agglomerated on the carbon fiber of carbon felt.

3903 | Micromechanical Damage Modelling Using Two-scale Method for Laminated Composite Structures (22. Micromechanics (Antonio Melro))
Ivancevic, 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
Failure mechanisms of fibre reinforced composite structures are closely related to processes within the heterogeneous material. In order to include these processes in
numerical simulations, a micromechanical model needs to be coupled with the finite element solution. This two-scale framework has in the current work been achieved using
the reformulated High Fidelity Generalized Method of Cells (HFGMC) micromechanical model and the FE code Abaqus/Explicit. The two-sale approach enables calculation
of the stress field within the unit cell, based on the constitutive behaviour of each subcell and the unit cell morphology. As the stress distribution is determined for the
representative unit cells, calculation of failure criteria and constitutive response of the composite are performed on the micro-level. Damage effects are also being modelled
at the micromechanical level. Failure initiation has been predicted using three micromechanical failure criteria found in the literature – the 3D Tsai-Hill model, the
Micromechanics of Failure model and the 3D Hashin type strain based failure criterion. Comparison of the implemented criteria showed significant discrepancies among
them. Degradation of mechanical properties of the composite material has been introduced to the model using the damage model described in a work by Bednarcyk et. al,
2010. The damage model relies on the 3D Hashin type strain based failure criterion and shows good agreement with experimental results.
3515 | Micromechanics of First Ply Failure in Composite Laminates (22. Micromechanics (Antonio Melro))
Marotzke, Christian (christian.marotzke@bam.de), BAM, Federal Inst. for Materials Research and Testing, Unter den Eichen 87, 12205 Berlin, Germany, Germany
Feldmann, Titus (titus.feldmann@bam.de), BAM, Federal Inst. for Materials Research and Testing, Unter den Eichen 87, 12205 Berlin, Germany, Germany
Microscopical failure processes in transverse loaded plies govern the onset of failure of composite laminates. The debonding of the fibers is the key factor controlling these
microscopical failure processes.
The failure of transverse loaded plies is initiated by fiber-matrix debonding followed by matrix cracking. The failure process is investigated experimentally as well as
theoretically. The debonding process is monitored under a microscope using model composites. In parallel fracture mechanical analyses are performed by finite elements on
a representative volume element of an unidirectional composite. The failure of the fiber-matrix interface is investigated by calculation of the mode I an mode II energy release
rates for cracks propagating circumferentially along the interface. The kinking of crack the into the matrix is simulated corresponding to the experimental patterns. It is shown
how the experimentally observed phases of stable and unstable crack propagation correspond to the course of the mode I/mode II energy release rates.
Different types of transverse loading are studied, i.e. transverse tension, shear and compression. Since the debonding process strongly depends on the distance between
the fibers the analyses are performed for fiber volume fractions varying between 30% and 85%. The interface crack is initiated by pure mode I stresses followed by a strong
increase of the mode II part which then becomes dominating the interfacial failure process.
3056 | Micromechanics of the coated inclusion problem (22. Micromechanics (Antonio Melro))
BONFOH N. (bonfoh@enim.fr), Laborattoire de mecanique Biom�canique Polym�re Structures - Ecole Nationale d''Ingenieurs de Metz, France
SABAR H. (sabar@enim.fr), Laborattoire de mecanique Biom�canique Polym�re Structures - Ecole Nationale d''Ingenieurs de Metz, France
The estimation of the effective properties of heterogeneous materials from the microstructure and the properties of constituents is an invaluable tool for tailoring materials
with high-performance properties. For this purpose, various micromechanical models have been suggested and are mainly based on the classical solution of the problem of
Eshelby inclusion. These models assumed a uniform strain field in the ellipsoidal inclusion when the material is subjected to a uniform strain at infinity. Unfortunately, in the
case of coated-inclusion in an infinite matrix, local fields are in general non-uniform as well in the inclusion as in its surrounding shell. The problem of materials containing
coated or multi-coated inclusion remains a challenge in micromechanics. In this work, a new micromechanical model for the solution of the problem of coated inclusion
embedded in an infinite homogeneous medium is presented. The proposed approach is based on the Green functions technique and the concept of the interior and exteriorpoint Eshelby tensors for ellipsoidal inclusion. For the particular case of spherical or cylindrical coated inclusion and isotropic behaviour, the exact analytic solution in terms
of strain localisation tensors inside inclusion and in the coating is obtained. The provided results are compared with other models and also with experimental data.
3540 | MICROSTRUCTURE-PERFORMANCE RELATIONSHIPS OF FOUR-STEP 3D BRAIDED COMPOSITES (22. Micromechanics (Antonio Melro))
Regel, Franziska (franziska@dep.uminho.pt), IPC ? Institute for Polymers and Composites University of Minho , Portugal
van Hattum, Ferrie W.J. (fvh@dep.uminho.pt), IPC ? Institute for Polymers and Composites University of Minho , Portugal
Dias, Gustavo R. (grdias@dep.uminho.pt), IPC ? Institute for Polymers and Composites University of Minho , Portugal
3D braided fabrics offer a number of advantages over conventional fibre reinforcements, including a higher delamination resistance due to through-thickness reinforcement
and the possibility of near-net shaping. There are three basic braiding techniques for forming 3D braided preforms, namely track-and-column braiding, two-step braiding and
solid braiding.
In the current research the microstructure and mechanical performance of four-step braided composites with and without axial reinforcement produced in a four-step (1x1)
braiding process are comparatively investigated.
A microscopic analysis is employed to derive geometric shapes, dimensions and paths of yarns. On the basis of microscopic observations and under consideration of
machine and processing parameters mechanical properties are analytically predicted. Numerical analyses are performed using a one-dimensional Finite Element modelling
approach. The predictions are supported by experimental results.
3128 | Nonlinear Free Vibration of Axially Functionally Graded Microbeams Based on Nonlinear Elastic Foundation using Modified Couple Stress Theory (22.
Micromechanics (Antonio Melro))
Simsek M. (mesutsimsek@gmail.com), Yildiz Technical University, Turkey
In this study, nonlinear free vibration of axially functionally graded Euler- Bernoulli microbeams with immovable ends on nonlinear elastic foundation is studied by using the
modified couple stress theory. The nonlinearity of the problem stems from the von-Kármánʼs nonlinear strain-displacement relationships and the nonlinear elastic foundation
that contains linear layer, shearing layer and the cubic nonlinearity. Elasticity modulus and mass density of the microbeam vary continuously in the axial direction of the
microbeam according to a simple power-law form. The nonlinear governing partial differential equation and the associated boundary conditions are derived by principle of
virtual displacement. By using Galerkinʼs approach, the nonlinear governing partial differential equation is reduced to a nonlinear ordinary differential equation. Heʼs
variational method is utilized to obtain the approximate closed form solution of the nonlinear ordinary governing equation. Pinned and clamped boundary conditions are
considered. The influences of the material variation, variation amplitude, elastic coefficients of the foundation on nonlinear to linear frequency ratio are examined. Also, the
present results are compared with those of previously published papers. Good agreement is observed.
2975 | On Hierarchical Models for Cusped Elastic Prismatic Shells (22. Micromechanics (Antonio Melro))
Jaiani, George (george.jaiani@gmail.com), I.Vekua Institute of Applied mathematics of Iv. Javakhishvili Tbilisi State University, Director, Full Professor, Georgia
I.Vekua constructed hierarchical models for elastic prismatic shells, in particular, plates of variable thickness, when on the face surfaces either stresses or displacements are
prescribed. He and his followers have investigated various aspects of the first model ( for a survey see the introduction in G.Jaiani, ZAMM – Z. Angew. Math. Mech. 81 (3):
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prescribed. He and his followers have investigated various aspects of the first model ( for a survey see the introduction in G.Jaiani, ZAMM – Z. Angew. Math. Mech. 81 (3):
147-173, 2001). The up-dated survey of results concerning cusped elastic prismatic shells in the cases of the first and second models is given in G.Jaiani, Cusped Shell-like
Structures. Springer, Heidelberg Dordrecht London New York, 2011. In the present paper two hierarchical models for cusped, in general, elastic prismatic shells are
constructed and analyzed, when on the face surfaces (i) a normal to the projection of the prismatic shell component of a stress vector and parallel to the projection of the
prismatic shell components of a displacement vector, (ii) a normal to the projection of the prismatic shell component of the displacement vector and parallel to the projection
of the prismatic shell components of the stress vector are prescribed. Peculiarities of correct setting boundary conditions at edges are investigated. In concrete cases some
boundary value problems are solved in an explicit form.
3941 | BUCKLING OF SHIP HULL IMPERFECT SANDWICH PANELS (23. Modeling, simulation and testing of sandwich and adaptive structures (Cristovao Mota
Soares, Filipa Moleiro, Aurelio Araujo))
Chirica, Ionel (ionel.chirica@ugal.ro), University Dunarea de Jos of Galati, Romania
Beznea, Elena F. (elena.beznea@ugal.ro), University Dunarea de Jos of Galati, Romania
The behaviour of ship deck plating normally depends on a variety of influential factors, such as geometric/material properties, loading characteristics, initial imperfections,
boundary conditions and deterioration arising from face-core fatigue cracking. The analysis is presented for a shear and uniaxial in-plane loaded composite sandwich
quadratic plate. The imperfection is considered as the initial deformation due to the manufacturing operations: cosine shape in both of the longitudinal and transverse
direction. Usually, the initial deformation mode appears in the form like the fundamental mode of the buckling or vibration. The boundary conditions are considered as the
usual condition of the structural sandwich composite ship panels. On the plate sides the shear (q) and axial (p) in-plane loading are considered as uniform pressures.
Maximum initial deformation magnitude is considered as a rate from the total thickness (three cases). The parametric calculus was done for various values of loading ratio
k=q/p.
The numerical tests are analyzed with respect to combined boundary biaxial compression buckling on the imperfect composite sandwich plates.
Variation of the maximum transverse displacement versus the inplane load (displacement controlled after nonlinear buckling analysis) for three cases, obtained in numerical
analysis are performed.
3764 | Comparison of Different Sandwich Design Approaches Based on Parameter Studies (23. Modeling, simulation and testing of sandwich and adaptive
structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Guenther, Benedikt (guenther@ikt.rwth-aachen.de), Institute for Engineering Design RWTH Aachen University, Germany
Dallmeier, Stephanie (dallmeier@ikt.rwth-aachen.de), Institute for Engineering Design RWTH Aachen University, Germany
Ngahane Nana, Liliane (nana@ikt.rwth-aachen.de), Institute for Engineering Design RWTH Aachen University, Germany
Feldhusen, Joerg (feldhusen@ikt.rwth-aachen.de), Institute for Engineering Design RWTH Aachen University, Germany
In the field of sandwich structures there are many different design approaches. This papers deals with three of them: Klein, Zenkert and Stamm & Witte. Those design
approaches are compared based on a 4-point-bending-test.
During this study single geometrical parameters (length, width, face sheet thickness and core height) are varied and their influence on the maximal bearable forces is
examined.
A first comparison reveals that there are only small differences between the results of those three design approaches. The differences depend on the varied geometrical
parameters and its range. For the three design approaches the maximal bearable stress in the face sheet and the core is determined for each parameter set. Based on
those results the allowable force is identified for each design approach and compared with the other ones.
According to the geometrical parameters core thickness and width the limiting factor (for the chosen parameters) is the face sheet. In this case Klein provides the lowest
allowable force. Varying the face sheet thickness or the sandwich length a different phenomenon is observed. For both parameters there is a turning point where the limiting
factor changes from a core failure to a face sheet failure. In the case of core failure all three design approaches provide nearly the same maximal allowable force. For a face
sheet failure Klein predicts the lowest one. Further surveys should also consider the influence of the material parameters.
3474 | COMPRESSION AFTER IMPACT TEST (CAI) ON NOMEXTM HONEYCOMB SANDWICH PANELS WITH THIN ALUMINIUM SKINS (23. Modeling, simulation
and testing of sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Gilioli, Andrea (andrea.gilioli@mail.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
Sandwich panels are used in many industrial fields, in particular where needs of lightness and energy absorption capability are required. Thus, in order to increase their
exploitation, it is crucial a wide knowledge of their mechanical behaviour also in severe loading conditions. Light structures such as the one studied in present study, namely
sandwich panels with thin aluminium skins and Nomex honeycomb core, are thus very exposed to a possible not negligible decrease of their structural integrity,
consequently to low velocity impact. In order to quantitatively describe the decreasing of material performance after impact, a complete experimental campaign of
Compression After Impact test (CAI) were done. The damaged specimen were obtained carrying out a low velocity impacts activity using an experimental apparatus based
on a free fall mass tower. Different experimental impact energies have been used. Finally damaged and undamaged specimens have been tested adopting a Compression
After Impact procedure: an in-plane compression test. A relation between the residual strength of panel and the impact energy were investigated. Results show a reduced
dependency between impact energy and residual strength; however there is a clear reduction of the residual strength of panels between damage and undamaged panels. A
limited activity on numerical modelling was carried out in order to evaluate the possibility to describe experimental results by means of micromechanical FE models.
3909 | COMPUTATIONAL ANALYSES OF THE SANDWICH STRUCTURES WITH CORE MADE FROM ANISOTROPIC POLYMERIC FOAMS (23. Modeling, simulation
and testing of sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Ribeiro, Marcelo L. (malribei@usp.br), University of S?o Paulo, Brazil
Junior, Maur?cio F. C. (mjcaliri@sc.usp.br), University of S?o Paulo, Brazil
Tita, Volnei (voltita@sc.usp.br), University of S?o Paulo, Brazil
This paper shows the modeling of the sandwich structures with core made from rigid anisotropic polymeric foam under 3-point bending test, including discussions about
material models and the entire procedure to calibrate the parameters involved. First, specimens of poly(vinyl chloride) (PVC) foam are investigated through experimental
analyses in order to understand the mechanical behavior of the anisotropic behavior. Then, isotropic material models available in the commercial software AbaqusTM are
evaluated in order to verify their ability to model anisotropic foams and how the parameters involved can influence the results. Due to anisotropy, it is possible to obtain
different values for the same parameter in the calibration process. Thus, it is necessary to calibrate the parameters of the material model according to the application of the
structure. The models investigated showed minor and major limitations to simulate the mechanical behavior of the sandwich structures under bending and shear loadings.
Results show that the calibration process and the choice of the material model applied to the rigid polymeric foam can provide good quantitative results and save project
time.
3195 | Cryogenic Sandwich-type Insulation Board composed of E-glass/epoxy Composite and Polymeric Foams (23. Modeling, simulation and testing of
sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Choi, Ilbeom (chib1020@kaist.ac.kr), KAIST, Korea, South
Yu, Young Ho (younghomj@kaist.ac.kr), KAIST, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South
Liquefied natural gas (LNG) is a green energy source, whose consumption recently has been increased highly due to the failure of nuclear power plant. The effective
transport of LNG is performed with LNG carriers which store LNG at the cryogenic temperature of -163ºC. Since the cargo containment system (CCS) of LNG carrier should
be operated more than 40 years at the cryogenic temperature, its reliability against thermal and mechanical loads should be guaranteed without compromise of the thermal
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be operated more than 40 years at the cryogenic temperature, its reliability against thermal and mechanical loads should be guaranteed without compromise of the thermal
insulation performance. The face and core of conventional insulation boards are made of plywood and high density polymeric foam of 110 kg/m³ for both the mechanical and
thermal performances. In this work, a sandwich-type insulation board composed of E-glass/epoxy composite face and the low density polymeric foam core with the box-type
configuration to seal the low thermal conductivity bowing gas in the foam. The mechanical performance of the sandwich-type insulation board was simulated using a finite
element analysis (FEA) software, ABAQUS (SIMULIA, USA). Also the sealing performance of the composite box was experimentally investigated. Finally, the thermal
performance of the box-type insulation board was numerically investigated with the thermal conductivity equation.

4341 | Design and Analysis of the Composite Sandwich Frame of a Spacecraft Solar Array (23. Modeling, simulation and testing of sandwich and adaptive
structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Morozov, Evgeny V. (e.morozov@adfa.edu.au), The University of New South Wales, Canberra, Australia
Lopatin, Alexander V. (lopatin@krasmail.ru), Siberian State Aerospace University, Krasnoyarsk, Russian Federation
Shatov, Alexander V. (lopatin@krasmail.ru), Siberian State Aerospace University, Krasnoyarsk, Russian Federation
A novel design concept of the composite lattice frame for the spacecraft solar arrays is presented in the paper. The frame is fabricated from composite sandwich panel by
milling out the regularly distributed cutouts with given shape and dimensions. This results in the flat frame with certain lattice configuration and the ribs having a sandwich
structure which is characterised by substantial bending and twisting stiffness.
Design, fabrication, modelling and modal analysis of the panel solar arrays based on the proposed technology are discussed. The panel assembly has been modelled as a
lattice frame composed of the sandwich ribs subjected to the tension/compression, bending and torsion. using the specialised finite-element model. Results of the
calculations of the frequencies and vibration forms for the lattice panels having various configurations of cutouts and types of supports imitating the ways the panels can be
attached to the spacecraft body, deployment must, and adjacent solar panels are presented and discussed. The lattice frame design for maximum fundamental frequency is
performed subject to constraints imposed on the geometrical parameters of the solar panel.
3433 | Dynamic buckling analysis of delaminated composite plates with piezoelectric layers subjected to electro - mechanical loads (23. Modeling, simulation
and testing of sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Ovesy, H. R. (ovesy@aut.ac.ir), Center of Excellence in Computational Aerospace Engineering, aerospace Eng Dept., Amirkabir University of Technology, Iran
Ghannadpour, S. A. M. (a_ghannadpour@sbu.ac.ir), Aerospace Engineering Dept., Faculty of New Technologies and Engineering, Shahid Beheshti University, G.C.,
Tehran, Iran
Totounferoush, A. (amin_rad@aut.ac.ir), Center of Excellence in Computational Aerospace Engineering, aerospace Eng Dept., Amirkabir University of Technology, Iran
The effects of the piezoelectricity on the dynamic buckling behavior of delaminated rectangular composite plates with surface-bonded or embedded piezoelectric actuators
subjected to suddenly applied mechanical loads are investigated. A numerical study is carried out to determine whether out of plane deformation due to dynamic buckling
can be suppressed by using piezoelectric layers or not. The analysis is achieved by implementing an extended version of semi analytical finite strip method in order to
account for the delamination effects through the enrichment of displacement field. The Reddy-type layer-wise plate theory is used to accommodate the delamination
kinematics. The obtained results are validated against those available in the literature, e.g. Ref [1].
Ref:
[1] M. Shariyat. Dynamic buckling of imperfect laminated plates with piezoelectric sensors and actuators subjected to thermo-electro-mechanical loadings, considering the
temperature-dependency of the material properties. Composite Structures 88 (2009) 228–239.
3994 | Electrical Properties of Multilayer Ultrathin Py /Cr/ Py Films (23. Modeling, simulation and testing of sandwich and adaptive structures (Cristovao Mota
Soares, Filipa Moleiro, Aurelio Araujo))
mustafa erkovan (merkovan@gyte.edu.tr), Gebze Institute of technology , Turkey
Mustafa okutan (mokutan@gmail.com), Yildiz Technical University, Turkey
Sait Eren San (sesan@gyte.edu.tr), Gebze Institute of technology, Turkey
Osman Ozturk (osmanozturk@gyte.edu.tr), Gebze Institute of technology, Turkey
Multilayer ultrathin films of Cr/NiFe/Cr/Ni80Fe20/Cr were grown on p-type Si substrate by magnetron sputtering deposition. Thickness dependencies of multilayer thin films
were analyzed with impedance spectroscopy. The samples were characterized in a frequency range of 100k – 40M Hz under different DC bias voltages varying from 0 to 1
V. The dependence of relaxation time on the dielectric relaxation frequency was determined from the Cole-Cole plots for different thicknesses two ultrathin permalloy /Cr/
permalloy thin films. The values inferred from Cole-Cole plots suggest that this is a Debye-type dielectric relaxation process under DC bias and we propose that this result is
due to the dipolar structure of the samples and the capacitive nature of the interfaces between adjacent layers.
3752 | Experimental and Numerical Investigations on Sound Transmission Loss Characteristics of Syntactic Foam-Cored Sandwich Composites (23. Modeling,
simulation and testing of sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Amith Kumar S J (amithjoanes@rediffmail.com), Jawaharlal Nehru National College of Engineering, Shimoga, India
K Sabeel Ahmed (sabeel_k@yahoo.com), Jawaharlal Nehru National College of Engineering, Shimoga, India
Syntactic foams are composite materials synthesized by dispersing hollow microspheres in a polymeric matrix. Syntactic foams have gained immense importance as a
lightweight and damage-tolerant material when used in foam-cored sandwich structures. This work focuses on the sound transmission loss characteristics of three different
types of syntactic foam-cored sandwich structures. The main difference between three types of syntactic foam-cores was the type of resin impregnated paper honeycomb
(RIPH) structure infused in it. The RIPH structure developed from Nomex® paper and kraft paper. Developed foams cores were additionally strengthened by providing Eglass/epoxy face-sheets. A simple technique in which anechoic source and receiving rooms is used to measure sound transmission loss through the core and their sandwich
panels. Sound transmission loss in terms of sound pressure levels in the source and receiving rooms at different frequencies were evaluated in terms of stiffness of core and
their sandwich panels. Numerical analysis is carried out to analyze fluid structure interaction during sound transmission loss at different frequencies using Abaqus 6.10 FEA
software package. A good agreement has been found between experimental and numerical results. Results of the study reveal that, the improved sound transmission loss
characteristics of the RIPH stiffened syntactic foam-cored sandwich composite promises its applications in the sound critical structures.
3763 | Finite element model for analysis of laminated active-passive soft core sandwich structures (23. Modeling, simulation and testing of sandwich and
adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Araujo, Aurelio L. (aurelio.araujo@ist.utl.pt), IDMEC/IST - Instituto Superior Tecnico, Technical University of Lisbon, Portugal
Mota Soares, Cristovao M. (cristovao.mota.soares@ist.utl.pt), IDMEC/IST - Instituto Superior Tecnico, Technical University of Lisbon, Portugal
Mota Soares, Carlos A. (carlosmotasoares@dem.ist.utl.pt), IDMEC/IST - Instituto Superior Tecnico, Technical University of Lisbon, Portugal
This paper presents a sandwich plate finite element model with transverse compressibility of the core, which is an important feature for soft core sandwich structures.
Piezoelectric patches are applied at the outer layers of the element, with associated control laws. The element is formulated for dynamic analysis of sandwich plates with
viscoelastic core and composite laminated face layers. A layerwise approach is used, where the high shear developed inside the core is modelled using a higher order shear
deformation theory, allowing for transverse normal stress and strain. The face layers of the sandwich, including the piezoelectric layers, are modelled each using a first order
shear deformation theory.
Damping is included for the core material using the elastic-viscoelastic correspondence principle, through the complex modulus approach, which can incorporate frequency
dependent properties. Active damping is also contemplated using negative velocity feedback control laws for the piezoelectric sensor and actuator patches.
The obtained results for natural frequencies and modal loss factors are compared with the ones obtained without transverse compressibility of the core and some results
found in the literature.
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3997 | FMR Investigation of Py/Co/Cr Bilayer System (23. Modeling, simulation and testing of sandwich and adaptive structures (Cristovao Mota Soares, Filipa
Moleiro, Aurelio Araujo))
Mustafa Erkovan (merkovan@gyte.edu.tr), Gebze Institute of Technology, Turkey
Bahad?r yaman (bhdr.yaman@gmail.com), Gebze Institute of Technology, Turkey
Sibel Tokdemir ?zt?rk (sibel.tokdemir@gmail.com), Gebze Institute of Technology, Turkey
Osman Erdemir (osmi85@gmail.com), Gebze Institute of Technology, Turkey
osman ?zt?rk (osmanozturk@gyte.edu.tr), Gebze Institute of Technology, Turkey
Magnetic multilayer structures gained some importance after GMR and TMR effect was observed in the late of 1980. It has brought the enormous technological impacts for
especially data storage, data writing and reading. Although all of these impacts, still there are some problems in industry. One of them is the demand of data storage
capacity which has doubled almost every year. These problems arise when the bit size get smaller and smaller. In this ongoing study, we focused on signal-noise problem.
In order to solve the problem, the large resistance difference has to be observed between two magnetization orientations (two states). To increase the resistance between
them, we prepared the structure shown in the Figure-1. In these films, we think that ultra thin cobalt layer may change magnetic anisotropy and so the resistance between
two states may increase in this way. These films were prepared with magnetron sputtering system at UHV conditions. Ferromagnetic Resonance (FMR) technique was used
to characterize the magnetic properties and anisotropies. Now we are studying on both analysis of FMR results and theoretical model.

3555 | Layerwise Models for the Coupled Electromechanical Analysis of Multilayered Plates using Mixed Least-Squares Formulation (23. Modeling, simulation
and testing of sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Moleiro, F. (filipa.moleiro@dem.ist.utl.pt), IDMEC/IST - Instituto Superior T?cnico, Technical University of Lisbon, Portugal
Mota Soares, C.M. (cristovao.mota.soares@ist.utl.pt), IDMEC/IST - Instituto Superior T?cnico, Technical University of Lisbon, Portugal
Mota Soares, C.A. (carlosmotasoares@dem.ist.utl.pt), IDMEC/IST - Instituto Superior T?cnico, Technical University of Lisbon, Portugal
Reddy, J.N. (jnreddy@tamu.edu), Texas A&M University, United States America
This paper provides an assessment of layerwise models using mixed least-squares formulation for the coupled electromechanical static analysis of multilayered piezoelectric
composite plates. Two layerwise mixed least-squares models are investigated with two different sets of chosen independent variables. In agreement with exact threedimensional solutions, due to compatibility and equilibrium conditions at the layers interfaces, certain mechanical and electrical variables must fulfil interlaminar C0
continuity, namely: displacements, transverse stresses, in-plane strains, electrostatic potential, transverse electric displacement (only if no potential is imposed between
layers) and in-plane electric field components. Therefore, one model fulfils a priori the interlaminar C0 continuity of all those aforementioned variables, taken as independent
variables; and the other model, here proposed, fulfils a priori the interlaminar C0 continuity of displacements, transverse stresses and electrostatic potential, taken as
independent variables, but no longer enforces a priori a continuous transverse electric displacement and further reduces the number of independent variables for
computational efficiency. Numerical applications are shown to assess both layerwise models by comparison with exact three-dimensional solutions, considering multilayered
piezoelectric composite plates of various side-to-thickness ratios, ranging from thick to thin plates, under an applied load or potential.
3717 | Nomex® Honeycomb Constituent Material Mechanical Properties Characterization (23. Modeling, simulation and testing of sandwich and adaptive
structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Roy, Roy (rroy@gnu.ac.kr), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Son, Han-Gi (gardian86@nate.com), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Kweon, Jin-Hwe (jhkweon@gnu.ac.kr), Department of Aerospace Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Choi, Jin-Ho (choi@gnu.ac.kr), School of Mechanical Engeering, Research Center for Aircraft Parts Technology, Gyeongsang National University, Korea, South
Nomex® honeycomb cores have been widely used in composite sandwich construction. In finite element simulation, honeycombs can be modeled by equivalent solid
elements or by shell elements. With shell elements, material properties of the honeycomb walls are needed. Honeycomb core manufacturers typically only provide macro
mechanical properties. This work aimed at evaluating the mechanical properties of Nomex® honeycombsʼ constituent material. Tensile properties of Nomex® paper,
phenolic resin, and Nomex®/phenolic material were tested. The Nomex®/phenolic specimens had a linear elastic behaviour until failure. The Nomex®/phenolic specimens
were compared in microscope observation to Nomex® honeycomb walls. Specimens were comparable to 80 kg/m³ density Nomex® honeycomb core, but with more
phenolic coating (0.05 mm vs 0.015 mm). This was accounted for by correlating the test results with finite element modelling. Material property parameters in the model were
varied to match experimental results. Calibrated Nomex® honeycomb constituent material properties were obtained.
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4139 | Optimization of electromagnetic wave transmission through sandwich composites with different core materials in Ku-band (23. Modeling, simulation and
testing of sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Jan, R (rahimjan@scme.nust.edu.pk), School of Chemical and Materials Engineering, National University of Sciences and Technology , Pakistan
Habib, A (amirhabib@scme.nust.edu.pk), School of Chemical and Materials Engineering, National University of Sciences and Technology , Pakistan
Khan, Zafar M. (zaffark7@gmail.com), School of Chemical and Materials Engineering, National University of Sciences and Technology , Pakistan
Khan, Mohammad B (principal.ces@nust.edu.pk), Center for Energy Sysytems, National University of Sciences and Technology , Pakistan
Microwave transmitting materials have been used for both the civil and military purposes; like for aerospace industry where a certain frequency range is required to pass on
through the various antennas. Research work is going on to find a suitable material, both electromagnetically and mechanically, which can be useful in a particular frequency
range depending on the application. So far, composites with glass fiber reinforced polymer matrix are being used in a wide range due to their superior mechanical properties.
Advent of new materials such as high molecular density polyethylene has triggered new vistas of research. In this research the focus is to find a material which has very
good electromagnetic characteristics besides the mechanical properties. We fabricate sandwich composite structure and characterize it for the transmission loss of EM
waves in the Ku-band (11-17 GHz). After ranking of a set of materials, High molecular density polyethylene is chosen to be the face sheet of the sandwich composite
structures having three different core materials. The core materials are polyurethane foam, honey comb and polystyrene foam. The comparison of the three sandwich
structures is presented, having a very good logical pattern. The transmission loss characteristic is measured in the Ku-band by using free space measurement system.
3348 | Reconstruction of effective elastic moduli of anisotropic laminate composite plates based on laser vibrometry and computer simulation of guided waves
(23. Modeling, simulation and testing of sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Glushkov, Evgeny V. (evg@math.kubsu.ru), Institute for Mathematics, Mechanics and Informatics, Kuban State University, Krasnodar, Russia, Russian Federation
Glushkova, Natalia V. (nvg@math.kubsu.ru), Institute for Mathematics, Mechanics and Informatics, Kuban State University, Krasnodar, Russia, Russian Federation
Eremin, Artem A. (eremin_a_87@mail.ru), Institute for Mathematics, Mechanics and Informatics, Kuban State University, Krasnodar, Russia, Russian Federation
Lammering, Rolf (rolf.lammering@hsu-hh.de), Institute of Mechanics, Helmut-Schmidt-University/University of the Federal Armed Forces, Hamburg, Germany, Germany
Neumann, Mirko N. (mirko.neumann@hsu-hh.de), Institute of Mechanics, Helmut-Schmidt-University/University of the Federal Armed Forces, Hamburg, Germany, Germany
Extensive use of layered anisotropic composites in modern industry increases the need for structural health monitoring systems (SHM) intended for inspection of engineering
constructions in fast and noninvasive manner. For efficient implementation of the SHM technique, a prior knowledge of the composite effective elastic properties is essential.
In this talk we present the approach for the determination of effective elastic constants of laminate anisotropic composite plates, which is based on the minimization of
discrepancies between the theoretically calculated and experimentally measured dispersion characteristics of guided Lamb waves excited by piezoelectric wafer active
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discrepancies between the theoretically calculated and experimentally measured dispersion characteristics of guided Lamb waves excited by piezoelectric wafer active
sensors. The group velocities and wavelengths of fundamental antisymmetric and symmetric Lamb waves, acquired with a laser vibrometer along the composite's axes of
symmetry at varying excitation central frequencies, serve as input data for the inverse restoration of specific elastic stiffness constants of every sublayer. The theoretical
modeling is performed in the context of linear elastodynamics for 3D laminate anisotropic media. It is based on the integral representations in terms of the Greenʼs matrix of
the multilayered structure considered. The discrepancy minimization is achieved using a micro genetic algorithm.
Practical implementation of the method developed is discussed and illustrated by examples of elastic moduli reconstruction for several uniderctional and cross-ply CFRP
plate samples.
3790 | RELATIONSHIP BETWEEN SLAMMING LOADS ON A SAILING YACHT AND FATIGUE TESTING OF SANDWICH FOAM CORES (23. Modeling, simulation
and testing of sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Raphael Gerard (raphael.gerard@univ-nantes.fr), Universite de Nantes, France
Pascal Casari (pascal.casari@univ-nantes.fr), Universite de Nantes, France
Jamal Fajoui (jamal.fajoui@univ-nantes.fr), Universite de Nantes, France
Frederic Jacquemin (frederic.jacquemin@univ-nantes.fr), Universite de Nantes, France
The focus is put on the fatigue behavior of yachts sandwich parts submitted to slamming load, and especially with foam core. Experiments are conducted during sea trials
and provide an overview of real loading conditions applied on the core material. Then materials are tested in fatigue through both standard tests and novel tests which will be
presented here.
The quest for performance and weight gain in offshore racing yachts motivate architects, engineers and shipbuilders to use new materials and new techniques but also to
better assess the efforts that can occur during these boat sailing in extreme conditions. It is therefore useful to know more precisely the intensity of loads including the
intensity of the slamming phenomenon which corresponds to the vertical impact of the boat on a wave. Hydrodynamic impacts result in high transient changes which may
damage the structure, and also cause long-term damage by fatigue (Faltinsen [1], Tassin [2] and Battley et al. [3]).
We took the opportunity to instrument an IMOCA 60 feet racing yacht and instrumented it with a series of strain gauges, pressure sensors and accelerometers in an area
heavily loaded in slamming.
In addition, we focus on classical tests on foam cores under tension fatigue loading in order to deepen and to improve them by proposing a novel approach of such tests.
3122 | SCALING OF THE DYNAMIC RESPONSE AND FAILURE MECHANISMS OF SELF-ADAPTIVE COMPOSITE ROTORS (23. Modeling, simulation and testing of
sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Young, Yin Lu (ylyoung@umich.edu), University of Michigan, United States America
Motley, Michael (mrmotley@uw.edu), University of Washington, United States America
The objective of this work is to derive and validate dynamic scaling relations for the hydroelastic response and failure mechanisms of self-adaptive composite rotors.
Compared to metallic alloys, composites have the benefits of higher specific strength and stiffness. In addition, the anisotropic constitutive behavior of composites can be
used to elastically tailor the coupled bending and twisting deformations to provide improved performance compared to their rigid, metallic counterparts. However, the loaddependent deformation responses, susceptibility to hydrodynamic cavitation, and complex failure mechanisms make the design and interpretation of model-scale
experiments non-trivial.
Three types of scaling are discussed: Reynolds scale, Froude scale, and Mach scale. A fully coupled, three-dimensional boundary element method-finite element method is
used to compare the model and full-scale responses of a self-adaptive composite propeller. Results are shown for a full-scale and several 1/17-scale composite marine
propellers in spatially varying flow with consideration for hydrodynamic cavitation and fluid-structure interaction.
The derivations show that Reynolds scale is not practical because it requires the model-scale inflow velocity to be faster than the full-scale inflow velocity, which is difficult to
achieve in most water tunnels. In addition, for most marine propellers and turbines, the Reynolds number should be large enough such that the viscous forces are small
compared to fluid and solid inertial forces, gravitational force, and solid elastic restoring force. Froude number similarity is importance for cases where gravitational forces
are important, such as when operating near the free surface, or when the rotational speed is relatively slow. The results show that while Froude scaling can be achieved in
water tunnels, and that it allows the ratios of all the dominant forces to be maintained in the model scale, it will be very difficult to find suitable material for the reduced-scale
model to satisfy all the corresponding structural scaling requirements. In addition, it will be nearly impossible to scale the material failure strengths for a Froude scaled
model. Mach scaling, which requires that the fluid medium and the inflow velocity to be the same between the model and the full-scale, will allow the same material and
layering scheme to be used in both the model and the full-scale. It should be emphasize that Mach scaling does not imply that flow compressibility effects to be important.
On the contrary, for most marine propellers and turbines, the flow Mach number is much less than one. In the context of this work, Mach scaling is simply the result of
requiring the fluid density and inflow speed to be the same between the model and the full scale. The primary benefit of Mach scaling is that it enables reduced-scaled
models to emulate similar 3-D stress distributions, and hence material failure mechanisms. Comparisons of the unsteady hydrodynamic response, deformations, and
stresses of the 1/17-scale composite propellers with the full-scale propeller are shown for both steady and unsteady conditions for varying speeds. The influence of Froude
number, Reynolds number, and cavitation number are are discussed for both design and off-design conditions. Finally, ability of the various scaled models on capturing
potential static and dynamic instability failure modes are discussed.
3674 | Simulation of mechanical behaviour of sandwich composite panels using finite element analysis (23. Modeling, simulation and testing of sandwich and
adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
J. C. Velosa (jcvelosa@det.uminho.pt), Universidade do Minho, Portugal
A. Alves (alvesandre85@gmail.com), Universidade do Minho, Portugal
S. Patinha (patinha.sergio@gmail.com), Universidade do Minho, Portugal
S. Rana (soheliitd2005@gmail.com), Universidade do Minho, Portugal
F, Fangueiro (rfangueiro@civil.uminho.pt), Universidade do Minho, Portugal
In the present work, the mechanical performance of sandwich composite panels based on both synthetic (glass) and natural fibres (jute, sisal and linen) with foam cores
(polyurethane, expanded polystyrene, polyethylene, agglomerates of polyurethane) has been simulated using finite element analysis (FEA). For this purpose, mechanical
properties of foam cores (compressive) and composite laminates (tensile), prepared using these fibres and an unsaturated polyester resin through vacuum infusion
technique have been characterized. The Abaqus 6.9.3 FEM package was used to predict the mechanical behaviour of sandwich panels. Von Mises and Tsai-Wu criteria
were used to predict the failure behaviour of foam core and composite laminates respectively. The mechanical behaviour of sandwich panels were also predicted using a
theoretical approach based on micro-mechanical equations. The results of FEM simulation and theoretical approach have been compared and discussed in this paper.
3549 | STATISTICAL FINITE ELEMENT ANALYSIS TO INVESTIGATE BUCKLING AND CRUSHING BEHAVIOR OF HONEYCOMB STRUCTURES (23. Modeling,
simulation and testing of sandwich and adaptive structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Domenico Asprone (d.asprone@unina.it), Department of Structural Engineering (DIST) University of Naples, Federico II , Italy
Ferdinando Auricchio (auricchio@unipv.it), Department of Civil Engineering and Architecture (DICAr) University of Pavia , Italy
Costantino Menna (costantino.menna@unina.it), Department of Structural Engineering (DIST) University of Naples, Federico II , Italy
Simone Morganti (simone.morganti@unipv.it), Department of Civil Engineering and Architecture (DICAr) University of Pavia , Italy
Andrea Prota (aprota@unina.it), Department of Structural Engineering (DIST) University of Naples, Federico II , Italy
The present paper reports a comprehensive study of the compressive response of hexagonal honeycomb structure made of phenolic esin-impregnated aramid paper
(Nomex®) with a nominal cell size of 3.18 mm; in particular, both the buckling and crushing response are numerically investigated and compared with experimental results. A
shell model of a representative single cell made of expanded Nomex has been created using the ABAQUS finite element solver. Imperfections due to the manufacturing
process are taken into account: both material imperfections (through the variability of the elastic modulus) and geometrical defects (thickness variability) affecting the
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process are taken into account: both material imperfections (through the variability of the elastic modulus) and geometrical defects (thickness variability) affecting the
structure response are considered. The material imperfections are generated by performing random sampling at each element of the structure according to a statistical
distribution for a given material property (i.e. Young modulus) while the geometrical imperfections are included by defining a different thickness for each element, again
according to a pre-defined statistical distribution. The effects of imperfections on honeycomb structure behavior is investigated. Abaqus Standard is adopted to perform
implicit analysis of buckling while Abaqus Explicit is used to reproduce honeycomb crushing. In general the structural response numerically predicted using different sets of
imperfections, shows a good correlation with experimental results.
3711 | Thermoelastic analysis of functionally graded solids by a coupled finite volume method (23. Modeling, simulation and testing of sandwich and adaptive
structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Gong J. F. (gongjingfeng@126.com), College of Power and Energy Engineering, Harbin Engineering University, China
Ming P. J. (pingjianming@hrbeu.edu.cn), College of Power and Energy Engineering, Harbin Engineering University, China
Xuan L. K. (xuanlingkuan@163.com), College of Power and Energy Engineering, Harbin Engineering University, China
Zhang W. P. (zhangwenping@hrbeu.edu.cn), College of Power and Energy Engineering, Harbin Engineering University, China
A coupled finite volume method is developed to analyze transient thermoelastic performance of functionally graded (FG) solids with arbitrary-shaped domain. The governing
equations are discretized based on mixed grids with constant triangular and linear quadrilateral elements. The developed method solved the elastic equations coupling so as
to escape from the problem about convergence and iteration. In order to save computational time, the discretized linear algebraic equations are solved fully implicitly and
directly so as to avoid iteration. In order to validate the accuracy of the developed method, the thermoelastic field of a FG beam and FG annulus are predicted and the
results agree well with the published results. The adoption of linear quadrilateral elements helps improve the accuracy and avoids unreasonable numerical oscillation
compared to conventional FEM with the same 4-noded quadrilateral elements.
3544 | Viscoelastic damping treatments using optimized thin layers ? a parametric study (23. Modeling, simulation and testing of sandwich and adaptive
structures (Cristovao Mota Soares, Filipa Moleiro, Aurelio Araujo))
Moreira, Rui A. S. (rmoreira@ua.pt), Universidade de Aveiro, Portugal
Sher, Branca R. (bsher@dem.isel.ipl.pt), Instituto Superior de Engenharia de Lisboa, Portugal
The use of viscoelastic material cores represents an interesting solution for passive dynamic control of light and large composite sandwich panels. Conventionally, a direct
relation is reported to exist between the thickness of the viscoelastic layer and the damping efficiency. However, when dealing with very thin damping layers, a different
relation can be observed and an efficiency peak can be perceived, depending on the conjunction of the design parameters that directly act upon the damping mechanism.
Besides the thickness of the viscoelastic layer, other parameters should also be considered. These parameters include the relation between the geometry aspect ratio and
the thickness ratios. Material properties also interfere in the optimized design process as well as the boundary conditions of the structure. Finally, the target natural mode
shape and corresponding natural frequency should also be considered in the analysis.
In this work a parametric study was performed where the effects of these design parameters on the efficiency curve are explored, in particular the existence and location of a
curve peak.
The results obtained showed that the efficiency peak location depends on the combined effect of the entire set of design parameters. The effect of each design parameter is,
thereby, determined and the combined effect of the entire set of parameters can be simply evaluated as a superposition of the individual effects.
3490 | A comparative study on the simulated and experimentally determined mechanical properties of a composite material (24. Modelling and Characterization
of CNT-Polymer Composites (Roham Rafiee))
Herrero, M (m_herrero@usal.es), Universidad de Salamanca, Spain
Labajos, F.M. (labajos@usal.es), Universidad de Salamancaa, Spain
Reveriego, A. (alex@usal.es), Universidad de Salamanca, Spain
Rives, V. (vrives@usal.es), Universidad de Salamanca, Spain
Simulation methods are widely used in materials design. They allow for determining several of their properties and thus their expected behaviour under real working
conditions, without needing performing laboratory essays; the result is time and cost savings, and their reliability has been recognized in many cases because of their
agreement with empirical values. For homogeneous materials (e. g., metals) where the composition and properties are homogeneous in the whole material, the calculated
results are comparable to the experimental ones obtained by laboratory essays.
Despite these advantages, simulation methods, specially for composite materials, the results predicted (specially concerning reliability and reproducibility) by simulation
studies are sometimes doubtful because of the lack of a deep knowledge of the material being studied.
On the basis of our experience in simulation studies of homogeneous materials (metals), a simulation method is applied to study the mechanical properties of a composite
material constituted by carbon fibers in a polymeric matrix, which is currently used in the industry because of their electric properties; the results are compared to those
experimentally obtained in laboratory essays.
We aim to insight in the reliability and viability of the application of simulation methods to composite materials, in order to optimize the selection and tuning of parameters in
these methods.
3354 | Evaluation of the electrical and electromagnetic properties of CNT-based composites (24. Modelling and Characterization of CNT-Polymer Composites
(Roham Rafiee))
Roham Rafiee (Roham.Rafiee@ut.ac.ir), Composites Research Laboratory, Faculty of New Sciences & Technolgies, University of Tehran, Iran
Mohammad Hossein Sabour (saboutmh@ut.ac.ir), Aerospace Department, Faculty of New Sciences & Technolgies, University of Tehran, Iran
Alireza Nikfarjam (a.nikfarjam@ut.ac.ir), Mechatronics Department, Faculty of New Sciences & Technolgies, University of Tehran, Iran
Mostafa Taheri (m_taheri@ut.ac.ir), Composites Research Laboratory, Faculty of New Sciences & Technolgies, University of Tehran, Iran
Application of composite in space industry, especially satellite parabolic antennas, has received considerable interest among researchers. Therefore, extraction of electrical
and electromagnetic properties of nanocomposite materials in the frequency band of 12.4 to 18 GHz is an important issue in their development procedure.
Experimental investigations on electrical and electromagnetic properties of carbon nanotube reinforced polymer are performed. The properties include AC and DC electrical
conductivity, permittivity, transmission and reflection coefficients, loss tangent and skin depth in Ku (12.4-18 GHz) frequency band. The in situ polymerization method is
selected to fabricate multi-walled carbon nanotube (MWCNT)/ vinyl ester nanocomposite. Ultrasonic device is used for dispersion of CNTs in resin and then Vector Network
Analyzer (VNA) is employed for measurement of electrical properties of samples with dimensions of 20 × 20 × 0.1 cm. Weight fraction of MWCNT is chosen between 0.01 to
3 wt%. It is observed that DC electrical conductivity of nanocomposites containing carbon nanotubes is about 10-3 to 10-2 S/m for 1 to 2 wt% of CNTs; while the electrical
conductivity of pure vinyl ester resin is in the range of 10-10 to 10-12 S/m.
Finally, equivalent circuit model is employed to describe the observed behavior on the basis of theoretical study.
3329 | On the mechanical properties of defected graphene sheets and CNTs (24. Modelling and Characterization of CNT-Polymer Composites (Roham Rafiee))
Roham Rafiee (Roham.Rafiee@ut.ac.ir), Composites Research Laboratory, Faculty of New Sciences and Technologies, University of Tehran, Iran
Reza Pourazizi (reza.pourazizi@ut.ac.ir), Composites Research Laboratory, Faculty of New Sciences and Technologies, University of Tehran, Iran
The influence of defect on the nano-structure of graphene sheets and single walled carbon nanotubes (SWCNT) is studied using finite element modeling. First of all, a
parametric study is conducted on the effective parameters in modeling and analysis of graphene sheets. Then, linear interatomic potentials are taken into account and the
defect is provided simply be removing different C-C bonds in the nano-structures of a graphene sheet and SWCNT. Non-linear interatomic potentials are incorporated into
the modeling procedure employing non-linear elements and the defect evolution is investigated using written code in commercial finite element software. Stone-Wales
defects in the both form of 5-7-7-5 and 5-7-5 are investigated in Armchair and Zigzag graphene sheets and CNTs. Stochastic analysis is conducted taking into account
defect configuration, location and density (number of defect in each CNT) as random parameters. Youngʼs modulus and tensile strength of defected CNTs are compared
with defect free CNTs. The reconstruction of the broken C-C bonds is also considered when the analysis is progressed. The obtained results are compared with the results
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with defect free CNTs. The reconstruction of the broken C-C bonds is also considered when the analysis is progressed. The obtained results are compared with the results
of atomistic modeling available in literature. It can be inferred from the results that there is no significant difference between fracture strengths of reconstructed and nonreconstructed SWCNTs and vacancy. The degree to which defects will decrease the overall properties of SWCNT are identified and reported.
3921 | Structure and properties of oriented ultra high milecular weight polyethylene filled with carbon nanotube (24. Modelling and Characterization of CNTPolymer Composites (Roham Rafiee))
Maksimkin, Alexei V. (max07_87@mail.ru), National University of Science and Technology ?MISIS?, Moscow, Russia, Russian Federation
Tcherdyntsev, Victor V (vvch@misis.ru), National University of Science and Technology ?MISIS?, Moscow, Russia, Russian Federation
Kaloshkin, Sergei D. (kaloshkin@misis.ru), National University of Science and Technology ?MISIS?, Moscow, Russia, Russian Federation
New method to increase mechanical and wear characteristics of polymer composites was proposed. Powders of ultra high molecular weight polyethylene (UHMWPE) and
multi-walled carbon nanotubes (MWCNT) were used as start materials. UHMWPE and MWCNT were milled together in planetary ball mill, content of MWCNT in mixtures
was varied from 0.1 to 4.0 wt. %. Obtained composite powders were consolidated using hot pressing to produce bulk samples. Bulk samples were stretched by 300 % at
room temperature to produce precursors with homogeneous distribution of oriented MWCNT in UHMWPE matrix. Then obtained precursors were again consolidated by hot
pressing to produce final composite materials. X-ray diffraction and scanning electron microscopy investigations confirm orientation of MWCNT in the matrix of final
composite. Mechanical tests show that tensile strength increase by a value up to 500 % with respect both to unfilled UHMWPE and to non-oriented composition with the
same content of filler. Wear test of oriented composites also show significant decrease in friction coefficient and wear in relation with unfilled polymer and non-oriented
composites.
3598 | Torsion on cracked nanobeams using a nonlocal elasticity model (24. Modelling and Characterization of CNT-Polymer Composites (Roham Rafiee))
Loya, J.A. (jloya@ing.uc3m.es), University Carlos III of Madrid, Spain
Aranda-Ruiz, J. (jaranda@ing.uc3m.es), University Carlos III of Madrid, Spain
Fernandez-Saez, J. (ppfer@ing.uc3m.es), University Carlos III of Madrid, Spain
The discovery of carbon spherical (buckyballs) and cylindrical fullerenes (nanotubes-CNTs) has stimulated extensively experimental and theoretical studies on their physical
and mechanical properties, due to their potential use in several applications.
The characteristic dimensions in these structures are small and comparable to molecular distances: size effects are significant and must be considered.
To solve analytically the problem, the nonlocal elasticity theory can be used to consider this effect.
There are several previous studies which have been devoted to different aspects of the mechanical behavior of beams, plates, and shells on the nanoscale. However, it is
important to underline that most of these works refer to intact devices; the presence of a defect could dramatically changes the structural behavior of the component.
In this work, by means of the nonlocal Eringen elasticity theory, the natural frequencies of cracked nanobeams in torsional vibrations have been analytically calculated. The
influence in the natural frequencies of the boundary condition types, crack section position, crack severities, size-effect parameter, and the possible presence of a buckyball
attached at the end of the nanobeam has been considered.
The results obtained are compared with those corresponding to the classical local model, highlighting the differences occurring when nonlocal effects are significant.
3035 | Effect of natural minerals and natural fibre admixtures on the fire resistance of ordinary Portland cement (25. Multiscale Analysis of Natural Fibre
Composites)
Abdoullah Namdar (anamdar@ump.edu.my), Universiti Malaysia Pahang, Malaysia , Malaysia
The micro fire resistance of construction material is paly important role in structure stability. Many researchers have been involved in enhancing fire resistance of structure
using different methods and introducing new composite materials. In this research work, it is aimed to introduce a new natural composite additive for ordinary Portland
cement (OPC) based on minerals mixtures technique for modifying cement paste compressive strength when subjected to fire. And also the micro properties of natural
metallic minerals, none metallic minerals and natural fiber minerals mixtures will be investigated for reduce cement consumption in concrete. It is planned to study crystalline
modification and chemical reaction of minerals mixtures in hydration of cement by using X-ray diffraction (XRD), FESEM and XRF. It is expected that the appropriate mineral
mixtures are used in cement paste improved fire resistance of ordinary Portland cement and resulted in enhancing concrete compressive strength when it is subjected to the
fire. The tensile strength and flexural strength could be investigate from method is introduced in this paper for stopping flexural crack, improve allowable deformation of
structure, and controlling concrete structure stability.
3746 | Effect of number of 0° and 90° Plies in Matrix Cracking Evolution Using Simplified Multiscale Method (25. Multiscale Analysis of Natural Fibre Composites)
Hosseini-Toudeshky, Hossein (hosseini@aut.ac.ir), Amirkabir University of Technology, Department of Aerospace Engineering, Iran
Ghayour, Mohammad Hossein (mh_ghayoor@aut.ac.ir), Amirkabir University of Technology, Department of Aerospace Engineering, Iran
Jalalvand, Meisam (jalalvand@aut.ac.ir), Amirkabir University of Technology, Department of Aerospace Engineering, Iran
Matrix cracking is the initial damage mode that should be considered in damage analysis of composite laminates. In this paper, the effect of number of plies on the damage
evolution of cross ply laminates is studied. In other words,the response of laminates with different number of 0° plies but the same 90° plies (and vice versa) are
investigated. This comparison is performed on the stress-strain behavior and stiffness reduction of composite laminates.
For this reason, a new FEM-based multiscale method is introduced. Both micro and macro modeling is based on the FEM procedure. In this approach, the micro model
provides required parameters for damage characterization of the laminates as lay-up configuration and material properties. Crack density is the only state variable.Damage
evolution applies to the macro modeling according to the damage characteristics, which is based on the critical strain energy release rate.Also the micromechanical effect of
number of 0° and 90°plies in the cross ply laminates are investigated and differences or congruency of the results are discussed.
The micro-modeling analysis results include the strain energy release rate and elastic modulus versus the crack density.Finally the procedure is performed for different
cross-ply laminates with various numbers of 0° and 90° plies and relationships for various mechanical responses between laminates with different 0°and 90° plies are
extracted.
3614 | Mechanical properties of different types of soil reinforcement. Analysis of the influence of fibre/matrix interaction (25. Multiscale Analysis of Natural Fibre
Composites)
C. Gal?n-Mar?n (cgalan@us.es), University of Seville, Spain
C. Rivera-G?mez (crivera@us.es), University of Seville, Spain
F. Bradley (fionabradley@strath.ac.uk), University of Strathclyde, United Kingdom
Bio-composites are becoming increasing prevalent and this growth is expected to continue over the coming decades. In recent years, natural fibres have started to be used
as an ecological friendly alternative for soil reinforcement within a variety of material applications.
The aim of this study was to investigate the influence of fibre morphology of different fibres on the natural polymer based stabilized soils mechanical properties.
Test results have demonstrated the positive effects of adding natural fibres to soils such as their ability to decrease shrinkage and enhance compressive, flexural and shear
strength if an optimum reinforcement ratio can be utilized. A correlation between the micro structural analysis using Scanning Electron Microscope (SEM), fiber dosage,
fibre–matrix bonds and the mechanical properties of the stabilized soils were discussed.
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3959 | PHYSICAL INTERPRETATION OF MULTI-SCALE PERTURBATION METHOD (25. Multiscale Analysis of Natural Fibre Composites)
Xing Y.F. (xingyf@buaa.edu.cn), Beihang University, Beijing 100191, China
The composite materials and structures have been widely used in aerospace, automotive and marine engineering due to their small ratio of weight to stiffness. It is well
known that the macro solutions, for example the lower order frequencies and mode shapes, can be solved efficiently for many composites to the satisfactory accuracy using
the iso-strain or iso-stress model and other homogenized approaches. But the micro stress analysis is very expensive comparing with the macro analysis. To balance the
accuracy and cost, various multiscale methods have been motivated, among of which the mathematical homogenization method (MHM) or multi scale perturbation method is
representative and has been elaborated in Literature. Based on the assumptions of microstructure periodicity and uniformity of a unit cell domain, the homogenization theory
decomposes the heterogeneous boundary value problem into the unit cell (micro) problem and the global (macro) problem.
In contrast with the refined FEM and multigrid , MHM has been designed specifically for recovering partial information about uε at a less cost using coarse mesh.
Present authors have interpretated the first order influnce function physically, and in this paper the elegent and compact matrixt form of Eq. used to solve the second influnce
functions and the physical interpretations of the second influnce functions are presented for the first time.
3033 | Mechanical properties of graphene within the framework of gradient theory of adhesion. (26. Multi-scale Modeling of Graphene- and Carbon NanotubeReinforced Composites)
Belov, Petr A. (BelovPA@yandex.ru), JSC Moscow Experimental Machine building Plant - Composite Technologies, Russian Federation
MECHANICAL PROPERTIES OF GRAPHFENE WITHIN THE FRAMEWORK OF GRADIENT THEORY OF ADHESION.
Belov P.A.
As a special case of the general theory of the three-dimensional solid with fields of conserved dislocations, with adhesive properties of a surface limiting it, the model of the
two-dimensional defectless continuum is formulated. For model construction limiting transition, when the volume aspires to zero at the expense of thickness, is used. As a
result, potential energy of such area is defined only by potential energy of adhesion. As an example of such two-dimensional continuum the model of sheet of graphene is
considered. Statements of a problem of deformation of sheet of graphene in the plane and bend problem are considered. It is established that statement of the first problem
is equivalent to statement of a flat problem of gradient theory of Toupin. Statement of a banding problem with small reservations is equivalent to the theory of bending plates
by Timoshenko. Prominent feature of both statements is that mechanical properties of sheet of graphene are defined not by "volume" moduli, but adhesive ones, having
another physical dimension, coinciding with dimensions of corresponding stiffnesses of classical plates.
3374 | MODELING OF THE NON-LINEAR TENSILE BEHAVIOR OF A CARBON NANOTUBE-POLYPROPYLENE COMPOSITE (26. Multi-scale Modeling of Grapheneand Carbon Nanotube-Reinforced Composites)
Chanteli, Aggeliki (aggelikichanteli@mech.upatras.gr), University of Patras, Greece
Tserpes, Konstantinos I. (kit2005@mech.upatras.gr), University of Patras, Greece
The non-linear tensile behavior of a carbon nanotube (CNT)-polypropylene (PP) composite was modeled using a multi-scale FE model which is based on a representative
volume element (RVE). The experimental elastoplastic behavior of the PP was given as input to the model of the RVE. For the nanotube, an isotropic behavior was
considered. The interface thickness and stiffness were also selected based on experimental observations. The homogenized non-linear tensile behavior of the RVE was
assigned to the elements of the FE model of the CNT-PP specimen. The tensile behavior of the CNT-PP composite was evaluated for different nanotube volume fractions.
The numerical results compare well with experimental measurements taken from the literature.
3937 | "Nanofillers for composite materials obtained via Self-propagating High-Temperature Synthesis (SHS)." (27. Nano-Composites)
Dabrowska, Agnieszka (aggy-dab@wp.pl), 1University of Warsaw, Faculty of Chemistry, Laboratory of Nanomaterials Chemistry and Physics, Poland
Bellucci, Stefano (stefano.bellucci@lnf.infn.it), 2INFN-Laboratori Nazionali di Frascati, Via Enrico Fermi 40, 00044 Frascati (Rome), Italy , Italy
Huczko, Andrzej (ahuczko@chem.uw.edu.pl), 1University of Warsaw, Faculty of Chemistry, Laboratory of Nanomaterials Chemistry and Physics, Poland
Although nowadays nanocomposites are one of the most promising materials due to their outstanding properties (such as high mechanical strength, chemical and thermal
resistance), the complex internal structure causes their nonlinear characteristics and makes modeling difficult. Thus, the proper material design seems to be crucial. Within
this study the Self-propagating High-Temperature Synthesis is proposed as the simple, fast, auto-thermal, low-cost and efficient method towards new nanomaterials
production. The homogenous mixture of reactants in placed in a crucible. The exothermal, self-sustainable process is initiated by the resistive heating and terminated within
few seconds. The process is carried out in a modified calorimetric bomb. As the process is not linear and controlled by kinetics, it leads to the variety of nanomaterials that
are hard to be synthesized by using classical chemical methods. The produced nanofillers have been analyzed by SEM, TEM, XRD and Raman spectroscopy, and purified.
The following systems have been tested (under initial different pressure between 0,01 MPa and 1 MPa):
Si/PTFE
Si/PTFE/NaN3
Ge/PTFE
Na2CO3/Mg, Li2CO3/Mg, FeCO3/Mg, (NH4)2CO3/Mg
Ca/CO, Ca/CO2
Finally, silicon carbide nanofibers (SiCNFs) were used as fillers of two different epoxy resins (El 20 and EPIKOTE 828 respectively).
Acknowledgements: This work was partially supported by NCN project Nr. 2011/03/B
3960 | A Novel Sensor Based on MWCN - Poly (4-vinyl pyridine) Composite Modified Electrode for Determination of Acetaminophen in Pharmaceutical
Formulations (27. Nano-Composites)
Ghadimi, Hanieh (hanieh.ghadimi@yahoo.com), Universiti Sains Malaysia, Malaysia
M.A.Tehrani, Ramin (ramintehrani@hotmail.com), Universiti Sains Malaysia, Malaysia
Mohamed Ali, Abdussalam Salhin (abdussalam@usm.my), Universiti Sains Malaysia, Malaysia
Mohamed, Norita (mnorita@usm.my), Universiti Sains Malaysia, Malaysia
Ab Ghani, Sulaiman (sag@usm.my), Universiti Sains Malaysia, Malaysia
A highly sensitive voltammetric sensor for acetaminophen was developed by modifying a glassy carbon electrode (GCE) with composite film of poly (4–vinylpyridine) (P4VP)
and multiwall carbon nanotubes (MWCNT). Cyclic voltammetry and different pulse voltammetry have indicated that the oxidation of acetaminophen in 0.1 M phosphate
buffer (pH 7) at the P4VP/MWCNT–GCE is enhanced. A quasi-reversible redox process was obtained. Results indicated that the electrode process was diffusion limiting.
The effect of modification of GCE with the composite in increasing the conductivity and effective surface area of the electrode is eminent. Additionally, the developed
electrode was not influenced by physiologically common interferences of acetaminophen viz. ascorbic acid and uric acid. The P4VP/MWCNT–GCE has also displayed a low
detection limit, good stability and reproducibility and a high recovery of acetaminophen in pharmaceutical samples.

3821 | Analysis on the electrochemical migration characteristics of conductive composite nanopaste using Cu and MWCNTs for stretchable electronics (27.
Nano-Composites)
Kim, Kwang-Seok (ore21@skku.edu), Sungkyunkwan University, Korea, South
Jung, Kwang-Ho (jkh4317@skku.edu), Sungkyunkwan University, Korea, South
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Jung, Kwang-Ho (jkh4317@skku.edu), Sungkyunkwan University, Korea, South
Jung, Seung-Boo (sbjung@skku.edu), Sungkyunkwan University, Korea, South
Stretchable electronics have developed to enable new applications including wearable computing systems, skin-type sensors and rollable displays. These systems are
required the stretchable and high-reliable integrated circuits. Direct printing is a compatible approach for achieving low-cost metallization on various elastic substrates. Metal
matrix composites with multiwalled carbon nanotubes (MWNTs) were employed as a material of nanopaste. However, potential reliability issues, including electrochemical
migration (ECM) which can lead the short-circuit failure by dendrites, should be considered significantly due to the trend of micro electronic systems consisting multilevel
structures with miniaturized pitch. Therefore, the ECM characteristics of composite nanopaste screen-printed on stretchable substrates were investigated. The composite
nanopaste circuits sintered at various temperatures from 100 to 200°C for 30 min. The thermal humidity bias test and the water drop test were conducted to evaluate the
composite nanopasteʼs resistance to ECM phenomenon. All sintered circuits were placed in a chamber at 85°C/85% relative humidity for 1000 h, and a 15 V direct-current
voltage bias was applied to each sample. The ECM rates were affected by microstructural evolution and deformation of stretchable substrates.
3338 | Bamboo Pulp Treated with NaOH and Benzophenone Tetracarboxylic Dianhydride as Reinforcement of New Polymerics Materials (27. Nano-Composites)
Guimar?es Junior, M. (mgjunior@araxa.cefetmg.br), REDEMAT/CEFET-MG, Brazil
Novack, Katia M. (knovack@iceb.ufop.br), REDEMAT/DEQUI/UFOP-MG, Brazil
Botaro, Vagner R. (vagner@ufscar.br), REDEMAT/UFScar-SP, Brazil
In recent years, composites reinforced with natural fibers have aroused interest, due to its low density and low cost. Among the several natural fibers; flax, bamboo and jute
are of particular interest. Throughout the world, countless researches about the use of natural fibers as reinforcement material have been carried out, aiming at the
production of composites. However, the lack of a good interfacial adherence, low fusion point and little resistance to humidity makes less attractive the use of composites
reinforced with natural fibers. Treatments can chemically alter and modify the surface of the fibers, interrupting the adsorption of humidity and increasing its superficial
rugosity. In this study, treatments of mercerization, extraction with organic solvents and esterification were addressed to superficially modify pulps of bamboo. Modifications
through the use of chemical, spectroscopic and thermogravimetric analysis were evaluated. The results showed that the treatments were efficient, raising the decomposition
start temperature and the Crystallinity index of the mercerized samples in 64.13 and 16.9% on average, while the esterified samples had values of alpha-cellulose and
hydrophobicity increased in 110.9 e 20%, regarding the natural fiber.
3007 | BENDING OF A BI-MATERIAL BEAM WITH INTERPHASE (27. Nano-Composites)
Altan, Burhanettin (baltan@bayburt.edu.tr), Bayburt University, Turkey
Aim of this study is to investigate the effect of the interphase on the bending characteristics of a bi-material composite beam that consists of two beams with rectangular
cross-section and an interphase.
It is a well-known fact that the junction region of two materials is a very thin region with transition properties. Among other factors (oxidation, gases stuck on the surfaces,
surface rougness, etc.) the mechanical properties of this region is controlled by diffusion; so the mechanical properties of this region displays a smooth transition. If the
thickness of this region is neglected, then this transition is assumed to occur on zero thickness. In this case, the junction region is called interface, otherwise it is called
interphase. In this paper, a simple interphase model with a reasonable thickness that is comparable with the height of the rectangular beams is taken into account.
Specifically, the bending characteristics of a composite beam with an interphase defined above are investigated.
For the sake of simplicity, the cross-section the beams are taken to be the same rectangle. The heights of the beams are considered to be very small, so that it is
comparable with the interphase thickness. The deformation of beams is formulated under the Euler-Bernoulli hypotheses. The most general analysis of the beams under
plane loading conditions is given.
For the sake of completeness, the “perfect interface” where the faces of the beams in the junction region cannot move with
3944 | Carbon Nanostructures with Different Chemical Elements (27. Nano-Composites)
Zolotarenko, A. D. (zolotarenko@lab67.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Dubovoy, A.G. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Schur, D. V. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Zaginaichenko, S. Yu. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Modification of carbon nanostructures by different chemical elements opens an opportunity for synthesis of materials of a new generation for different applications. Filling
carbon nanotubes with one or other element will allow for conferring different mechanical, electrical, magnetic and other physical and chemical properties on the nanotubes.
This work demonstrates a possibility to produce such materials by the new proposed by authors method for synthesis of carbon nanostructures using arc evaporation of
materials in liquid medium. The possibility to produce chlorine-filled nanostructures is illustrated by the example of synthesis in chlorine-containing media. The synthetic
products have been investigated by scanning and transmission electron microscopy. The liquid phase has been studied by a spectrophotometer and mass spectrometry.
Acknowledgment
The work has been done within the framework of SCOPES project «Implementation in East Europe of new methods of synthesis and functionalization of carbon nanotubes
for applications in the energy storage and sensors field»
3682 | Characterization and efficiency of magnetic nanocomposite (Fe3O4/chitosan) as textile dye remover in aqueous environment (27. Nano-Composites)
Macedo, Maria I. F. (mariamacedo@uezo.rj.gov.br), Universidade Estadual da Zona Oeste-RJ, Brazil
Rangel, Maria L.S.S. (luciabiouezo@gmail.com), Universidade Estadual da Zona Oeste-RJ, Brazil
Tapanes, Neyda, C. O. (neydatapanes@uezo.rj.gov.br), Universidade Estadual da Zona Oeste-RJ, Brazil
The development of appropriate technologies for the treatment of textile effluents has been subject of interest today because of the rigidity of environmental laws. The work
reports on the synthesis of magnetic nanocomposite (Fe3O4/chitosan) with high adsorption and its application as textile dye removal in aqueous enviroment. The
adsorptions were carried out varying the concentration of textile dye Reactive Orange 16 on chitosan in aqueous solution, the time, the temperature and pH of the reaction
medium. The results indicated pH = 5 is the optimal value for maximum adsorption. The kinetic reaction is according to pseudo-second order law, r2 = 0.9996, and the
isotherm results agrees to Langmuir model, suggesting chemisorption as a model of adsorption. The chemisorption process is spontaneous and endothermic with an
increase in system disorder. The results of XRD, SEM and magnetic measurements showed the spinel phase for the particles obtained and that they have nanosize and
superparamagnetic behavior with high values of saturation magnetization, respectively. The nanocomposite exhibited a high magnetic attraction and it was possible to obtain
a rapid and efficient magnetic separation between the solid and the liquid using a magnet. The results indicated the potential of magnetic nanocomposite as a low cost and
effective technology for the treatment of textile effluents contaminated with dye Reactive Orange 16.
3013 | Chemical synthesis of photoluminescent iron-selenide nanocomposites and their energy and biomedical applications (27. Nano-Composites)
Lee, Jaebeom (jaebeom@pusan.ac.kr), Pusan National University, Korea, South
Xiang, Mao (nanoleelab@gmail.com), Pusan National University, Korea, South
We report a facile chemical synthesis method to prepare different types of photoluminescent nanoscale composites using iron and selenide. To the best of our knowledge,
this is the first report to show fluorescent Fe - series NPs. The crystallinity and semiconducting properties were characterized by transmission electron microscopy (TEM),
energy-dispersive X-ray analysis (EDX), and UV-Vis/fluorescence spectrophotometry. The data showed novel crystalline properties in ~30-nm-diameter particles and
photoluminescence (PL) at peak wavelengths of 447nm and 462nm with high quantum yields (~ 20 %). These synthesized NPs can be used for quantum dot
nanotechnology. Moreover, the synthetic approach demonstrated here shows potential for the controlled synthesis of other metal chalcogenides. Various application on
energy and biomedical imaging using novel nano-composites will be presented.
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3567 | Compressive Response of Nanoclay Reinforced Epoxy in High Strain Rate Loading (27. Nano-Composites)
Hamed Ahmadi (h_ahmadi@modares.ac.ir), Tarbiat Modares University, Iran
Gholamhossein Liaghat (ghlia530@modares.ac.ir), Tarbiat Modares University, Iran
Reinforcing the epoxy polymers with nanoclay particles in high strain rate loading is investigated in this paper. Experimental tests are carried out by a Split Hopkinson
Pressure Bar (SHPB) apparatus and in some different strain rate. The samples are characterized by different weight percent of nanoclay in epoxy. Finally, the behavior of
samples in different strain rate and the fracture behavior of them will be discussed.
2972 | Development and characterization of anticorrosive coatings based on a novel skeletal modified tetra functional epoxy nanocomposite (27. NanoComposites)
Srinivasan, Anandakumar (srinivanand@annauniv.edu), Anna University, India
Dhanabalan, Duraibabu (duraibb@gmail.com), Anna University, India
Shyamsunder, Abinandan (abhinandan.shyamsunder@gmail.com), Anna University, India
The use of an anticorrosive coating based on di functional epoxy (DGEBA) has always been restricted for specialty applications. There have not been many cases where a
tetra functional epoxy resin has been used for such for speciality applications. Hence the development of a tetra functional epoxy is inevitable. Thus we try to develop a
unique coating formulation that incorporates a novel skeletal modified tetra glycidyl epoxy resin (TGBAPB) and subsequently to study its anti-corrosive behaviour on mild
steel surface. The objective of the present work is the development TGBAPB resin with an ether linkage through the intermediates 1, 4ʼ-bis (4-nitrophenoxy) benzene BHPB
and 1, 4ʼ-bis(4-aminephenoxy)benzene BAPB. The intermediate compounds and TGBAPB were characterized by means of FT-IR and NMR spectroscopic studies. The
synthesized TGBAPB resin was coated on sand-blasted mild steel specimens using a room temperature curing agent HY 951in the presence and in the absence of an
amine functionalised carbon nanotubes (CNTs) to a thickness of 100 microns by brush. The anti-corrosive behaviour of such coated specimens was evaluated by
electrochemical impedance studies (EIS) and the interesting results obtained are discussed.
2993 | Development of nano-composite coatings for anticorrosive and antifouling applications (27. Nano-Composites)
Anandakumar Srinivasan (sri_anand_72@yahoo.com), Anna University, India
Saravanan Palanivel (saranpava@gmail.com), St. Joseph College of Engineering, India
Development of nano-composite coatings for anticorrosive and antifouling applications
aP. Saravanan and bS. Ananda Kumar*
aDepartment of Chemistry, St. Joseph College of Engineering, Chennai - 600 119
aDepartment of Chemistry, Anna University, Chennai-600 025, India
Correspondence to: sri_anand_72@yahoo.com
Tel:044-22358661; Fax: +91-44-22200660
The ban on harmful substances in antifouling paints paved an avenue for the development of new antifouling strategies. Alternatives should be as effective as conventional
paints but of lower toxicity. In the present study, a commercially available epoxy resin modified with nano ZnO and was examined in order to get information on its antifouling
and anti-corrosive behaviour. Hence, an epoxy-nano composite coating was formulated using nano ZnO (in the amount of 2.5 wt%, 5.0% and 7.5 wt %) and diglycidyl ethers
of bisphenol A (DGEBA) type of epoxy resin. The structural conformation of these materials was ascertained from FTIR, XRD and mass spectral studies. The nano
composite epoxy coating materials were characterized by differential scanning calorimetry (DSC), Thermo gravimetric analysis (TGA), Heat distortion temperature (HDT)
and antifouling tests. The anti-corrosive behaviour of the nano composite coatings was investigated by means of salt spray and electrochemical impedance spectroscopy
(EIS) methods. The surface morphology images were taken by SEM analysis. The nano composite coating showed tremendous improvement in antifouling and anticorrosive
properties and is quite superior to pure epoxy coating and a commercial antifouling coating and appears to be ideal for marine environments.
3618 | Dr. Giovanni Mantegazza (27. Nano-Composites)
Mantegazza Giovanni (giovanni.mantegazza@ruredil.it), Ruredil Spa, Italy
Gatti Alessandra (alessandra.gatti@ruredil.it), Ruredil Spa, Italy
ROLE OF NANO MATERIALS IN IMPROVEMENT PERFORMANCES OF FRCM COMPOSITES
The FRCM System (Fiber Reinforced Cementitious Matrix) - in particular, the PBO-FRCM developed for the reinforced concrete structures - improves the seismic resistance
of the buildings by increasing the structural ductility and the ultimate load of collapse.
This innovative structural reinforcement, (object of an international patent PTC) is based on the use of PBO fiber (Poliparafenilenbixoazolo) in combination with a more
performing inorganic matrix compared to the carbon fiber reinforced polymer (epoxy resin).
The mechanical efficiency of the FRCM reinforcements and the traditional FRP ones, depends upon the adhesive characteristics that occur at the interface between PBOFRCM and the concrete surface.
The experiments have shown that in case of FRCM reinforcement, it often occurs a crisis by delamination.
The delamination between fiber and matrix is not to be considered a negative result , because it makes the FRCM reinforcement more ductile compared to the FRP system.
The phenomenon of the delamination depends upon the type of fibers, but above all by the composition of the cement matrix.
This paper shows the results obtained, to improve the adhesion performance of the inorganic matrix by using nanotechnology materials.The nature of the adhesion between
fibers and cement matrix has been widely investigated by following this approach:different types of mortars and PBO fibers
3085 | Effect of nano-fillers percentage on mechanical properties and energy absorption of three-phase polymer-nanocomposites (27. Nano-Composites)
Gendre, Laura (l.gendre@cranfield.ac.uk), Cranfield University, United Kingdom
Sachse, Sophia (s.sachse@cranfield.ac.uk), Cranfield University, United Kingdom
Silva, Francesco (f.d.silva@cranfield.ac.uk), Cranfield University, United Kingdom
Njuguna, James (j.njuguna@cranfield.ac.uk), Cranfield University, United Kingdom
This work focuses on the mechanical properties and crashing behaviour of three-phase nanocomposites. The influence of the nano-fillers content was studied. Polyamide-6
reinforced by 30wt.% of glass fibre and with an addition of nanoclay (MMT) or nanosilica (SiO2) was tested on an Instron machine in order to characterise their tensile
properties. Crashing behaviour and energy absorption capabilities were analysed with compression tests and dynamic crash tests carried out on crash cones. The results
show a decrease in tensile properties with the augmentation of MMT content, and an optimum at 1wt.% for SiO2-nanocomposites. However, for both nano-fillers, the
crashing behaviour and energy absorption in dynamic tests was enhanced when the nano-fillers percentage was increased. Itʼs also shown that the interaction matrix/fibres
was an important parameter in the brittleness behaviour of nanocomposites.
3747 | Effect of sintering curve on microstrucutre and mechanical properties of alumina-zirconia nanocomposites (27. Nano-Composites)
Chinelatto, A.S.A (adrianachinelatto@gmail.com), State University of Ponta Grossa, UEPG, Av. Carlos Cavalcanti, 4748, 84030-900, Ponta Grossa, Brazil, Brazil
Chinelatto. A.L. (adilsonchinelatto@gmail.com), State University of Ponta Grossa, UEPG, Av. Carlos Cavalcanti, 4748, 84030-900, Ponta Grossa, Brazil, Brazil
Lago, C (christianelago@yahoo.com.br), State University of Ponta Grossa, UEPG, Av. Carlos Cavalcanti, 4748, 84030-900, Ponta Grossa, Brazil, Brazil
Ferreira, J.A. (julieta.ferreria@uniararas.br), State University of S?o Paulo, USP, Pirassunga, Brazil, Brazil
Pallone, E. M. J. A. (eliria.pallone@gmail.com), State University of S?o Paulo, USP, Pirassunga, Brazil, Brazil
Actually has been researched the development of ceramics with improved properties for structural applications. Among these ceramics, there are alumina ceramics due to
their unique properties. However, low fracture toughness has limited applications of these materials. Many researches have shown that reducing grain size may improve
some properties such as mechanical strength, fracture toughness and wear resistance. Sintering in steps has been applied with success for densification of nanometric
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some properties such as mechanical strength, fracture toughness and wear resistance. Sintering in steps has been applied with success for densification of nanometric
ceramic powders without grain growth. Another mechanism that alters sintering process is the presence of nanometric inclusions in the ceramic. In this work it was studied
the effect of different sintering curves and the presence of zirconia inclusions (5% and 15% in volume) on the microstructure of a commercial alumina. For this, the powders
of alumina and zirconia were desaglomerated in a ball milling and isostatically cold pressed at 200 MPa. Temperatures of the steps were chosen starting from curves of
linear rate shrinkage in function of the temperature. Samples were characterized for apparent density, scanning electronic microscopic, mean grain size, hardness and
fracture toughness. Results showed that sintering curves and the nanometric inclusions of zirconia were efficient to control the densification and grain growth in alumina.
Values of hardness and fracture toughness of the sample were compared for the different grain sizes obtained.

3751 | Effects of heat treatment on microstructure and microhardness of ball milled/hot pressed Al 7475/AlN nano-composites (27. Nano-Composites)
Gajewska, Marta (m.gajewska@imim.pl), Institute of Metallurgy and Materials Science of Polish Academy of Sciences, Poland
Dutkiewicz, Jan (j.morgiel@imim.pl), nstitute of Metallurgy and Materials Science of Polish Academy of Sciences, Poland
Morgiel, Jerzy (j.dutkiewicz@imim.pl), nstitute of Metallurgy and Materials Science of Polish Academy of Sciences, Poland
An addition of AlN as a reinforcement in Al 7475 alloy and application of ball milling/hot pressing for composite production allows to significantly improve its hardness and
compressive strength. In present work, an attempt has been made to further enhance the mechanical properties of Al 7475/AlN nano-composite material produced via
powder metallurgy route by applying a post compacting heat treatment. Materials were prepared using Al 7475 powder with 20 wt.% of ceramic powder addition. Powders
were milled in a high energy ball mill for up to 40 hours and then hot pressed in vacuum at 380°C/600 MPa. Composite material was solutionized (460 °C, 1h) and then aged
(120 °C, up to 24h) or simply aged (120 °C, up to 24h) without solution treatment. The effects of heat treatment were investigated using TEM with EDS analysis, as well as
microhardness measurements.
The microstructure observations showed a slight increase in a grain size after solution treatment at 460 °C. Additionally, a large amount of intermetallic precipitates, which
were present in the composite microstructure after hot pressing, was dissolved and the dislocations density was significantly decreased. As a result a considerable drop in
microhardness value was observed. The following artificial ageing allowed to increase the microhardness up to 80% of the value characteristic for the pre-heat treated
material. On the other hand, artificially aged as-compacted composites, gained up to 10% in microhardness value.
3359 | Elasticity solution of functionally graded carbon nanotube-reinforced composite cylindrical shell by using differential quadrature method (27. NanoComposites)
Akbar Alibeigloo (abeigloo@modares.ac.ir), Tarbiat modares University, Iran
Based on three-dimensional theory of elasticity, static analysis of functionally graded carbon nanotube reinforced composite (FG-CNTRC) cylindrical shell subjected to
mechanical uniform load with arbitrary boundary conditions is investigated. By using differential quadrature method (DQM) in axial direction and state space technique in
radial direction a semi analytical method is presented. Accuracy and convergence of the presents approach, is validated by comparing the numerical results with the
published numerical results in the literature. In addition, the effects of cases CNT distribution as well as the volume fraction of CNT, radius to thickness ration on the bending
behavior of the cylindrical panel are also examined.The high strength and stiffness of carbon nanotubes causes to use it as a reinforcing constituent instead of conventional
fibers in composite structures such as beam, plate and shell. Introduction of CNT into polymer matrix increases the application of reinforcing composite. Study on the
mechanical and thermal properties of CNTRC structures has increased by many researchers in recent years. By using higher order shear deformation theory and Von
Karman type of kinematic nonlinearity, Shen [1] discussed postbucking of FG-CNTRC cylindrical shell in thermal environment. Nonlinear vibration of FG-CNTRC cylindrical
shell was investigated by Shen and Xiang [2] using the equation of the motion base on higher-order shear deformation theory with aVon Karman-type of kinematic
nonlinearity. Moradi-Dastjerdi et al. [3] analyzed the dynamic behavior of FG-CNTRC cylindrical shell subjected to impact load by making the use of mesh free method. By
using Eshelby–Mori–Tanaka approach and two-dimensional differential quadrature method free vibration analysis of CNTRC cylindrical panel was presented by Sobhani
Aragh [4]. According to the above search it is seen that static analysis of FG-CNTRC cylindrical shell has not been yet considered. In this paper, based on theory of
elasticity, bending behavior of FG-CNTRC cylindrical shell subjected to uniform internal pressure is investigated.
References
[1] Shen HS. Thermal buckling and postbuckling behavior of functionally graded carbon nanotube-reinforced composite cylindrical shells. Composites: Part B 43(2012) 10301038.
[2] Shen HS and Xiang Y. Nonlinear vibration of nanotube-reinforced composite cylindrical shells in thermal invironments. Comput. Methods Appl. Mech. Engrg 213–216
(2012) 196–205.
[3] Moradi-Dastjerdi R, Foroutan M, Pourasgha A. Dynamic analysis of functionally graded nanocomposite cylinders reinforced by carbon nanotube by a mesh-free method.
Materials and Design 44 (2013) 256–266.
[4] Moradi-Dastjerdi R, Foroutan M, Pourasgha A. Eshelby–Mori–Tanaka approach for vibrational behavior of continuously graded carbon nanotube-reinforced cylindrical
panels. Composites: Part B 43 (2012) 1943–1954.
3943 | Electrical conductivity of carbon-ceramic nanocomposites (27. Nano-Composites)
Zolotarenko, A. D. (zolotarenko@lab67.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Volodin, A. A. (alexvol@icp.ac.ru), Institute of Problems of Chemical Physics of RAS, Russian Federation
Schur, D. V. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Tarasov, B. P. (tarasov@icp.ac.ru), Institute of Problems of Chemical Physics of RAS, Russian Federation
Zaginaichenko, S. Yu. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Optimal conditions were found for the formation of carbon-oxide composites by the treatment of mixtures of oxides of aluminum or titanium with carbon nanotubes and
nanofibers in a planetary ball mill. The dependences of the electrical conductivity of composites on the content of carbon nanomaterials (1-5% by mass) were determined. It
is shown that the addition of 3%(wt) of CNT to the oxides leads to a sharp increase in the electrical conductivity: from 5.0×10-8 to 2.8×10-4 S/cm for Al2O3 and from 5.0×106 to 2.2×10-2 S/cm for TiO2. It was shown that the carbon-oxide composites are promising carriers of the catalysts of electrode processes in electrochemical devices. It was
revealed that Pt/TiO2 - CNT catalyst containing 5% (mass) of carbon nanotubes has the best catalytic activity in oxygen reduction, in an electrode-modeling cathode of a fuel
cell.
The work was supported by RFBR (Project № 11-03-90454 Ukr_f_a) and by UFBR (Project № F 40/169-2012)
3006 | Evaluation of properties of Al-Al2O3-B4C nano composite produced by ARB process (27. Nano-Composites)
Morteza Alizadeh (Alizadeh@sutech.ac.ir), shiraz university of technology, Iran
Hosein Akbari beni (Amini@sutech.ac.ir), shiraz university of technology, Iran
Rasool Amini (akbari_hosain65@yahoo.com), shiraz university of technology, Iran
The influence of nano-scale reinforcement on the mechanical and microstructural properties of ultrafine-grained composites was studied. Al matrix (pure aluminum)
composites, with grain size of 175 nm and B4C and Al2O3 reinforcement size of 75 nm, were fabricated via accumulative roll bonding (ARB) process. To evaluate structure
and microstructure of the produced composites, X-ray diffraction analysis (XRD) and transmission electron microscope (TEM) was applied. Mechanical properties of the
specimens were investigated by tensile and hardness tests. The result reveals that in comparing with monolithic Al (ARBed Al without ceramic particles), the presence of
nano-particles enhances strength of composites. Also, the results showed that with increasing ARB cycles, the tensile strength and microhardness of the composites
increase. In addition, the tensile strength and microhardness of the composite samples are higher than those of the monolithic Al.
3813 | Fe-based Diamond Nanocomposite for use in high performance cutting tools (27. Nano-Composites)
Skury, Ana Lucia D. (luciaskury@pq.cnpq.br), State University of Northen Fluminense, Brazil
Almeida, Luciana L.P. (lezira@uenf.br), State University of Northen Fluminense, Brazil
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Almeida, Luciana L.P. (lezira@uenf.br), State University of Northen Fluminense, Brazil
Bobrovnitchii, Guerold S. (guerold@uenf.br), State University of Northen Fluminense, Brazil
Being chemically similar to cobalt, iron has been used widely as the metallic matriz of circular diamond saw blades. Many methods have been tried to improve the sawing
performance of Fe-based diamond composites applied in saw blades. Data publised in the literature have shows that mechanical properties of the metal matrix and the
diamond retention capaciy are improveed grestly by the metal powder particle size. Based on the authorsʼ previous research, this work was devoted to the study of metal
particle size effect on the thermal and mechanical properties diamond composites obtained via powder metallurgy. For this study two processing routes for subsequent
sintering of powders via hot pressing were adopet. The first route followed the conventional way, by mixing the powders (metals and diamonds) in Tubula mill-type. In the
second route, metal powders were first crushed in a Attrito high energy mill until obtaining particle size on the order of nanometers. The powders initial granulometry was the
same for both processing routes. Wear tests and physical characterization of composites made evident the superiority of the nanocomposites.
3585 | Few layer graphene (FLG) nanocomposites based on poly(trimethylene terephthalate) (PTT) matrix: structure and properties (27. Nano-Composites)
Paszkiewicz, Sandra (spaszkiewicz@zut.edu.pl), West Pomeranian University of Technology, Poland
Szymczyk, Anna (aszymczyk@zut.edu.pl), West Pomeranian University of Technology, Poland
Soccio, Michaela (m.soccio@iem.cfmac.csic.es), Insituto de Estructura de la Materia-CSIC, Spain
Ezquerra, Tiberio A. (imte155@iem.cfmac.csic.es), Insituto de Estructura de la Materia-CSIC, Spain
Roslaniec, Zbigniew (zroslaniec@zut.edu.pl), West Pomeranian University of Technology, Poland
Nanocomposites based on poly(trimethylene terephthalate) (PTT) and few layer graphene (FLG, <1 nm) have been prepared by in situ polymerization. Morphology of the
nanocomposites has been examined by electronic microscopy (SEM, TEM). The relationship between the preparation method, morphology and electrical conductivity was
studied. The influence of FLG on the structure and mechanical properties of PTT matrix was examined by using DSC and tensile tests. Electronic microscopy images reveal
that the nanocomposites exhibit well dispersed graphene platelets. It was observed that the incorporation of few layer graphene (FLG) to the PTT results in a sharp insulatorto- conductor transition. The low percolation threshold and relatively high electrical conductivity are attributed to the high aspect ratio, large surface area and uniform
dispersion of the graphene sheets in PTT matrix.
This work is sponsored by European Project MNT ERA NET 2012 (project APGRAPHEL).
References :
1. M. Li, Jeong Y. G., “Preparation and characterization of High-Performance poly(trimethylene terephthalate) nanocomposites reinforced with exfoliated graphite”, J. Polym.
Sci: Part A: Polym. Chem. 42 (2004) 820-824.
2. Szymczyk A., Poly(trimethylene terephthalate-block-tetramethylene oxide) elastomer/ single-walled carbon nanotubes nanocomposites: synthesis, structure and
properties”, J.Appl. Polym. Sci. 2012, accepted 20.02.2012.
3657 | Fire Safety Analysis of Polymeric Nanocomposites (27. Nano-Composites)
Sousa, Susana (ssousa@inegi.up.pt), Institute of Mechanical Engineering and Industrial Management (INEGI), Portugal
N�voa, Paulo R. (prnovoa@fe.up.pt), Faculty of Engineering of University of Porto (FEUP), Portugal
Pereira, Celeste M.C. (cpereira@inegi.up.pt), Institute of Mechanical Engineering and Industrial Management (INEGI), Portugal
Rodrigues, Jo�o (jor@inegi.up.pt), Institute of Mechanical Engineering and Industrial Management (INEGI), Portugal
Ferreira, Ant�nio J.M. (ferreira@fe.up.pt), Faculty of Engineering of University of Porto (FEUP), Portugal
Ribeiro, Maria C.S. (cribeiro@inegi.up.pt), Institute of Mechanical Engineering and Industrial Management (INEGI), Portugal
Polymer modification with inorganic nanoparticles, could be a potential and efficient solution to control matrix flammability without scarifying other important properties. In this
study an effort is undertaken in order to develop a new type of nano-oxide based nanocomposite with improved fire behaviour. The influence of several material factors such
as the type and the addition content of oxide particles, mixing process and curing treatments were investigated. The synergistic effect between nano-oxide particles and
conventional micro FR systems was also explored.
For this purpose, different types and combinations of micro and nano-scale oxide particles were systematically introduced into unsaturated polyester resin. Mixing process
was supported by an ultra sonicator device in order to enhance dispersion homogeneity. The effects of matrix modification with these particles on flexural strength, flexural
elasticity modulus, heat distortional temperature, dynamic mechanical thermal behaviour and fire reaction properties of particles-reinforced polymers were analysed and
quantified.
The planning of experiments was achieved by means of Design of Experiments (DoE) methodologies and data treatment was carried out through analysis of variance
ANOVA.
Composites modified with nano-oxides and hybrid mixtures of micro and nano-oxides showed better fire performance than the traditional composites; however further
studies will be required in order to fine-tune mix design formulations.
3999 | HDPE COMPOSITES WITH ANTIMICROBIAL ACTIVITY (27. Nano-Composites)
Jeziorska, Regina (regina.jeziorska-dn@ichp.pl), Industrial chemistry Research Institute, Poland
Zielecka, Maria (maria.zielecka-nb@ichp.pl), Industrial chemistry Research Institute, Poland
Gutarowska, Beata (bata.gutarowska@p.lodz.pl), Technical University of Lodz, Poland
In this work, the effects of the nanosilica containing immobilized nanosilver (SiO2-Ag) or nanocopper (SiO2-Cu) as well as maleated high-density polyethylene (MHDPE) on
the phase behavior, microstructure and mechanical properties of high-density polyethylene were studied using scanning (SEM) and transmission electron microscopy (TEM),
differential scanning calorimetry (DSC), thermogravimetry (TGA) and dynamic-mechanical analysis (DMTA). Furthermore, the ability of spherical silica containing
immobilized nanosilver or nanocopper to give antimicrobial activity to HDPE was also investigated. All materials were compounded in a co-rotating twin-screw extruder and
then injection molded. MHDPE improves compatibility between the HDPE matrix and silica due to the more uniform dispersion of the silica nanoparticles as well as better
mechanical properties. The thermal stability of the composites was significantly better compared to the neat polymer. Moreover, the improvement in stiffness was observed.
DMTA measurements confirmed these observations, showing an enhancement of the storage modulus in the presence of nanosilica. Moreover, higher silica contents
resulted in higher storage modulus, proving that the material became stiffer. Improved resistance to microorganisms (E. coli, S. aureus, S. typhimurium, L. motocytogenes,
B. subtilis and P. fluorescens) of the HDPE composites containing SiO2-Ag or SiO2-Cu was also observed whereas pure HDPE did not show this activity.

3584 | Hexaferrites Nanocomposites as a Multilayer Microwave Absorber (27. Nano-Composites)
Kavas, Huseyin (hkavas@medeniyet.edu.tr), ?stanbul Medeniyet University, Turkey
Akman, Ozlem (ozlemakmanx@gmail.com), Gebze Institute of Technology, Turkey
Baykal, Abdulhadi (hbaykal@fatih.edu.tr), Fatih University, Turkey
Aktas, Bekir (aktas@gyte.edu.tr), Gebze Institute of Technology, Turkey
BaFe12O19 nanoparticles were synthesized by sol-gel route and the nanocomposites were obtained with the poor conducting polymers. The nano composites' structural,
morphological and magnetic properties were characterized by X-Ray powder diffraction, Transmission Electron Microscopy, Vibrating Sample Magnetometry, respectively.
The complex permitivity and permeability of composites were also determined in X band. The microwave absorbers were designed as single and multilayer structures with
varying thickness by using their physical parameters. The absorber thickness and layer configurations will be optimized to obtain the most efficient absorber. The results will
be discussed with composite physical properties and the design configurations.
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3914 | High Cellulose Nanowhisker Content Flexible Thin Film Composites (27. Nano-Composites)
Hossain, Kazi Md Zakir (eaxkh@nottingham.ac.uk), University of Notttingham, United Kingdom
Flexible composite films with a high cellulose nanowhisker (CNW) content of up to 75% by weight were produced by casting from aqueous solution with water soluble
Cellosize (CS). The surface topography of the films displayed an aggregated morphology influencing the surface roughness and light transparency properties of the blends.
Using fluorescently labelled CS, we were able to determine the extent of aggregation in the composites which indicated that up to 13% of CNWs can be homogeneously
blended with CS, above which larger CNWs aggregates occur. However, even in a somewhat aggregated form, the CNWs still form a percolated network and appear to be
homogeneously dispersed as larger aggregated entities. The composite CNW-CS films further exhibited improved thermal stability compared to both the CNWs and CS
alone with decomposition temperatures shifting from 261oC for CNWs and 313oC for CS to 361oC for blends containing 75% CNWs. Surface induced crystallisation of CS
by CNWs was also found with higher crystallinity for the composite films than for the individual constituents. Due to the reinforcing effect of CNWs within the matrix, an
increase in tensile strength (294%) and modulus (2004%) was observed for the blend containing 75% CNWs compared to the pure CS film (tensile strength ~12.23 MPa and
modulus ~0.39 GPa).
Keywords: Nanowhiskers, Cellosize, fluorescence microscopy, modulus, thermogravimetric analysis.
4120 | Incorporation of nano calcium carbonate in polyamide 6: mechanical and thermal properties (27. Nano-Composites)
Bonse, Baltus C. (prebbonse@fei.edu.br), Centro Universit?rio da FEI, Brazil
Molina, Lucian M. (lucian.molina@gmail.com), Faculdade SENAI de Tecnologia Ambiental, Brazil
de Souza, Eliseu W. (eliseu.souza@portal.sp.senai.br), Faculdade SENAI de Tecnologia Ambiental, Brazil
The feasibility of using nanocomposite in certain applications was assessed by incorporating 5 and 10wt% nanoparticulate and conventional CaCO3 in polyamide 6 and
determining their mechanical and thermal properties. CaCO3 was incorporated in PA 6 through hand mixing, followed by single-screw extrusion and pelletization. Samples
were injected for mechanical and thermal testing. The composite that showed the best results in most tests was that containing 5% CaCO3 nanoparticulate. This composite
presented in relation to neat polyamide an increase in tensile and flexural strength, and flexural modulus of 15, 95 and 130%, respectively. Incorporating the same level of
the conventional product resulted in increases of 10, 43 and 50%, respectively. Increase in Vicat temperature and HDT were 15 and 17%, respectively, for the
nanocomposite, versus 4 and 14% for the conventional composites. These results indicated that the larger surface area of the nanoscale particles resulted in increased
interaction with the polymer matrix. Despite the fact that the cost of CaCO3 nanoparticulate is approximately 40% higher than the conventional CaCO3, using nanoparticles
might be a feasible alternative in applications where constant exposure to high temperatures is necessary. Additional advantages of the incorporation of the nanoparticles
included reduced yellowing of the final product and improved flow during during processing, possibly by the lubricating effect imparted by these nanoparticles.
3649 | Influence of graphene nanoplatelets aspect ratio in mechanical properties of graphene-epoxy nanocomposites (27. Nano-Composites)
R. Moriche (rocio.moriche@urjc.es), Dpt. Materials Science and Engineering, ESCET, University Rey Juan Carlos, C/Tulip?n s/n 28933 M?stoles, Madrid, Spain
S. G. Prolongo (silvia.gonzalez@urjc.es), Dpt. Materials Science and Engineering, ESCET, University Rey Juan Carlos, C/Tulip?n s/n 28933 M?stoles, Madrid, Spain
M. S?nchez (maria.sanchez@urjc.es), Dpt. Materials Science and Engineering, ESCET, University Rey Juan Carlos, C/Tulip?n s/n 28933 M?stoles, Madrid, Spain
A. Ure?a (alejandro.urena@urjc.es), Dpt. Materials Science and Engineering, ESCET, University Rey Juan Carlos, C/Tulip?n s/n 28933 M?stoles, Madrid, Spain
Graphene nanoplatelets have attracted special interest for their use in nanocomposites due to their singular properties as high electrical and thermal conductivity. But also
graphene shows great mechanical properties that can enhance the nanocomposite behaviour.
Some papers confirming this effect have been published. But there are a lot of different values in the bibliography. This is why the aim of this work is to elucidate the
mechanical properties enhancement as a function of the aspect ratio of the nanoplatelets. That way, we study the influence of the size in plane sp2 and thickness of these
fillers in their final properties that constitute a critical factor.
Graphene nanoplatelets were dispersed in epoxy resin by ultrasonication for 45 minutes. Hardener was added after dispersion and the product was mixed mechanically and
heated under vacuum to degas the fluid. The curing was taken at 140 ° for 8 hours.
Dispersion grade of the fillers in the matrix is high and mechanical and thermomechanical properties are improved. A preferential orientation of graphene nanoplatelets was
found in samples.
3919 | Investigation of a new dispersion technique of CNTs reinforced Al matrix composites (27. Nano-Composites)
Sim?es, S?nia (ssimoes@fe.up.pt), CEMUC, Faculdade de Engenharia da Universidade do Porto (FEUP) Universidade do Porto Rua Dr. Roberto Frias, 4200-465 Porto,
Portugal , Portugal
Reis, Marcos A. L. (marcosallan@ufpa.br), Faculdade de Ci?ncias Exatas e Tecnologia, Universidade Federal do Par?, Abaetetuba, PA 68440-000 Brazil, Brazil
Viana, Filomena (fviana@fe.up.pt), CEMUC, Faculdade de Engenharia da Universidade do Porto (FEUP) Universidade do Porto Rua Dr. Roberto Frias, 4200-465 Porto,
Portugal , Portugal
Vieira, Mauel F. (mvieira@fe.up.pt), CEMUC, Faculdade de Engenharia da Universidade do Porto (FEUP) Universidade do Porto Rua Dr. Roberto Frias, 4200-465 Porto,
Portugal , Portugal
The unique properties of carbon nanotubes (CNTs) have generated a great interest in the use of CNTs as reinforcement material for metal matrix composites in recent
years. The difficulty with the production of the composites is mainly related with the dispersion of CNTs in the metallic matrix, due to the agglomeration that influence the
potential strengthening of the composite. Therefore, there is a great need for research on the production of metal matrix composites with a uniform dispersion of the CNTs.
The composites, produced with 0, 0.25, 0.5, 0.75, 1 and 2 wt% CNTs, were hot pressed and sintered at 600 ºC during 90 min under a vacuum better than 10-2 Pa.
Microstructural characterization of aluminum metal matrix/ CNT composites was performed by field-emission scanning electron microscopy (FE-SEM), electron
backscattered diffraction (EBSD) and high transmission electron microscopy (HRTEM). Mechanical properties of the composites were evaluated by Vickers microhardness
tests using a 98 mN load.n. SEM images show a uniform dispersion of carbon nanotubes throughout the aluminum matrix. The CNTs are observed through the composite at
grain boundary junctions, as expected, but also in the matrix. A strong strengthening effect of the CNT on the aluminum matrix was measured; the hardness raises 50% with
the increase from 0 to 0.75 wt% in CNT concentration.
4094 | Investigation of Mechanical Properties of the Nano PVA/Chitosan Composites (27. Nano-Composites)
Kocak, Dilara (dkocak@marmara.edu.tr), Marmara University , Turkey
Sancak, Erhan (esancak@marmara.edu.tr), Marmara University , Turkey
Mistik, Ilker S. (imistik@marmara.edu.tr), Marmara University , Turkey
Merdan, Nigar (nmerdan@iticu.edu.tr), Istanbul Commerce University, Turkey
Akalin, Mehmet (makalin@marmara.edu.tr), Marmara University , Turkey
Chitosan is produced from shrimp and other crustacean shells and especially used for the medical applications such as wound care. In this study PVA/Chitosan polymer
composites were produced by using electrospinning process and mechanical properties of the composites were investigated.
4098 | Investigation of Mechanical Properties of the Nanohybrid Coated Cotton/HDPE Composites (27. Nano-Composites)
Merdan, Nigar (nmerdan@iticu.edu.tr), Istanbul Commerce University, Turkey
Kayar, Mahmut (mkayar@marmara.edu.tr), Marmara Univesity, Turkey
Mistik, Ilker S. (imistik@marmara.edu.tr), Marmara University, Turkey
Kocak, Dilara (dkocak@marmara.edu.tr), Marmara University, Turkey
Akalin, Mehmet (makalin@marmara.edu.tr), Marmara University, Turkey
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In this study surface of the cotton fibers were coated by using electrospinning process, then coated cotton/HDPE thermoplastic composites were produced by using hot
press compression machine. Mechanical properties of the produced cotton/HDPE thermoplastic composites were investigated.
3004 | Investigation of thermal and mechanical properties of TiO2- epoxy nanocomposites (27. Nano-Composites)
bayani, maryam (bayanimaryam50@yahoo.com), Department of Polymer Processing, Iran Polymer and Petrochemical Institute, Iran
ehsani, morteza (m.ehsani@ippi.ac.ir), Department of Polymer Processing, Iran Polymer and Petrochemical Institute, Iran
khonakdar, hosseinali (h.a.khonakdar@ippi.ac.ir), Department of Polymer Processing, Iran Polymer and Petrochemical Institute, Iran
Polymer Nanocomposites are novel class of materials that are used for industrial applications in recent years. The nanocomposites are shown improvement of properties in
comparison with neat polymer. In this study, Nanocomposites specimens are prepared using low viscosity liquid epoxy resin filled with silica flour based on bisphenol A and
dicarboxylic anhydride as curing agent. The used nano filler are TiO2 particle with Size 21±5 nm. The obtained nanocomposites are analyzed by means of Thermo
gravimetrical analysis (TGA), dynamic mechanical thermal analysis (DMTA), scanning electron microscopy (SEM) and flexural test. Results reveal properties of epoxy resin
are improved with incorporation of TiO2 nano particles. For example, storage and flexural modulus, thermal stability of TiO2-Epoxy nanocomposites enhanced than neat
epoxy resin. Also, it is obtained the 5% sample has the highest glass transition temperature (Tg) among nanocomposites. It is clear that nanoparticles due to providing of
high specific surface area, causing interfacial interactions between the particles and polymer matrix that can influence on the properties of materials.
3379 | Is it possible to manipulate the morphology and molecular mechanisms of bio-based materials form gluten protein? (27. Nano-Composites)
Kuktaite, Ramune (ramune.kuktaite@slu.se), Dept. of Agrosystems, the Swedish University of Agricultural Sciences, Sweden
Ture, Hasan (tureh@kth.se), Dept. of Fibre and Polymer Technology, KTH, Sweden
Plivelic, Tomas, S. (tomas.plivelic@maxlab.lu.se), Max IV Laboratory, Lund University, Sweden
Rasheed, Faiza (faiza.rasheed@slu.se), Dept. of Agrosystems, the Swedish University of Agricultural Sciences, Sweden
Hedenqvist, Mikael (mikaelhe@polymer.kth.se), Dept. of Fibre and Polymer Technology, KTH, Sweden
G?lstedt, Mikael (mikael.gallstedt@innventia.com), Innventia, Box 5604, Stockholm, Sweden
Rombouts, Ine (Ine.Rombouts@biw.kuleuven.be), Laboratory of Food Chemistry and Biochemistry, Katholiele Universiteit Leuven, B-3001, Leuven, Belgium
Renewable and biodegradable natural polymers are of great importance due to their ability to substitute some petroleum-based plastics and are used in packaging, coating,
insulation etc. Wheat gluten (WG), one of the most important plant proteins, has demonstrated interesting viscoelastic properties, high tensile strength and attractive gas
barrier properties of bio-based materials and composites. We have produced WG protein bio-based materials with different additives e.g. ammonium hydroxide, sodium
hydroxide, urea etc., and composites containing urea and nanoclays. We investigated the morphology of the WG protein in the materials and composites and observed a
broad variation of the WG protein structure, including the formation of hierarchically ordered structures. The observed different structures were correlating differently with the
tensile properties of the materials. In addition, different molecular kinetics mechanisms were related to the specific additives and processing conditions (i.e. processing
method, temperature etc.) used for the WG materials with the hierarchically ordered structures. Urea was found to influence the morphology of the WG materials and
composites significantly.
3810 | Low velocity impact response of composite laminates reinforced with interfacial CNTs webs (27. Nano-Composites)
Liu,Ling (lingliu@tongji.edu.cn), School of Aerospace Engineering & Applied Mechanics, China
Tian, Su (78311784@qq.com), School of Aerospace Engineering & Applied Mechanics, China
Zhou, Yiwen (525955141@qq.com), School of Aerospace Engineering & Applied Mechanics, China
The focus of the present study was to experimentally investigate the influence of carbon nanotubes (CNTs) webs on the low velocity impact response of carbon fiber
reinforced polymer (CFRP) laminates. The CNTs webs were obtained by filtering the CNTs suspension and then incorporated into different ply interfaces of the studied
laminates. Subsequently, the modified CFRPs were subjected to low velocity impact and compression after impact, and were directly compared with unmodified laminates.
Testing results have shown that enhanced impact performance for the CNTs webs modified laminates was observed for higher energy levels. Meanwhile, the properties of
compression after impact were improved for both the effective compression modulus and the compression strength.
2994 | Measuring the Optimum Fiber Content Ratio of AS4/3501-6 Composite through Microbuckling (27. Nano-Composites)
Mahmoud Shokreih (ahmad_parsei@live.com), pro, Iran
ahmad parsaee (ahmad_parsei@live.com), dr, Iran
When fiber-reinforced composites (FRC) are subjected to compressive load parallel to the fiber direction, they fail as a result of fiber buckling and/or transverse failure of the
resin. Compressive loading brings about two buckling modes to fibers. The first mode is shear buckling, and the other is transverse buckling. Recent studies support the
hypothesis that fiber buckling causes compressive rupture. In this study, finite element modeling software was employed to examine the behavior of a resin-embedded single
fiber in terms of fiber content ratio. The performed modeling procedures illustrated that the single fiber experiences three discrete failure modes depending on fiber content
ratio; and then a corrected equation was proposed for each mode. Fiber content ratio of the composite is one of effective parameters to determine the compressive strength
value. Optimum fiber content ratio has been measured using finite element method. Numerical results are compared to experimental ones to analyze the obtained results.
The optimum fiber content ratio calculated by the finite element modeling was measured 49% in this paper.
3748 | Mechanic and Magnetic Properties of the Nanocomposite Materials Obtained Using Magnetic Nano-Fluids (27. Nano-Composites)
CRAINIC, Nicolae (ncrainic@flumag2.mec.upt.ro), Politehnica University of Timisoara, RCESCF ? Research Center for Engineering of Systems with Complex Fluids,
Romania
TORRES MARQUES, Antonio (marques@fe.up.pt), University of Porto, FEUP - Faculdade de Engenharia da Universidade do Porto, Portugal
VEKAS, Ladislau (vekas@acad-tim.tm.edu.ro), Romanian Academy - Timisoara Division, Romania
NOVOA, Paulo (prnovoa@inegi.up.pt), inegi - Instituto de Engenharia Mecanica e Gestao Industrial, Portugal
POPA, Nicolae Calin (ncpopa@acad-tim.tm.edu.ro), Romanian Academy - Timisoara Division, Romania
MARINICA, (BALAU), Oana (marinica.oana@gmail.com), Politehnica University of Timisoara, Romania
MOACA (TACULESCU), Alina (alina_taculescu@yahoo.com), Politehnica University of Timisoara, Romania
The researches have started with the idea to exploit the possibility to achieve the new materials in the context of Nanotechnology Constructions, with the aid of the inclusion
of nanofluids, considering the possibilities of orientation of the Nanomagnetic Fluids in magnetic fields, as function of the desired properties for the specified applications
possessions. The future of the Nanomagnenetic Fluids presence in the mass of composite materials, can be analyzed for some potential applications autmotove respectively
in aeronautics. The research was focused on the compatibility that can exist between the various categories of nanomagnetic fluids and the resins. It will have to address the
influence of magnetic fluids in process parameters, mainly with cure conditions, as well as the influence in mechanical and magnetic properties.
The properties of nano-composite materials depend not only on the properties of their individual parents, but also on their morphology and interfacial characteristics. This
rapidly expanding field is generating many exciting new materials with novel properties. The latter can derive by combining properties from the parent constituents into a
single material. There is also the possibility of new properties which are unknown in the parent constituent materials.
Keywords: compatibility; nanocomposite material; nanomagnetic fluids; resin
3741 | Mechanical behavior of PVC membrane modified by composites of carbon nanotube-micrometric substrate (27. Nano-Composites)
Matsubara, Elaine Y (elainematsubara@ffclrp.usp.br), Universidade de Sao Paulo, Brazil
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Matsubara, Elaine Y (elainematsubara@ffclrp.usp.br), Universidade de Sao Paulo, Brazil
Guerra, Nadia M (nadia.guerra@ffclp.usp.br), Universidade de Sao Paulo , Brazil
Takahashi, Giuliana H (giuliana_ht@hotmail.com), Universidade de Sao Paulo, Brazil
Rosolen, J. Mauricio (rosolen@ffclrp.usp.br), Universidade de Sao Paulo, Brazil
Carbon nanostructures can present mechanical and electrical properties that can also be very attractive to modification of important polymers. In the present work we have
studied the mechanical behavior of membranes of polyvinyl chloride prepared by casting method in the presence of TiO2, graphite and active charcoal whose surface are
nanostructurated by direct carbon nanotubes (CNTs) growth as observed using scanning electron microscopy. From measure of Young module was possible detect that the
type of CNTs forest on micrometric material as well as the micrometric substrate where the tubes were grown has a large influence on the resulting mechanical properties.
The interaction between the CNTs forest and surface of micrometric substrate are able to affect the polymeric matrix. Therefore, we show that this approach merit
investigation and is a good strategy to improve mechanical properties of several materials because this class of materials can be easily dispersed in several polymeric
matrix. As well known the dispersion of carbon nanotubes can have problems and often require several chemical treatments.
3916 | Mechanical Properties and Interfacial Thermo-Mechanical Deformation Mechanism in CeO2-ZrO2/Polyimide Nanocomposite (27. Nano-Composites)
Vasireddi, Ramakrishna (ranky.phy@gmail.com), Indian Institute of Science, India
D. Roy Mahapatra (droymahapatra@aero.iisc.ernet.in), Indian Institute of Science, India
This paper aims at understanding the role of Zr/Ce based mixed oxide sintering to nano-crystallite growth in polyimide matrix. ZrO2 is a well known choice for TBC, whereas
Ce doping is reported to enhance thermal resistivity further and larger unform crystallite growth. Wide varieties of methods are commonly used to deposited oxide films, such
as sputtering, chemical deposition and sol gel method. More recently, pulsed laser deposition (PLD) technique has been successfully employed to generate thin film coating
of CeO2-ZrO2 on polyimide substrate at elevated temperatures. In the present study sol-gel method and a PLD type novel growth and annealing method is performed
experimentally. Molecular dynamic simulation of pure Zr-Ce oxide crystallite stability and effect of polyimide encapsulation on such stability properties are simulated. In
correlation with the simulation work, microstructures are studied using Scanning Electron Microscope. In particular, the difference between an almost uniform polyimide
substrate interface and mixed composite micro-interfaces due to Zr-Ce oxides is investigated. An important question that we aim to answer in the present research effort is
the competition between in the interfacial mechanisms of thermal transport in Zr-Ce/Polyimide system vs. improved fracture behavior for larger doping of Ce leading to larger
nano-crystallite and hence less interface area for heat transport.
3596 | Mechanical Properties of Structural Polymeric Nano-clay Synthetic Fibre-reinforced Cementitious Composite (27. Nano-Composites)
WON, JONG-PIL (jpwon@konkuk.ac.kr), KONKUK UNIVERSITY, Korea, South
LEE, SU-JIN (jpwon@konkuk.ac.kr), KONKUK UNIVERSITY, Korea, South
This study evaluated the bonding properties of structural polymeric nano-clay with added synthetic fibres to improve the mechanical properties of the cement matrix and the
flexural properties of the cementitious composite. Structural synthetic fibres were used as reinforcing material instead of steel fibres due to their low specific gravity and
excellent corrosion resistance. However, they have a lower modulus of elasticity than steel fibres and show rapid stress reduction after first cracking. To overcome this
disadvantage, we developed structural polymeric nano-clay synthetic fibres with 3 wt% organized nano-clay added to the total weight of the polymer matrix to nanolize the
three-dimensional structure in one direction. Then, we evaluated the flexural properties of the reinforced cementitious composite. The bonding strength was tested according
to JCI SF-8 according to the strength and number of fibres, and it was compared with conventional synthetic fibres. In addition, the flexural properties of the cementitious
composite reinforced with structural polymeric nano-clay synthetic fibres were evaluated according to ASTM C1609.
3347 | Mechanical, Dielectric, and Electromechanical Properties of SEBS/CB and SEBS/SWCNT Nanoomposites (27. Nano-Composites)
Koo, Chong Min (chongminkoo@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
Physical and electromechanical properties of poly (styrene-b-ethylbutylene-b-styrene) (SEBS) /carbon black (CB) composites and SEBS/single wall carbon nanotube
(SWCNT) nanocomposites have been investigated. Two different conductive fillers of CB and SWCNT were used in order to compare the effect of shape and electrical
conductivity on the mechanical, dielectric, and electromechanical properties of the SEBS nanocomposites. Tensile modulus and dielectric constant of the nanocomposites
increased with an increase in the filler content. At the same level of filler concentration, SEBS/SWCNT had larger tensile modulus and larger dielectric constant than
SEBS/CB. Interestingly, the electromechanical strain sz of the nanocomposites increased with the filler content at low filler concentration region and then showed a
maximum. Further increase of the filler concentration caused the decrease in the actuation strain. SEBS/SWCNT showed the larger sz than SEBS/CB at the same filler
content. Such mechanical, dielectric and electromechanical properties of the nanocomposites with conductive fillers are discussed in the view point of shape, dispersion
state, and electrical property of the used nanofillers.
3696 | Melt compounded nanocomposites of recycled polyethylene terephtalate and Montmorillonite clay: structure, mechanical properties and relationships
(27. Nano-Composites)
Zicans, J. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Lativa
Merijs Meri, R. (remo.merijs-meri@rtu.lv), Riga Technical University, Institute of Polymer Materials, Lativa
Berzina, R. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Lativa
Japins, G. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Lativa
Maniks, J. (zicans@ktf.rtu.lv), University of Latvia, Institute of Solid State Physics, Lativa
Locs, J. (zicans@ktf.rtu.lv), Riga Technical University, Riga Biomaterial Innovation and Development Center, Lativa
In recent years polymer nanocomposites (PNC) have rapidly penetrated in the area of traditional microcomposites. PNC have been already recognized in automotive,
building, sport and leisure as well as other applications. Research in the field of PNC is mainly focused on the systems based on primary polymers. In the current research
nanocomposites based on recycled poly(ethylene terephthalate) (RPET) are compared with those based on primary polymer (PET). Attention is paid to the description of the
manufacturing technologies as well as characterization of structure, quasistatic stress-strain and dynamic properties of the nanocomposites modified with commercial
Montmorillonite clay (MMT). Nanocomposites have been obtained by using melt compounding in a twin-screw extruder. The amount of MMT has been changed in the
interval from 1 to 5 wt. %. Results of the investigations testify that optimum content of MMT for modification of either polymer matrix is between 1-2 wt. %. Up to this
nanofiller weight content, the most rapid increase of elastic modulus, stress and impact strength is observed. By microscopic investigations better distribution of the nanofiller
in the polymer matrix is observed at MMT content of 2 wt.%. In addition it is demonstrated that MMT act as nucleant by promoting crystallization of polymer matrix, especially
in the case of RPET based systems.
The research is carried out within the framework of the ERDF project Nr. 2010/0209/2DP/2.1.1.1.0/10APIA/VIAA/028
3855 | Nano-Modified Structural Adhesives by Graphene Nanosheets: The Ageing Phenomenon Investigation (27. Nano-Composites)
Silva Neto, A (almir.s.neto@gmail.com), Universidade Federal de Minas Gerais, Brazil
da Cruz, D.T. (dtlcruz@gmail.com), Universidade Federal de Minas Gerais, Brazil
Avila, A.F. (aavila@netuno.lcc.ufmg.br), Universidade Federal de Minas Gerais, Brazil
In many practical applications, it is virtually impossible to create an entire structure in a single piece due to the high costs involved or the geometrical limitations. The solution
is the manufacturing of small parts that can be assembled together later on. The assembly process itself requires the use of joints. Joints rely on load transfer from one part
of the structure to another, which allows the structure to achieve the required stiffness even though it is composed of small parts. In addition to increase the jointsʼ load
capacity and equally important issue must be addressed, i.e. the adhesive ageing due to the ultra-violet (UV) light. This issue is crucial for bonded joints and in special for
patch repairs for aeronautical applications. To understand how graphene can help to reduce bonded joints ageing, a set of experiments were prepared. Carbon fiber/epoxy
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patch repairs for aeronautical applications. To understand how graphene can help to reduce bonded joints ageing, a set of experiments were prepared. Carbon fiber/epoxy
and aluminum 6061 single lap joints with structural adhesive (Hysol EA9394) where graphene was dispersed at concentrations of 0 wt%, 1wt% and 2wt% by sonication were
submitted to UV light for 500 hours. After 100 hours, the Al 6061 joints seems to lost 50% of the load capacity while the carbon/epoxy had its load capacity decreased by
2%. it seems that graphene somehow blocked the ageing process due to the strong bonds between epoxy systems/carbon fibers and the graphene nanosheets. This
phenomenon is investigated in this paper.
3070 | Nanoparticulate composites for environmental applications (27. Nano-Composites)
Mohamed Amamra (amamra@lspm.cnrs.fr), LSPM CNRS, France
Mounir Ben Amar (mounir.ben@lspm.cnrs.fr), LSPM CNRS, France
Mamadou Traore (traore@lspm.cnrs.fr), LSPM CNRS, France
Marie Kayser (kayser@lspm.cnrs.fr), LSPM CNRS, France
Khay Chhor (chhor@lspm.cnrs.fr), LSPM CNRS, France
Andrei Kanaev (andrei.kanaev@lspm.cnrs.fr), LSPM CNRS, France
The fabrication of non-agglomerated nanoparticulate solids with an open structure is a chalenging task in the field of nanotechnology and nanomaterials. Such solids would
permit specific size-selected physical and chemical properties and highest specific area of the active phase, by avoiding severe health problems related to undesirably
nanoparticles inhalation.
We describe novel nanoparticulate composites based on nanoparticles (NP) impregnated and/or grown onto ultraporous monolythic alumina (UPA). These materials offer
suppressed NP aggregation and can be implied in environmental process of ambient air and ground water purification. They present a novel solution for photocatalytic media
with nanoscale morphology control of the active phase.
The alumina matrix is prepared by selective surface oxidation of liquid alloys in a humid atmosphere at room temperature with subsequent annealing at 1100-1300 °C. An
additional silica treatment was used to mechanically reinforce the ultraporous structure. Size-selected metal oxide (TiO2, ZrO2) NP are generated in a sol-gel reactor with
rapid micromixing, then impregnated with a mass loading as high as 30 wt.%, and thermally treated in order to attain a suitable crystalline phase. Prospects for other
nanoparticulate materials deposition will be given.
We discuss the morphology, kinetics of single nanoparticle crystallisation and environmental applications of novel NP-UPA media.
3602 | NANOSCALE VIBRATION ANALYSIS OF ORTHOTROPIC GRAPHENE SHEETS (27. Nano-Composites)
J?ri Majak (juri.majak@ttu.ee), Tallinn University of Technology, Estonia
Martin Eerme (martin.eerme@ttu.ee), Tallinn University of Technology, Estonia
Toomas Lepikult (toomas.lepikult@itcollege.ee), Estonian IT College, Estonia
Ernst Tungel (ernst.tungel@ttu.ee), Tallinn University of Technology, Estonia
Nonlocal elasticity theory is employed for nanoscale vibration analysis of orthotropic graphene sheets. An approach proposed (plate model) is based on non-linear straindisplacement relations. The nonlocal elasticity based plate model, covering large deflection analysis, for nanoscale vibration analysis of the orthotropic graphene sheet is
developed. The simplified form of the Eringenʼs nonlocal constitutive equation is employed. The governing equations of the graphene sheet are derived proceeding from
principle of virtual displacements. Field equations for graphene sheet with geometrically linear strain-displacement relations are covered as a particular case. The wavelet
based discretization method is treated. The obtained results show significant difference between geometrically linear and nonlinear plate models.
3955 | Organoclay-modified Polylactide: A Study on Mechanical, Thermal, and Barrier Properties (27. Nano-Composites)
Yourdkhani, Mostafa (mostafa.yourdkhani@mail.mcgill.ca), McGill University, Canada
Mousavand, Tahereh (tahereh.mousavand@mcgill.ca), McGill University, Canada
Chapleau, Nathalie (Nathalie.Chapleau@imi.cnrc-nrc.gc.ca), National Research Council Canada, Canada
Hubert, Pascal (pascal.hubert@mcgill.ca), McGill University, Canada
Polylactide (PLA) is a biodegradable polymer that is used as an alternative to petroleum-based polymers, which have raised several environmental issues in recent years.
PLA possesses high stiffness and tensile strength as well as good processability; however, it lacks good ductility, fracture toughness and gas barrier properties. Addition of
nanoclay platelets has been found as a potential solution to overcome undesirable properties of PLA. This study evaluates the relationship between the dispersion and
interaction of two different organo-modified nanoclays on the thermal, mechanical and fracture properties of PLA nanocomposites prepared by the melt intercalation
technique. Nanocomposites with organoclay concentrations of 2 and 4 wt.% were prepared. The morphology of the resulting nanocomposites was observed by TEM
micrographs while the interaction between polymer and clay was measured by FTIR analysis and contact angle measurements. The effect of clay dispersion and its
interaction with PLA was investigated by characterizing the thermal, oxygen barrier and mechanical properties of the prepared nanocomposites. As a result of this study, 2
wt.% clay concentration was found as the optimum concentration for improving different properties of PLA. Although embedding 4 wt.% of clay into PLA matrix could further
increase some specific properties such as oxygen permeability and tensile modulus, it had a negative effect on the other properties.
2894 | Parameters Affecting Nanoclay/Epoxy Composite Destined for GFRP Pipes (27. Nano-Composites)
Al-Qadhi, M. (alqadhi@kfupm.edu.sa), KFUPM, Saudi Arabia
Merah, N. (nesar@kfupm.edu.sa), KFUPM, Saudi Arabia
Mezghani, K. (mezghani@kfupm.edu.sa), KFUPM, Saudi Arabia
Khan, Z. (zukhan@kfupm.edu.sa), KFUPM, Saudi Arabia
Gasem, Z. (zuhair@kfupm.edu.sa), KFUPM, Saudi Arabia
The use of glass fiber reinforced (GFR) epoxy pipes for water transportation may be limited by the observed diffusion of water through glass fibre-reinforced matrix. The
presence of finely dispersed nano clays can not only hinder the mobility and transport of water molecules through the matrix and the fibre/matrix interfacial regions but these
nanoclay dispersions can further reinforce the matrix. The improvement of the physical and mechanical properties of nanocla/GFR epoxy composite is dependent on the
degree of clay dispersion in the matrix. The present paper presents a comparison between the morphology of epoxy-clay nanocomposites obtained by high shear mixing and
sonication. Organically modified Nanomer I.30E nanoclay at 2 and 5% loadings are used as nano-reinforcement in diglycidyl ether of bisphenol A (DGEBA) epoxy.
Sonication was performed for different lengths of time and high shear mixing (HSM) was done at different mixing speeds and mixing periods. The effects of processing
parameters such as sonication time, HSM speed and HSM period on the nanocomposite structure was investigated using X-ray diffraction (XRD), Scanning Electron
Micropscope (SEM) and Energy Dispersive Spectroscopy (EDS). Morphology analyses revealed that both techniques resulted in intercalation with some exfoliation structure.
The optimum epoxy-clay nanocomposites structure resulted from HSM at 6000 rpm for 60 minutes.
3743 | Rheological behavior and casting performance of ZrO2-Al2O3/CNFs composites (27. Nano-Composites)
Chinelatto, A.S.A (adriana.chinelatto@icv.csic.es), State University of Ponta Grossa, UEPG, Av. Carlos Cavalcanti, 4748, 84030-900, Ponta Grossa, Brazil, Brazil
Borrell, A. (aborrell@upvnet.upv.es), Instituto de Tecnolog?a de Materiales (ITM), Universidad Polit?cnica de Valencia (UPV), Camino de Vera s/n, 46022 Valencia, Spain,
Spain
Salvador. M.D. (dsalva@msm.upv.es), Instituto de Tecnolog?a de Materiales (ITM), Universidad Polit?cnica de Valencia (UPV), Camino de Vera s/n, 46022 Valencia, Spain,
Spain
Moreno, R. (rmoreno@icv.csic.es), Institute of Ceramics & Glass, CSIC, Kelsen 5, 28049, Madrid, Spain, Spain
Recently there has been an effort to develop better ceramics for structural applications and one of the topics that are receiving increased attention is the incorporation of
carbon nanofibers (CNFs) into a ceramic matrix. A uniform dispersion of the CNFs in a ceramic matrix is essential to obtain a homogeneous microstructure with high
mechanical properties. The aim of this work was to study the colloidal processing of ZrO2-Al2O3 composites with CNFs to obtain well-dispersed concentrated suspensions
for further slurry processing. In first place, the rheological behavior of the ZrO2-Al2O3 suspensions with different solids loadings and different ultrasonication was studied in
order to optimize the stability conditions. In second place, ZrO2-Al2O3 suspensions with addition of 2 and 3 vol% of CNFs were studied at the same preparation conditions.
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order to optimize the stability conditions. In second place, ZrO2-Al2O3 suspensions with addition of 2 and 3 vol% of CNFs were studied at the same preparation conditions.
Slip-cast samples of ZrO2-Al2O3 with and without CNFs were obtained. For comparison, suspensions were dried in a freeze drying system. Slip cast samples and powder
mixtures were sintered by Spark Plasma Sintering at different temperatures. Green and sintered densities of samples were measured by the Archimedes method in mercury
and water, respectively. The microstructure of the samples was observed by field emission SEM. The hardness and the fracture toughness of the samples were
measurement using the Vickers indentation method. The flexural strength was measured using biaxial testing and the equations of Kirstein-Woolley and Vitman-Pukh.
3443 | SELF-SUSTAINABLE NANOCOMPOSITE FILMS: MULTI-WALLED CARBON NANOTUBES IN POLY (VINYL BUTYRAL) WITH PHOTONIC MARKERS (27.
Nano-Composites)
Mojica-Sanchez, Lizeth C. (carolina@inct-inami.com.br), Universidade Federal de Pernambuco/ Departamento de Quimica Fundamental, Brazil
Nobrega , Patricia C. (patricia@inct-inami.com.br), Universidade Federal de Pernambuco/ Departamento de Quimica Fundamental, Brazil
Vaz, Elaine. C. R. (elaine@inct-inami.com.br), Universidade Federal de Pernambuco/ Departamento de Quimica Fundamental, Brazil
Siqueira da Silva, Diana R. (diana@inct-inami.com.br), Universidade Federal de Pernambuco/ Departamento de Quimica Fundamental, Brazil
Santa-Cruz, Petrus (petrus@inct-inami.com.br), Universidade Federal de Pernambuco/ Departamento de Quimica Fundamental, Brazil
The preparation of composites with carbon nanotubes in a polymer matrix (CNT / polymer) with Europium complexes is related to interests in applications integrating
photonic, mechanical and electrical properties. In this work, we developed a composite from the solubilization of the complex in the polymer matrix of poly vinyl butyral (PVB)
and the inclusion of a third phase, through dispersion and stabilization of multi-wall carbon nanotubes (MWCNT) functionalized or not, resulting in nanocomposites as selfsustainable luminescent flexible films. Ethanol is used at the same time for the stabilization of CNTs ultrasonically, as for solubilizing the complex in PVB. The hybrid film
formation was performed using a glass substrate, discarded after the evaporation of the solvent. The separation of the substrate was more easily performed using
functionalized CNTs, resulting in the formation of a self-sustaining film with the integrity preserved. The nanocomposite was characterized by infrared spectroscopy (FTIR),
thermal analysis (TGA and DTA), scanning electron microscopy (SEM), rheological tests as deformation versus time; modulus of elasticity, tension and viscosity, and
emission spectroscopy, for photonic characterization of the material. We will discuss the potential applications of this nanocomposite in ongoing projects in the Group,
exploiting the control of the degradation and luminescence of the europium complex, used also as a photonic marker in this material.
3284 | SOLID STATE REACTION BETWEEN Al2O3 NANO-PARTICLES AND LZSA GLASS-CERAMIC COMPOSITES (27. Nano-Composites)
Montedo, Oscar R. K. (okm@unesc.net), Universidade do Extremo Sul Catarinense, Brazil
Hotza, Dachamir (dhotza@enq.ufsc.br), Universidade Federal de Santa Catarina, Brazil
Oliveira, Antonio P. N. (pedronovaes@emc.ufsc.br), Universidade Federal de Santa Catarina, Brazil
Gomes, Cynthia M. (cynthia.gomes@bam.de), University of Erlangen-Nurnberg, Germany
Travitzky, Nahum (nahum.travitzky@ww.uni-erlangen.de), University of Erlangen-Nurnberg, Germany
Greil, Peter (peter.greil@ww.uni-erlangen.de), University of Erlangen-Nurnberg, Germany
The aim of this work is to present results related to solid state reactions on LZSA glass-ceramic composites containing alumina reinforcement nano-particles. A LZSA (Li2OZrO2-SiO2-Al2O3) glass-ceramic has been prepared by sintering of powders and characterized. Composites containing 0 to 77 vol.% of alumina nanoparticles (27-43 nm
APS, 35 m2/g SSA) and a 16.9Li2O•5.0ZrO2•65.1SiO2•8.6Al2O3 glass-ceramic matrix have been prepared. X-ray diffractometry studies have been performed in order of
investigating the solid state reactions occurring in those alumina-based LZSA composites. Results of the XRD patterns have been related to the coefficient of thermal
expansion (CTE), Young modulus, and dielectric constant, showing that, in comparison with the glass-ceramic composition, the composites showed a decrease of CTE with
the alumina concentration increasing, due to the increasing of beta-spodumene formation (solid solution of beta-spodumene, Li2O.Al2O3.4-10SiO2). The performance of the
glass-ceramic was improved with the alumina nano-particles addition, showing potential of using in the preparation of Low Thermal Co-fired Ceramics (LTCC).
3945 | Statistical theory of hydrogen solubility in borocarbides of alkali and alkali-earth metals (27. Nano-Composites)
Zaginaichenko, S. Yu. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Matysina, Z.A. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Schur, D. V. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
In recent years the hydrogen-sorption properties of magnesium-containing systems has been studied intensively since these compounds have been very promising for the
hydrogen storage.
The statistical calculation of hydrogen sorption properties of compounds M(BC)nHx (M=Li, Na, Mg, Ca, 0 Acknowledgment
The work has been done within the framework of SCOPES project «Implementation in East Europe of new methods of synthesis and functionalization of carbon nanotubes
for applications in the energy storage and sensors field»
2896 | Structure of aluminum base nanocomposites strengthened with Al2O3 nanoparticles or aluminum base amorphous phase (27. Nano-Composites)
Dutkiewicz, Jan (nmdutkie@imim-pan.krakow.pl), Institute of Metallurgy and Materials Science PAS, Poland
Lity?ska-Dobrzy?ska, Lidia (nmlityns@imim-pan.krakow.pl), Institute of Metallurgy and Materials Science PAS, Poland
G�ral, Anna (nmgoral@imim-pan.krakow.pl), Institute of Metallurgy and Materials Science PAS, Poland
Kuku?a (aktok@poczta.fm), Institute of Metallurgy and Materials Science PAS, Poland
Nanocomposites were prepared from pure aluminum powder with 1.5% Zr added to decrease recrystallization temperature 40 hours ball milled with 10% Al2O3
nanoparticles. X-ray diffraction and TEM studies confirmed nanocrystalline structure of aluminum grains of milled powders particles below 100 nm. The other type of
strengthening phase used to prepare composites was 10% of amorphous powder particles of aluminum Al85Ni5Zr5V5 (numbers indicate at%) alloy. The amorphous
aluminum alloy powder was prepared either by melt spinning and subsequent 5 hours milling or by 100 hours milling of elemental powders starting from pure elements X-ray
and TEM studies confirmed presence of the majority of the amorphous phase with a small amount of aluminum solid solution crystalline particles. The powders were
consolidated using uniaxial hot pressing in vacuum at temperature of 400oC. TEM studies of consolidated samples indicated growth of aluminum solid solution grains up to
about 200 nm and intermetallic Al3Zr particles which efficiently decreased recrystallization temperature. The homogeneous distribution of strengthening ceramic phase was
observed. The partial crystallization of amorphous component of composites was observed using TEM studies after hot pressing. The hardness of consolidated samples was
about 250 HV for samples strengthened with ceramic phase, slightly higher than that strengthened with the amorphous phase. The compression tests showed 500 MPa of
ultimate compression strength of samples with Al2O3 nanoparticles, slightly higher than those amorphous particle additions. The strength increase due to addition of ceramic
phase was significant as compared to compression strength of 200 MPa of samples consolidated from pure milled aluminum powders with 1.5% Zr.
3700 | Structure, elastic and thermophysical properties of styrene-acrylate polymer / nanostructured carbon composites (27. Nano-Composites)
Merijs Meri, R. (remo.merijs-meri@rtu.lv), Riga Technical University, Institute of Polymer Materials, Lativa
Zicans, J. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Lativa
Ivanova, T. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Lativa
Bitenieks, J. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Lativa
Kalkis, V. (zicans@ktf.rtu.lv), Riga Technical University, Institute of Polymer Materials, Lativa
Anisometric carbon allotropes, such as carbon nanotubes (CNT) and graphene (Gra), attract especial interest as perspective modifiers for composite materials, particularly
polymer nanocomposites. Along with introduction of extremely small amounts of either CNTs or Gra in the matrices of common polymers, rapid increase in it mechanical,
thermal, electrical and other properties has been observed. Reported effects, however, are considerably lower that theoretically calculated due to expressed agglomeration
of the nanofiller. On this score promotion of interaction in the polymer-nanofiller interface is extremely important during manufacturing of nanostructured carbon modified
polymer composites. Consequently the research is devoted to the investigations of the effect of various carbonaceous nanofillers–CNTs and Gra-on the structure and
properties of styrene-acrylate (SAc) based systems, finding potential applications in coating, sealant and adhesive industries. The amount of nanostructured filler is changed
from 0,01 to 2 wt. %. Elastic relaxation fingerprint, thermogravimetric behaviour, thermo-physical characteristics and dielectric properties of the SAc based nanocomposites
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from 0,01 to 2 wt. %. Elastic relaxation fingerprint, thermogravimetric behaviour, thermo-physical characteristics and dielectric properties of the SAc based nanocomposites
have been revealed. In parallel some structural and calorimetric measurements have been performed. It is shown that addition of either carbon nanofiller allows considerably
increase dynamic modulus, thermal diffusivity and electrical conductivity of the system already at extremely low nanofiller loadings.
3183 | Studies on Fe- Aluminade Reinforced Aluminim Base in-situ Metal Matrix nano Composite Prepared by Two Step Thermal Processing (27. NanoComposites)
Hembram, S (hembromsangram@gmail.com), Department of Metallurgical Engineering, BIT, Sindri, Dhanbad, India 828123., India
Rai, B.N (bnrai@gmail.com), Department of Metallurgical Engineering, BIT, Sindri, Dhanbad India-828123., India
Basumallick, A (abasumallick@hotmail.com), Department of Metallurgy & Materials Engineering, Bengal Engineering & Science University, Shibpur, Howrah-711103, India ,
India
Koch, Carl. C (carl_koch@ncsu.edu), Material Science and Engineering Department , North Carolina State University, Raleigh, NC- 27606,USA, United States America
Roy, D (droy2k6@gmail.com), Materials and Metallurgical Engineering Department, NIFFT, Ranchi-834003, India, India
Aluminium-based composite reinforced with in-situ Fe-aluminide and alumina particles was prepared by means of reactive sintering followed by high pressure torsion
between a powder mix of aluminium and nanosized Fe2O3 particles. The reinforcements were formed in-situ by exothermal reaction between the Fe2O3 nanoparticles and
the host aluminium matrix. The thermal characteristics of the in situ reaction were studied with the aid of differential scanning calorimetry (DSC). Scanning Electron
Microscopy (SEM) along with the Energy Dispersive Spectroscopy (EDS), X-ray diffraction (XRD) techniques and Transmission Electron Microscopy were employed to study
the Microstructural architecture of the composites. Composite contain 20 volume percent reinforcement shows optimum properties of strength and hardness.
3694 | Study of magnetic nano-composites coated with bioactive glassy material (27. Nano-Composites)
Andrade, Angela L. (angelala01@hotmail.com), Federal University of Ouro Preto (UFOP), Brazil
Fabris, Jos? D. (jdfabris@ufmg.br), Federal University of Jequitinhonha and Mucuri Valleys (UFVJM), Brazil
Domingues, Rosana Z. (rosanazd@yahoo.com.br), Federal University of Minas Gerais(UFMG), Brazil
Ferreira, Jos? M.F. (jmf@ua.pt), Department of Ceramics and Glass Engineering, CICECO, University of Aveiro, Portugal
Core-shell nano-composites of magnetic cores coated with bioactive or multifunctional shell layers of materials such as mesoporous silica, carbon, collagen and lipid have
drawn a great deal of efforts on the development of new materials destined to be used in (i) medical procedures based on hyperthermia, in oncology, (ii) magnetic
bioseparations and (iii) magnetic resonance imagery. In the present study, magnetic nanoparticles were synthesized by precipitation and then dispersed with
tetramethylammonium hydroxide. The dispersed nanoparticles were used as core material to prepare core-shell composites by coating them with sol-gel derived bioactive
glasses of different chemical compositions. The glasses were prepared through hydrolysis and polycondensation of tetraethyl orthosilicate, triethyl phosphate, and
Ca(NO3)2.4H2O . The silica contents of these two glass-coated samples were found to be 63 mass% (sample BG63) and 85 mass% SiO2 (BG85). The in vitro biomineralization activity of the bioactive glass coatings were evaluated by immersing the samples in simulated body fluid (SBF). Results revealed that although both shells are
bioactive and became coated with an apatite-like layer after 15 days soaking in SBF, the mineralization process was found to be faster for sample BG63. These
nanoparticles were characterized by transmission electron microscopy, scanning electron microscopy, energy dispersive spectroscopy; X-ray diffraction and attenuated total
reflection FTIR.
3946 | Study of electrodeposition process of fullerene-containing anodic coatings and effect of transition metals additives on their properties (27. NanoComposites)
Schur, D. V. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Khotynenko, N.G. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Zaginaichenko, S. Yu. (shurzag@ipms.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Zolotarenko, A. D. (zolotarenko@lab67.kiev.ua), Frantsevich Institute for Problems of Materials Science of NASU, Ukraine
Hetero-organic and, especially, organo-metallic compounds (OMCs) exhibiting a number of unique properties attract significant scientistsʼ attention. The present work
investigates the influence of OMCs of transition metals (Fe, Co, Ti, Mn and others) that are used as additives to the fullerene solutions in hydrocarbon solvents on the
process of electrodeposition of fullerene-containing coatings and on the properties of the produced coatings, in particular, their structure and composition.
Fullerene-containing material has been produced by the electrochemical technique as massive coatings on metal electrodes. Electrodeposition of coatings has been
performed using a two-electrode cell with a working volume of 40 ml. The source of current allowed the change in the potential between electrodes from 1 to 2000 V and the
current from 0 to 1 mA. Nickel or copper alloy with tin has been taken as a material for electrodes.
Structure and composition of electrodeposited coatings have been studied by the X-ray microanalyzer «Superprobe – 733» and X-ray phase analysis (XPA) on the DRON3M apparatus using CuKα –radiation.
Acknowledgment
The work has been done within the framework of SCOPES project «Implementation in East Europe of new methods of synthesis and functionalization of carbon nanotubes
for applications in the energy storage and sensors field»
2969 | SYNTHESIS AND CHARACTERIZATION OF EPOXY RESIN-POLYANILINE/BARIUM M-HEXAFERRITE ISOTROPIC COMPOSITEs AS AN ANTIRADAR
MATERIAL (27. Nano-Composites)
Aghesti, Wira S (aghest1@yahoo.co.id), Institute of Technology Sepuluh Nopember, Indonesia
Ramli, Irwan (ir389@yahoo.com), Institute of Technology Sepuluh Nopember, Indonesia
Aghesti, Wira S (aghest1@yahoo.co.id), Institute of Technology Sepuluh Nopember, Indonesia
Ramli, Irwan (ir389@yahoo.com), Institute of Technology Sepuluh Nopember, Indonesia
Synthesis of epoxy resin – polyaniline/barium M-hexaferrite isotropic composites have been done. The synthesis was divided in two groups. First, synthesis of PANi had
been carried on with polimerisation method, and synthesis of Barium M-Hexaferrite BaFe12-2xCoxZnxO19 had been performed with copresipitation method.Both of material
to combine as filler and epoxy resin as matrix. Epoxy resin - PANi / Barium M-Hexsaferrit composite with the composition ratio are 1:1, 1:2 and 2:1 on the consentration ion
substitution are x = 0.4 and x = 0.6 . The magnetism and conductivity material were identified for application material antiradar. The aspect of absorption using Network
Analyzer have shown the epoxy resin-PANi/Barium M-Heksaferit composites on the composition ratio of 1:1 with the substitution x = 0.6 has the absorption of -37.12 dB at
X-band range (8,2 -12,4 GHz).
Key Word:antiradar material, reflection loss
3609 | Synthesis, Preparation and Electromagnetic Absorbing Properties of CoxMn1-xFe2O4 / Acrylated Epoxy and Paraffin Nanocomposite Structures (27.
Nano-Composites)
Bayrakdar, Harun (h.bayrakdar@comu.edu.tr), ?anakkale Onsekiz Mart Unv., Turkey
We have synthesis, preparation and investigation the electromagnetic (EM) absorption properties of CoxMn1-xFe2O4 spinel ferrite (where x = 0.0, 0.5 and 1.0) nanoparticles
(NPs) / acrylated epoxy and paraffin nanocomposite materials at 8-20 GHz. CoxMn1-xFe2O4 NPs. which have been synthesized by cetyltrimethylammonium (CTAB)
assisted hydrothermal route using NaOH. Particles showed phase purity and crystallinity in powder X-Ray Diffraction (XRD) analysis. At the same time, CoxMn1-xFe2O4
NPs demonstrated a spinel cubic structure from XRD results. A reflection loss (RL) of nanocomposites −59.60 dB for acrylated epoxy and -46.60 dB for paraffin were found
at 12 GHz for an absorber thickness of 2 mm. CoxMn1-xFe2O4 may be attractive candidates for EM wave absorption materials.
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3295 | ?Green? laminate composite with enhanced stab resistance (28. Natural Fibre Composites (Raul Campilho))
Yong, Kok-Chong (kcyong@lgm.gov.my), Malaysian Rubber Board, Malaysia
Mustafa, Asrul (kcyong@lgm.gov.my), Malaysian Rubber Board, Malaysia
A ʻgreenʼ laminate composition with enhanced stab resistance to knives, edged weapons and sharp-pointed weapons for the commercial anti-stab body armor system
application was successfully developed. This laminate composition was complied with levels 1 to 2 (i.e. low to medium energy threats) according to the US NIJ Stab
Resistant Body Armor Classification. This light-weight laminate composition comprised of natural rubber (i.e. hevea brasiliensis) wood fibre layer and also natural rubber
compound layer in order to improve its flexibility.

3949 | A SHORTEN METHOD OF FATIGUE STRENGTH ESTIMATION OF DEGRADABLE BIOPOLYMERS FILLED WITH FLAX FIBERS (28. Natural Fibre
Composites (Raul Campilho))
Liber-Kne? Aneta (aliber@pk.edu.pl), Cracow University of Technology, Poland
Kuciel Stanis?aw (stask@mech.pk.edu.pl), Cracow University of Technology, Poland
Ku?niar Paulina (pkuzniar@pk.edu.pl), Cracow University of Technology, Poland
In many applications, it is important to know how a material will perform over repeated loading cycles as well as the maximum stress it will bear before failure. The objective
of the present study was to evaluate mechanical properties under cycling loading of composites based on two natural polymers: a wheat flour-based product BioCeres BCLBI08 from FuturaMat and polylactide compound Bio-Flex® F 6510 produced by FKuR® Plastics. As a filler, flax fiber (10 wt. %) was used. To evaluate fatigue stress of
tested materials, simplified shorten Lehrʼs method was used. The essence of the method is to use variable loading with increasing stress amplitude and record the value of
extension, dissipated energy and temperature. Multiple applied stress levels were conducted to generate hysteresis loops for the material. Hysteresis loops were registered
to file and then energy dissipated in each cycle and strain were calculated. The number of cycles to failure was about 40 000 for BC-LBI08 and 36 000 for BioFlex on the
load level of 0,65 maximum stress achieved in static tests for each of the polymers. Addition of flax fibers caused an improvement fatigue strength of BioFlex composite but
BioCeres filled with flax showed lower fatigue strength than neat polymer. The analysis of an increase of elongation and dissipated energy under cyclic loading allows
estimating fatigue strength for BioCeres on the level of 8,5-9,2 MPa, BioCeres with flax - 8,0-8,5 MPa, BioFlex - 21,9-22,6 MPa and BioFlex.
3145 | Agroindustrial wastes and castor oil polyurethane adhesive-based particulate composite (28. Natural Fibre Composites (Raul Campilho))
Fiorelli, Juliano (julianofiorelli@usp.br), USP, Brazil
Savastano Junior, Holmer (holmersj@usp.br), USP, Brazil
Lahr, Francisco A. R. (frocco@sc.usp.br), USP, Brazil
Dias, Antonio A. (dias@sc.usp.br), USP, Brazil
Belini, Ugo (ubelini@yahoo.com.br), USP, Brazil
Barrero, Nubia G (nubiagarzonbarrero@yahoo.com), USP, Brazil
Sartori, Diogo L. (diogosartori@usp.br), USP, Brazil
This paper discusses the potential use of agroindustrial wastes (sugar cane bagasse and coconut fiber) as a material for the production of particleboards, using castor oilbased two-component polyurethane adhesive. The quality of the product that can be manufactured industrially was evaluated based on density, thickness swell (TS),
absorption (WA), modulus of elasticity (MOE), modulus of rupture (MOR) in static bending and internal bond (IB), according to the Brazilian NBR 14.810:2006 standard. The
results indicated the viability of produce particleboards with agroindustrial wastes. An analysis by scanning electron microscopy (SEM) indicates that the interparticle spaces
are filled with castor oil-based two-component polyurethane adhesive, contributing to improve the physicomechanical properties of the particleboards. A durability
assessment based on accelerated aging tests shows that waterproofed particleboards can be used in moist environments.
3837 | Alternatives Surface Treatments Applied in Vegetable Fibers for the Development of Polymer Matrix Composites (28. Natural Fibre Composites (Raul
Campilho))
Gelfuso, M. Virginia (mvgelfuso@gmail.com), Universidade Federal de Itajub?-UNIFEI, Brazil
Thomazini, D. (ielthom@gmail.com), Universidade Federal de Itajub?-UNIFE, Brazil
Pinto, Marina M. (marina.martinsp@gmail.com), Universidade Federal de Itajub?-UNIFE, Brazil
Vegetal fibers are an abundant source of natural materials, renewable, high-availability, accessibility and biodegradable. The goal in developing and using materials made
from renewable sources occurred mainly in response to the global attention for the use of natural products and the preservation of the environment. In this work, coconut and
banana fibers received different surface treatments, environmentally friendly, based on high values of temperature and pressure. The coconut and banana fibers were
characterized by FTIR, SEM, water absorption, weight loss and contact angle measurements (using the Drop Shape Method). The results indicated that the methods were
effective, changing chemical composition and morphology of the fiber surface and also raised the fiber hydrophobic character. Thus, the compatibility between the surface
fiber and the polymeric matrix should be increased, providing the application of these modified fibers in the development of composite materials.
3606 | An investigation of the opportunities provided by the manufacture of fibreboards with multi-layer mattresses (28. Natural Fibre Composites (Raul
Campilho))
Tikhonova, Elena (elena.tikhonova@fcba.fr), Technological Institut FCBA, France
Lecourt, Michael (michael.lecourt@fcba.fr), Technological Institut FCBA, France
Irle, Mark (mark.irle@ecoledubois.fr), Ecole Superieure du Bois, France
Fibreboards, e.g. hardboards and MDF, are usually manufactured by hot-pressing a single layer mattress of virgin wood fibres. Although normally made from an
homogenous mattress, these products contain quasi-layers due to surface densification during hot-pressing steps. The thickness and position of these layers through the
board thickness can be controlled, within limits, by manipulation of various pressing parameters. The quasi-layers can have significant effects on the mechanical and
physical properties of the finished panels.
An alternative technique, which is described here, is an adaption of the forming methods used for such wood composites as particleboards and oriented strand boards.
Making a mattress of several layers provides the opportunity to adapt the layers to the pressing conditions that they will experience and/or optimize the properties of the
resultant panel. For example, it is known that fibre size is correlated to panel properties and so this technique could be used to vary the fibre sizes through the board
thickness in order to maximize certain properties.
In addition, mattress layering permits the inclusion of alternative fibre sources in the middle layer without compromising surface aesthetics. This study also investigated the
impact of substituting part of the virgin fibres of the centre layer by rejects generated during the recycling of paper.
3339 | CHEMICAL CHARACTERIZATION OF BAMBOO FIBERS AND PULPS SUBMITTED TO KRAFT PULPING INDUSTRIAL PROCESSES FOR UTILIZATION IN
POLYMERIC COMPOSITES (28. Natural Fibre Composites (Raul Campilho))
Guimar?es Junior, M. (mgjunior@araxa.cefetmg.br), REDEMAT/CEFET-MG, Brazil
Novack, Katia M. (knovack@iceb.ufop.br), REDEMAT/DEQUI/UFOP-MG, Brazil
Botaro, Vagner R. (vagner@ufscar.br), REDEMAT/UFScar-SP, Brazil
Nowadays the interest in polymeric composites reinforced with vegetal natural fibers in substitution for manufactured fibers is increasing. This is due to the fact that vegetal
fibers are less abrasive to the equipment used in the process, biodegradable, good tenacity, high stiffness; besides excellent mechanical and thermal properties. Several
vegetal fibers have been used for various types of composites and among them, jute, sisal, and bamboo fibers stand out. Bamboo differs from these fibers in being widely
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vegetal fibers have been used for various types of composites and among them, jute, sisal, and bamboo fibers stand out. Bamboo differs from these fibers in being widely
used for cellulose and paper industrial production. This paper presented the results of recent researches about refined bamboo fiber and pulps of the species Bambusa
vulgaris Schrad, submitted to kraft pulping process, tested for chemical properties without any superficial treatment. The main objective of this study was to chemically
characterize the bamboo fiber and pulps in order to spread its properties and maximize its use in industrial applications. The specimens were analyzed and characterized
using the methods recommended by the Association of the Pulp and Paper Industry, TAPPI and the Brazilian Technical Association of Pulp and Paper, ABTCP. The results
showed that the refined pulp appeared more
Chemically adequate to be used as reinforcing agent in polymeric composites in detriment the natural fiber.
3659 | Coconut fibres modified with conducting polymer: Effect of method of preparation and oxidiser on pressure sensitivity (28. Natural Fibre Composites
(Raul Campilho))
Souza Jr., F.G. (fgsj@ufrj.br), Biopolymer and Sensors Lab. / Macromolecules Institute / Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil, Brazil
Garcia, F.A. (flaviagarcia1983@bol.com.br), Biopolymer and Sensors Lab. / Macromolecules Institute / Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil, Brazil
Oliveira, G.E. (geizaesperandio@gmail.com), Chemistry Department, Centro Ci�ncias Exatas, Universidade Federal do Esp�rito Santo, Vit�ria, Brazil, Brazil
Tavares, M.I.B. (mibt@ima.ufrj.br), Macromolecules Institute / Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil, Brazil
Silva, A. M. (andrea.ms26@yahoo.com.br), Biopolymer and Sensors Lab. / Macromolecules Institute / Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil, Brazil
Pereira, E.D. (emilianedaher@hotmail.com), Biopolymer and Sensors Lab. / Macromolecules Institute / Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil,
Brazil
Varela, A. V. (amandavarela@poli.ufrj.br), Biopolymer and Sensors Lab. / Macromolecules Institute / Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil, Brazil
This work examines the modification of coconut fibres with polyaniline. The modifications were studied using sonication and magnetic stirring in presence of ammonium
peroxydisulphate (APS) or cerium IV (Ce(IV)), which acted as oxidisers to the polyaniline synthesis. Materials were prepared through a qualitative experimental design
where the oxidisers and the dispersion were studied at two levels. The materials obtained were studied using SAXS, SEM and UV-Vis. In addition, the electrical resistivity of
the samples was tested and the variation of the electrical conductivity was studied as a function of the applied pressure. The obtained materials prepared using magnetic
stirring and APS presented the highest electrical properties (around 39.000 times larger than pure fibres). However, statistical tests showed that materials prepared using
Ce(IV) and sonication presented similar results in association with a smaller preparation time, equal to 8% of the time required in the magnetic stirring and APS procedure.
Therefore, of the tested systems, the modification using sonication / Ce(IV) is very promising from a technological point of view.
Acknowledgments: The authors thank to Funding Agencies of Brazil: CNPq, CAPES (NANOBIOTEC), FINEP (PRESAL Ref.1889/10) and FAPERJ (E-26/103.228/2011 and
E-26/111.371/2012) for the financial support and scholarships. The authors also thank to LNLS by support on SAXS experiments (D11A-SAXS1 #8519/09, #8507/09 and
SAXS1-11596).
3956 | COMPOSITE OF POLY (e-CAPROLACTONE)/ STARCH AND COCONUT FIBER BIODEGRADED BY ACTIVATED SLUDGE (28. Natural Fibre Composites
(Raul Campilho))
Cordi, L. (cordi@unicamp.br), Universidade Estadual de Campinas, Brazil
Lemes, A.P. (aplemes@unifesp.br), Universidade Federal de S?o Paulo, Brazil
Innocentini Mei, L.H. (lumei@feq.unicamp.br), Universidade Estadual de Campinas, Brazil
Brocchi, M. (mbrocchi@unicamp.br), Universidade Estadual de Campinas, Brazil
Dur?n, N. (duran@iqm.unicamp.br), Universidade Estadual de Campinas, Brazil
Poly (e-caprolactone)(PCL), are not degraded by microorganism. One of the viable alternatives to accelerate the microorganisms attack to PCL is the addition of natural
polymers like starch or coconut fiber, to guarantee at least a partial biodegradation, better material resistance and possibilities to apply in many purposes area. There are
many organisms that are able to degrade biocomposites, but activated sludge could be playing a considerable role in degrading synthetic polyesters. The aim of this study
was propose a composite containing different percentage of powder coconut fiber that will be able to biodegraded by activated sludge microorganisms. The material used
was PCL P-787, maize starch SNOW-FLAKE® 064051 and powder coconut fiber. The composites were used as a film (2 x 6 cm), and measuring approximately 0.90 mm of
thickness. PCL/ starch composite containing 5, 10 and 15 % (w/w) of coconut fibber were prepared in a high-speed mixer and extruded. Aerobic biodegradation was
performed in activated sludge batch reactor. After 60 and 120 days of biodegradation, the samples were removed from reactor and were analyzed by Scanning Electron
Microscopy (SEM), mass loss difference, Atomic Force Microscopy (AFM) and Thermogravimetric Analyses (TGA). The best results were observed with composite
presenting 10% of coconut fiber with lost mass around 64% in 120 days. The visual analysis shows the fragmentation of films indicating the effectively biodegradation.
3320 | Composites from sugarcane bagasse: particles granulometry (28. Natural Fibre Composites (Raul Campilho))
Fiorelli, Juliano (julianofiorelli@usp.br), USP, Brazil
Belini, Ugo (ubelini@yahoo.com.br), USP, Brazil
Tomazelo, Mario (mtomazel@usp.br), USP, Brazil
Savastano Junior, Holmer (holmersj@usp.br), USP, Brazil
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 central 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).
3335 | Design and Finite Element Modeling of Natural Fiber Reinforced Polymer Cleat for Yachts (28. Natural Fibre Composites (Raul Campilho))
Ortenzi, Altibano (altibano.ortenzijunior@unifi.it), University of Florence - Mechanical and Industrial Technology Dept., Italy
Tarpani, Jos? R. (jrtarpan@sc.usp.br), University of S?o Paulo - EESC - Materials Engineering Dept., Brazil
This study intended to design and analyzes through the finite element analysis technique, the behavior of a cleat modeled for manufacturing with natural fiber and glass fiber
reinforced polymer. It was proposed the use of Curauá fiber reinforced polymer in four conceptual fiber-layering laminates. The polymer chosen was an epoxy and it was
reinforced with nine curauá fiber plies and one ply of glass fiber. The designing fiber volume ratio was about 60%. The fiber ratio was selected by the rule of mixtures, and
the failure was chosen from the lowest among Tsai-Wu, Hashin and Von Mises failure criteria. Next, it was shown that the stacking design in composites could play an
important role on strength, according to the fiber direction referred to stress-strain main direction. Then, the final model was simulated to compare the results achieved from
simulation to the theoretical calculation. The analysis showed how much the natural fibers could be used in certain circumstances with environmental advantages, unlike
conventional composite combination. As conclusion, it is noted that the curauá fiber may be used with thermosetting polymers to produce nautical spars that are
environmentally friendly. It was also remarked that the next step on this research would be the production of cleat specimens and test them in unusual flexural testing
procedure, which should represent the tensioned cables on the cleat, to accept or reject the theoretical model and the finite element model.
3842 | Development of pigmented composites on the basis of nano- and micro-fibrillated cellulose (28. Natural Fibre Composites (Raul Campilho))
Schenker, Michel (michel.schenker@omya.com), Omya Development AG, Switzerland
Schoelkopf, Joachim (joachim.schoelkopf@omya.com), Omya Development AG, Switzerland
Gantenbein, Daniel (daniel.gantenbein@omya.com), Omya Development AG, Switzerland
Gane, Patrick A.C. (patrick.gane@omya.com), Omya Development AG / School of Chemical Technology, Aalto University, Helsinki, Finland, Switzerland
Micro- or nano- fibrillated cellulose (MFC/NFC) is often investigated as reinforcement phase in polymer based composites in recent literature, however using MFC or NFC as
(dense) matrix material within a composite with an additional reinforcing phase is only rarely described.
Within this study the influence of co-processing filler material (calcium carbonate) and polysaccharides (namely carboxymethylated cellulose, CMC) during a mechanical
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Within this study the influence of co-processing filler material (calcium carbonate) and polysaccharides (namely carboxymethylated cellulose, CMC) during a mechanical
fibrillation procedure of pulp fibers is investigated.
Out of these different MFC/NFC compositions, dense and bulky composites are formed using a modified pressure filtration and hot pressing procedure.
It is seen that composites formed of co-processed filler MFC/NFCs have significantly improved mechanical properties compared to composites that were produced out of
MFC/NFC with only post added filler.
The presence of CMC in a composite again increases its mechanical properties, however it depends whether the CMC was co-processed or post added to the mechanical
fibrillation. Structural investigations of freeze dried MFC/NFC compositions and breaking areas using scanning electron microscopy are presented to discuss potential
interactions between fiber, filler and CMC.
Finally the effect of incorporated metal cations on an NFC/MFC composite is shown and compared to the effect of CMC.
3550 | Effect of compatibilizers on the properties of high density polyethylene and date palm fiber composites (28. Natural Fibre Composites (Raul Campilho))
Sami Labidi (samy.labidi@qu.edu.qa), Center of Advanced Materials, Qatar University, Qatar
Noora AL-Qahtani (noora.alqahtani@qu.edu.qa), Center of Advanced Materials, Qatar University, Qatar
Maryam Al-Ejji (maryam.alejji@qu.edu.qa), Center of Advanced Materials, Qatar University, Qatar
Mariam Al-Maadeed (m.alali@qu.edu.qa), Center of Advanced Materials, Qatar University, Qatar
Date palm leaves and wood are common wastes in the middle east. There are different types of the tree itself which result in different types and properties of leaves and
fibers. These natural materials can be used as additives for polymers to tailor new desired properties; they also have important economic and environmental advantages.
One major problem in the addition of the natural fiber to the polymer matrix is the bonding between the hydrophilic lignocellulosic fiber and the hydrophobic polymer matrix.
Compatibilizers are usually used to overcome this problem. This work is focusing on the effect of the date palm filler size and origin (leaf or trunk) from female (Ikhlas) on the
high density polyethylene matrix. The following interfaces were used to compatibilize the matrix and the fillers: Polyethylene-co-methacrylic acid (PEMA), Polyethylene-graftmaleic anhydride (PEgMA) and Polyethylene-co-methacrylic acid zinc salt (PEMA-Zn) with 1, 2 and 3 wt.%. The morphologies of the composites were carried out by
Scanning Electron Microscope (SEM). The mechanical and thermal properties of different samples were done by the tensile and TGA apparatus respectively. PEMA at 1
wt.% has the best effect on the composites as it modified the tensile modulus by 50% , this modification is due to the increase in the interfacial adhesion and dispersion of
the palm fillers in the polymer matrix, this is also confirmed by the SEM photos. Thermal stability was not affected by the compatibilizers
3129 | Effect of Corn Husk on the Mechanical and Frictional Behavior of Polyester Composites (28. Natural Fibre Composites (Raul Campilho))
refaay, ahmed ibrahem (refai95@yahoo.com), Beni-Suief university, Egypt
Polyester composites are commonly used nowadays in industrial applications such as bearing materials, brake pads materials, flooring materials and so on. In this work
polyester composites reinforced with Corn Husk Waste (CHW) are proposed to be used as new engineering materials with improved mechanical and frictional behavior.
Cylindrical pins with 10 mm diameter and 30 mm height were prepared as test specimens. Two factors have been taken into consideration when designing the experiment;
the size and weight of the added particles. A Pin-on-disk tribometer has been designed and constructed to perform measurements of the friction coefficient for proposed
composites. WP300.20 universal testing device was used to investigate the mechanical properties of polyester composite. Results shows that agricultural wastes (corn husk)
can be improving the mechanical and tribological behavior of polyester composites which can be used in industrial applications
2904 | Effect of Impact Modifier and Coupling Agent on Impact Strength of Wood Flour /Recycled Polypropylene Composites (28. Natural Fibre Composites (Raul
Campilho))
Saman Ghahri (saman_ghahri@yahoo.com), Tarbiat Modares University, Iran
Saeed Kazemi Najafi (skazemi@modares.ac.ir), Tarbiat Modares University, Iran
Behbood Mohebby (mohebbyb@modares.ac.ir), Tarbiat Modares University, Iran
In contrast to flexural and tensile properties, the results of all researches have so far shown lower impact strength of composites made from recycled plastics and
lingocellulosic materials in comparison to composites made from virgin plastics. In this research, the improvement of impact strength of wood flour/fiber-recycled
polypropylene (PP) composites was considered. The PP (virgin and recycled polypropylene at 2nd( R2PP)and 5th ( R5PP) recycling stages) and wood flour were
compounded at 50% by weight wood flour loading in a counter-rotating twin-screw extruder in the presence MAPP and two types of impact modifiers (ethylene vinyl acetate
(EVA) and ethylene/propylene/diene terpolymer (EPDM)), to produce wood flour-PP composites. The results have shown that the composites containing recycled PP (RPP)
exhibit significantly lower impact strength than those containing virgin PP (VPP). The addition of MAPP, EVA and EPDM increased the impact strength of the recycled
PP/WF composites. When the impact modifiers were used in the presence of MAPP, higher increase was observed in impact strength of the recycled PP/WF composites.
Although the addition of impact modifiers and MAPP increased the impact strength of composites containing RPP, the impact strengths of these composites were still
significantly lower than that of composites containing VPP (not modified with MAPP or impact modifier). The use of impact modifiers decreased the flexural properties of the
recycled PP/WF composites.
Keywords: Thermo-mechanical degradation; impact modifier; coupling agent; recycled polypropylene- wood flour composites
3807 | EFFICIENCY OF FIBRE TREATMENT ON CRACKING OF SHORT SISAL FIBER REINFORCED CEMENT COMPOSITES (28. Natural Fibre Composites (Raul
Campilho))
Ferreira, Saulo R. (ferreira.sr@hotmail.com), PPGECEA/UEFS, Brazil
Toledo Filho, Romildo D. (toledo@coc.ufrj.br), COPPE/UFRJ, Brazil
Lima, Paulo R. L. (lima.prl.uefs@gmail.com), PPGECEA/UEFS, Brazil
Silva, Flavio A. (fsilva@coc.ufrj.br), COPPE/UFRJ, Brazil
This paper reports the influence of hornification of sisal fibre on flexural behavior of sisal–fiber-reinforced mortar. The fiber treatment used consisted in immersing the fibers
in water (T ~ 23 ° C) and its removal after saturation for drying. The drying process was started in a furnace programmed to reach 80 °C at a heating rate of 1 °C / min and to
maintain this temperature for 16 hours. This procedure was repeated ten times. Composites reinforced with 4% and 6% of randomly distributed sisal fibre (50 mm long) were
produced using a mortar matrix with design of 1:0.5:0.4 (binder: sand: water / cement ratio) by weight. It was used a binder composed by 30% of Portland cement CP-32 F
II, 30% of metakaolin and 40% of fly ash. Sisal fibres with 50 mm of length and 4% and 6% of volume content were used. The four-point bending tests were carried out in
specimens with dimensions of 400 mm x 80 mm x 1.2 mm were tested. A load cell of 100 kN was used and the machine was controlled by a displacement rate of
0.3mm/min. The process of fracture of all studied composites was characterized by a multiple cracking behavior with deflection hardening; Composites reinforced with
treated sisal fiber showed a superior mechanical behavior under bending loads and better control of crack width.
3172 | Fracture Assessment of Curauá Fibers Reinforced Polymer Mortars (28. Natural Fibre Composites (Raul Campilho))
Reis, Joao M.L. (jreis@mec.uff.br), Universidade Federal Fluminense, Brazil
The interest for the use of vegetal fibers as polymer reinforcement has recently increased because of their unique environmental and technological advantages. The aim of
this research is to evaluate the feasibility of using Curauá (Ananas erectifolius) fibers as natural reinforcement of polymer mortars with particular regards to fracture and
toughening mechanisms. Various weight fractions of aggregate 1%, 2%, 5% and 10% were replaced by the same weight of curauá fibers. A significant reduction of the
specific weight of the polymer mortars and an improvement of their post-peak flexural behavior followed by less brittle failure was observed.
3905 | Hemp-Concrete Structural Beams Ductility Evaluation (28. Natural Fibre Composites (Raul Campilho))
Awwad, Elie (eaa01@aub.edu.lb), Freelancer, Lebanon
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Awwad, Elie (eaa01@aub.edu.lb), Freelancer, Lebanon
Mabsout, Mounir (mounir@aub.edu.lb), American University of Beirut, Lebanon
Hamad, Bilal (bhamad@aub.edu.lb), American University of Beirut, Lebanon
Khatib, Helmi (he00@aub.edu.lb), American University of Beirut, Lebanon
The paper reports on an investigation on the ductility of a sustainable green structural concrete material developed in recent research works that were conducted at the
American University of Beirut. Eighteen structural beam specimens were prepared and tested to fail in flexure, shear, and bond splitting modes. A control mix and two hempconcrete mixed with hemp fibers but less coarse aggregate content were adopted. The objective was to investigate the synergetic performance of hemp-concrete material
when cast in reinforced concrete members. The results indicate that regardless of the mode of failure, hemp-concrete beams prepared with hemp fibers and less coarse
aggregate had similar peak loads as the control beams; moreover, the hemp-concrete beams exhibited better load-deflection ductile behavior after the peak load. The ductile
behavior was determined by calculating the area under the load-deflection curves.
3032 | Influence of compounding conditions on defibrization of lignocellulosic fiber and mechanical properties of reinforced composites (28. Natural Fibre
Composites (Raul Campilho))
Beaugrand, Johnny (johnny.beaugrand@reims.inra.fr), INRA, France
Berzin, Francoise (francoise.berzin@univ-reims.fr), URCA, France
The main topic is Natural Fiber Composite with a focus on composite mechanical enhancement by controlling the processed fibre factor ratio (L/D), under extrusion process.
We also proposed an optimization of the defibrization that take place during the process, accordingly to the screw profile, by an energy approach (Specific Mechanical
Energy).
One of the major driving force for studying either the fibre decohesion plus fragmentation, as ʻdefibrizationʼ, is the striving of controlling WPC properties.
The wood and non wood fibre defibrization behavior is known to be influenced by intrinsically properties as well as external conditions (environmental conditions, often relied
to process used, like temperature or water).
The objective of the work is to established, if any, relationships between these parameters and the fibre aspect ratio (L/D) which reflect in some extent the fibre morphology.
To estimate values of parameters that can not be measured during the compounding process, we have used a flow simulation software dedicated to twin screw extrusion
(Ludovic© software).
We provided evidence that a composite mechanical enhancement is achievable by controlling the processed fibre factor ratio (L/D). Accordingly, we have varied the
extrusion process, which was characterized by the SME. When a similar SME is applied on the fibre elements composed of bundled or individualized fibre cells, the
defibrization can drastically differ, accordingly to the screw profile.
3466 | Interphase crossing of natural fibers and polylactide by use of dicumyl peroxide (28. Natural Fibre Composites (Raul Campilho))
Piotr Rytlewski (prytlewski@ukw.edu.pl), Department of Materials Engineering, Kazimierz Wielki University, Poland, Poland
The scientific and technological objective of this work was to design and produce biocomposites with improved mechanical strength and biodegradability. Due to new
techniques that allow economical production of high molecular weight polylactide (PLA), this polymer has recently attracted big attention being considered as one of the most
promising materials for replacing synthetic polymers. In this work, processing technique which leads to improved mechanical strength and biodegradability of
biocompositesis is proposed. For successful realization of this technique, two main processing steps had to be performed: selective location of crosslinking agents at the
interface of PLA and flax fibers (step A) and inducing crosslinking between the PLA chains and natural fibers (step B). The first mentioned step was realized by wetting the
fibers with solution of dicumyl peroxide and acetone. Then, the dried fibers were mechanically mixed with PLA granulate, extruded by use of single-screw extruder and
granulated. The second processing step was initiated by thermal decomposition of dicumyl peroxide during processing. Testing samples were produced from the granulated
biocomposites, using a laboratory injection moulding press. Tensile and impact strength measurements, dynamic mechanical analysis (DMA), thermogravimetry (TGA),
Fourier transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM) were performed to assess interphase crossing of flax fibers and polylactide.
4093 | Investigation of Mechanical Properties of the Olive/PP(Mah-g) Thermoplastic Composites (28. Natural Fibre Composites (Raul Campilho))
Mistik, Ilker S. (imistik@marmara.edu.tr), Marmara University , Turkey
Kayar, Mahmut (mkayar@marmara.edu.tr), Marmara University , Turkey
Kocak, Dilara (dkocak@marmara.edu.tr), Marmara University , Turkey
Merdan, Nigar (nmerdan@iticu.edu.tr), Istanbul Commerce University, Turkey
Akalin, Mehmet (makalin@marmara.edu.tr), Marmara University , Turkey
Olive tree is widely grown in the mediterranian zone and very important crop for the mediterranian countries. In this study olive seed was used for the reinforcement material
and grafted polypropylene was used as matris of the composite. Olive/PP(Mah-g) thermoplastic composites were produced by using hot press compression machine.
Mechanical properties of the olive/PP(Mah-g) thermoplastic composites were investigated.
4099 | Investigation of Mechanical Properties of the Rattan/Polyurethane Foam Compoites (28. Natural Fibre Composites (Raul Campilho))
Kayar, Mahmut (mkayar@marmara.edu.tr), Marmara University, Turkey
Kocak, Dilara (dkocak@marmara.edu.tr), Marmara University, Turkey
Canbolat, Seyda (scanbolat@ticaret.edu.tr), Istanbul Commerce University, Turkey
Merdan, Nigar (nmerdan@iticu.edu.tr), Istanbul Commerce University, Turkey
Mistik, Ilker S. (imistik@marmara.edu.tr), Marmara University, Turkey
Rattan fiber is a tropical fiber and it has excellent mechanical properties. In this study rattan fiber/polyurethane foam thermoplastic composites were produced by using hot
press compression machine. Mechanical properties of the rattan fiber/polyurethane foam thermoplastic composites were investigated.
3773 | Lignin as compatibilizer in polypropylene/sugarcane bagasse cellulose composites (28. Natural Fibre Composites (Raul Campilho))
Mil?o, Patr?cia C. (patriciamileo@gmail.com), Engineering School of Lorena - University of S?o Paulo, Brazil
Gon?alves, Adilson R. (adilson@debiq.eel.usp.br), Engineering School of Lorena - University of S?o Paulo, Brazil
The interest in natural fibers as reinforcing agents in polymer composites has grown drastically during the past decades. These materials are considered to be very
promising for various applications, mainly in the automotive and construction industries. Although natural fibers can offer the resulting composites many advantages, the
usually polar fibers have inherently low compatibility with non-polar polymer matrices. This incompatibility may cause problems in the composite processing and material
properties. Due to its structure, lignin has been investigated as a compatibilizer in composite materials, this can be justified by the presence of both aliphatic and polar
groups, which may provide compatibility between non-polar polymers and lignocellulosic fibers. The aim of this work was to investigate the thermal properties of
polypropylene composites reinforced with bleached cellulose, obtained from sugarcane bagasse, using sugarcane bagasse lignin as a compatibilizer. For this, sugarcane
bagasse was pretreated by diluted acid, delignified, treated with xylanase and bleached. Lignin was obtained by the acid precipitation of the black liquor from the
delignification step. Polypropylene (PP) composites reinforced from 5 to 40 wt/wt% of bleached cellulose fibers and from 5 to 20%wt/wt of lignin from sugarcane bagasse
were prepared in a thermokinetic mixer. Thermogravimetric analyses (TGA) was performed in order to evaluate the thermal properties of the obtained materials.
3590 | MECHANICAL CARACTERISATION OF POLYESTER AND SUNFLOWER NATURAL FIBER COMPOSITE (28. Natural Fibre Composites (Raul Campilho))
Lu?s Queijo (lqueijo@ipb.pt), Polytechnic Institute of Bragan?a, Portugal
Jo?o Rocha (jrocha@ipb.pt), Polytechnic Institute of Bragan?a, Portugal
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The use of natural fibers as reinforcement in polymer matrix composites is gaining popularity in the development of renewable products. Although glass and other synthetic
fiber-reinforced plastics possess high specific strength, their fields of application are very limited because of their inherent higher cost of production. This work deals with the
characteristics of natural fiber composites that can offer several advantages, like low cost, weight savings and relatively good mechanical properties. It focuses on the effects
of sunflower fibers as reinforcement agents in composites. Mechanical testing of Sunflower natural fibers composite was performed to qualify and quantify the reinforcement
properties. At same time, Glass fiber composite sample tests have been produced and characterized and both results have been compared.
From results comparison we can affirm that the produced polymeric sunflower fiber composite has adequate mechanical properties for lots of industrial applications even, as
expected, these are lower than glass fiber composites. Using this natural fiber content this product become a more ecological substitute and environment friendly that the
traditional polymeric glass fiber composites. For other way, once stems from sunflower plants are wastes that traditionally are left in the field, shredded and incorporated in to
the soil, acting like natural low cost substrate, by collecting them and giving them some commercial value will make crops more profitable.
3532 | Mechanical characterization of composites of PLA/PHA matrix reinforced with cellulosic fibers (28. Natural Fibre Composites (Raul Campilho))
Loureiro, Nuno C. (nuno.loureiro@fe.up.pt), Faculty of Engineering of University of Porto, Portugal
Esteves, Jose L. (jesteves@fe.up.pt), Faculty of Engineering of University of Porto, Portugal
Viana, Julio C. (jcv@dep.uminho.pt), IPC/I3N ? Institute for Polymers and Composites, Polymer Engineering Department, Portugal
Ghosh, Satyabrata (satyabrataghosh@gmail.com), IPC/I3N ? Institute for Polymers and Composites, Polymer Engineering Department, Portugal
In this work the mechanical and impact behavior of PHA/PLA blend matrix reinforced with cellulosic fibers is investigated. It was also study the Heat Deflection Temperature.
The composite mechanical properties can be optimized trough the variation of the fiber content on the composite. Itʼs possible to predict the tensile properties recurring to
modified Halpin-Tsai equation and Rule-of-Mixtures Model. According with this model itʼs possible to validate the experimental obtain values and anticipate that the
incorporation of 30% (weight fraction) of fibers will drive to composite with an irregular fiber distribution.
The composite constituentsʼ wf was optimized to tailor the composite to replace the petrol-based polymers used into interior door trims (mainly ABS and PP).
3726 | MECHANICAL PROPERTIES OF NATURAL FIBERS REINFORCED EPOXY MATRIX COMPOSITES (28. Natural Fibre Composites (Raul Campilho))
Manaia, J.P. (joaomanaia@netcabo.pt), ESTG, Mechanical Engineering Department, Polytechnic Institute of Leiria, Portugal
Capela, C. (ccapela@ipleiria.pt), ESTG, Mechanical Engineering Department, Polytechnic Institute of Leiria | CEMUC, University of Coimbra, Portugal
Ferreira, J.A.M. (martins.ferreira@dem.uc.pt), CEMUC, University of Coimbra | Mechanical Engineering Department, University of Coimbra, Portugal
Costa, J.D. (jose.domingos@dem.uc.pt), CEMUC, University of Coimbra | Mechanical Engineering Department, University of Coimbra, Portugal
Key-words: Composites, natural fibers, mechanical properties, vacuum bagging
Composites with natural fibers have been widely used in the manufacturing of components for the automotive industry. These eco-friendly materials have good mechanical
properties, a relative low cost, processing facility, low density, possibility of being recycled and components with relatively complex geometries can be processed.
The aim of this work was to study a new concept of a cargo trailer for passenger using composite materials reinforced with natural fibers in the construction of a top door.
Thus, a set of epoxy materials composites with different types of jute fibers (G, M and F) and glass fibers were processed by vacuum bagging. In the development of the
new concept a prototype, with aid of addictive manufacturing techniques, were produced.
The composite materials were characterized in terms of physical and mechanical properties (maximum stress and flexural modulus). The effect of immersion time in water
on the properties of the processed composites was also analyzed. As expected, composite materials reinforced with glass fibers present values of mechanical strength and
rigidity higher than composite materials with jute fibers (G, M and F). It was also observed a great reduction in mechanical properties with an increase of the immersion time
in water.
3710 | Mechanical, thermal and morphological characterization of HDPE/ Brazilian natural fibers using chemical compatibilizers (28. Natural Fibre Composites
(Raul Campilho))
Albinante, Sandra Regina (sandraalbinante@ima.ufrj.br), Instituto de Macromol?culas Professora Eloisa Mano, Universidade Federal do Rio de Janeiro , Brazil
Pacheco, Elen Beatriz A. V. (elen@ima.ufrj.br), Instituto de Macromol?culas Professora Eloisa Mano, Universidade Federal do Rio de Janeiro, Brazil
Visconte, Leila L. Y. (lyv@ima.ufrj.br), Instituto de Macromol?culas Professora Eloisa Mano, Universidade Federal do Rio de Janeiro, Brazil
Fibers derived from annual plants, such as banana or coconut are potential substitutes for non-renewable synthetic fibers as filler in plastic composites presenting many
advantages over traditional filler materials. Despite these excellent advantages, composites with natural fibers have drawbacks as low mechanical properties and poor
compatibility with most common thermoplastics. Some of these problems are caused by differences in polarity between polar natural fibers and nonpolar polymer matrix
generating weak interfacial interaction. Some treatments have been used intending to solve this problem mainly chemical ones. This paper describes the preparation of
composites of high density polyethylene (HDPE) and natural fibers in the presence of interfacial agents. Coconut and banana fibers were impregnated with interfacial agents
dissolved in acetone/toluene and kept at 50 °C for 8h. After impregnation fibers were blended with high HDPE and after extrusion, the pelleted samples were injection
molded into specimens for mechanical test procedures. Through optical and scanning electron microscopy analysis a rougher fiber surface as well as interweaving fibers
with interfacial agents were observed. Thermal stability improved by approximately 50°C to fibers were treated with stearic and lauric acids. As for the mechanical properties,
Young modulus was going from 984.4 ± 15.0 MPa in the case of non-impregnated fibers to 1036.8 ± 29.6 Mpa for the composite with impregnated fibers.
2982 | Mineral-bonded composite made from mixture of bagasse and wheat straw (28. Natural Fibre Composites (Raul Campilho))
Nazerian, Morteza (morteza17172000@yahoo.com), Univesity of Zabol, Iran
Kamyab, Meisam (kamyab.meisam6906@gmail.com), Univesity of Zabol, Iran
Gypsum-bonded particleboard panels were made from various mixture of bagasse (Saccharum officinarum L.) and wheat (Oryza sativa L.) straw particles bonded with
different ratio level of particles/gypsum. This study examined possible feasibility of bagasse and wheat straw particles in the production of gypsum-bonded particleboard
(GBPB). One-layer experimental GBPB with density of 1.05 and 1.20 g/cm3 were manufactured at bagasse/wheat straw ratio of 100/0, 93.75/6.25, 87.50/12.50, 75/25,
50/50, 25/75 and 0/100 using two particle/gypsum compositions, namely 1/2.75 and 1/3.25 by weight. Thickness swelling (TS), water absorption (WA), modulus of rupture
(MOR), modulus of elasticity (MOE) and internal bond strength (IB) properties of the boards were evaluated and a statistical analysis was performed in order to examine
possible feasibility of these agricultural residues in commercial GBPB manufacturing. It was determined that water absorption of boards decreased as content of straw and
LR/G ratio increased to 100% and 1/3.25, respectively, whereas thickness swelling of boards decreased as straw proportion and particle/gypsum ratio decreased to 0% and
1/2.75, respectively. The experimental results have shown that the modulus of rupture and modulus of elasticity of boards containing 0%, 6.25% and 12.5 % wheat straw
with LR/G ratio level of 1/2.75 were higher than those of panels made from 25-100% wheat straw with LR/G ratio level of 1/2.75 and also from all of the percentages of straw
with LR/G ratio level of 1/3.25. While, internal bond strength of boards containing up to 12.5% straw with LR/G ratio level of 1/2.75 and 1/3.25 were lower than those of
panels made from 0-12.5 % straw with mentioned LR/G ratios. Panels consist of 0%, 6.25% and 12.50% wheat straw with LR/G ratio level of 1/2.75 and 1/3.25 met the
minimum EN standard requirements of mechanical properties for general-purposes. All of the panels contain 0-100 % wheat straw with LR/G ratio level of 1/2.75 or 1/3.25
had the required level of thickness swelling for 24 h immersion.
3038 | Novel Bio-Composites: The Effect of Fibre Surface Treatments on Thermal and Mechanical Properties of Short Banana/Sisal Fibre Reinforced Poly Lactic
Acid (PLA) Hybrid Composites (28. Natural Fibre Composites (Raul Campilho))
B. ASAITHAMBI (asaithambi100@yahoo.com), Annamalai University, India
G. GANESAN (gg_au@rediffmail.com), Annamalai University, India
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S. ANANDA KUMAR (srinivanand@gmail.com), Anna University, India
The aim of the work focuses on the mechanical and thermal properties of hybridized Short banana/ sisal fibres (BSF) reinforced polylactic acid (PLA) composites by
differential scanning calorimetry (DSC) and thermo-gravimetric analyses (DSC/TGA). BSF were treated by benzoyl peroxide (BP) to improve the adhesion between fibres
and PLA. Short BSF (30 wt %) reinforced PLA (70 wt %) hybrid composites were fabricated by twin screw extrusion - injection molding. Tensile strength, flexural strength
and flexural modulus were tested by means of Universal Testing Machine (UTM). The Morphological analysis of the hybrid composites was carried out by scanning electron
microscopy (SEM) to examine the existence of interfacial bonding in hybrid composites. The data resulted from the study reveals that the treated short BSF restricts the
motion of the PLA matrix. Consequently, mechanical properties like tensile, and flexural moduli of short BSF reinforced PLA hybrid composites were enhanced in
comparison to neat PLA and untreated BSF reinforced PLA composites. In a similar fashion, the treated short BSF reinforced PLA hybrid composites had better thermal
stability, showed delayed thermal decomposition pattern compared to that of untreated short BSF reinforced PLA hybrid composites and neat PLA as well. The interesting
results pertaining to the effect of fibre treatment on the glass transition temperature (Tg), melting temperature (Tm) and impact strength were studied.
3319 | Particleboard of sugar cane bagasse and reforestation wood (28. Natural Fibre Composites (Raul Campilho))
Fiorelli, Juliano (julianofiorelli@usp.br), USP, Brazil
Castro, Sergio L. (sergio.castro@usp.br), USP, Brazil
Zuanetti, Igor L. (igor.zuanetti@usp.br), USP, Brazil
Williams, Daniel (dwilli37@illinois.edu), University of Illinois, United States America
Oliveira, D?bora C. G. (debora_zoo@yahoo.com.br), USP, Brazil
Almeida, Jaqueline A. (jaqueline.araujo.almeida@usp.br), USP, Brazil
Barrero, Nubia G. (nubiagarzonbarrero@yahoo.com), USP, Brazil
In this paper, it was consider the study of the use of sugarcane bagasse and wood particles, residues from the agricultural and the furniture industry, in order to add value to
such materials. To add value to these materials it will be utilized in the manufacturing of hybrid panels consisting of wood particles and sugarcane bagasse in certain
proportions (20%, 40% and 60%) and panels off 100% sugarcane bagasse and 100% wood particles. For the production it was used the bi-component polyurethane resin
based on castor oil and consider a density range of 0,5 g/cm³. Analysis of the products was established based on the physical-mechanical standard NBR 14.810:2006. The
hybrid panels were analyzed according to the data obtained in relation to the American standard ANSI A208.1-1999, in order to determine the best treatment for the possible
use as a lining in agricultural buildings. All treatments have been successful, especially the treatment constituting of 40% of sugar cane bagasse and 60% of wood particles
had the best physical-mechanical, and showed a potential for the use in non-structural applications.
3444 | Recycled paper composite materials development and application in ducts for air conditioning system, ventilation and exhaust (28. Natural Fibre
Composites (Raul Campilho))
Soeira, Adonis T (adonis@usp.br), USP, Brazil
Carvalho, Jonas (prjonas@sc.usp.br), USP, Brazil
This work proposes a process to produce composite materials from recycled paper for
application in ducts for air conditioning equipments, ventilation and mechanical exhaust. The
main objective is to reduce the cost of these ducts considering practical applications, safe
handling, thermal-insulating and acoustical characteristics. Firstly, the paper discusses the
different aspects of the recycling such as the cleaning up the environment, economical aspects,
social inclusion and sustainable considerations. Next, a process is proposed to manufacture
the composite duct, through different steps of separation, sorting, cleaning and adding resin to
create the final composite material. The proposed parts are numerically tested by the Finite
Element Method, mechanical tests are performed in the specimen and ducts are built in order
to validate the proposed composite component. As result the adequate combination of moisture
content and processing conditions are established validating the application of the ducts in air
conditioning systems.
3789 | RESEARCH OF BIODEGRADABLE MATERIALS FOR COMPOSITES: COCONUT FIBERS AND PHB (28. Natural Fibre Composites (Raul Campilho))
Moura, Adriana S. (adri_moura@yahoo.com.br), UNB - Brazil, Brazil
Luz, Sandra M. (sandraluz@unb.br), UNB - Brazil, Brazil
Le?o, Rosineide M. (rosemirandaleao@gmail.com), UNB - Brazil, Brazil
The PHB (poly-3-hydroxybutyrate) is a biodegradable thermoplastic synthesized by submerged fermentation of renewable raw materials obtained from cane sugar. Coconut
fibers provide from renewable resources and the use of natural fibers can promote good mechanical properties, low abrasion and low energy consumption in the preparation
and low cost when compared to synthetic fibers. New alternatives have been adopted in order to improve the environmental quality of materials. In this way, it is growing the
research on the use of natural fiber as reinforcement of composites. Thus, the main objective of this study was to test superficial treatment on coconut fiber before applying
as reinforcement of PHB. Before the application in composites, the coconut fibers were submitted to treatment with hot water. This treatment has the aim to remove in
extractives present in the fibers improving the compatibility between the fibers and the matrix. And thus, provides good compatibility between the fiber and matrix. The
morphological aspects of the fibers were verified by SEM (Scanning Electron Microscope) and the obtained composite materials were characterized by differential scanning
calorimetry (DSC). SEM characterization revealed that the chemical treatment changed the morphology of the fibers. The DSC curves showed that crystallization of PHB
was favored in the presence of fibers.
3500 | RESEARCH ON SUGARCANE FIBERS/ POLYPROPYLENE COMPOSITES RECYCLING (28. Natural Fibre Composites (Raul Campilho))
Le?o, Rosineide M. (rosemirandaleao@gmail.com), University of Bras?lia, Brazil
Luz, Sandra M. (sandraluz@unb.br), University of Bras?lia, Brazil
Ara?jo, Jos? A. (alex07@unb.br), University of Bras?lia, Brazil
Christoforo, Andr? L. (alchristoforo@yahoo.com.br), Federal University of S?o Jo?o del-Rei, Brazil
Brazil is a successful producer of natural fibers, emphasizing the residue generated by sugar and ethanol manufacturing: sugarcane bagasse and straw. However, the
research on this material carries the need to examine the composite recycling capacity. Hence, this work aims to investigate the recyclability of polypropylene (PP)
composites reinforced with sugarcane fibers. The reinforcement fibers were: in nature sugarcane bagasse; bagasse pre-treated with hot water; cellulose bagasse; and in
nature straw. The PP composites were prepared using a thermokinetic mixer following by injection molding with different weight fibers content (10 and 20% w/w). To test the
recyclability, the composites were milled, mixed with antioxidant additives and newly injected. The mechanical behavior as tensile strength and elongation at maximum
tensile stress was determined for original and recycled composites. Besides that, the mechanical results were submitted to variance analysis (ANOVA). The results showed
that the cellulose bagasse 10%/PP composite presented the best tensile strength compared to neat PP and other composites. With recycling, the tensile strength decreases
from 10% compared to the original composites, keeping the elongation property. The additives contributed to maintenance, even increase, of tensile strength for recycled
composites. As expected, the ANOVA demonstrated that treatment and additives addition affect considerably the mechanical properties of recycled composites.
3072 | SISAL FIBRE-REINFORCED COMPOSITES: MECHANICAL CHARACTERISATION IN TENSION, SHEAR AND FLEXURE (28. Natural Fibre Composites (Raul
Campilho))
Campilho, Raul D.S.G. (raulcampilho@gmail.com), ISEP, ULP, Portugal
Pinto, Arnaldo M.G. (agp@isep.ipp.pt), ISEP, Portugal
http://conference.mercatura.pt/gestao4/index.php?pagina=1367&

Page 89 of 159

Conferências 5: Resumos condensados

2/14/13 11:42 AM

Pinto, Arnaldo M.G. (agp@isep.ipp.pt), ISEP, Portugal
Silva, Jo?o F.M.G. (jfs@isep.ipp.pt), ISEP, Portugal
Natural fibre composites have recently gained interest and application, for instance in the construction industry, due to a few desirable properties such as low cost and
density, less machining wear during fabrication, no health hazards, biodegradability and availability from natural and renewable sources. As for limitations of natural fibres as
reinforcement, the specific stiffness and strength does not match high strength artificial fibres, and their hollow nature may affect acoustic insulation or damping properties in
certain types of matrices. Natural fibres like flax, henequen, sisal, coconut, jute, palm, bamboo, wood, paper, as well as several waste cellulosic products such as shell flour,
wood flour and pulp have been used as reinforcement in thermosetting and thermoplastic resin composites. To expand the application of adhesive joints between natural
fibre adherends, its strength and failure mechanisms must be completely understood. In this work, the behaviour of polyester and epoxy resins in traction, and the behaviour
of jute natural fibre composites with the same type of resins in traction and bending, were characterized. Testing of the jute composites with the two matrix systems allowed
selecting the most suited one, which depended not only on the strength but on the wettability to the jute fibre weaves. The behaviour of single lap adhesive joints using these
composites was also characterized, with different adhesives and different overlap lengths, to examine the strength of the joints and the types of failure.
3513 | Structural and flammability analyses of aeronautical interior structures made of natural fiber composite (28. Natural Fibre Composites (Raul Campilho))
Ribeiro, Marcelo L. (malribei@sc.usp.br), Department of Aeronautical Engineering, Engineering School of S?o Carlos, University of S?o Paulo, Brazil
Medeiros, Ricardo de (medeiros@sc.usp.br), Department of Aeronautical Engineering, Engineering School of S?o Carlos, University of S?o Paulo, Brazil
Vera, Romulo V. (romulo.vera@hotmail.com), Department of Aeronautical Engineering, Engineering School of S?o Carlos, University of S?o Paulo, Brazil
Tita, Volnei (voltita@sc.usp.br), Department of Aeronautical Engineering, Engineering School of S?o Carlos, University of S?o Paulo, Brazil
This work has aimed to study the mechanical behavior and the flammability of aeronautical interior structures manufactured from composites reinforced by natural fibers.
Firstly, experimental analyses were performed to determine the mechanical properties of the materials. Then, computational analyses were carried out, using properties of
synthetic composites and composites reinforced by natural fibers. Also, failure criteria were applied, considering the synthetic composite performance of an interior
aeronautical structure as reference. Furthermore, the behavior regarding flammability was analyzed. The addition of flame retardants was necessary for the composites
reinforced by natural fibers in order to attend the aeronautical certification requirements. After the addition of flame retardants, an increase in the flexural modulus of
elasticity (55% for the cotton composite, 16% for the sisal composite) and a decrease in the flexural stress at break (45% for the cotton composite, 55% for the sisal
composite) were observed. However, with an increase of the thickness of the aeronautical structure (5.2% for the cotton composite, 10.7% for the sisal composite), it was
concluded that the replacement would be feasible, which would lead to an increase of the mass equal 6.2% for the sisal fiber composite. Finally, it was shown that the used
flame retardant mass fraction has a great potential for optimization and that the natural composites efficiency can be improved.
3148 | Sustainable biobased composite materials from crops: tensile and polymer properties (28. Natural Fibre Composites (Raul Campilho))
Johansson E (Eva.johansson@slu.se), Dept of Agrosystems, Sweden
Muneer F (mufa0001@stud.slu.se), Dept of Agrosystems, Sweden
Newson WR (Bill.newson@slu.se), Dept of Agrosystems, Sweden
Rasheed F (Faiza.rasheed@slu.se), Dept of Agrosystems, Sweden
Hedenqvist MS (mikaelhe@polymer.kth.se), bDepartment of Fibre and Polymer Technology, Royal Institute of Technology, Sweden
Mikael Gallstedt (Mikael.gallstedt@innventia.com), Innventia, Sweden
Kuktaite R (Ramune.kuktaite@slu.se), Dept of Agrosystems, Sweden
Due to depleting petroleum resources and environmental drawbacks of petroleum based materials, more sustainable solutions are an immediate need. In our lab we have
evaluated a number of biobased composite materials based on crops. Most of these materials have used wheat gluten protein as the matrix combined with fibres of hemp or
with polyhydroxybuturate (PHB), rape seed and Crambe abyssinica press cakes. Our preliminary results show that the produced materials generally are fully biodegradable
and life cycle assessment analysis indicated less energy consumption and lower greenhouse gases emissions compared to synthetically produced composites. As to tensile
properties, the materials showed promising properties, although not fully competitive with the synthetic ones. The polymerization of the protein matrix was influenced
primarily by press temperatures and by additives to the formulation. A major issue in production of the described materials is the bonding/co-polymerization of the
components in the composite materials to each other. Pull-out effects were often seen in the fibre composites and separation of different types of polymers was observed in
the composites built from two polymer forming components. To conclude, these biobased composites were promising as to sustainability, showed adequate properties to
substitute petroleum originated polymers, in some applications, although more work is needed before they are ready for the market.
3318 | Sustainable biobased composite materials from crops: tensile and polymer properties (28. Natural Fibre Composites (Raul Campilho))

Due to depleting petroleum resources and environmental drawbacks of petroleum based materials, more sustainable solutions are an immediate need. In our lab we have
evaluated a number of biobased composite materials based on crops. Most of these materials have used wheat gluten protein as the matrix combined with fibres of hemp or
with polyhydroxybuturate (PHB), rape seed and Crambe abyssinica press cakes. Our preliminary results show that the produced materials generally are fully biodegradable
and life cycle assessment analysis indicated less energy consumption and lower greenhouse gases emissions compared to synthetically produced composites. As to tensile
properties, the materials showed promising properties, although not fully competitive with the synthetic ones. The polymerization of the protein matrix was influenced
primarily by press temperatures and by additives to the formulation. A major issue in production of the described materials is the bonding/co-polymerization of the
components in the composite materials to each other. Pull-out effects were often seen in the fibre composites and separation of different types of polymers was observed in
the composites built from two polymer forming components. To conclude, these biobased composites were promising as to sustainability, showed adequate properties to
substitute petroleum originated polymers, in some applications, although more work is needed before they are ready for the market.
3071 | TENSILE FRACTURE PROPERTIES OF ADHESIVELY-BONDED AND CO-CURED JOINTS IN NATURAL FIBRE COMPOSITES (28. Natural Fibre Composites
(Raul Campilho))
Campilho, Raul D.S.G. (raulcampilho@gmail.com), ISEP, ULP, Portugal
Moura, Daniel C. (daniel.c.moura@gmail.com), FEUP, Portugal
Gon?alves, Daniel J.S. (daniel.j.s.goncalves@gmail.com), FEUP, Portugal
Silva, Jo?o F.M.G. (jfs@isep.ipp.pt), ISEP, Portugal
Banea, Mariana D. (mbanea@fe.up.pt), 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 such as fastening or riveting. On the other hand, natural fibre composites have recently gained
interest and application, for instance in the construction industry, 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 (e.g. due to complex geometries), 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. Additionally, for the bonded joint, the
tensile cohesive law of the adhesive is derived by the direct method. 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.
3604 | The kinematics of the consolidation process of shredded waste in the conical channel (28. Natural Fibre Composites (Raul Campilho))
Dudziak Marian (Marian.Dudziak@put.poznan.pl), Pozna? University of Technology, Poland
Malujda Ireneusz (Ireneusz.Malujda@put.poznan.pl), Pozna? University of Technology, Poland
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Malujda Ireneusz (Ireneusz.Malujda@put.poznan.pl), Pozna? University of Technology, Poland
Tala?ka Krzysztof (Krzysztof.Talaska@put.poznan.pl), Pozna? University of Technology, Poland
Designing of machines for densification and compression of structural and waste materials plays a major role in development of new processing techniques. The processes
of densification and compression are utilized in the production of certain kinds of biomasses as an environment friendly and renewable source of energy. For modeling of
compression and plasticization of loose materials and materials with porous and anisotropic characteristics the primary parameter is the critical strain at which plastic flow
commences. The critical strain value, which depends on the thermo-mechanical properties of the material and the key parameters of the process, is critical for effective
plasticization.
This plasticization and compression mechanism requires designing of appropriate geometrical parameters of the briquetting system. Moreover, it is necessary to relate the
compression resistance the generated heat in order to stimulate the required critical stresses in the structure of formed briquette.
The experience gained in the design, assembly and implementation of machines for briquetting of wood processing waste has been used to formulate consecutive equations
describing the process of compression of particulate materials, allowing for the effect of temperature. The critical stress condition has been defined by a relationship
combining the constitutive equations describing the process.
3605 | The orthotropic coeffitients in modeling the process of plastification of anisotropic material. (28. Natural Fibre Composites (Raul Campilho))
Malujda Ireneusz (Ireneusz.Malujda@put.poznan.pl), Pozna? University of Technology, Poland
Tala?ka Krzysztof (Krzysztof.Talaska@put.poznan.pl), Pozna? University of Technology, Poland
This paper presents the results of experimental research concerning the mechanical properties of fibrous, natural composite materials. With the development of new
processing methods these materials are gaining on importance in applications as primary (structural) material. They are porous, anisotropic by anatomy and feature very
complex thermomechanical properties. The subject of this research is wood. A prerequisite for their wider use as primary materials is development of new machines and
techniques which will enable spatial improvement of their properties. Here we mean in particular improved strength, durability and weather resistance of the superficial layer.
Yield condition was prepared on the base of Huber-Mises-Hill-Azzi-Tsai criterion.
The paper analyses formulation of constitutive relationships of a medium having porous and anisotropic properties in the scope of the theory of plasticity, taking into account
plastic compression and the effect of temperature and moisture content.
3485 | A new technique to optimize the use of mode shape derivatives to localise damage in laminated composite plates (29. Non-destructive Inspection
Techniques for Composite Materials and Structures)
Moreno-Garc�a, Pablo (pmorenogarcia@inegi.up.pt), INEGI, Instituto de Engenharia Mec�nica e Gest�o Industrial, Portugal
Ara�jo dos Santos, Jos� Viriato (viriato@ist.utl.pt), IDMEC/IST, Instituto Superior T�cnico, Portugal
Lopes, Hernani (hlopes@ipb.pt), ESTIG, Instituto Polit�cnico de Bragan�a, Portugal
Damage localisation in laminated composite plates is a very hot topic due to the important role that these structures play in the transport industries, and especially in
aerospace and aeronautics industries. The mode shape derivatives, like rotations (first derivative), curvatures (second derivative) and, more recently, third and four
derivatives, have been used to localise damage in composite plates. The most used method to compute these derivatives is the application of finite differences. However,
finite differences present several well-known problems, such as the error propagation and amplification. The magnitude of the error associated with the computed derivative
is not easy to estimate, mainly because the numerical error associated with finite differences depends on the values of derivatives of higher order than the order of the
derivative that one wants to compute. A new technique based on the Ritz method to estimate this error is proposed in this paper. Once the total error is estimated, the
optimum sampling that must be used in the finite differences formulas to minimize the error can be computed. This optimum sampling can be applied to several practical
applications.
3667 | Application of thermography to detect and monitor fatigue damage evolution (29. Non-destructive Inspection Techniques for Composite Materials and
Structures)
Colombo, Chiara (chiara.colombo@mecc.polimi.it), Politecnico di Milano, Department of Mechanical Engineering, Italy
Vergani, Laura (laura.vergani@polimi.it), Politecnico di Milano, Department of Mechanical Engineering, Italy
In present times, application of composite materials in structural components is becoming increasingly spread and their use can be planned for lightweight but also
performing structures. Therefore, it is important to fully understand mechanical behaviour of these composite materials, and how their properties and performances are
influenced in presence of defects or localized damages.
In this light, the present work aims to compare static and fatigue behaviour of undamaged and damaged glass fibre reinforced composite. Three sets of composite panels
are manufactured: 1) a laminated composite, following the standard manufacturing process of vacuum infusion; 2) nominally the same laminate, but with an artificial
delamination obtained by a Teflon layer in the middle thickness, thus a localized damage; 3) nominally the same plate, with a non complete resin impregnation due to air
bubbles during the resin injection, thus with a diffused damage.
In order to evaluate defects presence and progressive evolution of the different damages, the non destructive and non contacting technique of thermography is considered,
thus monitoring the surface temperature of the tested sample. Static and fatigue tests at increased stress amplitude are performed on specimens, and temperature matrices
stored. Experimental results indicate thermography to be a valid tool to monitor damage mechanisms, in terms of different released energy, localized or diffused, and their
evolution during testing.
3562 | Comparison of wave velocity on isotropic and anisotropic materials according to the source distance and angular variation. (29. Non-destructive
Inspection Techniques for Composite Materials and Structures)
Ortenzi, Altibano (altibano.ortenzijunior@unifi.it), University of Florence - Mechanical and Industrial Technology Dept., Italy
Corvi, Andrea (andrea.corvi@unifi.it), University of Florence - Mechanical and Industrial Technology Dept., Italy
This work compared through a known signal source the wave velocity variation on filament wound glass fiber reinforced epoxy pipes and a steel alloy used as parameter of
control. There were used three types of specimens, according to the lamination winding angles. Next, were positioned two collinear acoustic emission sensors along the
length, distant symmetrically from the middle span. Then, ten points were marked over the imaginary central circle on the specimens middle, from zero degree up to 90º
spaced of 10º each one. An eleventh point was marked as crossover point – CP, coincident with each fiber path crossing formed by the winding angles of ±50°, ±52.5° and
±55°, respectively. To conduct the tests a mechanical 0.3 mm – with 2H lead was used, to break and to generate a signal to be analyzed. After, were calculated the
velocities for each angular variation and angular marks. The same procedure was used for the steel alloy pipe specimen. It was verified that small variations on winding
angle can produces variation of the wave velocity, and the modulus in principal direction in composites. Finally, was observed that the wave propagation in such materials
when made through the filament winding becomes strongly dependent of fabrication process.
3993 | Delamination and cracks detection in the FML structure based on multimode NDE (29. Non-destructive Inspection Techniques for Composite Materials
and Structures)
Zab?ocka Magdalena (magdalena.zablocka@itwl.pl), Air Force Institute of Technology, Poland
Dragan Krzysztof (krzysztof.dragan@itwl.pl), Air Force Institute of Technology, Poland
Dziendzikowski Micha? (michal.dziendzikowski@itwl.pl), Air Force Institute of Technology, Poland
Leski Andrzej (andrzej.leski@itwl.pl), Air Force Institute of Technology, Poland
Bienia? Jaros?aw (j.bienias@pollub.pl), Lublin University of Technology, Poland
Hybrid composite materials are even more often being used in design of aircraft structures. The most popular is aluminium reinforced with glass or carbon fibres. The main
advantage of FML structures is their improved strength, however it is also subjected to damages. A lot of these are similar to damages characteristic for fibre-epoxy
composites, but some are related to the failure mechanisms typical for metals. Most common failures are: cracks of aluminium sheet and delamination caused by low energy
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composites, but some are related to the failure mechanisms typical for metals. Most common failures are: cracks of aluminium sheet and delamination caused by low energy
impacts. Most important for the safety of aircraft exploitation is possibility of detection of these damages. Multilayer structures require various Non-Destructive Techniques.
Within the article results of the inspection of the FML components based on Al-2024T3 and carbon/epoxy and glass/epoxy composites are presented. Multimode and highly
specialized nondestructive inspection techniques were utilized, such as ultrasonic, thermography and eddy current.
Acknowledgements:
Financial support of Structural Funds in the Operational Programme - Innovative Economy (IE OP) financed from the European Regional Development Fund - Project
"Modern material technologies in aerospace industry", Nr POIG.01.01.02-00-015/08-00 is gratefully acknowledged.
3782 | DETERMINING THE ELASTIC PROPERTIES OF GFRP-CONCRETE HYBRID BEAMS THROUGH THE USE OF A NON-DESTRUCTIVE TECHNIQUE (29. Nondestructive Inspection Techniques for Composite Materials and Structures)
Neagoe, Catalin A. (catalin.andrei.neagoe@upc.edu), Universitat Politecnica de Catalunya, BarcelonaTech., Spain
Perez, Marco A. (marco.antonio.perez@upc.edu), Universitat Politecnica de Catalunya, BarcelonaTech., Spain
Gil, Lluis (lluis.gil@upc.edu), Universitat Politecnica de Catalunya, BarcelonaTech., Spain
Key words: Composite structures, Elastic constants, Hybrid beams, Non-destructive testing, Vibration methods.
Summary. In the current work are presented the results of an analysis procedure aimed to determine the elastic properties of GFRP-concrete hybrid beams. Experimental
modal analysis was used to obtain the resonance frequencies and mode shapes of several hybrid beams with different configurations. A finite element model was created to
calculate natural frequencies and mode shapes numerically. Corresponding frequencies were allocated using the modal assurance criterion. Additionally, a significant
number of static tests were performed on samples taken from the composing materials in order to determine their real mechanical characteristics. By comparing results
obtained by the different methods it is shown that a new, non-destructive technique based on free vibration response, can be successfully used to evaluate the elastic
properties of GFRP-concrete hybrid beams.
3267 | Electro-Optical Measurement of an In-Service Metro Vehicle Carbon Fiber Door (29. Non-destructive Inspection Techniques for Composite Materials and
Structures)
Marquez, J.A. (jamarquez_picon@hotmail.com), Metro de Madrid, Spain
Henao, A. (henaoanamia@hotmail.com), Andercol S.A., Columbia
Castejon, L. (luiscast@unizar.es), University of Zaragoza, Spain
Carrera, M. (marcocar@unizar.es), University of Zaragoza, Spain
Miravete, A. (miravete@unizar.es), University of Zaragoza, Spain
This paper deals with a new concept of Metro vehicle door, which is made out of carbon fiber composites. The motivation for this work is double. First, to solve one of the
most critical problems in Metro vehicles, which is the very expensive maintenance of the metallic Metro doors due to the extreme fatigue conditions from the vehicle
vibrations and the continuous door open-close cycles. Second, to demonstrate that carbon fiber composite materials are potential candidates for structural Metro
components, based on their lightweight and high fatigue strength along with good fire and smoke resistant properties. In order to select the right composite material system,
twelve different materials will be characterized in terms of tensile strength, elastic modulus and fire and smoke resistance. The finite element study results will be described
along the prototype results. Once the new concept was validated, a pair of carbon fiber doors was implemented in a Metro vehicle covering the South Metro Line in Madrid,
Spain more than five years ago. Finally, an electro-optical measurement of one of these doors, recently carried out after 432,000 fatigue cycles is presented.
3942 | New Electromagnetic Methods for Fibre Concrete Inspection (29. Non-destructive Inspection Techniques for Composite Materials and Structures)
Keller, Libor (lkeller@tsisystem.cz), TSI System s.r.o., Czech Republic
Hobst, Leonard (hobst.l@fce.vutbr.cz), BUT, Faculty of Civil Engineering, Czech Republic
Fiala, Pavel (fialap@feec.vutbr.cz), BUT, Faculty of Electrical Engineering, Czech Republic
Vala, Jiri (vala.j@fce.vutbr.cz), BUT, Faculty of Civil Engineering, Czech Republic
Bilek, Petr (petr.bilek@usi.vutbr.cz), BUT, Institute of Forensic Engineering, Czech Republic
Grohova, Tereza (grohova.t@fce.vutbr.cz), BUT, Faculty of Civil Engineering, Czech Republic
Concrete can be modified by a number of admixtures that can considerably improve its mechanical properties. Low tensile strength of concrete can be increased by inserting
metal wires into its structure that hold such tensile tensions to a certain extent. Designing and production of fibre-concrete with suitable properties are already a common
practice. However, additional inspections have often proven that the distribution of wires is not optimal and therefore not each positive feature of fibre-concrete can be
utilized, especially in constructional concrete applications.
The paper presents a summary of suitable non-destructive testing methods based on electromagnetic field analyses, with the aim to determine the spatial distribution of the
contents of ferromagnetic macroscopic components in a semi-heterogeneous material. Theoretical potential of the methods being developed is demonstrated on examples
and capabilities of the established parameters are discussed, depending on frequency of the electromagnetic field and on the sensor type.
The examples are accompanied by numerical analysis to verify the proposed non-destructive testing method. Theoretic results are compared with laboratory experiments.
For verification of the credibility, the measured specimens are diagnosed by a non-destructive method using a quantitatively shorter wavelength of the applied
electromagnetic wave – by a radiographic method.
3460 | Non-destructive evaluation of microstructured materials (29. Non-destructive Inspection Techniques for Composite Materials and Structures)
Janno, Jaan (janno@ioc.ee), Institute of Cybernetics at Tallinn University of Technology, Estonia
Sertakov, Ivan (usualis@hotmail.com), Institute of Cybernetics at Tallinn University of Technology, Estonia
We discuss the non-destructive evaluation of parameters of microstructured materials in homogeneous and piece-wise homogeneous cases (latter one corresponds to
microstructured laminates). In linear models we make use of spectral decompositions of wave packets extracting the wave-numbers and frequencies of the components and
finally recovering the parameters on the basis of the dispersion relation. In the nonlinear case we analyse the possibilities to reconstruct the parameters by means of solitary
and periodic waves.
3848 | Porosity determination on CFRP structures using X-Ray Computed Tomography (29. Non-destructive Inspection Techniques for Composite Materials and
Structures)
Zorrilla, Amadis (ferreira@fe.up.pt), FADA-CATEC, Spain
Parrabal, Joao (ferreira@fe.up.pt), FADA-CATEC, Spain
Campos, Andres (ferreira@fe.up.pt), FADA-CATEC, Spain
Lasagni, Fernando A (ferreira@fe.up.pt), FADA-CATEC, Spain
Porosity determination on carbon fiber structures for aerospace application is a challenging task for the structural performance analysis. A level of porosity of 1% reduces
strength by 5% and fatigue life by 50% value. Therefore, the level, distribution and size of porous within the materials must be controlled during the manufacturing process of
aerospace for quality control and assurance of part mechanical properties.
This study deals with the application of X-Ray Computed Tomography (XCT) for the characterization and quantitative determination of porosity in CFRP structures. Different
segmentation and filters for data analysis were performed in a wide variety of components and samples. Results for standard measurement methods (like conventional
materialography) are presented as well for comparison purposes.
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materialography) are presented as well for comparison purposes.
3048 | Signal Processing in Non-Destructive Testing of Composites (29. Non-destructive Inspection Techniques for Composite Materials and Structures)
Garc?a Monsalve, Alejandro (garcia@et2.tu-harburg.de), Department of Telecommunications, Germany
Schmutzler, Henrik (henrik.schmutzler@tu-harburg.de), Department of Polymer Composites, Germany
Rohling, Hermann (rohling@et2.tu-harburg.de), Department of Telecommunications, Germany
The NDT technique under consideration in this paper is active thermography using step excitation. The main advantages of active thermography are contactless testing and
low inspection times. To improve the quality and reliability of current maintenance decision processes, automated evaluation procedures come into play. Current techniques
based on classification approaches use the complete per-pixel phase or temperature contrast signal to train the classifiers. They do not focus on understanding the signals
themselves by extracting its features, which would lead to robustness against measurement disturbances. The objective of this paper is to present a feature-extraction-based
defect classification and quantification system. The core of the proposed technique is a feature mining module, which is followed by a multiclass classifier for defect detection
and depth estimation. Subsequently, a clustering module estimates the defect area. The feature mining module extracts features from different information sources and
feeds the classification process with signal features and not with the complete signal itself. This improves the quality and understanding of the training sets. The proposed
classification system is finally applied on a Carbon Fiber Reinforced Polymer (CFRP) sample for quantitative analysis. Low false alarm rates and high detection rates are
achieved.
4116 | THE USE OF INFRARED THERMOGRAPHY IN THE ANALYSIS OF ENGINEERED CEMENTITIOUS COMPOSITES (29. Non-destructive Inspection
Techniques for Composite Materials and Structures)
Sales, Rosemary B. C. (rosebcs@gmail.com), Universidade do Estado de Minas Gerais, Brazil
Pedra, Solange A. (solandere@gmail.com), Universidade do Estado de Minas Gerais, Brazil
Sales Fernando A. (fdosale@gmail.com), Universidade Federal de Minas Gerais, Brazil
Agular, Maria Teresa P. (teresa@ufmg.br), Universidade Federal de Minas Gerais, Brazil
Cetlin, Paulo R. (pcetlin@gmail.com), Universidade Federal de Minas Gerais, Brazil
Non-destructive testing using infrared thermography has been used in civil construction basically in situations involving electrical conductors or mechanical wear that
normally generate heat. In the specific case of materials, the application of thermography to metal stud is well documented, but there are few reports in the literature
covering thermography in concrete; these are usually limited to the inspection of cracks and to the localization of water infiltration in prefabricated concrete structures. The
present report evaluates the potential of the active infrared thermography method in the detection of changes in the macrostructure of engineering cementitious composite,
as well as in order to estimate its thermal performance. The results show that thermography is able to detect changes in the macrostructure and is sensitive to temperature
differences among the constituents of concrete.
Key words: cementitious composites concrete, thermography, non-destructive testing
3849 | X - Ray Computed Tomography for 3D Industrial Metrology (29. Non-destructive Inspection Techniques for Composite Materials and Structures)
Zorrilla, Amadis (ferreira@fe.up.pt), FADA-CATEC, Spain
Campos, Andres (ferreira@fe.up.pt), FADA-CATEC, Spain
Lasagni, Fernando A. (ferreira@fe.up.pt), FADA-CATEC, Spain
Complex geometries and inner features in parts and structures are measurements hardly achievable, both during manufacturing or product development, using conventional
coordinate measuring machines. X-Ray Computed Tomography (XCT) is being used over last decade as suitable solution for industrial metrology. Inner and outer fully 3D
mapping of geometry can be performed using CT technology reducing cost and time that takes to acquire such complex data.
This study shows a practical route to perform calibrated measurements, reaching high accuracy on complex geometries in both metallic and composite materials by means
of reference standards parts and specific facilities.
3597 | Structural optimization of sandwich plates with variable stiffness (30. Optimization techniques and methods)
Desmorat, Boris B. (boris.desmorat@upmc.fr), Univ. Paris 6, France
Vincenti, Angela A. (angela.vincenti@upmc.fr), Univ. Paris 6, France
In this work, we consider the problem of finding the optimal distribution of orientation of fibers in the case of sandwich structures where the skins are composite laminates
reinforced with long curvilinear fibers.The objective is the maximization of the global structural rigidity, i.e. the minimization the compliance of the sandwich structure.
The originality of the present work is the derivation of optimal stacking sequences for sandwich plates of variable stiffness under bending loads.
In the framework of linear elasticity with small perturbations, we use a classical sandwich plate model with small skin thickness: the membrane and bending behaviors are
related to the skins, while the transverse shear behavior is related to the inner core. Considering a symmetric layup of the upper and lower skins, the sandwich behavior is
elastically uncoupled. Since we assume that the skin thickness h is much smaller with respect to the overall sandwich thickness H, the bending behavior can be linearized
with respect to the ratio h/H. This model ends up with the peculiar following property: we prove that the search for layups with bending loads is equivalent to the search of
layups with membrane loads within classical laminate plate theory.
Considering this property, we use the hierarchical optimization methodology previously developed by the authors in the framework of classical laminate plate theory in order
to find optimal stacking sequences for sandwich plates under bending loads.
3734 | A genetic algorithm to optimise location of a constrained layer damper on a lightweight, stiff honeycomb core sandwich panel. (30. Optimization
techniques and methods)
Aumjaud, Pierre (pa269@exeter.ac.uk), University of Exeter, United Kingdom
Smith, Christopher W. (C.W.Smith@exeter.ac.uk), University of Exeter, United Kingdom
Evans, Kenneth E. (K.E.Evans@exeter.ac.uk), University of Exeter, United Kingdom
Constrained layer dampers are often used as a damping device in vibrating structures. They have found use in many applications including aerospace structures which are
often made from lightweight materials. Many workers have optimised the performance of constrained layer and other types of dampers using various optimisation
techniques, such as genetic algorithms, cellular automata, and gradient techniques. The structure we wish to damp vibrations in offers a slightly more complex problem, in
that the damper itself is a significant proportion of the structureʼs mass, and its addition may therefore change the nature of the vibration modes present. There is therefore a
coupling between the presence of the damper and the vibration mode shapes and frequencies. This paper applies a genetic algorithm to optimise the location of a
constrained layer damper in a cantilevered honeycomb cored sandwich panel undergoing vibration. The algorithm is used to generate the most efficient configuration for a
constrained layer damper in the sandwich panel.
3870 | ANALYSIS OF LAMINATED COMPOSITE PLATES USING GENETIC ALGORITHMS FOR OPTIMIZATION AND STRAIN GRADIENT FINITE ELEMENTS (30.
Optimization techniques and methods)
Belo, Ivan M. (ivanbelo@utfpr.edu.br), Federal Technological University of Paran? (UTFPR), Brazil
Luersen, Marco A. (luersen@utfpr.edu.br), Federal Technological University of Paran? (UTFPR), Brazil
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As the use of laminated composite materials in different sources and in the manufacturing of different kinds of parts increases, it is required to develop efficient optimization
methods, i.e., methods that reach reliable and accurate results in a low computational time. This is the main objective in the study of laminated composite optimization. In
this work the optimization using Genetic Algorithms (GA) with the structural analysis performed with a finite element formulation using the strain gradient notation was
evaluated. The strain gradient formulation is especially useful for analyses of thin laminates, since it avoids the locking phenomenon due to the physical meaning of the
equations (the polynomial expansions are inspected and spurious terms responsible for locking are precisely identified in the shear strains expansions and removed), which
occurs when displacement based isoparametric finite elements are used. The objective was to evaluate the accuracy of results obtained with this formulation, as well as the
efficiency of the proposed GA, by comparing these solutions with those found in the literature.
3142 | ARCHITECTURAL TUNING OF COUPLED MAGNETO ELECTRO ELASTIC PROPERTIES IN COMPOSITES (30. Optimization techniques and methods)
FRANCIOSI Patrick (patrick.franciosi@univ-paris13.fr), LSPM CNRS, Univ. Paris13, France
This work presents a new method for estimating and conversely tuning the effective, coupled or not, properties of general composites from the effective properties and the
occurrence probability of all the ideal arrangements of the assembled phases. In the simplest case of two phase materials A, B, the ideal phase arrangements are A in B, B
in A, A and B continuous and A and B discontinuous. Each of these elementary arrangements have a relevant property estimate scheme, namely the Hashin-Sthrikman
estimate types for the inclusion-reinforced matrices and the Laminate System schemes for co-continuous and co-discontinuous arrangements, as introduced in [1,2]. For a
symmetric role of the two phases, all four arrangement probabilities are dependant on a single function. Using a percolation law which corresponds to a random material
yields quite well the Self-Consistent estimate defined for disordered materials [3]. For more than two phases, the only additionally needed elementary estimate is for
assemblages with several but not all continuous phases. This is discussed and exemplified from elastic to magneto-electro-elastic context.
[1] P. Franciosi, A. El Omri. Mech. Res. Comm., 38, 38-44 (2011).
[2] P. Franciosi. Mech. Res. Comm., 45, 70-76 (2012).
[3] P. Franciosi. Int. J. Solids Structures, to appear (2012/13).
3702 | Buckling of Nonlocal Orthotropic Nanoplates with Uncertain Material Properties (30. Optimization techniques and methods)
Radebe, Sfiso (sfisor@dut.ac.za), Durban University of Technology, South Africa
Adali, Sarp (adali@ukzn.ac.za), University of KwaZulu-Natal, South Africa
In the case of nano-sized structures, accurate estimation of material constants is a fairly complex problem. In fact experimental data on the properties of nano structures
show significant scatter due to the difficulties in making accurate measurements at nano scales. Uncertainties in the material properties make an accurate determination of
the load carrying capacities of nano structures a difficult task.
The objective of the present study is the computation of the buckling load of a rectangular orthotropic nanoplate with small-scale effects taken into account and in the
presence of material uncertainties. Previous studies on the subject have been almost exclusively deterministic. The method employed in the present analysis is convex
modeling. The solution obtained by convex modeling computes the buckling load of the nanoplate under worst-case uncertainties in material properties.
Further information on the uncertainty modeling can be found in references [1] and [2] given below:
[1] S Adali, Design Optimization of Composite Laminates under Deterministic and Uncertain Conditions. In Advanced Polymeric Materials: Structure Property Relationships.
Edited by S. G. Advani and G. O. Shonaike, CRC Press, Boca Raton, Florida, USA, April 2003, pp. 1-55.
[2] S Adali, F Lene, G Duvaut and V Chiaruttini, Optimization of laminated composites subject to uncertain buckling loads. Composite Structures, V. 62, No. 3-4, 261-269,
2003.
3168 | Comparison of reliability based optimization methods applied to the design of composite panels (30. Optimization techniques and methods)
Diaz, Jacobo (jdiaz@udc.es), University of La Coru?a, Spain
Hernandez, Santiago (hernandez@udc.es), University of La Coru?a, Spain
Cid, Miguel (cammcm00@udc.es), University of La Coru?a, Spain
Reliability analysis methods allow the assessment of structural safety more accurately than semi-deterministic approaches. When considering reliability based design
optimization (RBDO), both objective function, design constraints and design variables can involve random variables and a reliability analysis method is required to evaluate
the design constraints.
The formulation of a RBDO problem can be set out in different ways, depending on where the procedure to evaluate the reliability constraints is connected to the
optimization process. Thus, bi-level or double loop approaches consider the reliability constraints within the optimization loop. On the other hand, mono-level approaches
replace probabilistic constraints with approximate deterministic values, converting the double loop in a single loop. Finally, decoupled approach solves the RBDO problem as
a sequence of deterministic optimization procedures.
In this work, the comparison of several RBDO formulations applied to the design of composite panels will be carried out. The focus is on the properties that characterize
composite panels, like ply thickness, fibre orientations and mechanical properties of laminates. Some other properties which usually are a source of uncertainty, such as
loads and geometrical dimensions are considered as well.
3665 | Dome Design for Non-geodesically Overwound Pressure Vessels Based on Variable Slippage Coefficients (30. Optimization techniques and methods)
Zu, L. (lzu@xaut.edu.cn), Xi''an University of Technology, China
Koussios, S (s.koussios@tudelft.nl), Delft University of Technology, Netherlands
Beukers, A (a.beukers@tudelft.nl), Delft University of Technology, Netherlands
In this paper the effects of various fiber slippage coefficient distributions on the structural performance of filament wound pressure vessels are evaluated. Several functions,
which ensure C1 continuity of the fiber trajectories, are used to describe the slippage coefficient distributions. With the aid of the non-geodesic law, the general criteria for
preventing fiber bridging and slipping on a dome surface are formulated. The differential equations that govern the non-geodesic patterns are derived and the related fiber
trajectories are obtained using various slippage coefficient distributions. For each distribution function, the initial winding angle and the function parameters are considered
as the design variables, while the maximum performance factor acts as the objective. Based on the continuum lamination theory and the SQP algorithm, the optimal fiber
trajectories are determined corresponding to various slippage coefficient distributions. The results conclude that the domed pressure vessel designed using variable slippage
coefficients along the fiber trajectory exhibits significantly better performance than the one using a constant slippage coefficient; this is mainly triggered by maximum
utilization of the longitudinal strength of the laminate. It is also revealed that the structural efficiency of filament wound pressure vessels can be improved using the variablecoefficient-based non-geodesics that provide higher degree of freedom.
3141 | Effective Use of Bent-Up Bars as Shear Reinforcement in Reinforced Concrete Beams (30. Optimization techniques and methods)
Al-Nasra, Moayyad M. (moayyad.alnasra@mail.wvu.edu), West Virginia University Institute of Technology, United States America
Asha, Naien M. (naiem6mosa@yahoo.com), University of Jordan, Jordan
Najmi, Abdelqader S. (najmiso@ju.edu.jo), University of Jordan, Jordan
Shear failure of reinforced concrete beams is often sudden and catastrophic. Shear cracks progressive rapidly without sufficient advanced warning, and the diagonal cracks
that develop due to excess shear forces are considerably wider than the flexural cracks. The cost and safety of shear reinforcement in reinforced concrete beams led to the
study of other alternatives. Bent-up bars have been used in the past. New form of bent-up bars will be used. Cross bars will be welded to these bent-up bars making
rectangles capable of resisting shear in a plane compared to single bar performance. The main purpose is to identify the most efficient shape to carry shear forces at the
lowest cost. Several reinforced concrete beams were carefully prepared and tested in the lab. The results of these tests will be presented and discussed. The deflection of
each beam is also measure at a given applied load. The propagation of shear cracks was also closely monitored.
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3758 | Experimental Study of Spalling on High Strength Concrete Column Under the Loading Condition at High Temperature (30. Optimization techniques and
methods)
Kim, Hyung-Jun (kimfestival@kict.re.kr), Korea institute of Construction Technology, Korea, South
Kim, Heung-Youl (hykim@kict.re.kr), Korea institute of Construction Technology, Korea, South
Yoo, Yong-Ho (yhyoo@kict.re.kr), Korea institute of Construction Technology, Korea, South
In case of fire, spalling occurs on high strength concrete by vapor pressure or pore pressure occurring in expansion of vapor inside and moisture movement due to low water
permeability. Accordingly, in this study, we have intended to clarify the spalling effect according to cross-section size(400 mm • 500 mm • 600 mm • 800mm) and fiber
cocktail(steel fiber and PP fiber ratio) under the non-loading condition for the high strength concrete columns and analyzed the fire behavior by change of spalling and fireproofing performance under the loading condition at high temperature according to existence of fire cocktail method and the type of fire cocktail method(Polyron Fiber •
Hybrid Fiber Cocktail) under the loading condition.
With the result of the experiment, it was shown that the temperature of the steel reinforcement increased, as the cross-section became smaller, which can be judged as
because the heat capacity of the concrete's cross-section gets smaller as the cross-section size becomes smaller.
In addition, spalling occurred deeper than the test object with large cross-section, which can be judged as because explosive spalling occurs profoundly according to this,
due to containing much more moisture, although the heat capacity gets bigger as the cross-section becomes bigger.
3660 | Gradient-based optimization of ply orientations for laminated composite panels under no-buckling constraint (30. Optimization techniques and methods)
Perdahcioglu, Semih E. (e.s.perdahcioglu@utwente.nl), University of Twente , Netherlands
ter Braak, Peter (p.terbraak@student.utwente.nl), University of Twente , Netherlands
Geijselaers, Bert H.J.M. (h.j.m.geijselaers@utwente.nl), University of Twente , Netherlands
de Boer, Andre (a.deboer@utwente.nl), University of Twente , Netherlands
An optimization strategy is described that aims to determine optimum ply-orientations in the top panel of a torsion-box setup that results in minimum weight under nobuckling constraint. The torsion box is loaded with a predefined distributed force at the bottom which creates a primarily compressive stress distribution (including a gradient)
on the top panel. Buckling is predominantly local within domains surrounded by stiffeners (sub-panels). Full contiguity constraint is imposed on the structure. The
optimization problem is separated into two levels and at each level a gradient based approach is utilized. At the inner level ply-orientations are optimized to yield the
maximum of the minimum buckling load of the panel. Different buckling modes as well as the switching of the active panel for the constraint are considered. At this level the
number of plies of each sub-panel is constant. The load acting on each sub-panel is described by: normal in x and y, shear in xy, and gradient of normal load in x;
determined by FE simulations on the torsion box. Since these loads depend on the stress distribution over the top panel and contribute significantly on the buckling behavior,
they are incorporated in the optimization strategy by considering re-distribution of stresses with changing ply orientations. At the higher level the optimum number of layers
that minimizes the weight is determined. The convergence behavior, efficiency and applicability of the strategy is discussed.
3766 | Is lay-up optimization possible for buckling of quasi-isotropic composite plates? (30. Optimization techniques and methods)
Narita, Yoshihiro (ynarita@eng.hokudai.ac.jp), Hokkaido University, Japan
Honda, Shinya (honda@eng.hokudai.ac.jp), Hokkaido University, Japan
This is the work which proposes for the first time that the buckling of quasi-isotropic composite plates can be optimized with respect to lay-up design in the layers. A quasiisotropic plate is the laminated composite plate that has isotropic extensional stiffness and it has not been considered as a target in optimization, because limitation is
imposed on the fiber orientation angles to form isotropy in the plane (i.e., A11=A22, A16=A26=0). In response to this proposition, an efficient Ritz solution is used to
calculate the critical buckling loads of symmetrically laminated rectangular plates under general edge conditions, and all the sets of the fiber orientation angles are generated
to form the in-plane isotropy. In-plane loading conditions, causing the plate buckled, are chosen for uni-axial and bi-axial uniform normal loads. Results are given for various
sets of classical boundary conditions (C: clamp, S: simply support, F: free). For example, an eight-layered square plate with the CSSF edges under uni-axial compression
yields a significantly large ratio 3.40 (=248.6/73.2) for non-dimensional buckling loads 248.6 and 73.2 with lay-up designs [15°/-30°/60°/-75°]s (15° is an angle in the outer
most layer) and [90°/-45°/45°/0]s, respectively. Thus, even within the limit of quasi-isotropy, it is shown that the maximum design for the critical buckling load is possible by
optimally choosing the lay-up designs.
3412 | ON PLATE LAY-UP CHOICE IN CASE OF BUCKLING CONDITIONS (30. Optimization techniques and methods)
Selyugin, Sergey V. (sergey.selyugin@airbus.com), AIRBUS, Germany
The problem of lay-up choice of thin composite plates is considered, with buckling conditions being taken
into account. The lay-up is supposed to be symmetric, the plate is a rectangular one, being either orthotropic
or anisotropic. The theoretical background is discussed. The Classical Lamination Plate Theory is used.
Clamped and/or simple support boundary conditions are used. The buckling equation and the corresponding
kinematic variational principles are considered.
Optimality conditions for buckling eigen value maximization due to proper choice of orthotropy axes/layer
orientation angles are analyzed. The regularities inherent in the conditions are indicated. In particular,
in case of local orthotropy/layer orientation angle variation the moment tensor and the tensor of
curvatures must be co-axial for the optimal plate structure. Some examples illustrating the conditions
are presented.
Numerical examples of thin composite CFRP plate under shear are considered. The plate thickness is varied
between 1 and 5 mm. The plate aspect ratio is up to 5. The known numerical solutions are treated using the
obtained optimality conditions. Then the way of creating the lay-up giving equal level of buckling critical shear
flows for both shear loading directions is proposed and discussed. Numerical results are presented for plates
with various thickness/aspect ratio values. The potential of weight saving due to proper lay-up choice is
demonstrated.
3197 | Optimization and reliability analysis of 2.5D C/SiC composites turbine stator vane (30. Optimization techniques and methods)
Sun, Zhigang (szg_mail@nuaa.edu.cn), College of Energy and Power Engineering and State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing
University of Aeronautics and Astronautics, China
Kong, Chunyuan (kongchunyuan@foxmail.com), College of Energy and Power Engineering and State Key Laboratory of Mechanics and Control of Mechanical Structures,
Nanjing University of Aeronautics and Astronautics, China
Niu, Xuming (xumingniu@gmail.com), College of Energy and Power Engineering and State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing
University of Aeronautics and Astronautics, China
Liu, Mengxi (liumengxi666@tom.com), College of Energy and Power Engineering and State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing
University of Aeronautics and Astronautics, China
Song, Yingdong (ydsong@nuaa.edu.cn), College of Energy and Power Engineering and State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing
University of Aeronautics and Astronautics, China
This paper present a method for 2.5D C/SiC composites vane design. The microstructure of 2.5D composites is obtained from optical photomicrographs, and five
parameters are used to define the architecture of 2.5D composites. The analytical model for mechanical properties of 2.5D C/SiC composites is proposed, which can provide
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parameters are used to define the architecture of 2.5D composites. The analytical model for mechanical properties of 2.5D C/SiC composites is proposed, which can provide
a reasonably good correlation with the experimental results. Monte Carlo simulation method was used to simulate the stochastic behavior of 2.5D C/SiC composites
mechanical properties, results show that 2.5D C/SiC composites mechanical properties are controlled by the stochastic behavior of components, and the structure of 2.5D
composites. Vane optimization model is established by combination the analytical model for mechanical properties of 2.5D C/SiC composites and the finite element model of
vane, and the effect of safety factor on the results of the optimization was studied. The finite element code and probabilistic analysis methods were used to simulate the
reliability assessment of 2.5D C/SiC composite vane. Results show that the reliability increases when the safety factor increases. It could be dominated that such
methodologies provide an effective method to asses the risk and provide a quantifiable tool to vane design.

3794 | OPTIMIZED INTERLAMINAR SHEAR STRENGTH OF THICK LAMINATES (30. Optimization techniques and methods)
Pestana, Jony (jony_pestana@hotmail.com), Bath University -- MPhil Student, employed by CEIIA and on secondment to AgustaWestland, UK, United Kingdom
Pestana, Jony (Pestana.ceiia@agustawestland.com), Bath University -- MPhil Student, employed by CEIIA and on secondment to AgustaWestland, UK, United Kingdom
Butler, Richard (R.Butler@bath.ac.uk), Bath University, United Kingdom
Bowhay, Dave (dave.bowhay@agustawestland.com), AgustaWestland, UK, United Kingdom
The aim of this research is focused on the development of design rules to improve the interlaminar shear strength (ILSS), which will be needed to assess and improve the
fatigue life of a component under through thickness loading. An assessment is being undertaken for different materials, through-thickness ply orientations and geometry
variations. The assessment is performed through the characterisation of the static behaviour of the component, using the component configuration in the fatigue case in
order to get a correlation between both cases (fatigue and static behaviour). Through this, a delay in crack initiation can be achieved, improving the fatigue degradation. By
choosing an appropriate combination of through-thickness fibre arrangements, materials and geometry, a better fatigue behaviour of the component is expected under "inservice" conditions. The results of this analysis are intended to produce an increase of "in-service" hours on the component, saving costs and contributing to reduce the
requirements for maintenance and inspection.
The work to be present in the paper will require three different approaches. Firstly, design optimisation will use a generic algorithm to generate the best stacking sequence to
maximize ILSS in a four fibre angle laminate. Next, the best stacking sequence will be modelled using FEA in order to perform a fatigue assessment. Finally, a correlation
with fatigue experiments will be executed.
3478 | Performance enhancement of Kevlar fibre composites through viscoelastically generated prestress. (30. Optimization techniques and methods)
Fazal, Adnan (a.fazal@2008.hull.ac.uk), The University of Hull, United Kingdom
Fancey, Kevin S. (k.s.fancey@hull.ac.uk), The University of Hull, United Kingdom
In this study, a novel form of commingled prestressed composite (Nylon-6,6/Kevlar-29 fibre) is presented. These composites are produced by applying a load to nylon fibres
for 24 hours to induce tensile creep. On removal of the load, the strained fibres are mixed with Kevlar fibres (in as-received) form and then embedded in a polyester resin.
On solidification of the matrix, compressive stresses are imparted by the viscoelastically strained (nylon) fibres as they continue to attempt recovery against the surrounding
matrix.
The viability of this viscoelastically prestressed composite is demonstrated through mechanical testing, i.e. low velocity impact (energy absorption) and three-point bend
(flexural modulus) tests. The results show that energy absorption is increased by up to 50% and stiffness by ~ 20% through viscoelastic prestress mechanisms, when
compared with control (unstressed) counterparts. It is well known that aramid and other high strength fibres exhibit relatively poor toughness. This work demonstrates that
composites based on strong fibres can be further enhanced by viscoelastic prestress technology. The implications of these findings are discussed in relation to practical
composite structures in terms of flexural deformation and energy absorption, e.g. for crashworthiness and blast protection.
3328 | REMODELING FIBER SYSTEM APPLIED TO GLASS FIBERS (30. Optimization techniques and methods)
Soeira, Lucas E. (soeira@sc.usp.br), USP, Brazil
Ortenzi, Altibano (ortenzi@usp.br), USP, Brazil
Carvalho, Jonas de (prjonas@sc.usp.br), USP, Brazil
Fiber reinforced composites offer many advantages over traditional structural material. Some advantages include strength-to-weight and stiffness-to-weight ratios, as well as
the versatility in meeting design requirements.
This work has designed a remodeling fiber system to improve fiber geometry for application in the filament winding process. This enhancement was conceived in a change
of geometry and suitability in fiber deposition during lamination on mandrel, and changes in roving during the lamination process.
There are many failures that can occur during the process of manufacture of composites by filament winding.
The degree of fibers overlapping within the layers exerts influence on the mechanical performance of the laminate under several types of loading, has been evaluated by
several authors in studies to verify the failure behavior under various types of mechanical stress.
The main purpose of this amendment is to improve the effectiveness and uniformity of the cover by spreading out the roving thus reducing the gaps caused by the fibers
overlapping along the winding process.
Thus this work has designed a remodeling fiber system in order to apply a geometric change to the fiber, reducing the original thickness of the roving and increasing the
width, improving the deposition of impregnated fiber on the mandrel and minimizing damage and the poor distribution of fibers on the mandrel.
The designed system, manufacturing aspects and preliminary results are shown.
3965 | Robust design of composite structures based on sensitivity to uncertainty propagation (30. Optimization techniques and methods)
Ant?nio, Carlos C. (cantonio@fe.up.pt), University of Porto, Faculdade de Engenharia, Portugal
Hoffbauer, Lu?sa N. (lnh@isep.ipp.pt), Instituto Superior de Engenharia do Porto, Polytechnic School of Porto, Portugal
Variations of manufacturing process parameters and environment aspects may affect quality and performance of the product with consequences to its structural behaviour.
Robust design optimisation (RDO) searches for safe structural systems with minimal variability in the response when subjected to uncertainties at the input parameters. RDO
pursues two main objectives: keeping at an acceptable level the variations of the structural performance and controlling the magnitude of uncertainty at the input parameters.
To search RDO of composite structures an analytical robustness assessment is performed based on sensitivity analysis and optimisation. A bi-objective optimisation is
performed considering the following objective functions: 1) a function which describes the performance of the system 2) a function which describes the robustness of the
system related with uncertainties in input parameters. At the end of the optimisation process the Pareto front representing the frontier of the trade-off between the
“performance” and the “robustness” functions is obtained. A sensitivity analysis of Pareto-optimal front solutions enables to build a preference function considering their
variability under uncertainty propagation. Results obtained using both strategies with and without preference function are compared. This bi-objective optimisation is a
powerfully tool to help designers to make decision establishing the priorities between performance and robustness.
3573 | Simultaneous Analysis and Design of Composite Structures (30. 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 optimization of composite structures is commonly performed using nested analysis and design (NAND). In NAND, the analysis (which may be a finite element analysis
or use classical lamination theory (CLT)) is nested in the optimization step. The analysis is performed independently of the optimization. Herein the simultaneously analysis
and design (SAND) is used. The optimization and the analysis are performed simultaneously. The state variables such as displacements are also used as design variables
in the optimization step. In NAND the state variables are functions of the design variables. In SAND the equations of equilibrium are equality constraints in the optimization.
A disadvantage of SAND is that the number of optimization variables is greater than NAND. However, this method obviates the need for the analysis of trial designs after
each iteration step which may be computationally expensive. Gradient based optimization procedures also require a design sensitivity analysis in NAND, but not in SAND.
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each iteration step which may be computationally expensive. Gradient based optimization procedures also require a design sensitivity analysis in NAND, but not in SAND.
The optimization of a composite tube subject to internal pressure, torque and an axial force is presented to demonstrate the methodologies. The objective function is the
safety factor based on the Tsai-Wu failure criterion. A NAND formulation is presented using the orientation angles as the optimization variables and a SAND formulation
which also includes the displacements as optimization variables. A sequential Lagrangian procedure is used in the optimization process.
3601 | Stability Analysis And Optimiziation Of Stiffened Panels Under Biaxial Loading Using Meta Models (30. Optimization techniques and methods)
Freund, Sebastian (sebastian.freund@dlr.de), German Aerospace Center, Germany
Duvigneau, Fabian (fabian.duvigneau@ovgu.de), Otto-von-Guericke Universit?t Magdeburg, Germany
The application of several methods for buckling analysis enables the setup of variable panel optimization processes that are fast and accurate at the same time. Two
processes for optimizing stiffened panels of fuselage structures under biaxial loading in regions exposed to stability failure are proposed in this work. The first process
utilizes a tool based on eigenvalue and eigenshape calculation of a roughly discretized FEM model of a panel. This model uses higher order shape functions for low
calculation time at an appropriate accuracy level. Using this model a sensitivity study is conducted on the chosen parameterization including skin layup, stringer pitch, frame
pitch, T-stringer layup and the stringer geometry. This study allows fixing design parameters being insensitive to the panel mass as objective function and first buckling load
as constraint function. The optimization results regarding first buckling are presented and discussed. In the second process several types of meta models are assessed
representing the buckling behavior for axial and shear loading. Applying a combined buckling analysis using meta models and the eigenvalue based tool the optimization
requires less time while extending the tested parameter sets tremendously. Finally, in an Abaqus post buckling analysis of the resulting optimal panel, the onset of
degradation and post buckling behavior is calculated and discussed regarding the ultimate load requirement.
2953 | The experimental and innovative research on intensity of corrosion processes influenced by tensile stress for reinforcing steel covered with sulphur
polymer composite applied as industrial waste material? (30. Optimization techniques and methods)
KSI??EK Mariusz (ksiazekmariusz@wp.pl), Wroc?aw University of Technology, Poland
This manuscript is original. The paper was published nowhere. It is of original material i.e has not been submitted elsewhere for publication or has been published
elsewhere.
This paper presents the results of the experimental research and analyses indicating the usefulness of polymer sulphur composites to the protection against corrosion of
reinforcement. In paper presents materials also the domain of the personal investigations and the methodology are definite. After the analyze of the initial results the
optimum compositions have been chosen to the experimental research.
This paper presents investigation results of corrosion rate for steel reinforcement bars that have been covered with polymer coating and have been exposed to tensile
stresses in a solution simulating pore-liquid of concrete. Experimental investigation of tendencies that occur during corrosion process of reinforcing steel covered with
polymer and exposed to tensile stress has been attempted. To determine an effect of tensile stress on corrosion rate for St3S steel that has been covered with sulphuric
coating and exposed to aqueous environment that was to simulate pore-liquid of concrete contaminated with chloride ions was an aim of the investigation. The samples
underwent loading in an one-axial state of the stress including varied values of tensile stress, at the same time corrosion rate was determined potentiostaticaly. Potentiostatic
investigation has been carried out in order to determine parameters describing corrosion rate of samples tested.
Corrosion rate for the steel has decreased by orders of magnitude when covered with protective coating even though this latest became unseal at load exceeding. A small
decrease of corrosion rate has been found for the steel that has not been covered with polymer coating when placed in model pore-liquid of concrete and exposed to tensile
stress increasing.
2931 | The experimental and innovative research on surface protection of concrete against corrosion by means of polymer sulphur composite applied as
industrial waste material? (30. Optimization techniques and methods)
KSI??EK Mariusz (ksiazekmariusz@wp.pl), Wroc?aw University of Technology, Poland
Abstract:
This paper presents the results of the experimental research and analyses indicating the usefulness of polymer sulphur composite as industrial waste material to the
protection against corrosion of concrete.
In paper the review of the literature have been done, among other things about select using polymer sulphur composite as industrial waste material in buildings, about the
methods of the surface protection against corrosion of concrete and about the methods of the evaluation of protection layer on these materials.
In paper, materials also the domain of the personal investigations and the methodology are definite.
The research have comprised the compositions and the conditions for the formation of materials as industrial waste material. The physical and mechanical properties of
polymer sulphur composite as industrial waste material have been evaluated.
After the analyse of the initial results the optimum compositions have been chosen to the experimental research.
The experimental programme comprised: adhesion of the composite to the standard mortar and concrete, the loss of the composites or ordinary concrete in the acid
solutions, alkaline and salt solutions and in the water.
In paper the usefulness of polymer sulphur composite as industrial waste material to the surface protection against corrosion of the concrete have been evaluated.
Key words:
A. Polymer sulphur composite, B. Surface protection against corrosion, C. Concrete, D. Corrosion.
Introduction
The degradation of reinforced concrete may be caused by the corrosion of the reinforcing steel or the concrete or by the simultaneous corrosion of the reinforcing steel and
the concrete. The considerable porosity of concrete and cracks in or damage to the concrete cover contribute to the diffusion, absorption and adsorption of gases and to the
diffusion of the substances dissolved in the pore liquid deep into the concrete. All kinds of aggressive substances from the surrounding environment diffuse into the inside of
concrete and directly or indirectly cause the corrosion of the reinforcing steel, which usually ends in the loss of adhesion of the concrete to the steel, manifesting itself in the
fracturing, loosening and spalling of the concrete cover.
Surface protection of the reinforcing steel, in the form of a hermetic protective coating, considerably reduces or prevents the access of the surrounding gas or water
environment to the reinforcing steel. Various materials, e.g. polymer epoxy resins, inhibiting agents (inhibitors), noble metal admixtures, or cathodic protection are used for
this purpose.
It seems that such protection can be provided by coating rebars with a polymer sulphur composite as industrial waste material composed of a sulphuric binder, fillers and
proper additives. Even though sulphur binders show: resistance to many aggressive water solutions, low absorbability, surface hydrophobicity and quite high (tangent and
normal) adhesion to the surface of many materials (including metallic surfaces), they have not been used for this purpose before.
In order to demonstrate the suitability of sulphur polymer composite as industrial waste material for the surface protection of concrete steel experimental research was
carried out in the Institute of Building Engineering at Wrocław University of Technology. The research included: the experimental determination of sulphur polymer composite
composition and manufacturing conditions, tests of the compositeʼs selected physical, chemical and mechanical properties, tests of its tangent and normal adhesion to plain
and ribbed reinforcing bars and to standard cement mortar and concrete, the determination of the mass decrement resulting from storage in aqueous solutions of acids,
hydroxides and salts and in water and the polarization investigation of rebars subjected to tension in a solution modelling the pore liquid in carbonated concrete
contaminated with chlorine ions.
3871 | A HYPERELASTIC MODEL USING COROTATIONAL FORMULATION AND A FACET SHELL ELEMENT (31. Poster Session)
Belo, Ivan M. (ivanbelo@utfpr.edu.br), Federal Technological University of Paran? (UTFPR), Brazil
Manenti Jr., Silvio (vilsiothe91@gmail.com), Federal Technological University of Paran? (UTFPR), Brazil
The recent progresses in material engineering allowed the construction of lighter and thiner structural elements. In general, the decreasing in one dimension leads to slim
geometries, which have geometric nonlinearity behavior. Furthermore, the various materials used in the construction of them present nonlinear material behavior. So, it
becomes necessary to analyze this kind of components efficiently and quickly. The objective of this paper is to obtain the transversal displacements of a hyperelastic plate
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becomes necessary to analyze this kind of components efficiently and quickly. The objective of this paper is to obtain the transversal displacements of a hyperelastic plate
using a shell finite element based in the corotational formulation (CR). In order to validate the model proposed and its efficiency, the results are compared with lagrangian
formulation obtained by computational program ANSYS and others models proposed in the literature.
3899 | Advanced optical elements based on nanoporous diamond films for infrared spectroscopy (31. Poster Session)
Kozak, Halyna (kozak@fzu.cz), Institute of Physics ASCR, v.v.i., Czech Republic
Remes, Zdenek (remes@fzu.cz), Institute of Physics ASCR, v.v.i., Czech Republic
Babchenko, Oleg (babcenko@fzu.cz), Institute of Physics ASCR, v.v.i., Czech Republic
Kromka, Alexander (kromka@fzu.cz), Institute of Physics ASCR, v.v.i., Czech Republic
In this contribution, we report on the optical elements based on Au mirrors coated by thin nanocrystalline diamond (NCD) or nanoporous diamond (NPD) films with respect of
their potential applications in advanced grazing angle reflectance Fourier transform infrared (GAR-FTIR) spectroscopy. Both types of diamond films with thickness about 100
nm are grown from methane and carbon dioxide mixture diluted in hydrogen using the novel large area linear antenna pulsed microwave plasma process. The properties of
thin NCD and NPD films on Au mirrors are studied using SEM, TEM, Raman spectroscopy, photoluminescence spectroscopy and GAR-FTIR. SEM images reveal a
homogenous surface morphology for both film types, i.e. continuous thin film or porous layer. Similarly, Raman spectra for NCD and NPD films exhibit the diamond
characteristic peak centered at 1330 1/cm (sp3 hybridization). We show that GAR-FTIR using NPD films opens a possibility to record IR spectra with significantly improved
sensitivity and detect a very weak IR absorption related to the molecular monolayers of organic materials (proteins) grafted to the diamond surface. The GAR-FTIR studies
on NPD films are pointed out as a promising solution which can further improve the detection limit/sensitivity due to larger ratio of internal surface to volume.
This work was carried out in frame of the LNSM infrastructure and supported by the GACR projects P205/12/P331, P108/12/G108 and MSMT projects LH12186 and
LH12236.
3362 | Aging behaviour of AA6061/SiCp composites produced by KoBo method (31. Poster Session)
Jaroslaw Wozniak (j.wozniak@inmat.pw.edu.pl), Faculty of Materials Science and Engineering, Warsaw University of Technology, Poland
Kamil Broniszewski (k.broniszewski@inmat.pw.edu.pl), Faculty of Materials Science and Engineering, Warsaw University of Technology, Poland
Marek Kostecki (mkostecki@meil.pw.edu.pl), Faculty of Materials Science and Engineering, Warsaw University of Technology, Poland
W?odzimierz Bochniak (bow@agh.edu.pl), Faculty of Non-Ferrous Metals, AGH University of Science and Technology, Poland
Andrzej Olszyna (aolszyna@meil.pw.edu.pl), Faculty of Materials Science and Engineering, Warsaw University of Technology, Poland
The influence of thermal treatment parameters on mechanical properties of AA6061+x% vol. SiCp (x = 0; 2,5; 5; 7,5;10) composites was discussed in this paper. The
composites were consolidated via powder metallurgy processing using the unconventional method of extrusion (KoBo method). The averages size of AA6061 and SiC
particles were 10.6 µm and 0.42 µm, respectively. In order to establish the optimum parameters of the heat treatment two different temperatures of supersaturation were
applied. Additionally, the aging curves were determined at various aging temperatures such as 140, 160, 180 and 200oC. The effects of applied parameters were studied
using the Vickers hardness measurements. Moreover, microstructure observations with the use of an optical microscope and transmission electron microscope were
applied.
3368 | Alumina matrix composites - microstructure and properties (31. Poster Session)
Kamil BRONISZEWSKI (k.broniszewski@inmat.pw.edu.pl), Faculty of Materials Science and Engineering Warsaw University of Technology, Poland
Jaroslaw WOZNIAK (j.wozniak@inmat.pw.edu.pl), Faculty of Materials Science and Engineering Warsaw University of Technology, Poland
Marek KOSTECKI (mkostecki@meil.pw.edu.pl), Faculty of Materials Science and Engineering Warsaw University of Technology, Poland
Andrzej OLSZYNA (aolszyna@meil.pw.edu.pl), Faculty of Materials Science and Engineering Warsaw University of Technology, Poland
In this work Al2O3-x%wt.Mo and Al2O3-x%wt.V composites were produced by wet blending in attritor type mill and hot pressing in argon atmosphere. The basic mechanical
properties and microstructure of composites were examined. Homogeneity of molybdenum and vanadium particles in alumina matrix was defined.
Density, porosity and water absorbability of produced composites were measured using the Archimedes method. Phase analysis was carried out on Philips diffractometer.
Microstructure observations were carried out using scanning electron microscopy. Computer program NIS Elements was used to determine average metal particles size and
their homogeneity in alumina matrix. Vickerʼs test was used for hardness and fracture toughness measurements.
3745 | An experimental study of SiC addition to recycled aluminium alloy. (31. Poster Session)
Su?niak, Magdalena (susniak@agh.edu.pl), AGH- University of Science and Technology in Cracow, Poland
Karwan-Baczewska, Joanna (jokaba@agh.edu.pl), AGH- University of Science and Technology in Cracow, Poland
Dutkiewicz, Jan (j.dutkiewicz@imim.pl), Polish Academy of Science, Poland
The influence of SiC addition to the recycled AlSi5Cu2 aluminium alloy chips, compacted using vacuum hot pressing method was investigated. Composite materials
obtained using this method were prepared starting from ball milled aluminium alloy chips reinforced with 10, 15 and 20wt.% of SiC powder particles. Aluminium alloy chips
used as a starting material were milled with SiC powder in a high-energy planetary ball mill to receive a uniform distribution of reinforcement particles in the matrix and to
refine grain size of aluminium solid solution.
The mechanical alloying process was applied during 40 hours what gave already a uniform structure of powders and stabilization of hardness. The consolidation was
performed at temperature of 450°C and the uniaxial pressure of 600 MPa. The samples were kept at pressure and temperature for 10 minutes. The microstructure and
crystal structure of powders and consolidated samples was investigated using optical microscopy, SEM, TEM, X-ray analysis, while mechanical properties using Vickers
hardness and compression tests.
The addition of SiC particles has a positive effect on the mechanical properties of composite consolidated material due to hardening effect of SiC addition and due to a
decrease of aluminium solid solution grains during ball milling. Hot pressing of powders was proved to be an effective consolidation method to obtain a high density
AlSi5Cu2/SiC composites with homogeneous structure and a high mechanical properties.
2965 | Center particle swarm optimization of Al matrix reinforced with B4C particles (31. Poster Session)
Mohsen Ostad Shabani (m-ostadshabany@merc.ac.ir), material, Iran
Ali Mazahery (mazahery.mat.eng@gmail.com), material, Iran
In the present study, abrasive wear resistance and mechanical properties of A356 composite reinforced with B4C particulates were investigated. Center particle swarm
optimization algorithm (CenterPSO) is proposed to predict the optimal process conditions in fabrication of aluminum matrix composites. Unlike other ordinary particles, the
center particle has no explicit velocity, and is set to the center of the swarm at every iteration. Other aspects of the center particle are the same as that of the ordinary
particle, such as fitness evaluation and competition for the best particle of the swarm. Because the center of the swarm is a promising position, the center particle generally
gets good fitness value. More importantly, due to frequent appearance as the best particle of swarm, it often attracts other particles and guides the search direction of the
whole swarm.
3205 | Characterization of alumina reinforced with niobium carbide (31. Poster Session)
Acchar,W. (wacchar@gmail.com), Federal University of Rio Grande do Norte, Brazil
Cairo, Carlos A. (acchar@dfte.ufrn.br), CTA, Brazil
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This work investigated the effect of niobium carbide incorporation into alumina matrix. Alumina was mixed with a constant 30 wt. % of NbC carbide in a ball mill, uniaxially
hot-pressed at 1550 C and 30 MPa in an inert atmosphere and characterized. Strength measurements were carried out in three-point bending tests at a constant cross-head
speed of 0.3 mm/min. The identification of crystalline phases were carried out by X-ray diffraction. The density of sintered specimens was determined by Archimedes
method. Vicker's microhardness was evaluated using a Vickers indenter at a load varying from 30 to 70 N during 13 s. Microstructural analyses was carried out by SEM on
fracture surfaces.
Hot-pressed method has produced dense samples with high strength values. X-ray diffraction revealed the presence of alumina and the niobium carbide. No other crystalline
phases were founded.

3182 | Composite ZSM5/Alumina as heterogeneous catalysts for conversion of waste of Crude Glycerin (31. Poster Session)
Tapanes, Neyda O. (neydatapanes@uezo.rj.gov.br), State University of West Rio de Janeiro, Brazil
Perez, Rodolfo S. (rsalazar@eq.ufrj.br), Federal University of Rio de Janeiro, Brazil
Macedo, Maria I.F. (mariamacedo@uezo.rj.gov.br), State University of West Rio de Janeiro, Brazil
Aranda, Donato A.G. (donatoagaranda@eq.ufrj.br), Federal University of Rio de Janeiro, Brazil
Glycerol is the main byproduct from the production of biodiesel by transesterification of vegetable oils, and approximately 10% of total biodiesel production volume
corresponds to glycerol. Considering the large scale production of biodiesel, there is an excess of glycerin in the market. Thus, it is necessary to look for alternatives to solve
the problem of glycerol buildup, in order to avoid future environmental impacts and make biodiesel competitive in the growing market of biofuels. In this context, this studyʼs
objective is the development of an low cost and environmentally clean technology, which allows for the conversion of glycerin into a greater value product, preferably
compatible with biodiesel itself. The reaction of crude glycerin in a fixed bed of composite 20 wt% ZSM-5 and 80 wt% alumina under specific conditions of temperature and
pressure allow achieve high yields of fatty acids esters (superior of 50%), while reactorʼs effluents were fatty acids and esters, hydrocarbons, water and gases. The
characterization of the gaseous fraction showed the predominance of light hydrocarbons, especially methane, ethane, ethylene, propane and propylene. This fraction has a
high calorific value, and generates a bluish flame upon burning, which shows complete combustion with high efficiency. During the reaction the composite ZSM-5/Alumina
was evaluated, and determinated the activity, thermal behavior, and acidity, compared with pure ZSM-5.
3834 | Dielectric properties of ferroelectrics embedded into magnetic porous glass (31. Poster Session)
Rysiakiewicz-Pasek E. (Ewa.Rysiakiewicz-Pasek@pwr.wroc.pl), Institute of Physics, Wroclaw University of Technology, Poland
Cizman A. (Agnieszka.Cizman@pwr.wroc.pl), Institute of Physics, Wroclaw University of Technology, Poland
Lukaszewicz M. (Mikolaj.Lukaszewicz@pwr.wroc.pl), Institute of Physics, Wroclaw University of Technology, Poland
Poprawski R. (Ryszard.Poprawski@pwr.wroc.pl), Institute of Physics, Wroclaw University of Technology, Poland
Antropova T. (antr2@yandex.ru), Grebenshchikov Institute of Silicate Chemistry, Russian Academy of Sciences, Russian Federation
Pshenko O. (zubanova_OA@mail.ru), Grebenshchikov Institute of Silicate Chemistry, Russian Academy of Sciences, Russian Federation
Recently, many studies have been carried out on the physical properties of ferroelectrics in confined geometry. Nano-ferroelectrics have important practical applications and
are the objects exhibiting physical properties different from their bulk counterparts. There are different methods of preparation of confined materials. One of the simple ways
to obtained nano-sized ferroelectrics is introducing them into the porous glass matrices. It was shown that pore dimensions affect the physical properties for the ferroelectric
materials embedded into porous glasses.
This work is devoted to study of dielectric properties of TGS embedded into porous matrix containing ferromagnetic particles- new nanocomposite material with two
separated but subsystems magnetic and ferroelectric (multiferroic). Understanding the ferroelectric phenomena in multiferroics is important aspect for both science and
technology. The ferroelectrics were introduced into porous glasses with different size of pores from the melt and a water solutions. The relation between phase transition
temperatures versus mean values of pore dimensions was determined. Experimentally observed the shift of phase transition temperatures is the superposition of the size
effect and pressure effect created by the difference of thermal expansion coefficients of ferroelectrics nanoparticles and glass matrix.
3845 | Different configurations for the Embedding of fiber optic sensors (31. Poster Session)
Gutierrez, Nicolas (ferreira@fe.up.pt), FADA-CATEC, Spain
Fernandez, Rosario (ferreira@fe.up.pt), FADA-CATEC, Spain
Gonzalez, Sergio (ferreira@fe.up.pt), FADA-CATEC, Spain
Lasagni, Fernando (ferreira@fe.up.pt), FADA-CATEC, Spain
One of the future topics in aeronautics is to promote current Structural Health Monitoring developments from low TRL levels into industrialization. Studies on SHM have been
growing fast and deep over last years. One of the most promising techniques on this field is related with registering and studying strains on structures by means of fiber
optics sensors. They can be embedded and allow the recording of strains during the whole live of the aero-structure, making possible in future, damage recognition and life
estimation.
For these reasons, embedding processes of optical fibers requires of further investigations. This paper shows some manufacturing techniques and key rules improving the
embedding of fiber optic sensors. Different setups based on adhesive, embedded or combined methods are detailed.
3465 | DIMENSIONAL STABILITY, MECHANICAL, THERMAL AND MORPHOLOGICAL PROPERTIES OF COMPOSITES FROM PE-HD AND SUNFLOWER HUSK (31.
Poster Session)
Kamila Salasinska (ksalasinska@meil.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Joanna Ryszkowska (jrysz@meil.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
The purpose of this work was to obtain inexpensive natural fibre composites (NFC) from PE-HD foil and finely ground sunflower husk (Helianthus L., Specimen), possessing
functional values for use in furniture and construction industries as well as in gardening architecture. The composites were prepared from waste materials with no auxiliary
additives used. With the use of a rolling-mixer set three mixtures were produced with a filler share amounting to 7, 17 and 32% mass, from which dumbbell-shaped samples
were formed via injection process. The produced materials were analysed for their physical properties (density, moisture content), mechanical properties (impact strength,
hardness, tensile strength, Youngʼs modulus, DMA) and resistance to environ-mental factors (swelling and water absorption, TGA). The particle size distribution and
chemical content of the filler as well as morphological properties of the composites (SEM) were also in-vestigated. The manufactured NFC are distinguished by low density
and moisture content and the acceptable low ability to absorb it. The filler applied increases the hardness, stiffness and tensile strength of the composites and even impact
strength as in the case of mixtures with the lowest share of sunflower husk.
3784 | Effect of composition and temperature on electric Behavior of Epoxy/Graphite Composite Reinforced with Carbon Fiber (31. Poster Session)
Martins, Silvana de A. (silvmartins10@gmail.com), UEZO, Brazil
Reis, João M. L (jreis@id.uff.br), UFF, Brazil
Costa Mattos, Heraldo S. (heraldo@mec.uff.br), UFF, Brazil
Queiroz, Lucas (lucasqueiroz123@gmail.com), UFF, Brazil
The wide use of polymeric materials requires a greater understanding of their characteristics. It is necessary to know the behaviour of these materials when subjected in their
use conditions. These materials have attractive combination of properties, it can replace with lower cost and greater efficiency, metallic components. One of the many
examples in which the using of polymer is of prime importance is in Industrial applications, mainly in automobile industries. For instance, bipolar plates, for polymer
electrolyte fuel cell, in automobile applications, where there is need for materials with good thermal properties such as good resistance in temperature higher than room
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electrolyte fuel cell, in automobile applications, where there is need for materials with good thermal properties such as good resistance in temperature higher than room
temperature. Such composites combine low cost, reasonable conductivity, processability and good mechanical strength, beyond the reduction in weight of the component,
since in general they can be much lighter than the metals. One of the most promising applications of such kind of composite is in fuel cells. In this work, epoxy/graphite
composite reinforced with fiber carbon was investigated. The influence of the addition of powder graphite and carbon fibers on the electric behaviour of the composite and
the influence of high temperature were analyzed. Conductivity tests have demonstrated that graphite powder addition and carbon fibers and the temperature increase
modifies the electrical behaviour of the material.
3016 | Energy absorption and failure response of flax/epoxy composite tubes (31. Poster Session)
Yan, Libo (lyan118@aucklanduni.ac.nz), University of Auckland, New Zealand
Chouw, Nawawi (n.chow@auckland.ac.nz), University of Auckland, New Zealand
This paper focuses on natural flax/epoxy composite tubes energy absorption and failure response. The specimens tested under uniaxial compression include three inner
diameters, three numbers of laminate layers and three length-to-diameter ratios. This research investigates the influence of the tube thickness, tube diameter and length on
the compressive response and also failure mode of the tested tubes are analysed. Test results indicate that flax fibre reinforced epoxy composite tube has the potential to be
used as energy absorber.
3351 | Enhancement in dielectric and electro-optical properties of liquid crystal: Gamma ray effect (31. Poster Session)
Dixit, Sudhaker (sudhaker_dixit@yahoo.co.in), Lucknow University, India
Tripathi, Prachi (prachi_tripathi2007@gmail.com), Lucknow University, India
Manohar, Rajiv (sudhaker.dixit@gmail.com), Lucknow University, India
In the present paper dielectric as well as electro optical parameters have been investigated for unirradiated 4-Cyano-4'-pentylbiphenyl along with sample irradiated by
gamma, as the function of temperature and voltage in their nematic phase. Here the compound exhibited a strong positive dielectric anisotropy due to the presence of a
large dipole moment along with the major molecular axis. The dielectric anisotropy decreases by gamma irradiation has been discussed. In addition some of the electrooptical parameters such as rotational viscosity, response time has also been reported. The response time for the gamma irradiated sample has been decreased as
compared with unirradiated sample.
3759 | Experimental Study on Improving Fire Resistance Performance of the High Strength Concrete Column Under the Loading Condition at High Temperature
(31. Poster Session)
Kim,Heung Youl (hykim@kict.re.kr), Korea Institute of Construction Technology, Korea, South
Kim, Hyung Jun (kimfestival@kict.re.kr), Korea Institute of Construction Technology, Korea, South
Park, Kyung Hoon (khpark@kict.re.kr), Korea Institute of Construction Technology, Korea, South
In this study, we have analyzed the fire-proofing performance of the column method through spiral joining method by using wire rope with high ductility that can improve the
lateral confinement of the main reinforcement and conducted a study to draw the measures of fire resistance performance of the high strength concrete columns by applying
the fiber cocktail method for preventing spalling simultaneously.
The experimental variables have been selected with verifying strength(60MPa•100MPa) of the high strength concrete, existence of main reinforcement's lateral confinement,
and fire-proofing performance of the method applied fiber cocktail with main reinforcement's lateral confinement.
With the result of evaluating the fire-proofing performance of the columns in accordance with KS(Korean Standard Code) 2257-1, the general columns have been evaluated
as 146 minutes in 60MPa strength, but, for columns with laterally confined wire-rope, the fire-proofing performance for 180 minutes has been drawn. Although the fireproofing performance of the general columns for 43 minutes has been evaluated in 100MPa strength, the columns with laterally confined wire rope has been evaluated as 69
minutes.
It was shown that the fire-proofing performance could be secured for 180 minutes, in case of the columns applied wire rope and hybrid at the same time.
3623 | Fabrication of AZ31/B4C composite alloys using friction stir welding and its mechanical properties (31. Poster Session)
Byung-Wook Ahn (wordup1@skku.edu), 1School of Advanced Materials Science and Engineering, Sungkyunkwan University, Korea, South
Don-Hyun Choi (cdh0326@skku.edu), 1School of Advanced Materials Science and Engineering, Sungkyunkwan University, Korea, South
Seung-Boo Jung (sbjung@skku.edu), 1School of Advanced Materials Science and Engineering, Sungkyunkwan University, Korea, South
Friction stir welding (FSW) is a novel joining process without melting of the base metal. This process was invented in 1991 by The Welding Institute (TWI) in United
Kingdom. After the rotating welding tool is plunged into workpieces, frictional heat which is generated by welding tool and workpieces cause the materials to soften without
melting. And then, the tool is moved along the joint line to finish the welding process. Al alloys, Mg alloys and Cu alloys successfully joined using FSW process. In this paper,
composite of Mg alloy (AZ31) with B4C particles was produced by FSW and then investigate the relationship between SiC particles distribution in the joint and mechanical
properties. The distribution of the B4C particles was observed by scanning electron microscope (SEM). In order to evaluate mechanical properties of the joint, the hardness
test was carried out. The Vickers hardness profiles of the welds were measured along the cross section of the weld zone using a load of 200gf load and a dwell time of 15s.
3911 | FE Analysis on the Composite Action of Hollowed Precast Concrete Column with Grouted Concrete Column with Grouted Concrete (31. Poster Session)
Seo, Soo-yeon (syseo@ut.ac.kr), Korea National University of Transportation, Korea, South
Kim, Kang-soo (kangkim@uos.ac.kr), University of Seoul, Korea, South
In construction of building, recently, a concern for using hollowed precast concrete column has been being increased because of its advantages during site work. By using
the columns, it is possible to reduce the load for lifting the columns during the construction as well as improve the fulfillment of grout concrete in joints between PC elements.
However, research is required for its practical using since there are still ambiguous matters, especially, the composite action between PC column and grouted concrete in
the hollow and the load transmission from beam to column during and after construction. This paper presents a finite element (FE) analysis result with parameter of hollow
size and composite property between PC and grouted concrete to find the stress distribution of hollowed PC column during construction as well as after construction.
As an analysis result, the wider the hollow size is, the less local compressive strength is both during and after construction. Also, it was found that the axial deformation of
grouted concrete was more serious than PC column; this may cause unstable load transmission between columns in building.
3461 | Fracture simulation of short fibre reinforced material using the discrete element method (31. Poster Session)
Herrmann, Heiko (hh@cens.ioc.ee), Centre for Nonlinear Studies, Institute of Cybernetics at Tallinn University of Technology, Estonia
Berg, Viktoria (viktoriaberg@student.uni-kassel.de), Dept. of Mathematics, University of Kassel, Germany
While short fibre reinforced materials are widely used, the fracture process is in many cases still a topic for research. In this presentation, the focus is on the simulation of the
fracture of short steel fibre reinforced concrete (SFRC), which exhibits a brittle behavior, although the failure is more gradual due to the added fibres. The fracture
simulations are performed using the discrete element method (DEM), which is a poweful method for the simulation of fracture processes and also for granular media. Results
for tension and symmetric as well as asymmetric bending simulations with different fibre distributions are presented. These results demonstrate the necessity to control the
manufacturing process, in order to obtain beneficial fibre distributions.
4091 | Graphene-based Thermoplastic Masterbatches for Conventional & Additive Manufacturing Processes (31. Poster Session)
Frias, Clara M. (clara.frias@netcomposites.com), NetComposites , United Kingdom
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Hargreaves, Ben L. (ben.hargreaves@netcomposites.com), NetComposites , United Kingdom
Galindo, Bego?a G. (bgalindo@aimplas.es), AIMPLAS , Spain
Bonacchi, Daniele (d.bonacchi@ch.timcal.com), TIMCAL, Switzerland
Gomez, Julio (julio@avanzare.es), Avanzare , Spain
Fern, Gordon (gordon.fern@iom-world.org), IOM , United Kingdom
The aims of the NanoMaster project are to reduce the amount of plastic used to make a component by 50% and hence reduce component weight by 50%, at the same time
as imparting electrical and thermal functionality. This will be achieved by developing the next generation of graphene-reinforced nano-intermediate that can be used in
existing high-throughput plastic component production processes.
Graphene reinforced polymers have been demonstrated at lab scale in both Europe and the USA, and it has been shown that very low loadings of graphene can have a
dramatic impact on the mechanical and physical properties of the polymers it is added to. However, industrial compounding processes have only so far been developed in
the United States, where Ovation Polymers are already offering graphene thermoplastic masterbatches and compounds based on graphene from XG Sciences.
The concept for this project is to develop the knowledge-based processing methods required to up-scale the production of graphene and expanded graphite reinforced
thermoplastic masterbatches and compounds and, ultimately, enable its industrial commercialisation in Europe. The work will focus on developing processes for large scale
rapid production of graphene reinforced plastic intermediate materials which can be integrated into current conventional and additive manufacturing processes.
Successful development of these materials and processes will have a significant effect on the amount of polymer that needs to be use.
3912 | Group Effect in Pullout Strength of FRP Plates Mounted in Near Surface of Concrete (31. Poster Session)
Seo, Soo-yeon (syseo@ut.ac.kr), Korea National University of Transportation, Korea, South
Feo, Luciano (l.feo@unisa.it), University of Salerno, Italy
Recently, experimental and analytical researches have been performed in order to find interface failure between FRP plate and concrete in near surface-mounted (NSM)
retrofit using FRP plate. As a result, it was found that the bond strength between concrete and NSM FRP plate had a close relationship with shape of FRP, concrete
compressive strength and bond length. However, research need is increasing about another factors such as suitable space of FRP plate and group effect. In this study,
therefore, a bond test was performed with aforementioned factors and compared with a previous equation to verify its suitability for predicting bond strength of NSM FRP
plate.
From the test, it was found that the bond strength increased according to the increase of space of NSM FRP plates even if its bond length was same. The splitting failure of
concrete governed when space of FRPs was too narrow and it changed to FRP's tensile failure with increase of the space. From the evaluation of test specimens using
previous equation, it was found that the bond strength could be predicted properly with consideration of group effect.
3350 | Influence in dielectric properties caused by molecular topology for unusual shaped dimeric liquid crystals (31. Poster Session)
Tripathi, Prachi (prachi_tripathi2007@rediffmail.com), Lucknow University, India
Dixit, Sudhaker (sudhaker_dixit@yahoo.co.in), Lucknow University, India
Manohar, Rajiv (sudhaker.dixit@gmail.com), Lucknow University, India
The present paper reports the comparative dielectric spectroscopy for two unusual, lambda and H-shaped liquid crystals dimmers. The observations suggest that relaxation
mode follows Cole- Cole theory. Various dielectric parameters such as relaxation frequency, dielectric permittivity, etc. evaluated with the help of Cole-Cole plot. The
observed dielectric permittivity and relaxation frequency for both unusual dimeric liquid crystal increases with increase in temperature, suggest that the rotation of side chain
in the molecule and inter -layer permeation of tails producing a correlation between cores in adjacent layers and many other. Also a strong theoretical background has been
given from application point of view that how to minimize two major liquid crystal defects viz. twist and splay defects using these molecular geometry.
3473 | Influence of carbon nanotubes on thermal properties of polyurethane foam (31. Poster Session)
Ciecierska, Ewelina (eciecierska@meil.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Jurczyk-Kowalska, Magdalena (mjurczyk@meil.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Bazarnik, Piotr (bazarnik123@gmail.com), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Lewandowska, Malgorzata (malew@inmat.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Kowalski, Maciej (maciejk@taps.com.pl), S.Z.T.K. TAPS - Maciej Kowalski, Poland
Krauze, Slawomir (krauze@taps.com.pl), S.Z.T.K. TAPS - Maciej Kowalski, Poland
Carbon nanotubes exhibit low density, high mechanical properties, as well as high thermal and electrical conductivity. They also are resistant to high temperature. On the
other hand, polyurethane posses many valuable features, which made them attractive for many applications, e.g. in motorization industry, as insulating materials etc.
Unfortunately, these polymers are highly flammable. During their decomposition, toxic gases such as carbon oxide, carbon dioxide and hydrogen cyanide are emitted to
environment. The fire resistant can be significantly improved by the addition of nanofillers. However, nano-size fillers have tendency to agglomerate due to high surface area
and van der Waals forces, which is the main technological problem.
The aim of this work was to improve fire resistance of polyurethane foam and reduce exhausts via appropriate uniform distribution of carbon nanotubes.
Multi wall carbon nanotubes supplied by Nanocyl and Polyurethane supplied by BASF were used. Their uniform distribution in polyurethane matrix was obtained by three roll
milling. For dispersion control SEM observations was carrying out. Thermal properties were measured by TGA, TGA-IR and DSC, activation energy of degradation process
was also calculated.
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”.
3467 | INFLUENCE OF THE CONTENT OF CELLULOSE ON UREAURETHANES PROPERTIES (31. Poster Session)
Pietrzak Kamila (kpietrzak@inmat.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Ryszkowska Joanna (jrysz@meil.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Ureaurethanes are characterized by very good usability and technological properties such as low wear, high mechanical strength, good damping properties and high
resistance to aggressive water environment. Different fillers are used for the purpose of modification of ureaurethanes in respect of the required properties. At the moment
natural fiber-based fillers are commonly used due to their low cost.
The purpose of the studies was to produce composites in a one-stage process with the addition of natural fibres of cellulose in different amounts.
Matrix of these materials was prepared using ureaurethanes such as poly(ethylene adipate), diisocyanate and dicyandiamide as extending means. Synthesis parameters
were developed within the framework of the research at the Technical University of Warsaw.
Tests like: density, hardness, resilience, wear resistance, thermal analysis TGA, differential scanning calorimetry DSC, dynamic-mechanical thermal analysis DMA, SEM
observations and static stretching were carried out.
The addition of cellulose fibers to ureaurethanes changed their structure, which is shown in the photos of SEM microscope. Properties of obtained composites are changing
together with the quantity of the applied filler. This is probably the result of the reaction between OH groups from the cellulose surface and the isocyanate groups.
3882 | Interaction on the Ceramic / Metal Interfaces of the 1D Ti/SiC/C Composites (31. Poster Session)
Sanguinetti Ferreira, R. A (ras@ufpe.br), Universidade Federal de Pernambuco, Brazil
Prasad Yadava; Y. (yadava@ufpe.br), Universidade Federal de Pernambuco, Brazil
Quenisset, J.M (quenisset@orage.fr), Institut de Chimie et de la Mati?re Condens?e de Bordeaux , France
The physico-chemical interactions on the ceramic / metal interface has been the greater problem for fabrication of the TMC composites reinforced with continuous SiC
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The physico-chemical interactions on the ceramic / metal interface has been the greater problem for fabrication of the TMC composites reinforced with continuous SiC
filaments. TMC composites processed by Continuous Binder-Powder Coating present simultaneously good matrix densification and weak interaction between matrix and
fibers. In this processing, silicon carbide fibers (SM 1140+) were continuously coated by a mixing of polymer binder and titanium powder. For matrix consolidation, the
coated fibers in this WC-tooling were placed inside a HF furnace under secondary vacuum (10-5 Torr at least). Results showed that if a hot pressing up to 150 MPa was
applied at temperatures higher than 800°C, a strong chemical reaction was produced on the Ti/SiC/C interface. However, if a hot pressing up to 150 MPa was applied at
800°C, a good matrix consolidation was produced while the chemical reactions zones, presented between SiC/C reinforcement and matrix, are limited to a few nanometers
of the interface.
3119 | Manufacturing of an industrial fan blade made of GFRP laminate by vacuum resin infusion (31. Poster Session)
Koziol, Mateusz (Mateusz.Koziol@polsl.pl), Central Mining Institute, Poland
Marek, Anzelina (), Central Mining Institute, Poland
Rydarowski, Henryk (h.rydarowski@gig.katowice.pl), Central Mining Institute, Poland
The study reports the manufacturing sequence of a 1-meter long industrial fan blades made of GFRP laminate. The manufacturing process was realized by vacuum infusion
method in laboratory conditions. The main assumption of the study was to process the blade as the entire element (“one shot” processing), without gluing of two half-shells.
The structure of the preform has been designed within the frame of earlier studies, in accordance to the functional and mechanical demands.
In the first stage of the study laminate panels were produced by vacuum infusion – they were made on the same preform structure as final product (the blade). During the
process a saturation rate was measured. On a base of the obtained results a permeability of the preform was determined with use of PAM-RTM software. Next to it,
numerical model of the blade was made, based on the technical documentation. The model was entered into the PAM-RTM and – using previously determined permeability
– the vents and inlets location on a surface of the preform was optimized in order to approve a proper spread of the resin during the infusion process. The numerical model
and the obtained holes location were used to design and produce the 3-part GFRP composite mould. The separate mould was produced for the foam-cores which are
necessary for the “one-shot” process. The cores were produced from 2-component PUR.
The last stage of the study was production of several blades and the initial analysis of their quality – surface inspection, simple loading tests. The analysis showed very good
behavior of the blades. Especially important advantage, in comparison to the “classic” (glued of two half-shells) ones, was a lack of the cracks and deformations at the side
edges - even at relatively high deflection.
3827 | MECHANICAL PROPERTIES OF SOLID STATE SELF-HEALING RESIN FOR COMPOSITES (31. Poster Session)
Grainger, Richard V. (r.v.grainger@sheffield.ac.uk), University of Sheffield, United Kingdom
Hayes, S.A. (s.a.hayes@sheffield.ac.uk), University of Sheffield, United Kingdom
Jones, F.R. (f.r.jones@sheffield.ac.uk), University of Sheffield, United Kingdom
The benefits of moving from metallic systems to composites in the aerospace sector are well reported and understood: extremely high specific strength, stiffness and
excellent chemical characteristics are some of the most important properties that composites can offer. However these materials do suffer from a lack of damage tolerance.
Energy from low impact damage is dissipated within the structure in the form of delamination and microcracks which can severely damage the structural integrity of the
component while being extremely difficult to detect. To address this problem, self-healing resins have been developed to enable repair of the barely visible impact damage,
and low energy impact damage in composites by an in-situ heat treatment.
The solid state self-healing method has been optimised in this study in terms of manufacturing parameters, and this study aims to report on the latest mechanical properties
of the system, including further development of the chemistry to improve handling characteristics of the resin.
Standard mechanical tests were carried out on SH resin systems to determine the effect on mechanical properties of the base bisphenol-a epoxy resin with the addition of
the self-healing agent. Themo-physical properties and morphological investigation were used in parallel to assess the influence of different phases on the bulk materials
properties.
3612 | Mechanical properties of wood-based composites reinforced by glass and flax fibers (31. Poster Session)
Jurczyk-Kowalska, Magdalena (mjurczyk@meil.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Kowalski, Maciej (maciejk@taps.com.pl), S.Z.T.K. TAPS - Maciej Kowalski , Poland
Krauze, Slawomir (krauze@taps.com.pl), S.Z.T.K. TAPS - Maciej Kowalski , Poland
Siwek, Marcin (sr71@wp.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Brynk, Tomasz (tbrynk@inmat.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Plywood (Veneer-based material) is used for many applications due to its strength, stability and tolerance to changes in temperature and moisture. In addition, wood-based
composites are in the group of environmentally friendly materials. The aim of this study was to determine mechanical properties of newly developed of plywood materials
and theirs combination with a fiber textiles and metals films. This study evaluates the influence of: type of resin, veneers arrangement and also apply fiber textile and films on
modulus of elasticity, bending strength, deflections of wood based composites. Basing on strength properties of each particular layer finite elements calculations will carried
out, using different criteria of fracture. This calculations will a basis for plywood composite modification and future theoretical modeling.
This research was co-financed by the National Center for Research and Development within the frame of Applied Research Programme (PBS1/B6/0/2012)
3847 | Monitoring of Curing in CFRP by means of embedded Fiber Optic Sensors (31. Poster Session)
Gutierrez, Nicolas (ferreira@fe.up.pt), FADA-CATEC, Spain
Fernandez, Rosario (ferreira@fe.up.pt), FADA-CATEC, Spain
Gonzalez, Sergio (ferreira@fe.up.pt), FADA-CATEC, Spain
Lasagni, Fernando (ferreira@fe.up.pt), FADA-CATEC, Spain
Polymer Matrix Composites (PMCs) are well known for improving structure performance and weight reduction. Due to the current massive application of PMCs in aerospace,
complex designs are more and more employed for the manufacturing of structural parts. This results in complex manufacturing processes, where problems such as
springback and structural distortion are not always easily detected.
Structural Health Monitoring (SHM) techniques based on embedded fiber optics sensors can be applied for the monitoring of both strains and temperatures during
manufacturing process, resulting in high valued components. Residual stresses and undesired change in shape can be controlled, located and taken into account before part
assembly. The present work aims to explain the key features detected on strain and temperatures records during the manufacturing of composite structures. Examples on
several test samples and data processing methods are discussed.
3843 | New developments by rapid manufacturing for ultrasonics inspections of CFRP radii (31. Poster Session)
Santamaria, Maria de la Luz (ferreira@fe.up.pt), Center for Advanced Aerospace Technologies (FADA-CATEC), Spain
Tudela, Santos (ferreira@fe.up.pt), Center for Advanced Aerospace Technologies (FADA-CATEC), Spain
Perinan, Antonio (ferreira@fe.up.pt), Center for Advanced Aerospace Technologies (FADA-CATEC), Spain
Lasagni, Fernando A. (ferreira@fe.up.pt), Center for Advanced Aerospace Technologies (FADA-CATEC), Spain
Ultrasonics is a technique widely used for qualification of CFRP (Carbon Fiber Reinforced Polymer) parts in the aeronautic industry. Phased Array (PA) technique uses multielements point-source transducers which generate a front-wave acoustic beam. The resulting wave can be guided at different angles and focused. For radii inspections the
probe must be precisely positioned, with probe and part center at the same point. Furthermore, it is a main requirement that the wedge angle equals to part maximum corner
angle. Rapid Manufacturing allows the fabrication of ad-hoc solutions for sophisticated UT wedges to be implemented in complex geometries.
In this work, different wedge and auxiliary elements designs are developed by rapid manufacturing for ultrasonic radii inspections. Omega stiffeners radii located between
the web and the flanges are inspected by conventional ultrasonic technique using an adapted angle wedge. The last one incorporates the probe, encoder and coupling
system. For radii placed between the flanges and the omega foots, a phased array UT inspection is carried out by curve probe with the wedge and auxiliary part for
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system. For radii placed between the flanges and the omega foots, a phased array UT inspection is carried out by curve probe with the wedge and auxiliary part for
positioning in radii from 90 to 140°. Results of UT inspection in several test samples, including the effects of probe positioning over the radius, are presented as well.
3472 | NOVEL PACKAGING MATERIALS CONSISTING ON FILM CONTAINING COLLOIDS LOADED WITH NUTRACEUTICALS (31. Poster Session)
Foti. Dora (d.foti@poliba.it), Polytechnc of Bari, Italy
Paparella, Francesco (f.paparella@poliba.it), Polytechnic of Bari, Italy
Aresta, Antonella (antonellamaria.aresta@uniba.it), University of Bari, Italy
Calvano, Cosima Damiana (cosimadamiana.calvano@uniba.it), University of Bari, Italy
De Giglio, Elvira (degiglio.elvira@uniba.it), University of Bari, Italy
Trapani, Adriana (adriana.trapani@uniba.it), University of Bari, Italy
Zambonin, Carlo (zambonin.carlo@uniba.it), University of Bari, Italy
Along with increased market demands on nutritionally fortified foods, edible coatings and films containing high concentration of nutraceuticals would provide alternative ways
to fortify foods that otherwise cannot be accomplished with common processing approaches. Moving from this background, the aim of the present research is to design and
evaluate nanostructures containing vitamins capable to be incorporated inside food approved packaging materials for a better food storage. In fact, such modified plastics
could be useful to prolong food shelf life. Vitamin C and E were selected to be nanoincorporated in chitosan nanoparticles and the resulting NPs were characterized in vitro
concerning the main physicochemical properties.
The film packaging improved with the nanostructures has been mechanical tested to traction in order to determine the value of the maximum tensile stress when the
detachment of the nanostructures appears. Adherence tests of the film in contact with different elements (simulating the food) have been performed to better characterize
the improved packaging and the limit stresses acceptable before it loses the increased storage capacities.
The aim is to keep the quality and characteristics of the packed food unchanged for a period longer than usual without affecting the freshness and taste of the food.
3818 | NUMERICAL EVALUATION OF STRENGH IN THE INTERFACE DURING INDENTATION SPHERICAL TESTING IN THIN FILMS (31. Poster Session)
Dias, Avelino M. S. (avelino.dias@ct.ufrn.br), UFRN, Brazil
Ara?jo, Rodrigo (rodrigo.araujo@valefert.com), UFSJ, Brazil
Christ?foro, Andr? L. (alchristoforo@gmail.com), UFSJ, Brazil
The demand for components more resistant to wear and corrosion has promoted a growing interest in the surface engineering that develops processes to improve the
tribological properties of materials. The use of ceramic coating has been an option used to improve the surface of mechanical properties. However, it is necessary to use
tests to evaluate the mechanical behaviour of the film and its interface with the substrate, which requires sophisticated equipment and consequently expensive cost. The use
of numerical analysis to solve many technological problems has been increasingly frequent and current. This paper proposes to use the FEM to simulate the indentation test
with spherical indenters in conjugated compounds of metal substrate and ceramic film with different thicknesses, using commercial software. The goal of this study was to
evaluate the behaviour of the stress field in the region of contact of indenter and the contour with the interface between film and substrate.
3817 | NUMERICAL-EXPERIMENTAL METHODOLOGY FOR EVALUATION THE THICKNESS OF TiN FILM OBTAINED BY PVD (31. Poster Session)
Lib?rio, Maxwell S. (maxwellprog@hotmail.com), UFRN, Brazil
Dias, Avelino M. S. (avelino.dias@ct.ufrn.br), UFRN, Brazil
Alves, Clodomiro Jr (clodomiro.jr@hotmail.com), UFRN, Brazil
In this work, a combination of numerical simulation of Vickers hardness test, using the finite element method (FEM) with the experimental analysis of this essay was applied.
The aim was to propose a new methodology for determining the mechanical properties of a system composed of a film of Titanium Nitride (TiN), obtained by processing the
plasma deposited on a substrate of titanium (Ti). The Vickers indentation testing was modeled using the symmetry of the problem, considering the indenter as rigid and the
sample as a discrete deformable material with three-dimensional elements. The mechanical properties used in numerical analysis, for example, the modulus of elasticity, the
Poisson's ratio and the yield limit were obtained experimentally and by literature. The hardness numerical results were compared with the experimental data. Then, it was
proposed a methodology numerical-experimental for evaluation of the film thickness.
3804 | ORGANIC ?INORGANIC HYBRID MATERIALS DOPED WITH (Sm3+, Tb3+, Lu3+) RARE EARTH AND LITHIUM IONS (31. Poster Session)
Zelazowska, Elzbieta D. (e.zelazowska@icimb.pl), Institute of Ceramics and Building Materials ?Division of Glass and Building Materials in Cracow , Poland
Rysiakiewicz-Pasek, Ewa (Ewa.Rysiakiewicz-Pasek@pwr.wroc.pl), Institute of Physics, Wroclaw University of Technology, Poland
Borczuch-Laczka, Maria (mlaczka@poczta.fm), Faculty of Materials Science and Ceramics, AGH University of Science and Technology, Poland
Pichniarczyk, Pawl (), Institute of Ceramics and Building Materials ?Division of Glass and Building Materials in Cracow , Poland
Silica-based organic-inorganic hybrid materials doped with terbium, europium (Sm3+, Tb3+, Lu3+) rare earth and lithium ions have been produced by sol-gel method.
Tetraethyl orthosilicate (TEOS), net-polyacrylic-net-polysiloxane, ethyl methacrylate, ethyl acetoacetate, SmCl3•6 H2O and TbCl3•6 H2O, LuCl3•6 H2O, LiClO4 were used
as precursors and dopants, respectively. The materials obtained (ca 40 % of organic parts) were aged at room temperature for at least three weeks and dried at temperature
of 105°C. Scanning electron microscopy equipped with energy dispersive X-ray spectroscopy (SEM/EDS, X-ray diffraction (XRD), Fourier transform infrared spectroscopy
(FTIR, KBr technique), 29Si MAS Magnetic Nuclear Resonance were used for morphology, composition and structure investigation. The excitation and emission
luminescence spectra were recorded at room temperature, using fluorescence spectrometer equipped with a pulsed xenon lamp as an excitation source. An influence of the
organic additives on the host material microstructure and luminescence properties of the hybrid materials obtained was analyzed.
3442 | Oxidative ageing of natural rubber: AFM investigations (31. Poster Session)
Berlioz, Sophie (sophie.berlioz@univ-tln.fr), MAPIEM, France
Smith, Meryll (meryll.smith@univ-tln.fr), MAPIEM, France
Chailan, Jean-Fran?ois (chailan@univ-tln.fr), MAPIEM, France
Thanks to their high tensile strengths and excellent dynamic properties, natural rubber compounds are commonly used in a variety of technical applications, satellites in
particular. The rubber should fulfill the space technology requirements during all the lifetime of the satellite (5 years of storage at ground and 10 in space). However, some
properties such as static mechanical properties and damping capacity could be hugely modified during the lifetime of the material. The objective of this work is to investigate
the accelerated ageing of natural rubber filled with carbon black particles on a laboratory scale in order to predict the material behavior during its lifetime. Thermal ageing at
70°C under air was investigated. The static mechanical properties, such as the tensile strengths were greatly increased during oxidative ageing. The dynamic mechanical
properties, as the storage modulus and the tan delta peak, were also deeply modified. Then the oxidationʼs effect on the mechanical properties was studied by AFM. Force
measurements showed that the elastic modulus of the aged rubbers was strongly increased during ageing. Moreover, the surface modulus of the aged samples was found to
be higher than their bulk modulus. These results could be explained by the formation of a highly oxidized thin layer at the material surface during ageing. The evolution of the
modulus of this layer with ageing was estimated thanks to AFM measurements and correlated with DMA results.
3464 | Phosphorous-based fillers as a method of modification of flexible polyurethane foams (31. Poster Session)
Wolska, Anna (awolska@inmat.pw.edu.pl), Warsaw University of Technology Faculty of Materials Science and Engineering, Poland
Ryszkowska, Joanna (jrysz@meil.pw.edu.pl), Warsaw University of Technology Faculty of Materials Science and Engineering, Poland
Flexible polyurethane foams (FPFs) are polyurethanes that have many applications in daily life. The main problem related to the usage of FPFs is their high flammability
caused by low density, porosity, open-cell structure and other physical properties of FPFs, which depend on the components used in production of FPFs . A very popular
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caused by low density, porosity, open-cell structure and other physical properties of FPFs, which depend on the components used in production of FPFs . A very popular
method of improving fire resistance of FPFs is the addition of fillers acting as flame retardants. However, the addition of each filler into FPFs influences physical and
mechanical properties of the final material. The main purpose of this research was to assess a possibility of reducing flammability of FPFs, modified by phosphorous-based
fillers, while maintaining physical and mechanical properties of FPFs. Phosphorous fillers used in this work were Fyrol PNX (ICL Industrial Products) and Exolit RP6520
(Clariant). These additives are commonly available to improve fire resistance of polymer materials. The characterization of the foams was carried out using TGA and DMA.
Also, density, flexibility, linear flammability and oxygen index tests were done. It was found that using Fyrol PNX leads to huge improvement of fire resistance but
deterioration in thermal stability, density and flexibility was also observed. The addition of Exolit RP6520 could be an effective way to improve thermal stability and
mechanical properties of FPFs. However, this filler brings about only a slight improvement in the fire resistance of FPFs.

3019 | Physiochemical properties of chemically treated bast fibers and their use in fiber-reinforced epoxy resin (31. Poster Session)
Abdel-Halim, Essam S. (essamya@yahoo.com), King Saud University, Saudi Arabia
Al-Deyab, Salem S. (ssdeyab@ksu.edu.sa), King Saud University, Saudi Arabia
Fully retted and semi-retted flax fibers were subjected to different chemical pretreatments like scouring and bleaching then used to reinforce epoxy resin as substitute for
glass fibers. These chemical pretreatments were carried out to create better fiber to resin bonding and to investigate the effect of retting degree as well as successive
purification processes on the mechanical properties of produced fiber-reinforced composite. Zeta-potential and Inverse gas chromatography (IGC) techniques were used to
characterize the fiber surface. The fineness of fibers was measured by microscopic photography and statistical analysis program. The extent of impurities removal was
estimated by weight loss calculations and by measuring the Infrared spectroscopy of the fiber samples. The mechanical properties of fiber and composite samples were
measured using Instron tester.
3900 | POROUS SWNT/NCD COMPOSITE STRUCTURES AS A PROMISSING SOLUTION FOR FLEXIBLE HEAT SINKS (31. Poster Session)
Varga M. (varga@fzu.cz), Institute of Physics of the ASCR,v.v.i., Cukrovarnicka 10, Praha 6, 16253, Czech Republic, Czech Republic
Vretenar V. (vretenar@danubiananotech.com), Danubia NanoTech, s.r.o., Ilkovicova 3, 841 04 Bratislava, Slovak Republic, Slovak Republic
Kotrusz P. (kotrusz@danubiananotech.com), Danubia NanoTech, s.r.o., Ilkovicova 3, 841 04 Bratislava, Slovak Republic, Slovak Republic
Skakalova V. (viera@fkf.mpg.de), Danubia NanoTech, s.r.o., Ilkovicova 3, 841 04 Bratislava, Slovak Republic, Slovak Republic
Kromka A. (kromka@fzu.cz), Institute of Physics of the ASCR,v.v.i., Cukrovarnicka 10, Praha 6, 16253, Czech Republic, Czech Republic
It is expected that formation of different carbon based allotropes into one structure, especially single-wall carbon nanotubes (SWNTs) and diamond, will lead in new material
class which combines unique properties of both. A combination of these unique properties in one composite material gives a broader freedom for designing carbon based
heat sinks. In this contribution we present a technological procedure which results in growth of flexible material consisting of SWNT/NCD. The fabrication process starts from
a solid paper made of SWNTs bundles followed by the NCD CVD growth step. Keeping equilibrium between two competitive processes, i.e. diamond CVD growth and
etching of the SWNT paper, is found as a key factor influencing the formation of a compact SWNT/NCD composite material. We found that electrical and thermal properties
of the prepared SWNT/NCD composite mainly depend on the ratio between the SWNT and NCD volumes and of course on their percolation threshold. From a technological
point of view, both parameters can be influenced mainly by the diamond CVD step. A principle of the diamond growth integration into the SWNT paper will be demonstrated
and discussed more in details. A potential using of such composite material as heat sinks for high power electronic devices will be pointed out.
This work was supported by the grants P108/11/0794, P108/12/0910, Purkyne Fellowship and EC FP7 project Electrograph n°266391. This work occurred in frame of the
LNSM infrastructure.
3591 | Sintering Temperature Effect on Improvement of Ferroelectric and Dielectric behavior in BiFeO3 Ceramic (31. Poster Session)
PATTANAIK, AKHYAYA KUMAR (akhyaya@yahoo.com), VEER SURENDRA SAI UNIVERSITY OF TECHNOLOGY, ODISHA, India
PRADHAN, SANGRAM KESHARI (sangram@iopb.res.in), INSTITUE OF MATERIALS SCIENCE, BHUBANESWAR, India
Monophasic rhombohedral structure BiFeO3 electroceramic is successfully synthesized by conventional solid state reaction route followed by slow step sintering schedule.
Effect of sintering temperature is found to be greatly influence its structural, dielectric, and ferroelectric behavior of bulk ceramic. From XRD analysis it is seen that at lower
sintering temperature (750oC) bulk BFO sample showed rhombohedral structure (R3c) along with few impurity phases, which become suppressed at higher temperature.
The dielectric behavior of the sample was improved significantly with increase in sintering temperature of BFO (850oC). At higher sintering temperature, ferroelectric
behavior of the sample is found to change its shape from semi elliptical lossy P-E features to a typical ferroelectric loop with the improvement of its remnant as well as
saturation polarization value.
Keywords: Electro ceramics, ferroelectric, BFO
3680 | STRUCTURAL AND VIBRATIONAL ANALYSIS OF ULTRA-LONG WAVY CARBON NANOTUBES (31. Poster Session)
Avila Junior, Jose (jose.avila@javila.net), Universidade Federal de Minas Gerais, Brazil
Avila, Antonio F. (aavila@netuno.lcc.ufmg.br), Universidade Federal de Minas Gerais, Brazil
This paper deals with molecular mechanics simulations of single walled carbon nanotubes (SWCNTs) and their vibration and structural behaviors for potential application on
ultra-resonators, smart materials and high performance composites for structural and acoustic applications. Several SWCNTs configurations were investigated and the
results showed that the fundamental frequencies of short ones decrease following a power law when their length to diameter ratios (L/d) raise up to about 50. As L/d
increases, the fundamental frequencies converge to 1.6 GHz, regardless SWCNTs diameters or chiralities. This behavior was observed in all SWCNTs with L/d higher than
200 or 500 for cantilever or bridge configurations, respectively. It was also observed that all analyzed SWCNTs with different chiralities but same diameter share the
fundamental frequencies on both configurations. Results also showed that Young's moduli increase when SWCNTs L/d increases up to 150. It was observed that Young's
moduli reach stable values for SWCNTs with L/d higher than 150, ranging from 0.971 to 1.044 TPa, depending on diameter and chirality of analyzed SWCNTs. However, it
was noticed that armchair SWCNTs usually have higher Young's moduli than the zigzag and chiral ones. As long CNTs present waviness due to synthesis and purification
processes, this geometric configuration was also investigated. It was noticed an increase on fundamental frequencies and changes on vibrational modes due to the
waviness.
3803 | Study of Biodegradation of PHBV/ Carbon Nanotubes Nanocomposites (31. Poster Session)
Silva, Ana Paula (anapaula.silva.sjc@hotmail.com), Universidade Federal de S?o Paulo , Brazil
Dur?n, Nelson (duran@unicamp.br), Universidade Estadual de Campinas, Brazil
Lemes, Ana Paula (aplemes@unifesp.br), Universidade Federal de S?o Paulo, Brazil
The poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) is a natural biodegradable polymer produced from a wide range of microorganisms. There is a great interest in
developing nanocomposites of PHBV, since the increase of its mechanical properties can be reached with low concentrations of fillers with nanometric dimensions.
However, few works evaluate possible changes in the biodegradation of PHBV matrix. In this work, the biodegradation of a nanocomposite of PHBV/carbon nanotubes
(CNT) in soil was evaluated. Films of PHBV and PHBV/CNT-1% obtained by solvent casting were buried in soil by a total period of 20 days. The samples were
photographed in specific time intervals and their morphology of samples was analyzed by scanning electron microscopy (SEM). The biodegradation was quantified by the
mass loss of the samples along the time. The micrographs showed the exposure of CNT on the surface of the samples that were biodegraded by longer period. Changes in
the biodegradation kinetic were verified in the measures of mass loss.
2966 | Superior tribological properties of particulate Aluminum matrix nano composites (31. Poster Session)
Ali Mazahery (mazahery.mat.eng@gmail.com), material, Iran
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Ali Mazahery (mazahery.mat.eng@gmail.com), material, Iran
Mohsen Ostad Shabani (m-ostadshabany@merc.ac.ir), material, Iran
Aluminum is the best metal for producing metal matrix composites which are known as one of the most useful and high-tech composites in our world. Combining aluminum
and nano Al2O3 particles will yield a material with high mechanical properties. Characterization of tribological properties revealed that the presence of nano particles
significantly increased wear resistance of the composite. In case of unreinforced Al alloy, the depth of penetration is governed by the hardness of the specimen surface and
applied load. But, in case of Al matrix composite, the depth of penetration of the harder asperities of hardened steel disk is primarily governed by the protruded hard ceramic
reinforcement. The hard Al2O3 particles act as a protrusion over the matrix, carries a major portion of the applied load and protect the abrasives from penetration into the
specimen surface.
3516 | The choice of a method and parameters of dispersion of filler in polyurethane/nanohydroxyapatite composite designed for bone tissue engineering (31.
Poster Session)
Auguscik Monika (mauguscik@inmat.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
Ryszkowska Joanna (jrysz@meil.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Engineering, Poland
This work refers to the preparation and characterization of porous scaffolds to be used as matrices for bone tissue regeneration. The subject of the study were three
biodegradable polyurethane / nanohydroxyapatite composites which differed in filler dispersion methods. Examined were both solid and porous materials with the use of
polymer coagulation combined with the salt-particle leaching method. Their properties were compared with the pure polyurethane.
The chemical and physical properties of the solid and porous composites were evaluated using different techniques, namely Fourier Transform Infrared Spectroscopy ,
Differential Scanning Calorimetry, Thermogravimetric Analysis and Dynamic Mechanical Analysis. Scanning Electron Microscopy and Micro-Computerized Tomography
were used to characterize the surface structure and microstructure of the composites and determine pore size distribution and porosity. In-vitro bioactivity tests in simulated
body fluid (SBF) were carried out. A measure of bioactivity was the formation of surface hydroxyapatite or calcium phosphate layers after exposure. Basic cell culture tests
were also performed.
It was possible to produce highly porous scaffolds presenting micro and macropore structure and pore interconnectivity, regardless of a dispersion method used. Differences
were observed in the distribution of the filler in the matrix, in the mechanical properties and bioactivity of the materials.
3325 | The Effect of the Nanodispersive Phase of Alumina on the Tribological Behaviour of Ni-P-Al2O3 Composite Coatings (31. Poster Session)
Ozimina, Dariusz (ozimina@tu.kielce.pl), Kielce University of Technology, Poland
Madej, Monika (mmadej@tu.kielce.pl), Kielce University of Technology, Poland
Stanecka-Badura, Renata (renata@uni.lodz.pl), University of Lodz, Poland
The aim of the research was to determine the composite coatings containing nanodispersive particles alumina were deposited on steel substrate using the electroless plating
technique. Their properties were determined by structure analysis and observation, hardness tests, adsorption, scratch test, corrosion resistance and tribological tests. The
surface structure and the elemental composition were assessed by means of a scanning electron microscope (SEM). The investigations of adsorption were realized of
antiwear additives - zinc dialkyldithiophosphates (ZDTPs), having two alkyl chain lengths, C4 and C12. Tribological tests were examined by means of T-01M tester
functioning in the ball-on-disc configuration for technically dry friction and bonduary lubrication in model lubricants: oil bases and oil bases with 1% mass. ZDTP. It was
essential to analyze how the coating composition, adsorption and structure influence the tribological behaviour of elements under dry and lubrication friction conditions. The
tribological properties were analyzed also in a micro scale using a microtribometer. The results obtained for the Ni-P and the Ni-P-Al2O3 layers during the scratch tests were
compared. Electrochemical studies show that coatings possess better corrosion resistance than steel. It has been found that the presence of the nanodispersive alumina
phase enhances the mechanical and tribological properties of the antiwear layers.
2967 | The performance of classical solidification theory in physical modelling of the A356 Al alloy microstructural length scales (31. Poster Session)
Mohsen Ostad Shabani (m-ostadshabany@merc.ac.ir), material, Iran
Ali Mazahery (mazahery.mat.eng@gmail.com), material, Iran
In this research, an artificial neural network is linked to a finite element model (FEM) of the solidification to predict microstructure. The primary and secondary dendrite arm
spacing of A356 alloy in solidification process are first simulated with FEM and then implemented as an input for artificial neural network to predict the eutectic structure. It is
revealed that predictions of this study are consistent with experimental measurements for microstructure of cast A356 alloy.
3883 | The structure of in-situ composites made from aluminium cast iron (31. Poster Session)
Kopyci?ski, Dariusz (djk@agh.edu.pl), AGH University of Science and Technology, Poland
In this study presents the analyse of aluminium iron cast structure (as-cast condition) which are used in high temperature. While producing the casts of aluminium iron major
influence has been preserve the structure of technological process parameters. The addition to Fe-C-Al alloy W, V, Ti, Cr leads to the improvement of functional and
mechanical cast qualities. In this study, a method was investigated to eliminate the presence of undesirable Al4C3 phases in a aluminium cast iron structure and thus
improve the production process. W, V and Ti additions in aluminium cast iron allows to development of FeAl - VC or WC and TiC alloys. In particular, W, V or Ti contents
above 5 wt.% were found to totally eliminate the presence of Al4C3. In addition, preliminary work indicates that the alloy with the FeAl - VC or WC or TiC structure reveals
high oxidation and abrasion resistance. The introduction of 5 wt.% chromium to aluminium cast iron strengthened Al4C3 precipitate. Thus, the resultant in situ composite can
be considered an intermetallic FeAl matrix strengthened by VC, WC and TiC or modified Al4C3 reinforcements.
3324 | The Tribological Behaviour of HVOF Sprayed Composite Coatings Under Sliding Conditions (31. Poster Session)
Madej, Monika (mmadej@tu.kielce.pl), Kielce University of Technology, Poland
Ozimina, Dariusz (ozimina@tu.kielce.pl), Kielce University of Technology, Poland
The purpose of the study was to determine the wear resistance of Ni and Ni-WC coatings sprayed by High Pressure/High Velocity Oxy Fuel (HP/HVOF) technique. The
tribochemical interactions between the coatings and the lubricant additives were analyzed. It was important to establish the character of the tribological effects of the zincbased anti-wear additives. The additives used in the tests were: zinc-dialkyldithiophosphate (ZDTP) and zinc-L aspargate (ZL). 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. 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 1% water solution
of ZL. The zinc-based additives selected for the tests are common in lubricating oils and biodegradable metal-working fluids used for maintenance purposes. The
comparative analysis of the tribological 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.
3629 | Thermal properties of silicone rubber ablative composites in comparison to epoxy matrix composites (31. Poster Session)
Majchrowicz, Kamil (kamil_majchrowicz@wp.pl), Warsaw University of Technology, Poland
Lebkowski, Robert (r.lebkowski@gmail.com), Warsaw University of Technology, Poland
Kucharczyk, Wojciech (wojciech.kucharczyk@pr.radom.pl), Technical University of Radom, Poland
Romelczyk, Barbara (barbara.romelczyk@inmat.pw.edu.pl), Warsaw University of Technology, Poland
Pakiela, Zbigniew (zpakiela@inmat.pw.edu.pl), Warsaw University of Technology, Poland
Majchrowicz, Kamil (kamil_majchrowicz@wp.pl), Warsaw University of Technology, Poland
Lebkowski, Robert (r.lebkowski@gmail.com), Warsaw University of Technology, Poland
http://conference.mercatura.pt/gestao4/index.php?pagina=1367&

Page 105 of 159

Conferências 5: Resumos condensados

2/14/13 11:42 AM

Lebkowski, Robert (r.lebkowski@gmail.com), Warsaw University of Technology, Poland
Kucharczyk, Wojciech (wojciech.kucharczyk@pr.radom.pl), Technical University of Radom, Poland
Romelczyk, Barbara (barbara.romelczyk@inmat.pw.edu.pl), Warsaw University of Technology, Poland
Pakiela, Zbigniew (zpakiela@inmat.pw.edu.pl), Warsaw University of Technology, Poland
Thermo-protective, ablative properties of polymer composites can be used to design thermal insulations or protection systems. This paper reports the thermal properties and
heat absorption of silicone and epoxy matrix composites. The ablation testes using ablation gun with temperature stabilization (hot combustion gases from propane/butane
torch) were performed. The results showed higher temperature reduction rate and better insulating properties of silicone rubber than epoxy resin ablative composites. The
effects of powder fillers (magnesia, zirconia, titania and alumina) on thermal stability and flammability of silicone rubber were investigated. The ablation mass waste Ua, the
back side temperature of specimens Ts and two different behaviors of investigated materials were analyzed and compared in temperatures around 500˚C and 1000˚C.
After the material was fired, the structure and composition were analyzed using scanning electron microscopy and energy-dispersive X-ray spectroscopy. Thermogravimetric
techniques have been used to characterize thermal stability of analyzed silicone composites for thermal insulations.
3630 | Thermal properties of silicone rubber ablative composites in comparison to epoxy matrix composites (31. Poster Session)

Thermo-protective, ablative properties of polymer composites can be used to design thermal insulations or protection systems. This paper reports the thermal properties and
heat absorption of silicone and epoxy matrix composites. The ablation testes using ablation gun with temperature stabilization (hot combustion gases from propane/butane
torch) were performed. The results showed higher temperature reduction rate and better insulating properties of silicone rubber than epoxy resin ablative composites. The
effects of powder fillers (magnesia, zirconia, titania and alumina) on thermal stability and flammability of silicone rubber were investigated. The ablation mass waste Ua, the
back side temperature of specimens Ts and two different behaviors of investigated materials were analyzed and compared in temperatures around 500˚C and 1000˚C.
After the material was fired, the structure and composition were analyzed using scanning electron microscopy and energy-dispersive X-ray spectroscopy. Thermogravimetric
techniques have been used to characterize thermal stability of analyzed silicone composites for thermal insulations.
3925 | Utilization of biomass for the preparation of environmentally friendly polymer materials (31. Poster Session)
Okruszek, A. (andrzej.okruszek@p.lodz.pl), Lodz University of Technology, Institute of Technical Biochemistry, Poland
The aim of the project (acronym BIOMASA) is utilization of various kinds of plant biomass and textile waste materials by their transformation with biotechnological methods,
involving either enzymatic or microbial processes, into fibrous polymer materials. The intermediate products in those transformations are: cellulose nanofibres, tactic
polylactide and aliphatic-aromatic co-polyesters, which all are known to be important raw-materials for the production of biodegradable fibrous materials as well as other
kinds of biodegradable polymer composites. The main recipients of elaborated methods will be producers of fibers and nonwovens from thermoplastic materials, sanitary
textiles, filtration materials, geotextiles, agrotextiles and packing materials. The aforementioned presentation contains the main ideas of the project BIOMASA (POIG
01.01.02-10-123/09) partially financed by the European Union within the European Regional Development Fund. The project is being realized by nine research groups from
Poland belonging to five different research establishments, with the Lodz University of Technology being the leader. The project is coordinated by prof. A. Okruszek from the
Institute of Technical Biochemistry, Faculty of Biotechnology and Food Sciences, Lodz University of Technology.
Realized within the project BIOMASA (POIG 01.01.02-10-123/09) and partially financed by the European Union from the European Regional Development Fund.
4298 | WET AND DRY PRODUCTIONS OF ORGANOPHILIC CLAYS. CHARACTERIZATION AND COMPARISON (31. Poster Session)
Mart?n-Cort?s, G. R. (germac@usp.br), LMPSol - Laboratorio de Materias Primas Particuladas e Solidos Nao Metalicos do PMT-EPUSP - Departamento Eng. Metalurgica e
de Materiais da Escola Politecnica da Universidade de Sao Paulo, Brazil
Esper, F. J. (fabio.esper@usp.br), LMPSol - Laboratorio de Materias Primas Particuladas e Solidos Nao Metalicos do PMT-EPUSP - Departamento Eng. Metalurgica e de
Materiais da Escola Politecnica da Universidade de Sao Paulo, Brazil
Tomi, G. (gdetomi@usp.br), PMI-EPUSP - Depto. Eng. Minas e de Petroleo Esc. Politecnica da Universidade de Sao Paulo, Brazil
Paula, S. M. (moranelli@gmail.com), Centro Universitario Estacio Radial de Sao Paulo, Brazil
Cutrim, A. A. (adrianaacutrim@gmail.com), LMPSol - Laboratorio de Materias Primas Particuladas e Solidos Nao Metalicos do PMT-EPUSP - Departamento Eng.
Metalurgica e de Materiais da Escola Politecnica da Universidade de Sao Paulo, Brazil
Valenzuela-Diaz, F. R. (frrvdiaz@usp.br), LMPSol - Laboratorio de Materias Primas Particuladas e Solidos Nao Metalicos do PMT-EPUSP - Departamento Eng. Metalurgica
e de Materiais da Escola Politecnica da Universidade de Sao Paulo, Brazil
Smectite clays are used in many industrial applications because of their natural technological properties. Among the best known uses are: the production of pet litters or
cat's sand-bed health for absorption of odors, to control the viscosity of drilling muds in drilling wells for solid minerals and/or oil and gas; as colligative substance of quartz
sands in molding metals and iron ore and feed pelletizing industries, such as reinforcing filler for polymer nanocomposites used in the preparation of membranes, as
waterproofing laden in blankets and geotextiles for landfill, as filler in paints, as an element of bleach filtering in oils and liqueurs, for organophilic clays preparation and many
other uses. In turn, the organophilic clays also have lots of applications such as reinforcing filler in polimer composites and nanocomposites, in special synthetic based or
thixotropic oil well drilling muds for oil and gas, adsorbents for organic pollutants in soil, water and air, rheological control agents, inks, cosmetics, refractories varnishes;
fluids and many other uses. This article deals with the obtaining of organophilic clays by wet and dry processes, study and compares the properties of the products of both
processes due to their importance in finalizing the development project NAOB® organophilic clay / rubber nanocomposites.
Key - Words: smectite clays, wet production and characterization of organophilic clays, dry production and characterization of organophilic clays.
3839 | Advantages of employing a full characterization method over FORM in the reliability analysis of laminated composites (32. Probabilistic modeling and
reliability of composites (Marcin Kaminski))
Lopez, Rafael H. (rafaelholdorf@gmail.com), Universidade Federal de Santa Catarina, Brazil
Predictions of the failure of composite structures under uncertainties have become an important topic of research. In engineering practice, one is usually interested in
evaluating the probability of failure of the system under analysis. Hence, reliability methods such as the First and Second Order Reliability Methods (FORM and SORM,
respectively) have been widely employed. However, some problems may arise in the application of these reliability methods, such as, lack of precision and convergence
issues. From full characterization methods, such as the polynomial chaos representation, any probabilistic or statistical information may be derived, even the ones provided
by reliability methods. Sometimes, the solution of this problem is claimed to be very complex, leading to high computational cost. However, as presented by the authors in a
previous work, the full characterization may be simple to implement, providing much more information about the random variable under analysis as well as higher accuracy
than FORM/SORM. Thus, the main goal of this paper is to demonstrate that the full characterization approach recently proposed the authors may be applied to the reliability
assessment of laminated composite plates overcoming the drawbacks of FORM. Several examples are presented in order to highlight the advantages of the proposed
approach.
3519 | Continuous time random walk approach to power-law relaxation response of bioglass composite materials (32. Probabilistic modeling and reliability of
composites (Marcin Kaminski))
Trzmiel, Justyna (justyna.trzmiel@pwr.wroc.pl), Wroclaw University of Technology, Poland
Jurlewicz, Agnieszka (agnieszka.jurlewicz@pwr.wroc.pl), Wroclaw University of Technology, Poland
Dodd, Steven (sd195@leicester.ac.uk), University of Leicester, Great Britain
Sieradzki, Adam (adam.sieradzki@pwr.wroc.pl), Wroclaw University of Technology, Poland
W?jcik, Agata (awojcik@uni.opole.pl), University of Opole, Poland
Advances in material engineering resulted in the manufacturing of biocompatible materials which can be used as a bone implants.We analyze the dielectric properties of the
gel-derived CaO-SiO2-P2O5 glass coatings on corundum porous material which can be used as a bone implant core. In this study undoped bioglass composite samples as
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gel-derived CaO-SiO2-P2O5 glass coatings on corundum porous material which can be used as a bone implant core. In this study undoped bioglass composite samples as
well as silver, copper and iron doped ones were used. The effect of a physiological solution (simulated body fluid that has approximately the same ion concentration and pH
as human blood plasma) on the surface properties of bioglass composites were examined by impedance spectroscopy. It was found that the dielectric spectra of the
samples investigated are very close to a human bone tissue response. Moreover, the bioglass composites exhibit complex relaxation behaviour, which seems to be similar
to the well-known low frequency dispersion type of response. The results obtained indicate that a certain type of ion hopping transport mechanism may take place not only
inside the bioglass matrix itself but also at the bioglass – corundum substrate interface. A continuous time random walk based theoretical model was proposed to analyze
the power-law relaxation behaviour of the investigated materials. Within this approach two stochastic processes were applied to describe the low- and high-frequency
relaxation processes. Limiting distributions of ion hopping times and jumpʼs length were found and related to the experimentally obtained power-law exponents.

3431 | Failure mode analysis of the fiber-reinforced adhesive joints at cryogenic temperatures. (32. Probabilistic modeling and reliability of composites (Marcin
Kaminski))
Hyun Ju Oh (yappi48@jbnu.ac.kr), Chonbuk National University, Korea, South
Hyun Chul Lee (lhc6837@jbnu.ac.kr), Chonbuk National University, Korea, South
Song Hee Han (sh0921@jbnu.ac.kr), Chonbuk National University, Korea, South
Seong Su Kim (sskim@jbnu.ac.kr), Chonbuk National University, Korea, South
Adhesive bonding technology has played an essential role in the structural application such as a liquefied natural gas (LNG) shipment. The reliability of adhesive materials
using the reinforcements is an important requirement of the adhesive joints exposed to severe environments. This paper analyzed failure mechanism of the adhesive joints
at cryogenic temperature and recommended proper materials as reinforcements to improve the adhesion strength and fracture toughness. The real-time strain monitoring of
the single lap joint embedded distributed FBG sensor was carried out to investigate the failure mode of the joints at a cryogenic temperature. The finite element analysis
(FEA) was performed to verify the failure mode of the adhesive joints and the calculated strain distribution showed good correlation with measured one.
3785 | IDENTIFICATION OF THE EFFECTIVE PARAMETERS OF FIBER-REINFORCED METALLIC COMPOSITES (32. Probabilistic modeling and reliability of
composites (Marcin Kaminski))
Kaminski, Marcin (Marcin.Kaminski@p.lodz.pl), Technical University of Lodz, Poland
Kazimierczak, Marlena (marlena.kazimierczak@p.lodz.pl), Technical University of Lodz, Poland
The main issue of this paper is a determination of the homogenized elastic properties of the periodic fiber-reinforced composite materials with metallic components, where
Young moduli of the constituents are defined as the additional random processes. Numerical simulation is provided here using am application of the combined software - the
Finite Element Methods system ABAQUS (8-noded brick solid element), the homogenization-oriented system MCCEFF (the 4-noded element) and the symbolic computer
algebra package MAPLE, v. 13. The first program allows to determine the necessary data for establishing of the strain energy of the composite's 3D RVE, the second one
allows to determine the necessary data for recovering of the response functions relating the effective elasticity tensor components to the input random processes by some
polynomial function. The last computer system is necessary for the Least Squares Method approximation of the response functions and all probabilistic routines. After
numerical determination of this strain energy for each boundary problem and of this function for each homogenized tensor component we proceed with calculation of their
probabilistic moment. Having determined all necessary partial derivatives of the effective tensor with respect to the random input process, we follow traditional integral
definitions of probabilistic moments and the coefficients to determine numerically their expected values, coefficients of variation, skewness and kurtosis.
3599 | Probalistic analysis of laser welded thermoplastic composite assemblies (32. Probabilistic modeling and reliability of composites (Marcin Kaminski))
Knapp, Wolfgang (wolfgang.knapp@mines-paristech.fr), CLFA Fraunhofer ILT, France
Oumarou, Mamane (mamne.oumarou@mines-paristech.fr), Mines-Paristech, France
Renard, Jacques (jacques.renard@mines-paristech.fr), Mines-Paristech, France
The use of laser light for bonding of long fiber reinforced thermoplastic composites (LFTPC) offers new possibilities to overcome the constraints of conventional joining
technologies. Laser bonding is environmentally friendly as no chemical additive or glue is necessary. Accuracy and flexibility of the laser process as well as the quality of the
weld seams provide benefits which are already used in many industrial applications. Laser transmission welding has already been introduced in manufacturing of short fiber
thermoplastic composites. Laser replaces hot air in tape-laying systems for pre-preg carbon fiber placement. This presentation will provide an overview concerning the
technical basics of the joining process and outline some material inherent characteristics to be considered when using long glass fiber reinforced composites The technical
feasibility and the mechanical characterization of laser bonded LFTPC are demonstrated. The influence of the different layer configurations on the laser interaction with the
material is investigated and the dependency on the mechanical strength of the weld seem is analyzed. A probabilistic failure model for laser welded assemblies is proposed.
The results show that the laser provides an alternative joining technique and offers new perspectives to assemble structural components emerging in automotive or
aeronautical manufacturing. It overcomes the environmental and technical difficulties related to existing gluing processes.
3616 | Quantification of material and analysis model related uncertainties in the design of fibre composite structures under various loading conditions (32.
Probabilistic modeling and reliability of composites (Marcin Kaminski))
Schillo, Conny (conny.schillo@tuhh.de), TU Hamburg Harburg, Germany
Krause, Dieter (krause@tuhh.de), TU Hamburg Harburg, Germany
Due to their inhomogeneous and anisotropic nature, fibre composite structures underlie significant uncertainties on various scales that need to be considered in the design
process. In a state of the art design process the laminates are designed either purely deterministically or using a Life Resistance Factor Design (LRFD) approach. Both
approaches neglect these uncertainties and assume a worst-case scenario for all design influencing parameters to achieve a conservative design. In order to exploit full
lightweight potential as well as quantify the real structures inherent reliability, methods to quantify these uncertainties need to be implemented in the design process.
This study investigates the influence of material uncertainties measured in coupon tests on the structural response of a quasi-isotropic cylindrical structure under four
different load cases: compression, bending, uniform pressure and shear. Each loadcase can be associated with different failure modes which in turn are associated with
different uncertainty levels. Uncertainty levels of the structural response are investigated using Monte Carlo Simulation techniques and FORM (First Order Reliability
Method). Furthermore the results are analysed with respect to different failure criteria. In that way, an estimation of the uncertainty level of the analysis model is made.
3272 | Reliability analysis of 2.5D C/SiC woven composites turbine stator vane based on multi-scale model (32. Probabilistic modeling and reliability of
composites (Marcin Kaminski))
Niu, Xuming (xumingniu@gmail.com), College of Energy and Power Engineering and State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing
University of Aeronautics and Astronautics, China
Sun, Zhigang (szg_mail@nuaa.edu.cn), College of Energy and Power Engineering and State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing
University of Aeronautics and Astronautics, China
Kong, Chunyuan (kongchunyuan@foxmail.com), College of Energy and Power Engineering and State Key Laboratory of Mechanics and Control of Mechanical Structures,
Nanjing University of Aeronautics and Astronautics, China
Liu, Mengxi (liumengxi666@tom.com), College of Energy and Power Engineering and State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing
University of Aeronautics and Astronautics, China
Song, Yingdong (ydsong@nuaa.edu.cn), College of Energy and Power Engineering and State Key Laboratory of Mechanics and Control of Mechanical Structures, Nanjing
University of Aeronautics and Astronautics, China
In this thesis, reliability analysis of 2.5D C/SiC woven composites turbine stator vane has been conducted by combining moment method and multi-scale model. Due to
nonlinear properties of ceramic matrix composites, global-local method has been applied to analysis stress distribution of 2.5D C.SiC woven composites component. Globallocal method involves fibers-tows scale model, unit-cell scale model, specimens scale model and component scale model. Moment method combining with perturbation
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method, the central difference method as well as the Edgeworth series can be applied to calculate the reliability of complex component for its effectivity and accuracy. Then
combine multi-scale model with reliability analytical method to perform reliability analysis on 2.5D C/SiC woven composites turbine stator vane. By comparing with Monte
Carlo simulation results, the proposed approach provides accurate, convergent, and computationally efficient with acceptable error for 2.5D C/SiC woven composites turbine
stator vane reliability analysis.
3369 | Reliability analysis of the structural behaviour of timber-to-concrete composite beams with partial composite action. (32. Probabilistic modeling and
reliability of composites (Marcin Kaminski))
Hocine DEHMOUS (hocine_dehmous@ummto.dz), University of Tizi-Ouzou, Algeria
El-Mahdi MEGHLAT (mahdi_meg@yahoo.fr), University of Tizi-Ouzou, Algeria
Marc OUDJENE (marc.oudjene@univ-lorraine.fr), University of Lorraine, France
Hacene AIT-AIDER (h_aitaider@yahoo.fr), University of Tizi-Ouzou, Algeria
The research reported in this paper deals with a method to analyse the flexural behaviour characteristics of timber-to-concrete composite beams, with partial composite
action, including bounded uncertain parameters. The behaviour of this kind of structures is traditionally based on deterministic linear elastic and analytical calculations, using
the so-called "gamma method", which can be found in the Eurocode 5. The variability of mechanical properties and geometrical characteristics of timber and concrete
materials as well as the interface connection induces dispersions of both the local and global behaviours of composite beams. To evaluate the reliability of the composite
beam, we propose an efficient and fast probabilistic model involving two deterministic finite element analyses. In this study, the uncertain parameters are: the elastic
modulus of timber and concrete and the slip modulus of the interface connection. The results obtained fit very well with the Monte Carlo simulation and provide an attractive
alternative to other methods available in the literature for solving stochastic and reliability mechanics problems.
3052 | RELIABILITY AND CODE CALIBRATION OF RC SHORT COLUMNS (32. Probabilistic modeling and reliability of composites (Marcin Kaminski))
Hodhod, Osama A. (ohodhod@eng.cu.edu.eg), Cairo University, Egypt
Al-Tersawy, Sherif I. (sheriftersawy@yahoo.com), 10th of Ramadan Higher Institute of Technology, Egypt
Hefnawy, Amr A. (hefnawy_A@yahoo.com), Housing and Building National Research Center, Egypt
This paper reports on a research work conducted to study the reliability of short RC columns
strengthened using CFRP wraps. The parameters of the study are: cross section shape, cross
sectional dimensions, reinforcement ratio (ì), Dead load/ Live load ratio (á), and load eccentricity
(e/h). First Order Reliability Method (FORM) was adopted in the analyses. A comparison of the
reliability index (â) values of the wrapped and unwrapped sections was used to calibrate the strength
reduction factors of the Egyptian Code of FRP Concrete. Based on the analyses and discussions
presented in the previous sections, the following conclusions are drawn: The reliability index (â)
increases with the increase in live to dead load ratio (á) and steel reinforcement ratio (ì). However,
the gain in (â) is more substantial in the case of low steel reinforcement ratio. On the other hand, the
reliability index (â) decreases as the eccentricity to depth ratio (e/h) increases. This is particularly
substantial for sections with diameters larger than 30 cm. This trend is less obvious for square
columns.
A code calibration procedure is presented to assure homogeneous reliability before and after
wrapping with CFRP. The strength reduction factor (ö) – Reinforcement ratio relationship is graphically
presented including the effects of other studied parameters.
3358 | Reliability of composite overwrap repair design for externally corroded pipelines (32. Probabilistic modeling and reliability of composites (Marcin
Kaminski))
Ronagh, Hamid R. (h.ronagh@uq.edu.au), The University of Queensland, Australia
Saeed, Nariman (n.saeed@uq.edu.au), The University of Queensland, Australia
Allowable stress/strain design and limit state design methods are two design procedures that are followed by current design codes. Design in both of the current pipework
composite repair codes is based on allowable design method and only two safety factors are used which are applied to the ultimate strain of the composite layer and to the
yeild stress of steel, (in one of the two codes). On the other hand, generally, in the limit state design method, partial safety factors are applied to each of the load and
resistance parameters. This method is probabilistic based and the partial safety factors are calibrated based on a target reliability factor. In this study an investigation on the
design reliability of rehabilitated pipelines is conducted. The performance function is defined based on ASME PCC-2. Reliability analysis is conducted using Monte Carlo
Simulation and reliability indices are evaluated. Results show that the current code of practice generally provides adequate safety though the level of safety is not uniform for
different percentages of pipe corrosion. Comparing the achieved results and the ISO 2394 target reliability indices, some partial safety factors are proposed.
3646 | Robustness Assessment of Stiffened Thin-Walled Composite Structures in Post-Buckling (32. Probabilistic modeling and reliability of composites (Marcin
Kaminski))
Cunha, Fabio R. S. (fabio.soares@embraer.com.br), Embraer S. A., Brazil
Wille, Tobias (tobias.wille@dlr.de), DLR - German Aerospace Center, Germany
Degenhardt, Richard (richard.degenhardt@dlr.de), DLR - German Aerospace Center, Germany
Sinapius, Michael (m.sinapius@tu-braunschweig.de), Technische Universitaet Braunschweig, Germany
Araujo, Francisco C. (fcelio@em.ufop.br), Universidade Federal de Ouro Preto, Brazil
Arakaki, Francisco (francisco.arakaki@embraer.com.br), Embraer S. A., Brazil
Zimmermann, Rolf (rolf.zimmermann@dlr.de), DLR - German Aerospace Center, Germany
This work presents a robustness assessment of stiffened thin-walled composite structures in post-buckling, which is based on a new design strategy that satisfies weight,
load-based performance and energy-based robustness requirements. In this approach, robustness is understood as collapse insensitivity due a local failure, where global
buckling for instance is assumed as a local failure, once the stiffness reduction after this event can lead to a sharp collapse. Following this concept, robustness measures
are derived from the structural energy, the area under the load-shortening curve obtained from geometrical nonlinear finite element analysis with material progressive failure.
Since inherent uncertainties in geometry, material properties, ply orientation and thickness affect the structural performance and robustness, those variations are accounted
for. As a result, a new argument is given to shift collapse closer to ultimate load, so that lighter structures are achievable with both performance and robustness requirements
satisfied. This trade-off is valuable to aerospace applications, where light weight and safety are mandatory. Finally, this innovative strategy is demonstrated for stiffened thinwalled composite structures in post-buckling, and its results compared to others obtained from current practice.
3045 | Volume fraction effect on the failure of composite (32. Probabilistic modeling and reliability of composites (Marcin Kaminski))
CHOU, Heng-Yi (hyc1984tw@gmail.com), Mines Paristech / RMIT, France
BUNSELL, Anthony R. (anthony.bunsell@ensmp.fr), Mines Paristech, France
MOURITZ, Adrian (adrian.mouritz@rmit.edu.au), RMIT, Australia
THIONNET, Alain (alain.thionnet@ensmp.fr), Mines Paristech, France
The intrinsic scatter in the tensile properties of unidirectional carbon/epoxy laminates is due to several factors including variability in the fibre failure strength and fibre volume
content at the local, microscopic, level. To investigate the influence of this variability on the damage and failure of composites, a multi-scale finite element FE2 model has
been used to simulate the tensile fibre failure process in 0° unidirectional carbon fibre/epoxy resin laminates with variations in the local fibre strength and in the local fibre
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been used to simulate the tensile fibre failure process in 0° unidirectional carbon fibre/epoxy resin laminates with variations in the local fibre strength and in the local fibre
volume fraction. It has been shown that when the variability in the local fibre volume fraction Vf of the 0° laminate microstructure was increased, but the mean Vf remained
constant, the time to failure under constant tensile loading would be greatly altered. Modelling also revealed that when the mean Vf of the 0° laminate was changed but the
local variability in the Vf was held constant, the bulk tensile properties of the laminate changed. Moreover, the FE2 analysis showed that local random variations in the fibre
strength and/or local fibre content could dramatically alter the time to failure of 0° laminates subjected to a constant load. In this way this analysis provides an explanation of
the large variability in the experimentally measured times to failure, when subjected to a steady load and the observed variations in damage of the laminates as detected by
acoustic emission.
3626 | Locking in solid-shell elements (33. Shell finite elements (Maria Cinefra))
Wimmer, Johannes (j.wimmer@ifam.rwth-aachen.de), Institute of Applied Mechanics, RWTH Aachen University, Mies-van-der-Rohe-Str. 1, 52074 Aachen, Germany
Reese, Stefanie (s.reese@ifam.rwth-aachen.de), Institute of Applied Mechanics, RWTH Aachen University, Mies-van-der-Rohe-Str. 1, 52074 Aachen, Germany
Together with the advent of powerful computers, the finite element method has opened the possibility for detailed large scale analyses of composite and sandwich
structures. The discretisation of the structure is typically performed by using shell-, or solid-elements, with each having its advantages and drawbacks. Classical shell finite
elements are advantageous given the thin core and face members, but do not allow for the use of three-dimensional material formulations. Brick elements, however, require
very fine discretisations in order to maintain a reasonable aspect ratio.
Here, so called solid-shell element formulations provide an alternative. The presented approach is based on an 8-node hexahedral element using a two field variational
formulation curing volumetric and Poisson thickness locking directly. Although bending is a typical deformation mode of lightweight sandwiches, simulations frequently suffer
from non-physical stiffening effects like transverse shear and curvature thickness locking. The implementation of the assumed natural strain (ANS) method has been proven
to be advantageous in bending dominated problems.
However, the author notes that several element formulations which employ the ANS method show stiffer behaviour than more classical formulations under some loading
conditions. This effect is investigated by means of an eigenvalue analysis and possible remedies are shown.
3873 | THE APPLICATION OF THE COROTATIONAL FORMULATION TO THE GEOMETRICALLY NONLINEAR ANALYSIS OF SHELL FINITE ELEMENTS (33. Shell
finite elements (Maria Cinefra))
Belo, Ivan M. (ivanbelo@utfpr.edu.br), Federal Technological University of Paran? (UTFPR), Brazil
Azikri, Hilbeth P. D. (azikri@utfpr.edu.br), Federal Technological University of Paran� (UTFPR), Brazil
The corotational formulation was used as the kinematic description to evaluate the geometrically non-linear behavior of different types of structures on a static analysis.
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, in order to study the behavior of different types of structures modeled by shell finite elements. Based on the numerical examples, it could be
concluded that the co-rotational approach and its numerical implementation showed excellent agreement with benchmark results found by other researchers. It was also
observed that indirect methods such as the CST - Current Stiffness Parameter and the change of the number of negative pivots of the tangent stiffness matrix were able to
detect and classify with great precision the existence of critical points (limit or bifurcation) and turning points. The nonlinear responses of the structures were obtained by
different strategies, such as the cylindrical arc-length method, the normal plane method of Riks-Wempner and the updated normal plane method of Ramm. All these three
strategies were combined with the full Newton-Raphson method.
3876 | Unified Formulation for MITC9 shell elements based in RMVT (33. Shell finite elements (Maria Cinefra))
Cinefra M. (maria.cinefra@polito.it), Politecnico di Torino, Italy
Carrera E. (erasmo.carrera@polito.it), Politecnico di Torino, Italy
Chinosi C. (claudia.chinosi@mfn.unipmn.it), Universit? del Piemonte Orientale, Italy
Della Croce L. (lucia.dellacroce@unipv.it), Universit? di Pavia, Italy
In the two dimensional modelling of multilayered plates and shells, the main interest is to study the mechanical response, that may change in the thickness direction. In
particular, the transverse shear and normal stresses are required to be continuous in each layer interface (Interlaminar Continuity, IC).
Among the computational techniques developed for layered constructions, a predominant role is played by Finite Element Method (FEM). In this regard, two variational
formulations are available to reach the stiffness matrices, the Principle of Virtual Displacement (PVD) and the Reissner Mixed Variational Theorem (RMVT). The PVD,
formulated with only displacements, cannot describe a priori IC for transverse stresses. On the contrary, they can be a-priori assumed in the framework of RMVT, which
consists of a mixed principle for multilayered structures.
It is known that when FEM is used to study shell structures, the phenomenon of numerical locking may arise: the so-called membrane and shear locking. A well known
remedy for the locking is the use of the Mixed Interpolated Tensorial Components (MITC) technique.
In this paper, we introduce a strategy similar to MITC approach in the RMVT formulation in order to construct an advanced locking-free finite element to treat the multilayered
plates and shells. Following this suggestion, we propose a finite element scheme based on Carreraʼs Unified Formulation (CUF) that exhibits both properties of convergence
and robustness.
3570 | An Approach to the Lower-Bound Buckling of Fiber Reinforced Laminated Shells (34. Stability of Nano, Micro and Macro Composite Structures (Christian
Mittelstedt))
Wang, Hongtao (hongtao.wang@uclmail.net), University College London, United Kingdom
Croll, James G A (j.croll@ucl.ac.uk), University College London, United Kingdom
This study deals with the buckling of axially loaded, fiber reinforced, polymeric (FRP) laminated cylindrical shells. In the context of weight-sensitive engineering there are
considerable incentives for designers to adopt thin shells, whose performances are enhanced by using high-performance composite materials. Imperfection-sensitive
buckling in these circumstances is controlled by high numbers of independent material and geometric parameters. As a basis for design, traditional reliance upon scatter of
test results is suggested to be untenable..This talk describes how the long established “reduced stiffness method” (RSM) is able to provide an alternative for the buckling
design of FRP laminated shells. It shows how a very straightforward extension of classical critical load analysis allows the definition of lower bounds to the potential
imperfection sensitivity in each mode and consequently the delineation of the mode and load likely to provide the controlling influence on design. Further studies of the
geometric parameters identify the existence of intermediate and significant plateaus to the lower bounds. These lower-bound plateaus demonstrate the importance of short
axial wave modes and are related to the imperfection amplitudes of practical smallness. It is shown that the RSM purveys important knowledge on shell buckling behavior
and may offer an alternative for improved prediction of lower-bound buckling loads in the design of FRP laminated shells.
3428 | AN EXACT FINITE STRIP FOR THE CALCULATION OF RELATIVE POST-BUCKLING STIFFNESS OF THICK COMPOSITE PLATES (34. Stability of Nano,
Micro and Macro Composite Structures (Christian Mittelstedt))
Ghannadpour, S. A. M. (a_ghannadpour@sbu.ac.ir), Aerospace Engineering Dept., Faculty of New Technologies and Engineering, Shahid Beheshti University, G.C.,
Tehran, Iran
Ovesy, H. R. (ovesy@aut.ac.ir), Center of Excellence in Computational Aerospace Engineering, aerospace Eng Dept., Amirkabir University of Technology, Iran
Zia-Dehkordi, E. (ziadehkordi@aut.ac.ir), Center of Excellence in Computational Aerospace Engineering, aerospace Eng Dept., Amirkabir University of Technology, Iran
An exact finite strip for the post-buckling stiffness analysis of thick composite plates is presented in this paper by using first order shear deformation theory (FSDT). The vonKarmanʼs equilibrium equation using FSDT has been driven for composite plates [1]. The analytical solution of the preceding equation depends on the magnitudes of
material properties, geometrical dimensions of the model and the applied forces. The buckling loads and mode shapes have been obtained from a transcendental
eigenvalue problem that is derived using the boundary conditions, moments and forces at the two transverse edges. The obtained buckling modes are multiplied by unknown
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eigenvalue problem that is derived using the boundary conditions, moments and forces at the two transverse edges. The obtained buckling modes are multiplied by unknown
coefficients and implemented in the post-buckling analysis.
The corresponding post-buckling in-plane displacement functions which are related to the Airy stress function are developed in terms of the unknown coefficients in the
assumed out-of-plane deflection function, through the solution of the von-Karmanʼs compatibility equation driven for large deflection of a composite strip.
By solving the set of equations that is obtained from the minimum total potential energy theorem the unknown coefficients are obtained, thus the relative post-buckling
stiffness is calculated. The results are compared with those achieved by an exact finite strip based on CLPT [2].
REF:
[1] H.R. Ovesy, S.A.M. Ghannadpour, E.Zia-Dehkordi, Compos Struc., 95, 697-704 (2013).
[2] S.A.M. Ghannadpour and H.R. Ovesy, Compos Struc., 89, 151-8 (2009)

3091 | CLOSED-FORM TREATMENT OF THE POST-CRITICAL STABILITY BEHAVIOR OF ROTATIONALLY RESTRAINED, LONG PLATES WITH FLEXURAL
ANISOTROPY (34. Stability of Nano, Micro and Macro Composite Structures (Christian Mittelstedt))
Beerhorst, Matthias (matthias.beerhorst@haw-hamburg.de), HAW Hamburg, Germany
Seibel, Michael (michael.seibel@haw-hamburg.de), HAW Hamburg, Germany
Mittelstedt, Christian (christian.mittelstedt@sogeti-hightech.de), SOGETI Hightech GmbH, Germany
The present work deals with the postbuckling behavior of an infinitely long plate consisting of laminated composites with symmetrical, balanced lay-up. Along the longitudinal
edges the plate is elastically clamped with torsional springs. As loading situation combinations of biaxial compression and shear are accounted for.
Aiming at high computational efficiency the problem is solved by variational methods employing a shape function with only few variables. Inserting the shape function into the
compatibility condition of in-plane strains, a closed-form solution for the Airy stress function can be obtained. The resulting equilibrium condition is then used to derive the
load-deflection relationship by means of the Galerkin procedure. All other state variables such as displacements and stresses can then be calculated.
The novelty in comparison to former studies lies in the extension to composite plates consisting of an arbitrary symmetric, balanced lay-up and the consideration of
additional transversal compression.
Comparative finite element analyses reveal that, apart from the cases involving transversal compression, where the application should be handled with care, the present
solution procedure can serve to obtain good approximations of the stability behavior in the early postbuckling region with negligible computational effort.
3144 | Development of robust Interface Elements for Delamination Analysis of Composite Structures (34. Stability of Nano, Micro and Macro Composite
Structures (Christian Mittelstedt))
Herwig, Tillmann (tillmann.herwig@kit.edu), Karlsruhe Institute of Technolog (KIT), Germany
Wagner, Werner (w.wagner@kit.edu), Karlsruhe Institute of Technolog (KIT), Germany
Delamination is a commonly observed failure mode in composite materials. Due to stiffness changes and the lack of reinforcement in thickness direction, delamination
already occurs by low loads and can yield total structural collapse. For instance, interface elements are used to simulate thin resin layers between lamina, providing the
opportunity of a correct simulation of crack initiation and propagation. The drawback of all interface elements is the requirement of very fine meshes, due to high stress
gradients in the delamination process zone and the associated partial bonding over one element.
Current research into interface elements, based on a mixed formulation by Hu-Washizu, indicates better convergence in relation to displacement based elements. Providing
free shape functions for stresses and strains, mixed formulations exhibit a better approximation of the process zone. The integration scheme and order have a weighty part
in the correct modeling of debonding problems using interface elements. For this reason high-order, adapted integration schemes, respectively, are used to implement the
total stress distribution in one element.
Beside the current displacement degrees of freedom at each node, additive rotational degrees of freedom are implemented to approximate the delamination behavior
superiorly. These arrangements should avoid partial bonding and oscillation in the load-displacement curve.
2991 | Flexural torsional buckling of composite beam structures - Validity of classical closed-form solutions (34. Stability of Nano, Micro and Macro Composite
Structures (Christian Mittelstedt))
Linus Friedrich (friedrich@ilb.rwth-aachen.de), Institut f?r Leichtbau, RWTH Aachen University, Germany
Christian Mittelstedt (Christian.Mittelstedt@sogeti-hightech.de), Sogeti High Tech GmbH, Germany
This paper discusses the global buckling behavior of thin-walled beams regarding the flexural-torsional buckling behavior of beam structures made of laminated composite
materials. For all considered load cases, boundary conditions and profile geometries, the governing differential equations are derived and exact closed-form solutions are
presented. In those cases where an exact explicit solution is not possible, energetic means of analysis in the form of the Ritz-method are employed in order to derive closedform solutions for the critical buckling loads. The solutions derived in this manner are based on the Euler-Bernoulli beam theory in conjunction with St. Venants elementary
theory of beam torsion, and many of these solutions have already been established for isotropic beam structures. The derived closed-form solutions are verified by
comparison with the results of accompanying finite element computations.
It is shown that for rather slender beams, for a number of laminate layups the classical solutions deliver rather reliable results for the critical buckling loads. However, for
some specific lamination schemes significant deviations are encountered that have their source in the typical behavior of laminated composite materials. Specifically,
influences such as coupling effects or transverse shear deformations that are typically encountered in composites engineering play a significant role in the flexural-torsional
buckling response of composite beam structures.
3888 | Production and development of Y2O3 reinforced Al2O3-ZrO2 ceramic composites for the inert coating of metallic parts for petroleum industry (34.
Stability of Nano, Micro and Macro Composite Structures (Christian Mittelstedt))
Yadava, Yogendra P. (yadava@ufpe.br), Universidade Federal de Pernambuco, Brazil
Constantino, Bruna de Souza (yadava@ufpe.br), Universidade Federal de Pernambuco, Brazil
Silva, Juliana Carvalho da (julianacarvalhodasilva0@gmail.com), Universidade Federal de Pernambuco, Brazil
Ferreira, Ricardo Artur Sanguinetti (ras@ufpe.br), Universidade Federal de Pernambuco, Brazil
Recent findings of Brazilian pre-salt petroleum reservoir has created an intense demand for new materials capable of withstanding direct contact with the crude petroleum as
it is a highly corrosive and chemically reactive fluid. Ceramics materials are highly stable in hostile environment and therefore can serve as inert coating to solve some of
these problems. In this context, in the present work we have developed Y2O3 reinforced Al2O3-ZrO2 ceramic composites in proportions of 5-20 wt% titanium oxide and 1-2
wt% with high mechanical strength, through thermo-mechanical processing and sintering techniques To assess the quality of these materials as the protective coatings of
crude petroleum storage and transportation systems we have studied the physic-chemical and mechanical stability of these materials in crude petroleum, originated from
earthen and offshore petroleum wells of Brazil. These studies present promising results for the use of 2 wt% Y2O3 reinforced Al2O3-ZrO2 .ceramic composites for such
applications.
3603 | A structural level failure envelope for composite stiffened panel components (35. Failure of Composites (Jon Gosse, Donald Kelly))
Dharmasaroja A. (adharmasaroja01@qub.ac.uk), Queen''s University Belfast, United Kingdom
Due to numerous possible failure mechanics of composite structures, strength evaluation needs to consider multiple failure criteria. These criteria are usually based on
lamina stresses, which form failure envelopes in lamina stress space. Aircraft structure is typically constructed as stiffened panels, in which segments of a longitudinal
stiffener along with its adjacent skin is commonly called a super-stringer. Analysing the strength of super-stringers with multiple failure criteria or multiple load cases is a
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stiffener along with its adjacent skin is commonly called a super-stringer. Analysing the strength of super-stringers with multiple failure criteria or multiple load cases is a
repetitive task that requires considerable computational effort. As three in-plane loads sufficiently represent all the loading distribution in a super-stiffener, this paper shows
that it is possible to relate any failure criteria in lamina stress space to the structural load space by a single global stiffness matrix. Thus any lamina failure criterion forms an
envelope in three-dimensional structural load space and gives the critical combinations of super-stringer loading. With the introduction of spherical coordinates, a set of
reference load domains for comparison of multiple failure criteria can be specified. Integrating failure envelopes developed from various failure criteria means only the
smallest spherical radius at each domain is critical. In other words, only a single non-redundant failure envelope remains. This non-redundant envelope gives a significant
reduction in the volume of calculations when a large number of load cases needed to be examined.
3559 | Application of a damage mechanics algorithm based on critical strain invariants to progressive failure of a [0/90]s specimen (35. Failure of Composites
(Jon Gosse, Donald Kelly))
Pearce, Garth M. (g.pearce@unsw.edu.au), University of New South Wales, Australia
Kelly, Don W. (d.kelly@unsw.edu.au), University of New South Wales, Australia
Lim, Shen H. (shen.lim@unsw.edu.au), University of New South Wales, Australia
This paper presents a progressive failure analysis which has been implemented in the MSC Marc finite element program and applied to failure initiation and progression for a
0/90/90/0 carbon-epoxy specimen. Initiation and propagation of failure were predicted with a custom damage mechanics algorithm based on critical strain invariants defined
in Onset Theory (SIFT). It has been shown that Onset Theory can predict the initiation of micro-cracking in the transverse plies. Failure progression was also well captured
using a property degradation approach based on the critical invariants.
3809 | Characterisation of dilatation using fractography (35. Failure of Composites (Jon Gosse, Donald Kelly))
Autori C (autoric@minatec.inpg.fr), University of New South Wales, Australia
Crosky A (a.crosky@unsw.edu.au), University of New South Wales, Australia
Pearce G (g.pearce@unsw.edu.au), University of New South Wales, Australia
Kelly D (d.kelly@unsw.edu.au), University of New South Wales, Australia
In most cases, failure of composites begins with failure in the matrix. According to the Onset Theory, matrix failure occurs by either distortion or dilatation. Distortional failure
occurs when the loading direction is less than about 15˚ from the fibre direction. For other loading directions, failure is by dilatation. This paper examines failure in a 90˚
specimen using a novel technique which allows growing cracks in unidirectional composites to be arrested prior to catastrophic failure. The damage observed in the process
zone ahead of the continuous region of a growing crack was examined in sections perpendicular to the crack plane using scanning electron microscopy and focused ion
beam milling. The features observed are evaluated in terms of the Onset Theory.
3269 | Determination of the Interlaminar Normal Strength of 3D laminates (35. Failure of Composites (Jon Gosse, Donald Kelly))
Cuartero, J. (jcs@unizar.es), University of Zaragoza, Spain
Castejon, L. (luiscast@unizar.es), University of Zaragoza, Spain
Carrera, M. (marcocar@unizar.es), University of Zaragoza, Spain
Marquez, J.A. (jamarquez_picon@hotmail.com), Metro de Madrid, Spain
Tolosana, N. (ctolosa@unizar.es), University of Zaragoza, Spain
The interlaminar normal strength is a critical parameter in the area of laminated organic matrix composites due to two reasons. First, because this stress component
produces delamination, which is a complex failure mode to deal with. Second, because the value of this strength is very low compared to the rest of the stress tensor
components of a standard laminate.
The presence of this interlaminar stress component in the industry is increasing significantly due to the application of thick laminates subjected to multiple loadings, such as
the roots of wind turbine blades. L-shaped aerospace components, flywheels or canisters subjected to internal pressure are also other typical applications where the
interlaminar normal stress is the leading parameter in terms of stress analysis.
This paper deals with the analysis of the interlaminar normal strength of laminates subjected to a 4-point test bending according to ASTM D-6415. The introduction of
through-thickness fibers by means of the tufting process will be also studied in order to assess the increase of the strength varying the fiber density, thickness and fiber
orientations.
Design rules will be given so that the interlaminar stress component is taken account properly,preventing the laminate from normal stress delamination.
3712 | Failure Study for Thermosetting Epoxy in Composite Materials using Onset Theory in conjunction with Molecular Dynamics (35. Failure of Composites
(Jon Gosse, Donald Kelly))
Sul, Jung-Hoon (j.sul@unsw.edu.au), University of New South Wales, Australia
Prusty, B. Gangadhara (g.prusty@unsw.edu.au), University of New South Wales, Australia
Kelly, Donald W. (d.kelly@unsw.edu.au), University of New South Wales, Australia
Christensen, Stephen (stephen.christensen@boeing.com), The Boeing Company, United States America
Wiggins, Jeffrey (Jeffrey.Wiggins@usm.edu), University of Southern Mississippi, United States America
Molecular dynamics (MD) is implemented in this study to understand physical conformation of thermosetting epoxy resin (diglycidyl ether of bisphenol-A / 4,4ʼ diamino
diphenyl sulfone). Characterisation of its mechanical and thermal properties for the evaluation of critical strain invariants for onset of failure [1] is attempted. The Onset
Theory is applied to bridge the gap of different time- and length-scale between the molecular and continuum level.
A highly crosslinked amorphous structure is simulated by the annealing process using a combination of canonical (NVT: constant number of particles, volume and
temperature) and isothermal-isobaric (NPT: constant number of particles, pressure and temperature) ensembles. Two different situations are simulated, the matrix being
constrained in carbon fibres and another with pure resin. The periodic atomistic structures at realistic density are then subjected to strain-controlled tensile and thermal cycle
simulations to determine thermo-mechanical properties. The MD simulation results are in close agreement with the experimental and published data. It is evident from the
study that two different conformational behaviours (pure and confined resin) result in a significant difference in the critical distortional invariant.
[1] Gosse and Christensen "Strain invariant failure criteria for polymers in composites". Proceedings of 42nd AIAA structures, structural dynamics and materials conference
and exhibit, Seatle, WA, USA, pp 1184, 2001
3082 | molecular dynamics simulations of thermoset polymers for extraction of critical distortional beavior and its relation to onset theory (35. Failure of
Composites (Jon Gosse, Donald Kelly))
christensen/s (ephen.christensen@boeing.com), boeing, United States America
browning/a (andrea.r.browning@boeing.com), boeing, United States America
tucker/s (samuel.j.tucker@boeing.com), boeing, United States America
Using Molecular Dynamics we are able to simulate epoxy resin critical distortional deformation and relate the results to carbon fiber based composite performance as
described by Onset Theory. The Molecular Dynamics simulation is used with a special crosslinked polymer build, periodic construction, annealing and production trajectory
procedure for selection of a suitable configuration for a constant volume uni-compression loading for determination of the critical distortional deformation. The values
obtained are related to carbon fiber composite performance that is determined to be sensitive to the matrix distortional deformation capability. The effective strain as
determined from the computer simulation for several amine cured epoxy formulations is shown to be a predictor of matrix distortional critical composite performance. The
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determined from the computer simulation for several amine cured epoxy formulations is shown to be a predictor of matrix distortional critical composite performance. The
computer simulation method employed can be used to rapidly screen new resin formulations for expected composite performance. The ability to virtually assess capability
greatly decreases the time and effort needed for new materials development. New composite matrix materials have historically been developed through trial and error
experimental techniques, we have demonstrated that the continuum level understanding based on constituent material deformation has allowed for the use of Molecular
Dynamics based simulations to virtually assess new resin formulations and also evaluate the performance of new molecules before committing to costly synthesis and test.
3615 | New Developments for Application of Onset Theory to Unidirectional and Fabric Laminates (35. Failure of Composites (Jon Gosse, Donald Kelly))
Lim, Shen H. (shen.lim@unsw.edu.au), University of New South Wales, Australia
Pearce, Garth M. (g.pearce@unsw.edu.au), University of New South Wales, Australia
Tran, Tuyen D. (tuyen.tran@unsw.edu.au), University of New South Wales, Australia
Kelly, Don W. (d.kelly@unsw.edu.au), University of New South Wales, Australia
Prusty, B. Gangadhara (g.prusty@unsw.edu.au), University of New South Wales, Australia
Gosse, Jon H. (jonathan.h.gosse@boeing.com), Boeing Research and Technology Organisation, United States America
In this paper we first revisit the application of Onset Theory to failure of unidirectional off-axis specimens first published in [1]. In that paper details of the procedures to apply
Onset Theory to laminates manufactured using uni-directional material were described. Strains from the laminate are de-homogenised to define strains in the fiber and resin
using a micromechanical analysis of a unit cell. We repeat the analysis in his new paper and investigate two notable changes to the methodology.
• Only specimens failing outside the grips have been included in the analysis and the location of the failure for individual specimens is modelled in the finite element
procedures used to determine the critical strain invariants.
• A three-dimensional sub-modelling approach has been used to de-homogenise the strains to define strains in the resin and fiber phases of the composite specimens.
The paper will then focus on the extension of the procedures to plane weave fabric. Procedures based on enhancement factors require nesting of unit cells using a cell to
first de-homogenise strains in the laminate to strains in the fabric tow and resin architecture. A second unit cell analysis then provides enhancement factors to provide strains
in the fibers and resin embedded in the tow.
[1] Pipes RB, Gosse J, (2009) An onset theory for irreversible deformation in composite materials. ICCM-17, the 17th International Conference on Composite Materials,
Edinburgh, UK, 27-31 Jul 2009.
3642 | Nominal strength of quasi-brittle open hole specimens under biaxial loading condition (35. Failure of Composites (Jon Gosse, Donald Kelly))
Kabeel, Abdallah M. (amkabeel_2007@yahoo.com), University of Girona, Spain
Maim?, P. (pere.maimi@udg.edu), University of Girona, Spain
Gonz?lez, Emilio V. (emilio.gonzalez@udg.edu), University of Girona, Spain
Abstract
One of the main purposes of precise strength prediction is to get a reliable design of a given structure. Since most of aircraft and aerospace structures contain many holes
and expose multidirectional loading conditions, necessarily cracks will emanate from holes before failure due to stress concentration. Therefore, the nominal strength
prediction of open hole (OH) specimens under biaxial loading conditions is very necessary for the save design of these structures. The main goal of this work is to develop
an analytical model able to predict nominal strength and failure envelop of quasi-brittle OH specimens under biaxial loading conditions. In this model the nominal strength is
analyzed taking into account a hole radius and the biaxiality load ratio. The model is formulated based on cohesive crack model considering various shapes of the cohesive
law. Other methods as the different methods of the critical distance theories (CDTs) are also presented and compared with the results of the cohesive crack model.
3046 | Rate loading effect on the failure of composite pressure vessels (35. Failure of Composites (Jon Gosse, Donald Kelly))
CHOU, Heng-Yi (hyc1984tw@gmail.com), Mines Paristech, France
MAIR, Georg (georg.mair@bam.de), BAM, Germany
BUNSELL, Anthony R. (anthony.bunsell@ensmp.fr), Mines Paristech, France
THIONNET, Alain (alain.thionnet@ensmp.fr), Mines Paristech, France
A multi-scale model has been successfully applied to the simulation of the effects of pressurisation rate on damage accumulation in carbon fibre/epoxy plates and composite
pressure vessels. The results of the simulations reveal that the point at which the structures become unstable in a monotonic pressurisation test depends on the speed of
loading. The faster the loading rate the higher the applied stress at which the composite structure becomes unstable. The mechanism which governs this behaviour is seen
to be the viscoelastic nature of the matrix material through which stresses are transferred from broken to neighbouring intact fibres. At loading rates that allow greater
relaxation of the resin around fibre breaks neighbouring fibres are subjected to increased loads over a significantly greater length, leading to further earlier breaks.
2933 | The Tensile Behaviour and Microstructure of Al2O3/SiCp Reinforced Aluminum-Based MMCs Produced by the Stir Casting Method (35. Failure of
Composites (Jon Gosse, Donald Kelly))
Altinkok N. (altinkok@sakarya.edu.tr), Hendek Vocational School, Sakarya University, 54300 Hendek, Sakarya, Turkey, Turkey
�oban A. (acoban@sakarya.edu.tr), Technical Education Faculty, Sakarya University, 54187, Sakarya, Turkey, Turkey
?zsert ?. (iozsert@sakar.edu.tr), Technical Education Faculty, Sakarya University, 54187, Sakarya, Turkey, Turkey
The present work was to study tensile behaviour and density of hybrid particle reinforced aluminum matrix composites; in a temperature 650 °C produced using stir casting
technique. For this composites, hybrid ceramic powder mix was prepared by chemical route then inserted in A332 alloy in melt condition by stir casting process. , Al2O3 was
chemically produced from aluminum sulphate. Al2O3/SiC powder mix was prepared and heated up in ceramic crucible in the furnace. Then Al2O3/SiC ceramic cake was
produced. This hybrid ceramic powder with different SiC particle size range was added into liquid matrix alloy and was casted into the cast iron die. The effect of the
reinforcing particle size on tensile strength, density and porosity properties of Al2O3/SiC particle reinforced MMCs were investigated. The results of tensile strength tests and
microstructural observations were carried out of the composites. The tensile strength and porosity of 10 vol. % Al2O3/SiC hybrid ceramic powder composites decrease with
increasing reinforced SiC particle size. The effect of matrix and reinforcement characteristics was presented and discussed.
3587 | Two new approaches to reduce the numerical effort of Puck?s action plane strength criterion for 3D stress states in CFRP structures (35. Failure of
Composites (Jon Gosse, Donald Kelly))
Schirmaier, Fabian (fabian.schirmaier@kit.edu), Karlsruhe Institute of Technology, Institute for Vehicle System Technology, Germany
Weiland, Jakob (jakob.weiland@hotmail.de), Karlsruhe Institute of Technology, Institute for Vehicle System Technology, Germany
Kaerger, Luise (luise.kaerger@kit.edu), Karlsruhe Institute of Technology, Institute for Vehicle System Technology, Germany
Henning, Frank (frank.henning@kit.edu), Karlsruhe Institute of Technology, Institute for Vehicle System Technology, Germany
Failure analysis of CFRP structures with distinctive three dimensional stress states requires high numerical effort. In case of a 3D stress state, especially the calculation of
the inter-fiber fracture (IFF) stress-exposure is inefficient because of the iterative fracture plane search, using Puckʼs action plane strength criterion (1998).
This work focuses on the decrease of numerical effort calculating the IFF stress-exposure in case of a 3D stress state using Puckʼs criterion. Therefore, two approaches
have been developed.
The first approach aims at finding out for which 3D stress states it is still feasible to calculate the IFF-stress exposure value by the criterion for plane stress states. A criterion
has been worked out to decide if the more efficient plane stress failure criterion can be used instead of the iterative fracture plane search.
The second approach aims at reducing the numerical effort of the iterative fracture plane search. A newly developed fracture plane search algorithm turned out to be much
more efficient in finding the fracture plane than the commonly used angle-wise scanning of the 180° spectrum. Additionally, it was found to be more reliable than the search
algorithm proposed by Wiegand et al. (2008).
Both approaches have been implemented in the finite element code ABAQUS. For a number of numerical examples, a comparison of the required numerical effort is
presented by ensuring the accuracy of the failure analysis results.
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presented by ensuring the accuracy of the failure analysis results.

3884 | DIRECT FLUORINATION APPLIED TO WOOD FLOUR USED AS REINFORCEMENT OF POLYMERS (36. Multiscale Analysis of Wood and Natural Fibre
Composites (Alexis Beakou))
Saulnier, Florence (florence.saulnier@ifma.fr), Institut Pascal, France
Dubois, Marc (marc.dubois@univ-bpclermont.fr), ICCF, France
Charlet, Karine (karine.charlet@ifma.fr), Institut Pascal, France
Frezet, Lawrence (lawrence.frezet@univ-bpclermont.fr), ICCF, France
Beakou, Alexis (alexis.beakou@ifma.fr), Institut Pascal, France
The major difficulty encountered when processing wood polymer composites (WPC) is the lack of compatibility between the hydrophilic wood and the hydrophobic polymer
matrix. Indeed, this incompatibility generates poor adhesion between the matrix and the reinforcements, which induces poor properties of the WPC. In this work, we
proposed to apply direct fluorination to wood flour in order to improve its compatibility with polymers and thus enhance the properties of WPC. The Fourier-transform infrared
spectra and the 19F solid state nuclear magnetic resonance results underlined a successful covalent grafting of fluorine atoms on the wood chemical structure. No physical
damage of the wood particles was observed during the scanning electron microscopy analysis. The thermal behaviour of the wood flour was also studied by
thermogravimetric analysis. The hydrophilic property changes of wood flour were examined by evaluating the water content and the rate of water uptake of samples under
different relative humidity conditions. A decrease of the wood flour water content was effectively noted after the fluorination. In addition, composites were processed by
compression moulding using a thermosetting unsaturated polyester resin. Then, they were characterized in order to estimate their mechanical and hygroscopic behaviours.
All these studies tend to prove the efficiency of the treatment on the wood hydrophily and the WPC properties.
3118 | Felled trees as a rockfall protection system, experimental and numerical study (36. Multiscale Analysis of Wood and Natural Fibre Composites (Alexis
Beakou))
Olmedo-Manich.I (ignacio.olmedo@irstea.fr), Irstea Grenoble, France
Bourrier.F (franck.bourrier@irstea.fr), Irstea Grenoble, France
Bertrand.D (david.bertrand@insa-lyon.fr), LGCIE Insa Lyon, France
Berger.F (Frederic.Berger@irstea.fr), Irstea Grenoble, France
Limam.A (ali.limam@insa-lyon.fr), LGCIE Insa Lyon, France
Forests are an efficient natural protection mean against rockfall. Previous studies analyse the protective function of forest and, more particularly, the tree capacity to
dissipate the rockfall energy. In forested areas, the maintenance of the forest is needed to ensure their protective function and health. During this process that consists in
removing some trees, the protective capacity of the forest decreases. To compensate the temporally loss of protection, some of the felled trees are left in an oblique position
to the slope.
Wood is a complex material and its mechanical behavior is not perfectly known. It is a multifibered composite material, composed of independent coaxial layers. Its anatomic
characteristics induce an orthotropic mechanical structure [4]. he aim of this research consists on a Finite Element Method (FEM – Cast3m code) model coupled with a
Discrete Element Method (DEM – Yade-dem code) model of the impact of a rock on a felled tree stem. The numerical model to be developed aims at describing the wood
elasto-plastic strains during the dynamic loading applied by the rock. It also aims at simulating the propagation of mechanical waves along the wood stem, the wood fiber
damage and the rock velocity after the impact. The model will be calibrated by experimental data obtained from the laboratory and full scale field tests.
3419 | INVESTIGATION OF THE INNER STRUCTURE AND THE RUPTURE INITIATION OF SINGLE FLAX FIBRES BY HIGH RESOLUTION SYNCHROTRON X-RAYS
TOMOGRAPHY (36. Multiscale Analysis of Wood and Natural Fibre Composites (Alexis Beakou))
Eve, Sophie (Sophie.Eve@ensicaen.fr), CRISMAT / CNRT Mat?riaux / ENSICAEN, France
Thuault, Anthony (Anthony.Thuault@ensicaen.fr), CRISMAT / CNRT Mat?riaux / ENSICAEN, France
Charlet, Karine (karine.charlet@imfa.fr), Clermont Universit?, IFMA, Laboratoire de M?canique et Ing?nierie, France
Abbey, Brian (brian.abbey@eng.ox.ac.uk), Department of Engineering Science, University of Oxford, United Kingdom
Hofmann, Felix (felix.hofmann@eng.ox.ac.uk), Department of Engineering Science, University of Oxford, United Kingdom
Korsunsky, Alexander (alexander.korsunsky@eng.ox.ac.uk), Department of Engineering Science, University of Oxford, United Kingdom
Flax fibres are characterized by low density, high aspect ratio and good mechanical properties, making them promising candidates for reinforcement in composites, with
applications in automobile, marine and aerospace industries. But a wider use is prevented by the important variation of flax properties, as a consequence of its complex
structure. A flax fibre is a multilayer composite with cellulose microfibrils reinforcement embedded in an amorphous polymer matrix. A fibre, of 20 µm diameter, is composed
of 2 walls and a central void of 5 µm diameter. The secondary wall is itself divided in 3 layers, with S2 the thickest layer of 5.5 µm. Previous studies show that a fibre does
not fail where its diameter is smallest or largest, suggesting that its internal structure and the presence of defects initiate the fibre failure. Extensive preparatory work was
done using FIB milling and SEM imaging of sections, but fibre sectioning by ion beam might modify the exposed surfaces and introduce artefacts in images. We report on
the non-destructive investigation of the submicron structure of flax fibres, using synchrotron X-ray tomography. 3D imaging of flax was achieved over a medium length. The
diameter and lumen dimensions variations were accurately determined, and voids of few microns wide were imaged. Nanofocusing and positioning capabilities were used to
image fibres rupture zones, showing cracks propagating through inner cavities, both longitudinally and transversally into the fibre.
3558 | Nutshells? Cellular Structures: Bionics Models for Improved Constructions (36. Multiscale Analysis of Wood and Natural Fibre Composites (Alexis
Beakou))
Kaupp, Gerd (gerd.kaupp@uni-oldenburg.de), University of Oldenburg, Germany
Naimi-Jamal, M. Reza (naimi@iust.ac.ir), Iran University of Science and Technology, Tehran, Iran
Nutshellsʼ Cellular Structures: Bionics Models for Improved Constructions
Gerd Kaupp, University of Oldenburg, Faculty V, Diekweg 15, D-26188 Edewecht, Germany; gerd.kaupp@uni-oldenburg.de
M. Reza Naimi-Jamal, Department of Chemistry, Iran University of Science and Technology, Tehran, Iran; naimi@iust.ac.ir
Bionics models rely on the structure of biological objects. Hard-shells from 10 nuts/seeds with diverse qualities for bio-inspired design are particularly interesting. For
example, macadamia withstands braking forces up to 2000 N but it can germinate at proper conditions, most nuts are brittle, and pistachio exhibits highly elastic shells. 3Dmicroscopy in color, atomic force microscopy (AFM), nanoindentation upon natural spherical surfaces or untreated fractured surfaces, and bending are suitable techniques
for the hierarchical elucidation of the architectures and thus the underlying structural effects. The macroscopic shape and the arrangements, lengths and shapes of the
embedded fibers and cells as well as the overall isotropy or anisotropy are the major reasons for the properties that can be suitably rated according to the recently defined
penetration resistance or penetrability. Bionics models are found for well adjusted super hydrophobicity (no wetting by rain drops, but wetting when submerged), strong light
absorption by non-reflection (dark arrays), and stiffeners for (hemi)spheres out of pentagons and hexagons such as Yacoe-Davis domes. It will be shown why walnut shells
are very brittle, beechnut shells very compliant (low hardness and low elasticity), and pistachio shells very elastic. Promising applications for numerous improved micro- and
macroscopic constructions are clearly envisioned.

3173 | A methodology for the design of glass fiber reinforced polyurethane at different strain rate (37. Design and application of composite structures (Bruno
Castanié))
Reis, Joao M.L. (jreis@mec.uff.br), Universidade Federal Fluminense, Brazil
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Reis, Joao M.L. (jreis@mec.uff.br), Universidade Federal Fluminense, Brazil
Chaves, Felipe L. (fl_chaves@hotmail.com), Universidade Federal Fluminense, Brazil
da Costa Mattos, Heraldo S. (heraldo@mec.uff.br), Universidade Federal Fluminense, Brazil
In the present study it is performed tensile tests using standard specimens at different load rate of Glass Fiber reinforced Polyurethane and propose a one-dimensional
viscoelastic phenomenological model able to yield a physically realistic description of strain rate sensitivity observed. The main objective is to predict the stress-strain curve
at different strain rate, modulus of elasticity and strain energy associated using model equations that combine enough mathematical simplicity to allow their use in
engineering applications. The materials constants that appear in the model can be easily identified from only three tensile tests. Results from tensile tests performed at
different load rate were compared with model prediction showing a good agreement.

3774 | Aeroelastic Behavior of Composite Wings in Postbuckling Regime (37. Design and application of composite structures (Bruno Castanié))
de Oliveira, Leonardo C. (leonardo.deoliveira@dlr.de), Institute of Composite Structures and Adaptronics - DLR Braunschweig, Germany
Degenhardt, Richard (richard.degenhardt@dlr.de), Institute of Composite Structures and Adaptronics - DLR Braunschweig, Germany
Kling, Alexander (alexander.kling@dlr.de), Institute of Composite Structures and Adaptronics - DLR Braunschweig, Germany
Krueger, Wolf-Reiner (wolf.krueger@dlr.de), Institute of Aeroelasticity - DLR Goettingen, Germany
Klimmek, Thomas (thomas.klimmek@dlr.de), Institute of Aeroelasticity - DLR Goettingen, Germany
There is a recent effort on the study of aircraft composite structures working in the postbuckling regime. Typical stringer-stiffened composite structures used in fuselages and
wings can have reduced weight and increased load carrying capacity if they are allowed to buckle during service. One point of attention is that the overall stiffness of the
structure decreases in a significant amount in the buckled state, and this effect may influence the dynamic and consequently the aeroelastic behavior. In this paper, a study
of the aeroelastic behavior of a composite wing structure working in postbuckling regime is presented. A finite element model of a transport aircraft wing structure is
developed to simulate the aeroelastic behavior in a deformed state. The set of loads acting on the structure are calculated based on typical flight conditions, including
stationary loads (aerodynamics and inertia) and non-stationary aerodynamic loads.The wing structure is sized to work in postbuckling during the application of the selected
load cases. A nonlinear static analysis is performed in a first step to set the structure to a nonlinear state of equilibrium in the postbuckling regime. In a second step a flutter
analysis is performed around the nonlinear condition. The influence of a set of design parameters on the aeroelastic response and stability is analysed.
Keywords: postbuckling, composite structure, aeroelasticity
3796 | Anisotropic approach for micro and meso scale modeling of the woven fabric composite (37. Design and application of composite structures (Bruno
Castanié))
A.GHERISSI (abderraouf.gherissi@ensam.eu), ESSTT, Tunisia
A.AMMAR (amine.ammar@ensam.eu), ENSAM, France
F. ABBASSI (fethi.abbassi@ipeib.rnu.tn), ESSTT, Tunisia
A. ZGHAL (ali.zghal@esstt.rnu.tn), ESSTT, Tunisia
The intention of this document is to ease the multi-scale modeling of woven composite and to resolve the forming problem of woven composite. The micro and meso scale
modeling it is create under Abaqus and Matlab software. The fabric will be built in geometric study, it was developed to hold into account the yarnʼs intersection and
interpenetration. The representative volume elementary (RVE) behavior itʼs governing by following the orientation of yarns below mechanical charge. The shear response in
the meso scale will be revealed. A particular attention was focused on the effect of the fabricʼs type in the overall elastic behavior of the composite. The shear angle exceeds
the locking angle in the same areas between the simulation results and experimental test will be shown.
2962 | Approach to the Lightest Weight of a Wind Turbine Blade (37. Design and application of composite structures (Bruno Castanié))
Huang Z.-M., Bai M. (huangzm@tongji.edu.cn), School of Aerospace Engineering & Applied Mechanics, Tongji University, China
As the capacity of a wind power generator gets bigger and bigger, to reduce the weight of a wind turbine blade becomes the most critical issue to challenge a designer.
Although a structural design for the skin and the main girders of a blade is already or near to optimal, the resulting edgewise stiffness is still too much greater than necessary
compared with the flatwise counterpart. In this paper, the end segment of a blade is divided into trapezoidal blocks, the number of which is equal to that of the end
connectors. The blocks which contribute more to the flatwise than to the edgewise stiffness will be fabricated using unidirectional fiber fabric reinforced polymer composites,
and are called UD blocks. Otherwise, they are going to be made of foam core materials except for a limited portion adjacent to the blade end where a UD block is applied to
fix a T-bolt nut. In this way and allowing about 40% of the extra edgewise stiffness of a blade by a current design is reduced, the weight of the blade can be saved by more
than 14%. This may be probably the last technological advancement which can make more than 10% beneficial contribution (e.g., to increase more than 10% efficiency or to
save more than 10% weight or cost) to an exiting blade. Namely, after the technology proposed in this paper is effectively applied to a current blade it is hardly able to
develop another one in the ever future which, while keeping the blade material system and processing technique unchanged, can still achieve more than 10% beneficial to
the blade.
3101 | Bending/twisting of sandwich composite beams (37. Design and application of composite structures (Bruno Castanié))
Bernard M. (loic.bernard73@gmail.com), Institut Cl?ment Ader, France
Michon G. (guilhem.michon@isae.fr), Institut Cl?ment Ader, France
De Luyker E. (emmanuel.de-luycker@iut-tarbes.fr), Institut Cl?ment Ader, France
Castani? B. (bruno.castanie@insa-toulouse.fr), Institut Cl?ment Ader, France
Negre V. (vincent.negre@eurocopter.com), Eurocopter, France
Composite rotor blades of helicopters have to be optimized regarding flutter and vibration problems. A possible way to provide aerodynamic damping is to twist the shape
during bending loading of the blade. This research aims to explore possible designs to create a torsion/bending coupling during static loading first. The analysis of the first
vibration eingenmodes has to analysed too. To provide physical explanation, first non-equilibrated and non-symetric laminates are studied numerically. Then sandwich
beams with such skins are analysed. A solution with functional graded core is also proposed. The interactions between the skins and the core are particulary examinated to
secure the design. Finally, an optimized design of a sandwich with bending/torsion coupling will be chosen and experimental /numerical comparison will be provided for static
and dynamic loadings.
3881 | Characterisation of Composite Hybrid Marine Grade Sandwich Hull Panels (37. Design and application of composite structures (Bruno Castanié))
De Marco Muscat-Fenech, Claire C. (claire.demarco@um.edu.mt), University of Malta, Malta
Cortis, Jeremy (jeremy.cortis@um.edu.mt), University of Malta, Malta
Cassar, Charles (info@buccaneerboatsltd.com), Buccaneer Boats Ltd, Malta
Hybrid sandwich panels are designed according to BS12215-5:2008 for marine craft, fabricated using wet layup and cured under a vacuum pressure process. Skins use
marine grade orthophthalic polyester, POLYLITE® 440-M850, resin and CSM/woven E-glass; the core is DIVINYCELL® H100 closed cell linear PVC foam. Single skin
laminates have improved properties, 40% thickness, 70% fibre weight of traditional laminates. The flexible skins are combined with the light weight core simultaneously
during fabrication, designed to support bottom & side pressure in the displacement and planning modes, they are able to sustain the slamming & pounding commonly
encountered by such craft. The panels predict further reduced skin thickness; core thickness varying according to the panel size and location; employing larger panels
implies a reduction/elimination of the wooden stiffeners commonly present in single skin FRP hull structures. Characterisation of the panels follows ASTM D7249M–06,
D725–12 & C393M–06. Comparison of experimental data with the theoretical modified to reflect the composite skin material responses and the fabrication process is
undertaken. The resulting panel offers additional safety of the marine craft having a double hull configuration utilising the top and bottom skins, with an energy absorption
core medium. It is proposed that this double hull configuration is adopted as a safety aspect and standard method of fabrication, against accidental sea grounding or impact.
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core medium. It is proposed that this double hull configuration is adopted as a safety aspect and standard method of fabrication, against accidental sea grounding or impact.
4316 | Characterization of Laminated Steel/Polymer Sandwich Systems: Mechanical Properties and Forming Behavior (37. Design and application of composite
structures (Bruno Castanié))
Harhash, Mohamed (mohamed.harhash@tu-clausthal.de), TU Clausthal, Germany
Palkowski, Heinz (heinz.palkowski@tu-clausthal.de), TU Clausthal, Germany
Sokolova, Olga (Sokolova.O@Salzgitter-ag.de), SZMF Salzgitter , Germany
In this study, a series of experiments is performed to investigate the effect of the core thickness and accordingly the volume fraction of the core (f) on the mechanical
properties particularly the specific stiffness (E/ρ) as well as to estimate the critical f value of roll-bonded 316L/PP-PE/316L laminated sandwich materials (SMs).
Furthermore, due to the later need to join the SMs products either by mechanical or thermal methods, solid steel reinforcements (RE) are placed in the thermoplastic core
layer. In this regard, the formability of the SMs is examined via Erichsen deep drawing. In this concern, three rectangular REʼs are placed in the flange area at varying
distances from the punch. The forming behavior was characterized stepwise in terms of the cup height; 15, 25 and 35 mm (cracking). Subsequently, the strain and thickness
reduction distribution were estimated at each step photogrammetrically for the outer and inner sides of the drawn cup.
The results revealed an adequate agreement between the measured mechanical properties of SMs and the estimated values according to the rule of mixture. Moreover, E/ρ
of SMs is comparable to the monolithic steel sheets. However, f value should not exceed 0.5 to sustain a reasonable E/ρ value. The photogrammetrical analysis showed a
significant effect of RE position on the forming behavior and consequently the cracking position. It was found that, cracking occurred at the cup-bottom region between the
closest REʼs to the punch.
3698 | Characterization of the interfaces in the Al alloys matrix composites reinforced with 3D carbon fibres fabrics manufactured by High Pressure Die Casting
(37. Design and application of composite structures (Bruno Castanié))
Kozera, Rafal (rkozera@meil.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Technology, Poland
Kachold, Franziska (franziska.kachold@zmp.uni-erlangen.de), Friedrich-Alexander-Universitaet Erlangen-Nuernberg, Zentralinstitut fuer Neue Materialien und
Prozesstechnik, Germany
Ballmes, Heiko (heiko.ballmes@gmx.de), Friedrich-Alexander-Universitaet Erlangen-Nuernberg, Zentralinstitut fuer Neue Materialien und Prozesstechnik, Germany
Singer, Robert (Robert.Singer@w.uni-erlangen.de), Friedrich-Alexander-Universitaet Erlangen-Nuernberg, Zentralinstitut fuer Neue Materialien und Prozesstechnik,
Germany
Boczkowska, Anna (abocz@meil.pw.edu.pl), Warsaw University of Technology, Faculty of Materials Science and Technology, Poland
During the fabrication of the aluminium alloys matrix composites reinforced with carbon fibres, special attention has to be taken to avoid chemical reaction between the
matrix and the reinforcing phase. Formation of the Al4C3 is one of the well known reason for the degradation of the aluminum matrix composite properties. Presence of this
phase can results in the weakening of the interface and dramatically decrease the mechanical properties of the composites. Therefore the morphology of the interface
between carbon fibre and aluminum matrix seems to be a crucial for this kind of composites. In this work different aluminum alloys as well as pure aluminum matrix
composite reinforced with 3D carbon fibres fabrics manufactured with High Pressure Die Casting were investigated. Studies were focused on the quality of the interfaces and
examined with scanning electron microscopy (SEM) and transmission electron microscopy (TEM). Samples for TEM investigation were prepared with Focus Ion Beam in
order to precisely selection of the interesting areas of the samples. Ultra fast time of infiltration process and contact time of liquid matrix with carbon fibres allowed to prevent
formation of unfavourable carbides. Moreover some of the composites were subjected to annealing at 500°C in 8 and 1,5h in order to investigate the influence of thermal
treatments on the interface.
3086 | Design and analysis of floor-to-skin connections in grid-stiffened composite fuselages (37. Design and application of composite structures (Bruno
Castanié))
Shroff, Sonell (S.Shroff@tudelft.nl), Delft University of Technology, Netherlands
Kassapoglou, Christos (C.Kassapoglou@tudelft.nl), Delft University of Technology, Netherlands
One promising concept for a composite fuselage is the grid-stiffened structure. An EU-funded project, ALaSCA, has brought together a team from industry, (Europe and
Russia), research institutions and universities to design a 150-passenger aircraft fuselage using this concept.
Currently in its second year the program is addressing complex structural details. One such detail is the connection between fuselage skin and passenger floor. Different
layups and geometric configurations were examined in a trade study that compared different floor beam and frame cross-sections, different floor thicknesses, floor strut
stiffness, and joints. A finite element model using Nastran was used to apply the loads and extract local stresses and strains.
Existing and specially developed analysis methods for different failure modes were then applied to check for failure and perform design iterations. A Pi-joint is also designed
to complement the floor beams in transferring load between floor and fuselage skin and, at the same time, minimize the weight. The grid complicates significantly load
transfer between skin and floor. Terminating the grid in the vicinity of the connection introduces eccentricities and stiffness mismatches Some means to alleviate the resulting
localized high stresses and ways to design in their presence are discussed. The optimized design is found to be competitive with the equivalent conventional composite
design and promises additional significant weight reductions.
3802 | Design of an helicopter composite component by resin transfer molding (37. Design and application of composite structures (Bruno Castanié))
Laurenzi, Susanna (susanna.laurenzi@uniroma1.it), Department of Astronautic Electrical and Energy Engineering, Sapienza University of Rome, Rome, Italy, Italy
Marchetti, Mario (mario.marchetti@uniroma1.it), Department of Astronautic Electrical and Energy Engineering, Sapienza University of Rome, Rome, Italy, Italy
Resin transfer molding (RTM) is a manufacturing process for composite materials that has attracted a lot of interest due to its capability to produce large and complex threedimensional structures with high mechanical performance, tight dimensional tolerance and high surface finish. A good design by RTM allows to reduce production cost and
time, and to improve the mechanical performance of the component.
In this work we present a new configuration by RTM design for the aerodynamic component beanie, which is traditionally manufactured by prepreg techniques. The beanie is
a structural component designed to protect the main rotor, and is characterized by a complex geometry that requires several bonding steps during production. The new
design by RTM that we developed has several advantages in terms of reduced manufacturing cycles and enhanced mechanical properties.
A bird impact analysis was performed to compare the two configurations. The bird impact analysis shows that the new configuration by RTM improves the mechanical
performance of the component by reducing significantly the maximum pressure and the z displacement consequent to a bird strike. At the same time, the total weight of the
structure is reduced by approximately 25% with respect to traditional design processes. In addition, mechanical tests performed on different areas of the manufactured
prototype show that the interlaminar shear strength (ILSS) is improved by 15%.
3414 | Design of hybrid composite leaf spring for a multi-utilty vehicle (37. Design and application of composite structures (Bruno Castanié))
Prathamesh Bilgunde (pratha.b11@gmail.com), Maharashtra Institute Of Technology,Pune, India
Saurabh Bhapkar (saurabh.bhapkar@gmail.com), Maharashtra Institute of Technology,Pune, India
Prachi Dhavle (prachi.a.dhavale@gmail.com), Maharashtra Institute Of Technology,Pune, India
This paper focuses on design of hybrid composite leaf spring for a multi-utility vehicle. A hybrid composite leaf spring consists of a steel master leaf & leaf no.2 to leaf no. 6
made up of composite material. This enables ease of fitment on the vehicle. Reduction in the un-sprung mass of vehicle reduces the amount vibrations transferred. Present
steel multi leaf spring set-up weighs 24 kg. After replacement by hybrid composite leaf spring arrangement, a weight reduction of about 60% is obtained. Change in the
vertical stiffness of spring affects the dynamic behavior of vehicle. It also changes the natural frequency of rear suspension, changing the front to rear suspension frequency
ratio which is important for flat-ride criteria. Hence it is necessary that the load deflection curves for steel & hybrid arrangements should be similar and therefore load
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ratio which is important for flat-ride criteria. Hence it is necessary that the load deflection curves for steel & hybrid arrangements should be similar and therefore load
deflection curves of steel & hybrid leaf spring are compared.
A manufacturing process called Vacuum assisted Resin Transfer molding process which is an efficient way for mass production of composite leaves is also discussed. The
process has a cycle time of 0.5 hours.
Solid modeling and Finite Element analysis is done using commercial software packages. Analytical & FEA results for the deflection & stress are validated under identical
loading conditions.Fatigue goal is estimated theoretically & validated by finite element analysis.
2996 | EFFECT OF FLY ASH PARTICLES ON THE MECHANICAL PROPERTIES AND MICROSTRUCTURE ON COMPACTED MAGNESIUM REINFORCED WITH SiC
PARTICLES (37. Design and application of composite structures (Bruno Castanié))
Ravishankar S (raviannauniv23@gmail.com), St Peters college of engineering and technology, India
Vijayakumar D (vijiaji@gmail.com), Vel Tech Multitech Engineering college, India
Purushothaman K (purukrishnan@yahoo.co.in), St Peters college of engineering and technology, 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. The micro hardness of
composite increased by 30 % than that of aluminum composite. Wear rate shows an greater improvement of 10% wear resistance than that of aluminum composite.
3593 | Effect of micron-sized Ti particles on mechanical properties of Al/SiCp/Ti hybrid metal matrix composites (37. Design and application of composite
structures (Bruno Castanié))
Liu,Yi Xiong (yixiongliu@sina.cn), South China University of Technology, China
Chen,Wei Ping (mewpchen@scut.edu.cn), South China University of Technology, China
Zhu,De Zhi (zdzandy@126.com), South China University of Technology, China
Yang,Chao (cyang@scut.edu.cn), South China University of Technology, China
Li,Yuan Yuan (mehjli@scut.edu.cn), JiLin University, China
SiCp reinforced 7075 Al hybrid metal matrix composites with added micron-sized Ti particles were fabricated by squeeze casting. Situation of compounds of composites was
examined by XRD. SEM with EDS microanalysis technique has been used for the characterization of the composites. Mechanical tests such as hardness measurement,
tensile and physical (density) tests were used. It was found that Ti particles and SiCp are distributed homogeneously in the composites. The tensile strength of the
composites with micron-sized Ti particles was about 616 MPa, 48.9% higher than those of composites without Ti particles. Meanwhile, improved plastic strain is attributed to
fracture toughening effects of the micro areas formed by added Ti particles.
3102 | experimental analysis of impact and pull-through after impact of insert in sandwich structures (37. Design and application of composite structures (Bruno
Castanié))
Dols S. (simon.dols@insa-toulouse.fr), Institut Clement Ader, France
Bouvet C. (christophe.bouvet@isae.fr), Institut Clement Ader, France
Castanie B. (bruno.castanie@insa-toulouse.fr), Institut Clement Ader, France
Mezeix L. (Laurent.Mezeix@sogeclairaerospace.com), Sogeclair Aerospace, France
Giavarini J.P. (Jean-Paul.Giavarini@sogeclairaerospace.com), Sogeclair Aerospace, France
Nowadays widely spread, sandwich structures offer a high stiffness to weigh ratio but also appear to be sensitive under localized loads and impacts. This paper presents an
experimental study aiming to understand the behavior of impacted sandwich structure near inserts. Then, the post-impact strength is analysed by a classical pull-though test
(Bunyawanichakul et al, Applied Comp Mat 2005 and Comp Part B, 2008). The same technologies given in these papers are used. The impact energy was 50 J, which is
enough to let a barely visible impact damage on the impacted surface. The discrete nature of the honeycomb leads to a variability in potting diameterʼs (Battley, JSSM 2009).
Due to this variability, three different impact positions must be distinguished: on the potting (insert), on the border potting/honeycomb and on the honeycomb alone. These
locations create 3 very different behaviours. This was confirmed by analysing load displacement curves, damage locations and morphology. Secondly, pull through test were
conducted on a non-impacted sample, as a test reference, and on some impacted specimens. The main differences between pristine and impact plates were observed
during the loading, with different behaviour. However, the ultimate strength doesnʼt seem to be affected by the impact damages. Physical explanations are provided.
3852 | Experimental and Simulation Study of Energy Absorption Capability of Foam-Filled NomexTM Honeycomb Structure (37. Design and application of
composite structures (Bruno Castanié))
Wan Lukman Hakim, Wan Abdul Hamid (Oneim86@yahoo.com), Mechanical Engineering Department of IIUM Malaysia, Malaysia
Yulfian , Aminanda (yulfian@iium.edu.my), Mechanical Engineering Department of IIUM Malaysia, Malaysia
Mohd Sultan Ibrahim, Shaik Dawood (sultan@iium.edu.my), Mechanical Engineering Department of IIUM Malaysia, Malaysia
Sandwich structure using composite skin and honeycomb core such as Nomex has been used widely in industry, especially in aerospace industry due to its high ratio
between bending strength and its light weight. Its weakness, one of them, is its strength due to impact loading even with low energy and low velocity of impact where the
honeycomb under the contact area with the projectile can be damaged. The small area of damage of honeycomb can reduce the strength of sandwich structure subjected to
CAI (compression after impact). Based on the work of (Y.Aminanda et al., 2005), the capability of honeycomb structure in absorbing the impact energy and its corresponding
force is mainly taken by the vertical edges where honeycomb wall buckle at the very beginning of impact or compression. Simulation using grid of non-linear spring
representing the vertical edges of honeycomb has been proposed as well. The comparison between experimental result and computation showed a good correlation for
indentation, low energy and velocity impact loading and residual strength due to CAI (Castanie B. et al.,2008).
This research work proposes to increase the capability of honeycomb structure in absorbing the energy by strengthening cell walls of honeycomb. By strengthening the cell
walls in such that they will not buckle at the very beginning of compression loading, the walls will contribute in taking compression load as well.
3697 | Fabrication and characterization of lightweight ceramic/ polyurethane composites (37. Design and application of composite structures (Bruno Castanié))
Paulina Chabera (pachabera@gmail.com), Warsaw University of Technology, Poland
Anna Boczkowska (abocz@meil.pw.edu.pl), Warsaw University of Technology, Poland
The paper presents the experimental results of fabrication and characterization of ceramic/ polyurethane composites. The composites were fabricated from preforms with
gradient of porosity and different pores size. The composites obtained via infiltration of porous Al2O3 ceramics by urea-urethane elastomers have a microstructure of
percolated phases. In order to improve thermal resistance and mechanical properties of composites, fire retardan and silane coupling agent were used. The microstructure
of ceramic/ elastomer composites was characterized using X-ray tomography. It was found that residual porosity of composites was up 5%vol. Scanning Electron
Microscopy (SEM) studies were also carried out to determined of microstructure of the composite. The microscopic observations proved that the pores of matrix are fully
filled with the elastomer. Such composites exhibit high initial strength with the ability to sustain large deformations due to combining the ceramic stiffness and rubbery
elasticity of elastomer. Static compression tests for the obtained composites were carried out and absorb energy was measured. The absorbed energy was calculated as the
area beneath the loading-unloading stress-strain curve. In compression the dynamic behavior of the composite was investigated using the split Hopkinson pressure bar
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area beneath the loading-unloading stress-strain curve. In compression the dynamic behavior of the composite was investigated using the split Hopkinson pressure bar
technique in conjunction with high-speed photography. It was found that ceramic-elastomer composites effectively absorb the energy.
2983 | Failure Strength of Thick-Walled Ellipsoidal GRP Composite Dome Internally Pressurized based on a Failure Factor (37. Design and application of
composite structures (Bruno Castanié))
Gohari, Soheil (soheil.gohari7@gmail.com), Universiti Teknologi Malaysia (UTM), Malaysia
Failure strength of one-layer ellipsoidal composite domes was analytically and numerically checked against changes in fiber angle orientations, applied internal pressure and
ellipsoidal domes geometrical dimensions. The studied domes were made of Graphite reinforced polymer composite (GRP). Tsai-Wu failure factor was employed during the
analysis. Subsequently, a study on Critical internal pressure, optimum fiber angle orientations to avoid failure and the effect of the ellipseʼ diametersʼ ratio was carried out.
The analytical study was conducted using language of technical computing MATLAB. The Analytical results were checked by numerical simulation approach using ABAQUS
software. The output data regarding failure factor was plotted for both numerical and theoretical approach. The critical failure factor was detected to be in meridian angle of 0
degree as the fiber angle orientation and internal pressure varies.
3353 | Friction behavior and preload relaxation of composite products with fastening systems (37. Design and application of composite structures (Bruno
Castanié))
Friedrich, C. (christoph.friedrich@uni-siegen.de), University of Siegen, Department of Mechanical Engineering, Machine Elements, Fastening Systems, Product Innovation,
Germany
Hubbertz, H. (hendrik.hubbertz@uni-siegen.de), University of Siegen, Department of Mechanical Engineering, Machine Elements, Fastening Systems, Product Innovation,
Germany
Components made of composite materials are used more often. These components need to be installed, maintained and repaired, if used for commercial products.
Therefore, they also have to be fastened mechanically, e.g. with threaded fastening systems for clamping components together. They offer the possibility for untightening
associated with sufficient high loading capacity.
To achieve this, in the flow of preload special criteria for design have to be met. Very important are friction behavior during tightening and preload relaxation during operating
in product life time. Friction coefficients are responsible for preload level and deviation. For established material combinations a defined range is available. What about
friction coefficients with composite materials in component contact? The contribution shows results from numerous measurements, such as different combinations of
composite materials, screw materials, development of friction with preload magnitude, friction development with number of retightening, influence of tightening speed,
deviations in the system.
Besides this every bolted joint, which has to transmit forces between components, only can work with reliability, if the preload is stable. This can be critical based on
temperature loading dependent on the type of laminate matrix (yield point and thermal expansion;CFRP-EP and CFRP PEEK are investigated). Conclusions refer to
improvement of related products, not only performing laboratory experiments.
3014 | High strength nanostructured Al/Cu/Ni multilayer composites produced by Accumulative Roll Bonding (ARB) process (37. Design and application of
composite structures (Bruno Castanié))
Morteza Alizadeh (Alizadeh@sutech.ac.ir), Shiraz university of technology, Iran
Mehrangiz Dashtestani (m.dashtestani@sutech.ac.ir), Shiraz university of technology, Iran
Rasool Amini (Amini@sutech.ac.ir), Shiraz university of technology, Iran
Accumulative roll bonding (ARB) process is one of the severe plastic deformation (SPD) methods that used to production of ultrafine grained materials. In this work the
Al/Cu/Ni nanostructured multilayer composites were successfully fabricated by ARB process. To evaluate mechanical properties of the produced composites, their tensile
strength and hardness were determined in various rolling cycles. The results showed that after the first cycle hardness, tensile and yield strength of composite increased
rapidly, then gradually increased and eventually reach saturation state, whereas elongation after a quick drop in first cycle increased. Also, the X-ray diffraction peak profile
analysis revealed the development of nanostructures in the composite after eight ARB cycles.
3143 | High strength nanostructured Cu/Al/Mn multilayer composites produced by Accumulative Roll Bonding (ARB) process (37. Design and application of
composite structures (Bruno Castanié))
Alizadeh, Morteza (alizadeh@sutech.ac.ir), Shiraz University Of Technology, Iran
Dashtestani, Mehrangiz (m.dashtestani@sutech.ac.ir), Shiraz University Of Technology, Iran
Amini, Rasool (amini@sutech.ac.ir), Shiraz University Of Technology, Iran
Accumulative roll bonding (ARB) process is one of the severe plastic deformation (SPD) methods that used to production of ultrafine grained materials. In this work the
Cu/Al/Mn nanostructured multilayer composites were successfully fabricated by ARB process. To evaluate mechanical properties of the produced composites, their tensile
strength and hardness were determined in various rolling cycles. The results showed that after the first cycle hardness, tensile and yield strength of composite increased
rapidly, then gradually increased and eventually reach saturation state, whereas elongation after a quick drop in first cycle increased. Also, the X-ray diffraction peak profile
analysis revealed the development of nanostructures in the composite after eight ARB cycles.
3735 | Influences of automotive process characteristics on hybrid structures (37. Design and application of composite structures (Bruno Castanié))
Lauter, Christian (christian.lauter@uni-paderborn.de), University of Paderborn, Faculty of Mechanical Engineering, Chair for Automotive Lightweight Construction (LiA),
Germany
Hochschulz, Tanja (t.hochschulz@gmail.com), University of Paderborn, Faculty of Mechanical Engineering, Chair for Automotive Lightweight Construction (LiA), Germany
Troester, Thomas (thomas.troester@uni-paderborn.de), University of Paderborn, Faculty of Mechanical Engineering, Chair for Automotive Lightweight Construction (LiA),
Germany
Fibre reinforced plastics (FRP) offer a large weight saving potential for automotive lightweight construction. Due to a lack of integration into existing automotive processes,
high costs of processing and high costs of manufacturing, the utilisation is currently limited to high-priced vehicles and niche applications. The combination of FRP and sheet
metal to hybrid materials is able to minimise the disadvantages of mere FRP-structures and allows an efficient lightweight construction with weight reductions of up to 35 %
compared to mere steel solutions.
In the available paper the manufacturing process of prepreg press technology is presented. Here, after the combination of different prepreg layers and cutting the semifinished products are inserted into a heated mould. In this step the prepreg is directly pressed onto a formed sheet metal structure and pre-cured for about 90 to 120
seconds. In the next step the components are removed and stacked. The post-curing of the FRP-structure is realised in an anyway downstream cataphoretic dip painting
process. Because of expected cycle times of less than five minutes the prepreg press technology is able to realise a large scale production of automotive structural parts in
hybrid design. Based on this process the influences of different process characteristics are carried out, for example different process parameters, the handling of uncured
prepregs with vacuum grippers or a cataphoretic dip painting.
2964 | Integrity assessment of composite repair system on gas pipelines via burst test (37. Design and application of composite structures (Bruno Castanié))
Bazyar, Hanieh (hanie_baziar@yahoo.com), Shiraz university, Iran
Mehran, Toghraee (mehran.toghraee@gmail.com), Shiraz university, Iran
Javadpour, Sirus (sirus_javadpour@yahoo.com), Shiraz university, Iran
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The lifetime management of repaired gas pipelines with fiber reinforced plastics (FRP), especially when the probability of leakage is expectable, is an important technicaleconomic factor of repair system. This work is concerned with the evaluation of burst test performed in repaired metallic gas pipelines with FRP. The goal is to assess the
role of external composite repair system on structural integrity of pipelines, based on experimental investigations. Burst tests were executed on one meter composite
repaired pipeline sections containing artificial through hole at 6ʼoclock orientation. The repair systems were designed according to ISO-24817 and simulated by ANSYS finite
element method. The applicability of this type of repair system was demonstrated by means of experimental results.
3015 | Investigation of structure and mechanical properties of multi-layered Al/Cu/Mn nano-composite produced by accumulative roll bonding (ARB) process
(37. Design and application of composite structures (Bruno Castanié))
Rasool Amini (Amini@sutech.ac.ir), shiraz university of technology, Iran
Mohammad Samiee (m.samiei@sutech.ac.ir), shiraz university of technology, Iran
Morteza Alizadeh (Alizadeh@sutech.ac.ir), shiraz university of technology, Iran
Multilayered Al/Cu/Mn nano-composite was successfully produced through accumulative roll bonding (ARB) process from pure aluminum and copper strips and manganese
powder, at room temperature. The microstructure of the composites, evaluated by scanning electron microscopy (SEM), revealed that after 8 ARB cycles a multilayered
Al/Cu/Mn composite with homogenously distributed fragmented copper layer and manganese powder in an aluminum matrix was produced. Also, mechanical properties of
the produced composite were evaluated at different ARB cycles by tensile and the Vickers micro-hardness tests. The results revealed that tensile strength and
microhardness of the processed composites increased with increasing the number of ARB cycle. Generally, the mechanical properties of Al/Cu/Mn composite are better than
those of pure aluminum at the same ARB cycles.
3477 | Manufacturing of textile reinforced aluminum/carbon fiber composites (Al/CF-MMCs) by high pressure die casting (37. Design and application of
composite structures (Bruno Castanié))
Kachold, Franziska S. (franziska.kachold@zmp.uni-erlangen.de), University of Erlangen-Nuremberg, Germany
Ballmes, Heiko (Heiko.Ballmes@zmp.uni-erlangen.de), University of Erlangen-Nuremberg, Germany
Singer, Robert F. (Robert.Singer@ww.uni-erlangen.de), University of Erlangen-Nuremberg, Germany
A high pressure die casting process (HPDC) for the infiltration of multi-directional carbon fiber sheets with liquid aluminum was developed.
Compared to other methods used for the production of metallic matrix composites (MMCs), e.g. gas pressure infiltration, HPDC offers several advantages. Among them is
that it is already being used in large-scale production of unreinforced aluminum parts. Thus the new process offers a high potential to meet the requirements for cost-efficient
MMC fabrication. Furthermore it features a short contact time between fiber and melt, which suppresses the formation of unfavorable aluminum carbide at the fiber-matrixinterface.
A challenge is the high kinetic energy of the rapidly injected melt which may displace the fibers.
In the present approach, suitable fastening and alignment is provided by a specially designed steel frame which clamps the fibers tightly.
Because of rapid heat conduction and short solidification times in HPDC infiltration is likely to stop before completed. To avoid this, the fibers are preheated by infra-red
lamps. Fiber damage due to oxidation is prevented by carrying out this treatment in an argon-rich atmosphere and by optimizing the heating parameters.
We successfully managed to fabricate well infiltrated multidirectional Al/CF-MMCs with around 30 vol% fibers.
Future research will focus on further increase of the fiber volume fraction, measurement of mechanical properties and analysis of residual stresses.
3107 | Mechanical and technological properties of the glass fibre preform for composite industrial fan blade (37. Design and application of composite structures
(Bruno Castanié))
Koziol, Mateusz (Mateusz.Koziol@polsl.pl), Central Mining Institute, Poland
The study presents the design path of the glass fibre preform for a 1-meter long industrial fan blade manufactured by vacuum infusion. Design of the blade (shape),
concerning its functionality, was prepared within the frame of earlier studies.
As the first stage of the study a numerical model of the blade was made and a strain - stress FEM analysis of the blade walls was performed. The stress and strain reduction
was performed using Mises – Huber hypothesis. The analysis showed that only small amount of continuous glass fibres is enough to approve the demanded load capacity of
the walls. However, adequate stiffness of the walls demands more of the fibres.
The second stage of the study was classification of the trade-available glass fibre structures (fabrics, mats, etc.) concerning their mechanical and technological properties as
strength, modulus, permeability, wettability. Next to this a simple optimization of the preform lay-up was performed. The main fixed value was strength. The variables were:
the stiffness of the manufactured (maximum) and the unitary cost (minimum). Three optimized lay-ups were selected – all including mainly plain weave fabrics and chopped
strand mats.
Laminate panels were produced from the preforms by vacuum infusion – in flat and curved moulds (curvature is characteristic for the fan blades). The saturation rate has
occurred satisfactory. Specimens were prepared from the panels and put to the bending tests. Obtained strength and modulus has occurred very good. Little difference
(<5%) was observed between the flat and the curved specimens. After this, the structure presenting the best technological and mechanical behaviour, has been finally
selected as the preform for the blades.
The design algorithm proposed within the study proved to be very efficient and universal.
3100 | Modeling strategies for postbuckling of large stiffened composite structures (37. Design and application of composite structures (Bruno Castanié))
Barri�re L. (ludovic.barriere@isae.fr), Institut Clement Ader, France
Marguet S. (steven.marguet@univ-tlse3.fr), Institut Clement Ader, France
Passieux J.C. (passieux@insa-toulouse.fr), Institut Clement Ader, France
Castani� B. (castanie@insa-toulouse.fr), Institut Clement Ader, France
Cresta P. (philippe.cresta@eads.net), EADS Innovation Works, France
The skin/stiffeners debonding occurring in postbuckled composite stiffened structures has been analysed (Vescovini et al, Comp. Part B 2012 or Bertolini et al, Comp. Str.
2009) by zoom on the area of interest. However, these approaches are limited by the huge computational costs. Our research aims to enable faster post-buckling simulation
of large composite stiffened structures which remains actually computationally expensive. In literature, the semi-analytical formulations have not only provided fast and
accurate methods to simulate post-buckling of stiffened panels but validated closed form descriptions of stress and displacement solutions in the initial post-buckling domain.
However, the latter are restricted to pre-sizing phases due to a limited modelling of geometry and damage. And to authors' knowledge, the interaction between panels has
not yet been accounted for. In this study, a computational strategy is proposed which combines a domain decomposition method with an adaptive model reduction technique
to get CPU time savings and a controlled approximation error in the post-buckling FE simulation of large composite stiffened structures. Model is divided into subdomains
between stringers and frames. Inspired by closed form solution, displacement in subdomains is initially approximated as a combination of a pre-buckling solution and a small
number of buckling modes. If required by a high residual error, completion modes are added ``on-the-fly''. These completion modes account for stress redistribution effect. In
an application to a composite stiffened panel, computational performances are compared with classical Newton-Raphson procedure. First results show 90% CPU time
saving. This gain should be improved by reducing the condensed problem at interfaces between subdomains.
3292 | Numerical characterization of imperfection sensitive composite structures (37. Design and application of composite structures (Bruno Castanié))
Arbelo, Mariano A. (arbelo@pfh.de), Private University of Applied Sciences, Germany
Degenhardt, Richard (richard.degenhardt@dlr.de), German Aerospace Center ? DLR, Germany
Castro, Saullo G. P. (castro@pfh.de), Private University of Applied Sciences, Germany
Currently, imperfection sensitive shell structures prone to buckling are designed according to the NASA SP 8007 guideline, from 1968, using its conservative lower bound
curve. In this guideline the structural behavior of composite materials is not appropriately considered, since the imperfection sensitivity and the buckling load of shells made
of such materials depend on the lay-up design. In this context a numerical investigation about the different methodologies to characterize the behavior of imperfection
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of such materials depend on the lay-up design. In this context a numerical investigation about the different methodologies to characterize the behavior of imperfection
sensitive composite structures subjected to compressive loads up to buckling is presented in this paper. A comparative study was addressed between new methodologies,
such as the “Single Perturbation Load Approach” proposed by the European project DESICOS and the “Multiple Perturbation Load Approach” against some most classical
approaches like: a) real imperfection measurements and b) geometric imperfection obtained through the linear combination of buckling modes. The aim of this work is to
define the range of applicability of these methodologies for unstiffened composite cylinders, their limitation, advantage and disadvantage to use as a design tool, to provide
means to calculate less conservative knock-down factors than the obtained with the NASA SP 8007 guideline.
3668 | Oxygen transport in nanocomposite materials based on perovskite-type oxide PrNi1-xCoxO3 (Ln=Pr, La) as cathodes for Intermediate Temperature Solid
Oxide Fuel Cells (37. Design and application of composite structures (Bruno Castanié))
Usoltsev V. (usoltcev@gmail.com), Novosibirsk State University, Russian Federation
Sadykov V. (sadykov@catalysis.ru), Boreskov Institute of Catalysis SB RAS, Russian Federation
Eremeev N. (yeremeev21@gmail.com), Boreskov Institute of Catalysis SB RAS, Russian Federation
Sadovskaya E. (sadovsk@catalysis.ru), Boreskov Institute of Catalysis SB RAS, Russian Federation
Mertens J. (jo.mertens@fz-juelich.de), Institute of Energy and Climate Research, Forschungszentrum Julich GmbH, Germany
Uvarov N. (uvarov@solid.nsc.ru), Institute of Solid State Chemistry and Mechanochemistry SB RAS, Russian Federation
Muzykantov V. (muzykantov@academ.org), Boreskov Institute of Catalysis SB RAS, Russian Federation
Solid Oxide Fuel Cell (SOFC) cathodes are known as a major source of power losses especially when operating at intermediate temperature (IT) in the range of 600-800 C.
Cathode materials with (nano)composite structure (perovskite/electrolyte, layered Ruddlesden-Popper type oxides) offer possibility to improve the oxygen transport by
creating the channels of fast diffusion along perovskite/fluorite interface. This work presents results of research aimed at design of (nano)composites based on perovskitetype oxides containing Pr and Ni+Co cations and not doped by Sr combined with doped ceria electrolytes and elucidating specificity of their transport properties. For
nanocomposites, specific rates of exchange were found to exceed the values typical for Ni, Co-containing perovskites due to migration of transition metal cations on doped
ceria domains. Exchange kinetics in SSITKA mode for nanocomposites was well fitted by a model with exchange controlled by the diffusion with average self-diffusion
coeffiients up to 10^-8-10^-12 cm^2/s at 600 oC exceeding typical values for perovskites due to fast diffusion along interfaces. Specific conductivity of nanocomposites
measured by 4-probe method amounted up to 10-100 S/cm in the temperature range 600-8000C that is sufficient for effective SOFC cathodes.
Support by German-Russian Project N_CATH of CLIENT Program and Russian Federal Program “Scientific and Educational Cadres of Russia” is gratefully acknowledged.
3947 | Polymer composite wear resistant coatings based on polyphenylene sulfide (37. Design and application of composite structures (Bruno Castanié))
Ergin K.S. (kostya_yergin@mail.ru), National University of Science and Technology "MISIS", Russian Federation
Kaloshkin S.D. (kaloshkin@misis.ru), National University of Science and Technology "MISIS", Russian Federation
Tcherdyntsev V.V. (vvch@misis.ru), National University of Science and Technology "MISIS", Russian Federation
Polyphenylene sulfide-based wear resistant coatings and technologies of their producing are presented in this work. Solid-state formation of polyphenylene sulfide-based
compositions makes powder composite materials with high energy surface and adhesion between polymer matrix and fillers. In the capacity of fillers were used nano- and
microscale powders of nanoclay (montmorillonite), carbon black, TiC, α-Al2O3 and such polymers as polytetrafluoroethylene and polyimide. The method of solid-phase
formation of the powder compositions has shown the high efficiency in comparison with traditional liquid-phase technologies. Changing parameters of intensity of mechanical
treatment it was possible to create multilevel composites – a firm particle with a cover from the lowmodular polymer, concluded in highmodular matrix with distributed in it
strengthening nanoparticles, and also to activate a surface of processed components for increasing there boundary adhesion. Such approach has defined high physicalmechanical, thermal and tribological properties of the composite coatings. Intermediate processing of a protected surface, which consisted in drawing on a substrate organicsilicon compounds, was used as additional protection against corrosion. Such intermediate nanoscale layer possessed considerable resistance to corrosion at disturbance of
the coating, being as well the promoter of adhesion between a coating and a substrate. Also the surface laser treatment was used to obtain clean surface layer.
4327 | Quantity expression of reinforcement phase distribution in composites on glass-fibers distribution in roving composites example (37. Design and
application of composite structures (Bruno Castanié))
Wolszczak, Piotr K. (p.wolszczak@pollub.pl), Lublin University of Technology, Poland
Author carries out research on relationships of the micro-geometry and the mechanical properties of fiberglass - epoxy resin composites. The mechanical properties are
determined in the strength test. Microgeometry is characterized on the basis of microscopic images of the samples. Author proposed, the measure of distribution in the form
of the area ratio of the matrix surrounding the single fiber to its circuit. The measure is expressed by Gab [mm].
In this paper, the relationship between the results obtained in the test samples of actual theoretical structures of square (K) and hexagonal (H) type are presented. Samples
from the production process of helicopter blades girders were used. Comparison of the real and theoretical results rests on curves of the relative volume fraction of the glass
against to the indicators characterizing the composites microstructure. As a result, we found that the experimental results are arranged in the vicinity of a square theoretical
model curves.
The results can be used to estimate the strength of the unidirectional composites with an irregular arrangement of fibers, made manually or using a molding apparatus.
Based on the results it can be assumed that for the numerical estimation of the strength of the composites made from glass fibers of circular cross-section, of a diameter in
the range of 10-20 micromilimeters, using theoretical models appropriate is square distribution model (K).
3588 | Recycling of low-grade aluminum waste into composite materials by mechanical alloying (37. Design and application of composite structures (Bruno
Castanié))
Samoshina, Marina (samoshina@list.ru), National University of Science and Technology "MISiS", Russian Federation
Bryantsev, Pavel (p_bryant@rambler.ru), National University of Science and Technology "MISiS", Russian Federation
The present study investigates the possibility of obtaining of the mechanically alloyed composite material based on mixed industrial metal waste in the form of chips. This
type of waste is a mixture of chips with different chemical composition which contains iron in the form of mechanical impurities and may also contains a significant amount of
solid non-metallic impurities such as abrasive grain of cutting tools. Such wastes are practically non-recyclable by metallurgical methods. Mechanical alloying of chip's
particles with average composition Al - 20% Si - 3,3% Fe - 3,1% Cu - 2,5% Ni - 0,3% Cr were carried out in a planetary mill. Change of the structure and properties of the
granules of this material during mechanical alloying is estimated. For an assessment of some operational characteristics the consolidated sample is obtained. The
consolidated sample of this material has a high hardness at room and elevated temperature, low value of linear thermal expansion coefficient and high wear resistance.
3594 | Refinement of Intermetallic Particles in Al ? Fe ? Si Composites during Mechanical Milling (37. Design and application of composite structures (Bruno
Castanié))
Bryantsev, Pavel (p_bryant@rambler.ru), National University of Science and Technology "MISiS", Russian Federation
Samoshina, Marina (samoshina@list.ru), National University of Science and Technology "MISiS", Russian Federation
Mechanical milling is a one of methods of introducing the reinforcement particles in composite materials. This method is also applicable to achieve a total dispersion of the
initial matrix microstructure. In this work the fining of large intermetallic particles in alloys of Al-Fe-Si systems during mechanical milling was studied. During mechanical
milling the dispersion of all iron-containing phases is observed; phase composition remains unchanged. Effective fracturing of various intermetallic particles and formation of
homogeneous structure is determined mainly by alloying of aluminium solid solution. The initial morphology of iron-containing phases influences the efficiency of its fining
and mechanical properties of the composite granules.
3528 | Thermal modelling of anisogrid lattice structures (37. Design and application of composite structures (Bruno Castanié))
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Totaro, G (g.totaro@cira.it), CIRA - Italian Aerospace Research Center, Italy
Composite anisogrid structures are extensively used for primary structural applications in which compressive loads and buckling mechanisms are the driving factors for
design, in conjunction with the need of mass minimization. Such well-known applications are large and highly loaded shell structures represented by interstages and cone
adapters for space launchers.
Another set of space applications concerns lightweight structures in which stiffness requirements, displacement control, and thermal stability are more stressed than strength
requirements. In fact, the degrees of freedom offered by the anisogrid concept, in conjunction with the low coefficient of thermal expansion typical of composite unidirectional
ribs (carbon fibers), represents an appealing framework for the optimal design of such structures. In this paper, the thermal behavior of anisogrid structures - which does not
seem to be so much explored in the relevant literature - is addressed through a simple smeared approach and then verified in light of a corresponding finite-element
analysis.
3409 | Vibration isolation structure of E-glass polymeric composites for LNG cargo containment system (37. Design and application of composite structures
(Bruno Castanié))
Choe, Jaeheon (jhchoe@kaist.ac.kr), KAIST, Korea, South
Kim, Ki Hyun (kimkyun@kaist.ac.kr), KAIST, Korea, South
Bang, Chang Seon (beartang@kaist.ac.kr), KAIST, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South
The failure of the liquefied natural gas (LNG) cargo containment system has been reported due to high impact loads from cavitation with sloshing during the operation. If the
impact loads are directly transmitted to the insulation foam, the cracks may propagate easily through the foam because of its low toughness at cryogenic temperature.
In this work, a corrugated-plate shape of a vibration isolation structure (VIS) was developed using E-glass polymeric composites to reduce the impact load transmission from
the corrugated primary barrier to the insulation foam of LNG cargo containment system. The constant stiffness characteristic with respect to the transverse displacement was
achieved by changing the thickness and length of corrugation. The specifications of VIS were optimized by the numerical analysis using finite element methods. The impact
reducing performance of VIS was measured at room and cryogenic temperature. Fatigue test was also conducted at room and cryogenic temperature to evaluate the
durability and reliability of VIS.
4108 | Wear Characteristics of Impregnated Diamond Bit when using composite material to reduce the shock of Drilling Rock (37. Design and application of
composite structures (Bruno Castanié))
Sehoon Oh (osh@cau.ac.kr), Chungang University, Korea, South
Jaewon Shin (shinjwgo@naver.com), Chungang University, Korea, South
The paper presents the effect of strength characteristics (strength, fracture, wear) of diamond grits on wear of impregnated drill bits and expenditure of energy for rock
destruction by such tools. There are composite materials in order to reduce the wear and the damage of the bit from shock of the rock fracture. Chipping occurs by brittle
fracture and by fatigue crack growth at the impregnated diamond bit. Wear patterns and mechanisms were analyzed through FEM. The influence of strength characteristics
of diamond grits on the drilling tool performance has been verified experimentally. The field tests have demonstrated that the better the strength characteristics of the grits
the larger the average meterage drilled per bit and the rate of penetration.
3480 | WEIGHT SAVING ON COMPOSITE STIFFENED PANELS BY NEW DESIGN PHILOSOPHY (37. Design and application of composite structures (Bruno
Castanié))
Romano, Fulvio (f.romano@cira.it), CIRA, Italy
Di Caprio, Francesco (f.dicaprio@cira.it), CIRA, Italy
Borrelli, Rosario (r.borrelli@cira.it), CIRA, Italy
Mercurio, Umberto (u.mercurio@cira.it), CIRA, Italy
The common design approach applied by the civil aircraft manufacturers to satisfy the current certification requirements of composite structure (EASA AMC 20-29), is based
on the application of a very conservative design philosophy that leads to oversized structures. A new design methodology is under evaluation based on the incorporation of
SHM (structural health monitoring) systems into composite structures aiming at supporting a new design philosophy exploiting the full potential of composite materials. This
work proposes the preliminary design of two aircraft wing box composite stiffened panels: one at the wing root and the other one at the wing tip. These panels have been
designed according to the current conservative industrial design approach. Then they have been re-designed releasing some of the conservative design criteria, because
they were considered resolved by SHM systems: no BVID knockdown factor, no notch material design allowables (only bonded joints and bonded repair are considered)
have been applied and post-buckling regime between limit and ultimate load has been allowed. The new design has shown the greatest weight reduction achievable, the
design parameters and panel subparts to which the panel weight is more sensitive. This work aims at providing useful indications on the weight saving expected by applying
a new design philosophy based on the information coming from a reliable SHM system and which parameters needs to be monitored and where.
4326 | A Parametric Numerical Study of the Fatigue Behaviour of Cracked Steel Plates Repaired with Composite Patches (38. FRP in concrete, steel and
composite steel/concrete structures (Pierluigi Colombi))
Frydas, John (jfrydas@gmail.com), NATIONAL TECHNICAL UNIVERSITY OF ATHENS, Greece
Karatzas, Vassilis (vkaratz@central.ntua.gr), NATIONAL TECHNICAL UNIVERSITY OF ATHENS, Greece
Kotsidis, Elias (ikotsid@mail.ntua.gr), NATIONAL TECHNICAL UNIVERSITY OF ATHENS, Greece
Tsouvalis, Nicholas (tsouv@mail.ntua.gr), NATIONAL TECHNICAL UNIVERSITY OF ATHENS, Greece
Among the most common defects which could lead to critical loss of structural integrity are cracks. Composite patch-repairing consists an attractive method for the repair of
such defects, as it can significantly extend the fatigue life of cracked components. In this work, a numerical parametric study is performed to investigate the effect of various
patch configurations in the fatigue life of cracked steel plates. The parameters studied are the patch thickness, the repair configuration (one sided and double sided patch)
and the crack length prior to patch application. A through thickness non uniform crack front is modeled. The method applied consists of the calculation of the stress intensity
factor through the steel thickness. A reference point is selected and, by using the Paris law, the ratios of the propagation rate of each point to the stress intensity factor of the
reference point are calculated. Subsequently, the average and the root mean square values of the stress intensity factor distribution are calculated and a new model is
created, having a crack larger than the previous one by a specific increment measured from the reference point. This procedure is repeated until the crack front reaches the
plate edges. The number of cycles between increments is calculated by dividing the incremental growth by the average crack propagation rates of the reference point
between models. Results showed that the efficiency of the repair depended largely on the initial crack length.
3109 | BEHAVIOUR OF HSS TUBULAR MEMBERS STRENGTHENED UNDER COMPRESSION USING FRP COMPOSITES (38. FRP in concrete, steel and
composite steel/concrete structures (Pierluigi Colombi))
Shanmugavalli B. (shanmugavalli79@gmail.com), Thiagarajar College of Engineering, Madurai, Tamilnadu, India
Vijayapandi M. (vijayapandi89@gmail.com), Thiagarajar College of Engineering, Madurai, Tamilnadu, India
Sundarraja M. C. (mcsciv@tce.edu), Thiagarajar College of Engineering, Madurai, Tamilnadu, India
Hollow structural steel (HSS) tubular columns possess excellent earthquake-resistant properties such as high strength, high ductility, and large energy absorption capacity.
In the last decades, they have gained increasing popularity in buildings, bridges and other structural applications. In typical circular tubular members, elephantʼs foot buckling
appears after yielding and the appearance of this inelastic local buckling mode normally signifies the exhaustion of the load carrying capacity and/or the end of ductile
response. The latter is of particular importance in seismic design, as the ductility and energy absorption capacity of the column dictates its seismic resistance. A number of
methods have been proposed for the seismic retrofit of hollow steel tubes where enhancement of ductility without a significant strength increase is preferred, but each
method suffers from some limitations. Finally, jacketing retrofit of existing deficient reinforced concrete columns has been considered as the application of the tubular column
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method suffers from some limitations. Finally, jacketing retrofit of existing deficient reinforced concrete columns has been considered as the application of the tubular column
concept. This research is aimed at investigating the structural improvements (strength and ductility) of hollow steel tubes under compression. The main objective of this
investigation is to assess the feasibility of strengthening hollow steel tubular sections subjected to compression and to develop or predict the suitable wrapping scheme of
FRP to enhance the structural behaviour of it. For this study, it is proposed to use mild steel tubes by varying plate slenderness ratio with the main variable being FRP
characteristics. Carbon fibre will be considered and used as external material with several other parameters such as the number of layers, the sectional area and wrapping
scheme. Experiments will be undertaken until column failure to fully understand the influence of FRP characteristics on the compressive behaviour of hollow steel tubes
including their failure modes, stress-strain behaviour, enhancement in load carrying capapcity and effect of plate slenderness ratio. Evaluation of the results will lead to
optimum FRP jacketing/wrapping arrangements for the steel tubes considered here.
3155 | END DEBONDING OF FRP REINFORCEMENTS FOR THE STRENGTHENING OF CONCRETE STRUCTURES (38. FRP in concrete, steel and composite
steel/concrete structures (Pierluigi Colombi))
Colombi, Pierluigi (colombi@stru.polimi.it), Politecnico di Milano, Italy
Fava, Giulia (fava@stru.polimi.it), Politecnico di Milano, Italy
Colombi, Pierluigi (poggi@stru.polimi.it), Politecnico di Milano, Italy
In strengthening RC elements by FRP sheets or strips, bonding between the FRP reinforcement and the concrete substrate is a very relevant aspect. Bonding is influenced
by the mechanical and physical properties of concrete, composite and adhesive, as well as by the surface treatment of the concrete substrate. Several relationships are
proposed in design recommendations in order to estimate the fracture energy and then the debonding force of the FRP reinforcement. These relationships generally include
parameters calibrated from experimental tests.
In this work an enlarged database is considered performing push-pull debonding tests with both wraps and strips of different length. The results of 30 experimental push-pull
debonding tests were added to the ones of a more extensive database obtained by selecting experimental tests available in literature. In general higher and less scattered
bond strength was observed for specimens reinforced with FRP wraps compared to FRP strips.
On the basis of the concrete Mohr-Coulomb failure criterion, two different fracture energy laws are discussed and the new experimental database is used to achieve a
refined calibration of the involved experimental parameters. Calibrations are performed separately for wraps and strips in order to appreciate the influence of the
reinforcement type on the fracture energy. Based on the experimental values, critical considerations on the design formulae proposed by some guidelines are finally
presented.
3780 | EXPERIMENTAL STUDY OF GFRP-CONCRETE HYBRID BEAMS WITH PARTIAL INTERACTION (38. FRP in concrete, steel and composite steel/concrete
structures (Pierluigi Colombi))
Neagoe, Catalin A. (catalin.andrei.neagoe@upc.edu), Universitat Politecnica de Catalunya, BarcelonaTech., Spain
Gil, Lluis (lluis.gil@upc.edu), Universitat Politecnica de Catalunya, BarcelonaTech., Spain
Key words: Composite structures, Flexural behavior, FRP-concrete, GFRP profiles, Hybrid beams.
Summary. The paper presents an experimental study on the structural performance of hybrid beams composed of I-shaped GFRP pultruded profiles and reinforced
concrete. A series of hybrid beams were constructed in two different configurations and tested under bending until final failure occurred. Joining the two types of materials
was done through the use of steel shear connectors. A comparative analysis between the two types of hybrid beams and an equivalent reinforced concrete beam is made,
with emphasis on the interlayer connection behavior.
3110 | EXPERIMENTAL STUDY ON STRENGTHENING OF CORRODED HSS TUBULAR MEMBERS UNDER COMPRESSION USING FRP COMPOSITES (38. FRP in
concrete, steel and composite steel/concrete structures (Pierluigi Colombi))
Sriram P. (sriram_civil@yahoo.co.in), Thiagarajar College of Engineering, Madurai, Tamilnadu, India
Sundarraja M.C. (mcsciv@tce.edu), Thiagarajar College of Engineering, Madurai, Tamilnadu, India
The infrastructure concerned with metallic structures was found to be structurally unsatisfactory due to overloading and deficiency at the design phase. In addition to that
aging and deterioration caused by exposure to the marine environment of tubular and metallic structures were often reported. The earliest investigators utilized steel plates
for external strengthening. Though the technique was successful in practice, it posed some harms such as addition of self weight, required heavy lifting equipment, difficulty
in shaping and fitting in complex profiles and complication in bonding/welding and, furthermore, added plates are susceptible to corrosion which leads to an increase in
future maintenance costs. In contrast, rehabilitation using fibre reinforced polymer (FRP) composites do not exhibit any of these drawbacks. Presently, there are no studies
related to either the reinforcing of damaged square tubular steel structures using FRP technology to increase the strength of corroded members, or to the application of this
technology to square steel tubes under a seawater environment. In this investigation, special care will be taken in preparing the square hollow sections that are subjected to
underwater conditions. In order to obtain uniform corrosion, all the tubular columns specimens are planned to artificially degraded by heavier solution mechanism. For this
study, short mild steel tubes will be used with the main variable being FRP characteristics. Carbon fibre reinforced polymer (CFRP) will be used as external material with
several other parameters such as the number of layers, sectional area, and wrapping schemes. Experiments will be undertaken until column failure to fully understand the
influence of FRP characteristics on the compressive behaviour of square hollow steel tubes including their failure modes, stress-strain behaviour, enhancement in load
carrying capapcity and effect of distribution of CFRP layers. Evaluation of the results will lead to optimum FRP jacketing/wrapping arrangements for the steel tubes
considered here.
3266 | Improving Strength and Ductility of Double-skinned High-strength Concrete-Filled-Steel-Tubular Columns by External Confinement (38. FRP in concrete,
steel and composite steel/concrete structures (Pierluigi Colombi))
Dong C.X. (dongcx88@hku.hk), The University of Hong Kong, Hong Kong
Ho J.C.M. (johnny.ho@hku.hk), The University of Hong Kong, Hong Kong
Innovative External Confinement Design for Double-skinned High-strength Concrete-Filled-Steel-Tubular Columns
C.X. Dong and J.C.M. Ho
Abstract
High-strength concrete has been well proven to be able to improve the strength-to-weight ratio of reinforced concrete columns and achieve efficient design of tall buildings.
However, closely spaced transverse reinforcement needs to be installed for averting brittle failure of HSC. To resolve the problem, double-skinned concrete-filled-steeltubular (CFST) column has been advocated, which eliminates the steel congestion and reduces the concrete arching action. Nevertheless, a major shortcoming of doubleskinned CFST columns is the imperfect interface bonding owing to the different Poissonʼs effect. Thus, the authors proposed to adopt external steel rings to restrict the
lateral dilation of the outer tube of double-skinned CFST columns for restoring an intact interface bonding condition. To verify the effectiveness, a total of ten double-skinned
high-strength CFST columns (HSCFST) were tested. From the test results, it was observed that the stiffness, axial load-carrying capacity of ring-confined double-skinned
HSCFST columns were 11.5% and 7.5% higher than unconfined columns respectively. The ductility factor of ring-confined double-skinned columns was significantly
improved.
2976 | Modeling of Shear-Failure-Type RC Beams Strengthened with FRP Composite Laminates Subjected to Low Velocity Impact (38. FRP in concrete, steel and
composite steel/concrete structures (Pierluigi Colombi))
Kabir, Mohammad Zaman (mzkabir@aut.ac.ir), Amirkabir University of Technology, Iran
Shafei, Erfan (erfan.shafei@aut.ac.ir), Amirkabir University of Technology, Iran
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Computational models using finite element method for nonlinear transient analysis of reinforced concrete semi-deep beams with dominant shear failure subjected to low
velocity impact loading are presented. Both intact and retrofitted beams with CFRP composite laminates were analyzed and verified using existing experimental results.
Study investigates parameters including absorbed impulse, plastic deflection, and shear damage level. Global and local damages are quantified respectively on nonlinear
oscillation frequency and residual deflection variations. Nonlinear analyses consist of static gravity load step followed by nonlinear dynamic step using explicit algorithm in
LS-DYNA code. Impact load is applied by free-drop weight colliding beam top surface. Efficiency of CFRP in improving impact behavior of rehabilitated members is
investigated using strain rate dependent constitutive laws. Unidirectional and cross-ply partial jackets with additional flexural strips are considered as retrofit configurations.
Observed results revealed enhancement in vibration frequencies of strengthened beams are by average rate of 130%, especially for cross-ply jacketing. Absorbed impulse
level is enhanced for simple and flexural strip combined with all jacketing cases. Peak and residual deflections are restrained by 50% and 65% ratios respectively regarding
intact case. Distributed concrete crack patterns are observed when CFRP jacket was in cross-ply form resulting lower shear damages.

3154 | PLASTIC DESIGN OF STEEL BEAMS REINFORCED BY CFRP PLATES (38. FRP in concrete, steel and composite steel/concrete structures (Pierluigi
Colombi))
Colombi, Pierluigi (colombi@stru.polimi.it), Politecnico di Milano, Italy
Bocciarelli, Massimiliano (bocciarelli@stru.polimi.it), Politecnico di Milano, Italy
In this paper experimental and numerical results related to statically determined steel beams reinforced by CFRP plates are presented.
In retrofitted steel beans with CFRP materials bonded to the tension flange, collapse is mainly due to debonding of the CFRP strips or failure of the carbon reinforcement. In
reinforced steel beams debonding could take place at the reinforcement ends or at plastic hinge location. The interaction of debonding with steel plastic deformation is then
an important feature toward the evaluation of the new flexural capacity.
A numerical model based on a cohesive approach is first presented. Cohesive traction between the two adherents is assumed to be function of the opening sliding
displacements and the gradual separation of the adherents is modelled by a proper cohesive law.
Results from experimental campaigns from the literature on flexural behaviour of steel beams reinforced by CFRP strips are firstly simulated in order to validate the proposed
finite element method. Comparisons are performed in term of the tensile strain in the CFRP strips. The stresses in the adhesive layer is also evaluated numerically and
compared to results from the proposed numerical model.
Finally, a parametric analysis is performed in order to investigate the effect of several design parameters on the effectiveness of the reinforcement of steel beams. Results
are presented in terms of increment in load bearing capacity of the steel beam.
3709 | Rational Approach for Material Selection in FRP-Bonded Reinforced Concrete Repair (38. FRP in concrete, steel and composite steel/concrete structures
(Pierluigi Colombi))
Nikopour, Hasan (hasan.nikopourdeilami@mail.mcgill.ca), McGill University, Canada
Fibre-reinforced polymers (FRP) wraps have shown great promise in the retrofit and rehabilitation of ageing and damaged reinforced concrete (RC) elements. After nearly
four decades of research in this area, the FRP material selection for a particular repair application is still a challenge in the research and industrial communities. This paper
presents novel approaches for selecting the optimum FRP choice from a list of candidate materials.
3111 | STRENGTHENING OF CFST MEMBERS UNDER COMPRESSION USING FRP COMPOSITES ? AN EXPERIMENTAL INVESTIGATION (38. FRP in concrete,
steel and composite steel/concrete structures (Pierluigi Colombi))
Basanth Babu K.M. (basanth_71@yahoo.com), Thiagarajar College of Engineering, Madurai, Tamilnadu, India
Udhaya Meenatchi R. (udhayameenatchi89.gct@gmail.com), Thiagarajar College of Engineering, Madurai, TamilnaduThiagarajar College of Engineering, Madurai,
Tamilnadu, India
Sundarraja M.C. (mcsciv@tce.edu), Thiagarajar College of Engineering, Madurai, Tamilnadu, India
Hollow and concrete-filled steel tubular columns possess excellent earthquake-resistant properties such as high strength and ductility, and large energy absorption capacity.
During the last few decades, they have gained increasing popularity in buildings, bridges and other structural applications (both on-shore and off-shore). For concrete-filled
steel tubes (CFST), inward local buckling, commonly observed in bare steel columns, is effectively prevented, giving a higher capacity. Since confinement in a CFST is
continuous, CFSTs are generally considered to possess favourable characteristics for use in regions at high seismic risk. However, if the concrete core and the steel tube
are loaded simultaneously, the steel tube expands more than the concrete core under moderate loads since Possionʼs ratio is higher for the steel section. This suggests that
the steel tube may offer limited confinement under certain conditions. Cyclic loading of conventional CFST columns show that local plastic buckling may occur at the ends of
the steel tube followed by the crushing of concrete. A number of methods have been proposed for the seismic retrofit of hollow and concrete filled steel tubular columns as
bridge piers, but each method suffers from some limitations. Fiber reinforced polymer (FRP) jacketing provides a very effective means of suppressing local buckling failures
at columns ends. This research is aimed at investigating the structural improvements (strength and ductility) of slender concrete filled steel tubular sections with normal
strength concrete using a series of experiments for a variety of FRP wrapping schemes. For this study, it is proposed to use mild steel tubes with the main variable being
FRP characteristics. Carbon fibre (CFRP) will be used as external material with several other parameters such as the number of layers and wrapping schemes. Experiments
will be undertaken until column failure to fully understand the influence of FRP characteristics on the compressive behaviour of circular CFST sections including their failure
modes, stress-strain behaviour, axial strain-lateral strain curves and enhancement in load carrying capapcity. Evaluation of the results will lead to optimum CFRP
jacketing/wrapping arrangements for the steel tubes considered here.
4030 | Water Permeability in Fiber Reinforced Plastic (FRP) Wrapped Concrete (38. FRP in concrete, steel and composite steel/concrete structures (Pierluigi
Colombi))
Yazdani, Nur (yazdani@uta.edu), University of Texas at Arlington, United States America
Ojha, Jyoti (jyoti.ojha@gmail.com), American Tower Corporation, United States America
Fiber Reinforced Plastic (FRP) has become an efficient strengthening method for existing concrete structures. In addition to strength addition, FRP wrapping is likely add to
the long-tern durability of concrete structures. This may occur due to the reduction of water and chemical permeability and eventual reinforcement corrosion and concrete
deterioration in FRP wrapped concrete. A theoretical determination of the reduction of water permeability in FRP wrapped concrete was performed herein. Finite element
analysis was utilized using the ANSYS software to analyze the progress of water and its circulation in FRP wrapped concrete. Finite element programs do not usually
address the issue of permeability or diffusion. Therefore, diffusion of water in FRP-concrete was modeled by an analogy with thermal conduction. Analytical results showed
that FRP wrapping is very useful I decreasing the water ingress in concrete members. The water penetration is largest near the concrete surface, but becomes uniform over
time. The water penetrates mostly near the bond-free surfaces near the beam supports. The moisture contents in the FRP, epoxy and concrete varies significantly based on
the location and time.
4366 | 2nd Generation Theory of Structures originated by Analysis of Laminated Composites (39. Plenary Lectures)
Carrera Erasmo (erasmo.carrera@polito.it), Politecnico di Torino, Italy
Classical (1st Generation) Theory of Structures (ToF) has been originated by the analysis of beams/plates/shells made by traditional monocoque metallic materials subject
to mechanical loadings (traction, shear, bending, torsion etc). These theories have shown severe limitations when applied to laminated composites as well as to multifield
loadings. Due to that many studies have been made to improve the classical theories to get accurate stress/strain states in the thickness direction of the considered
multilayered structures. Among these the Unified Formulation (CUF) introduced by the Speaker and extensively developed and applied by many other Scientists is here
considered. CUF permits to introduce refined –hierarchical theories in both Equivalent Single Layer (ESL) and Layer-Wise (LW) framework by writing the governing
equations in both weak and strong forms in terms of fundamental nuclei that do not the depend by the order of the expansion used for the unknown variables
(displacements, stresses) neither by the variable description (ESL, LW). This lecture shows firstly the main results obtained by CUF applied to composite structures.
Secondly it encompasses key-samples that shows how CUF has lead to what has been stated as 2nd Generation Theory of Structures. 1D- and 2D-analyses are considered
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Secondly it encompasses key-samples that shows how CUF has lead to what has been stated as 2nd Generation Theory of Structures. 1D- and 2D-analyses are considered
for any kind of structures. Applications to civil-engineering, naval, aerospace and bio structures are given.
3897 | ADVANCED NUMERICAL SIMULATION FOR REINFORCED COMPOSITE MATERIALS (39. Plenary Lectures)
Oller, Sergio (sergio.oller@upc.edu), UPC-CIMNE, Spain
The talk will be oriented to describe a new, wide and integrated numerical procedure for the analysis of reinforced composite material structures. It will be described a
powerful tool to represent the behavior of several kind of composite structures, including the classical and new kind of composites material structures.
It will be introduce the characteristic behavior of some kinds of reinforced composites and its numerical treatment using the following formulations:
- A new mixing and homogenization theory,
- A general anisotropic theory,
- An inelastic compression instability approach,
- A delamination approach for reinforced composite material, etc.
This presentation will summarize twenty years of continuous research on this subject and shows an integrated formulation for the numerical simulation of the structures
behavior made up of reinforced composite material.
4299 | ADVANCES IN CODES, STANDARDS AND DESIGN GUIDES DEVELOPMENT FOR COMPOSITES CONNECTIONS (39. Plenary Lectures)
Ayman S. Mosallam (mosallam@uci.edu), University of California, Irvine, United States America
In recent years, the construction industry started to realize the potential of using fiber reinforced polymer (FRP) composites in construction applications. As for any emerging
technology, the construction industry and the civil engineers were faced with tremendous amount of difficulties to utilize FRP materials in the same manner they are used to
for the conventional material such as steel, concrete and wood because of many obstacles. One of these obstacles is the lack of design standards and authoritative codes
for the use of FRP materials in construction applications. Despite the fact that there is a great deal of research and applications information available from the aerospace
industry for more than half a century, still the civil engineers are searching for ways to convince themselves with the reliability, applicability and the structural efficiency of
FRP materials. The Construction Instituteʼs Structural Composites and Plastics Committee (SCAP) of the American Society of Civil Engineers recognized the need for
developing reliable design specifications for FRP composites and has been working with the composite industry and civil engineering community to achieve this goal.
The paper presents that latest development on this effort in USA and Europe. Emphasis will be put on the newly published American Society of Civil Engineer Design
Manual developed by the author. Topics covered in the ASCE manual are: 1) design philosophy & design considerations for structura
3875 | Behavior of laminated composite thin walled structures-An experimental overview (39. Plenary Lectures)
Haim Abramovich (abramovich.haim@gmail.com), Technion, I.I.T., Israel
Laminated composite thin walled structures are today one of the most effective way of reducing weight and increasing performance of aircraft.
To realize this target, it is necessary to develop the appropriate reliable tools, which are complemented and validated by a sound experimental data base to correctly and
safely predict the behavior of a laminated composite stringer-stiffened shell in the "deep" postbuckling region and its collapse load, which is characterized by the probable
following failure modes : separation between the skin and the stringers, delaminations, crack propagations and matrix failure, as well as to get better insight and
understanding of the phenomena associated with its behavior under repeated buckling, particularly in the range of "deep" postbuckling loading. During its normal service life,
a fuselage, which is composed of many curved laminated composite stringer-stiffened panels, may experience no more than a few hundreds of bucklingpostbuckling cycles.
Typical ways of experimental investigation of stringer stiffened curved panels will presented, and ways of measuring various parameters of the tested specimens will be
shown with a focus on their buckling and postbuckling behavior.
4324 | Crack and Adiabatic Shear Band Initiation and Propagation in Functionally Graded Thermo-elasto-visco-plastic Materials (39. Plenary Lectures)
Batra, Romesh C (rbatra@vt.edu), Virginia Polytechnic Institute and State University, United States America
Crack and Adiabatic Shear Band Initiation and Propagation in Functionally Graded Thermo-elasto-visco-plastic Materials
R. C. Batra
Department of Engineering Science & Mechanics, M/C 0219
Virginia Polytechnic Institute and State University
Blacksburg, VA 24061, USA
Email: rbatra@vt.edu
An adiabatic shear band is a narrow region, usually a few microns wide, of intense plastic deformations with extremely large values of the plastic strain. They are precursors
to crack initiation in metallic parts deformed at high strain rates such as those produced by improvised explosive devices. A functionally graded material (FGM) is a
composite of two or more phases with material properties varying continuously in one or more spatial directions.
We have used the finite element method to study crack and ASB initiation and propagation in plane strain high strain-rate deformations of FGMs. An ASB is assumed to
initiate when the load supported by the structure rapidly drops, and a crack is assumed to initiate at an effective plastic strain of 1.5. Challenging issues include delineating
on ASB initiation and propagation effects of debonding between particulates and matrix, and of the microstructure of the composite. We have also used a multiscale
approach to analyze ASB initiation and propagation. Results to be presented have appeared in the following papers.
References:
1. R. C. Batra and B. M. Love, Engineering Fracture Mechanics , 72, 1954-1979, 2005.
2. R. C. Batra and B. M. Love, J. of Thermal Stresses, 28, 747-782, 2005.
3. R. C. Batra and B. M. Love, Int'l. J. Multiscale Computational Eng'g, 4:1, 95-114, 2006.
4. B. M. Love and R. C. Batra, Int. J. Plasticity, 22, 1026-1061, 2006.
5. R. C. Batra and B. M. Love, Int. J. Plasticity, 22, 1858-1878, 2006.
6. B. M. Love and R. C. Batra, Int. J. of Mechanical Sciences, 52, 386-397, 2010.
3910 | Development of unique thermoplastic composite structures using automated fiber placement (39. Plenary Lectures)
Hoa, Suong Van (hoasuon@alcor.concordia.ca), Concordia University, Canada
Shadmehri, Farjad (f_shadme@encs.concordia.ca), Concordia University, Canada
ElGeuchy, Mohamed (mr_geuchy@yahoo.com), Concordia University, Canada
Hojjati, Mehdi (mehdi.hojjati@concordia.ca), Concordia University, Canada
Derisi, Bijan (bijan_derisi@yahoo.ca), Concordia University, Canada
Automated Fiber Placement (AFP) is a fairly new technique that can be used to manufacture structures made of both thermoset and thermoplastic composites in which the
fibers are laid on the surface of the mold one strip at a time. While the head of the fiber placement machine is laying the fiber tapes, heat and pressure are applied
simultaneously. Heat makes the resin flow between the fibers and pressure consolidates the fibers as they are placed onto the surface of the mold. AFP technique makes it
possible to manufacture closed-shape structures (e.g., cylindrical and conical shells, tubes, etc.) out of thermoplastic composites. This unique capability in manufacturing
thermoplastic composite round-shape structures makes it distinctive among all other composite manufacturing techniques. Furthermore, using AFP in manufacturing of
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thermoplastic composite round-shape structures makes it distinctive among all other composite manufacturing techniques. Furthermore, using AFP in manufacturing of
thermoplastic composites, autoclave process can be avoided leading to significant reduction in manufacturing cost.
Two types of thermoplastic composite structures including a section of a helicopter tailboom (thin-walled composite conical shell) and a helicopter landing gear (thick-walled
composite tube) were manufactured using AFP machine. The tailboom is a 48-inch long cone made of 0.25-inch wide composite tape of carbon/PEEK. The landing gear is a
36-inch long and 1.5-inch inner diameter tube, composed of 96 layers of carbon/PEKK. A tube bending set up was developed to study the bending and buckling behavior of
these structures.
4343 | FRP reinforcement in reinforced concrete structures (39. Plenary Lectures)
Torres, Llu?s (lluis.torres@udg.edu), University of Girona, Spain
Fibre reinforced polymer (FRP) bars have emerged as an alternative for reinforcing concrete structures where corrosion in steel or interferences with magnetic fields may be
present. Bridges, highways, marine environments, or chemical plants are examples of places where applications have been successfully carried out. Use of FRPs can
reduce maintenance and rehabilitation costs, leading to economic and environmental benefits. Other specific properties, like the high cuttability of FRP bars, can lead to new
uses, as for diaphragm walls in temporary applications.
The properties of FRPs have a significant effect on the performance of FRP reinforced concrete (RC). Due to their lower modulus of elasticity compared to that of steel,
larger deformations and wider cracks are expected. As a result, the design of FRP RC elements is often governed by serviceability requirements. Other significant
differences with respect to steel RC arise from the linear behaviour up to failure, the susceptibility to exhibit creep rupture, or the influence of changes in bond behaviour.
The wide range of available products, subject to constantly modifying materials and improving manufacturing processes, lead to substantial differences in terms of structural
properties, due to fibre content, geometry, or surface characteristics. This reinforces the need for developing adequate standard test methods and prediction models able to
be included in generally accepted design codes and guidelines.
3889 | Is it old-fashioned to develop closed-form approximate analysis methods for composite lightweight engineering? (39. Plenary Lectures)
Mittelstedt, Christian (christian.mittelstedt@sogeti-hightech.de), SOGETI Hightech GmbH, Hamburg, Germany, Germany
Even with the astounding computer resources that are nowadays available, it is nevertheless of utmost importance to have rapid and yet reliable closed-form analytical
approximate analysis methods at ones disposal, especially when dealing with inherently iterative engineering tasks like composite aircraft analysis and design. This is
especially true when tasks such as structural optimization or predesign of composite aircraft parts are tackled. While it is possible to treat virtually any given structural
situation using finite element analysis when computational time and effort are not of importance, many engineering tasks demand for analysis methods that deliver results
without significant computational expenses. Such methods should be as simple as possible for application in day-to-day engineering practice and while being as reduced as
possible, the main drivers behind the considered structural situation must nevertheless be retained in order to produce reliable results.
This contribution discusses such closed-form analytical methods for composite lightweight engineering at the examples of some selected stability problems in the analysis of
aircraft structural parts. Furthermore, some selected stress concentration problems will also be considered. The reliability, accuracy and yet the simplicity of the presented
methods is demonstrated by comparison with the results of comparative finite element computations.
3742 | Mechanics of locally resonant materials and structures (39. Plenary Lectures)
Abrate Serge (abrate@engr.siu.edu), Southern Illinois University, United States America
This presentation gives an overview of new research area dealing with materials and structures designed to prevent the propagation of elastic waves by introducing local
resonators.
For periodic structures, elastic waves propagate freely in some frequency ranges (pass-bands) while they are attenuated in other (stop bands). The dispersive properties of
such structures depend on the basic cell geometry and the material properties of the constituents. For long wavelengths, periodic structures like fiber reinforced composites,
laminated plates, or lattice structures can be modeled using continuum models. There is also interest in tailoring periodic structures in order to prevent the propagation of
elastic waves at high frequencies. The scattering of waves by periodic structures is used to filter out waves in what are sometimes called phononic or sonic crystals.
Adding spring-mass systems to structures can provide “pseudo-damping” and reduce the vibration response without introducing discrete damping elements. Introducing
resonators inside a material provides filtering at low frequencies. For example, introducing steel spheres coated with a soft material in a polymer matrix, the coated spheres
act as spring-mass resonators and provides attenuation in certain frequency ranges. Stop-bands can be introduced at given frequencies in such locally resonant materials
and structures.
4357 | MODELING OF COMPOSITE PLATE-LIKE STRUCTURES (39. Plenary Lectures)
Altenbach, Holm (holm.altenbach@ovgu.de), Otto-von-Guericke-Universitat Magdeburg, Germany
Composite plate-like structures are applied in different branches like aerospace and aircraft industries, civil engineering, photovoltaic devices, etc. Up to now different
approaches of modeling such structures are used. Here we present some of them and, in addition, we try to compare these approaches from the point of theoretical
background, engineering interpretations and usefulness in applications.
4367 | On the modeling of progressive damage and failure in laminated composites -- towards mesh objective, validated predictions (39. Plenary Lectures)
Waas, Anthony M. (dcw@umich.edu), University of Michigan, United States America
The author will describe the construction of a progressive damage and failure theory for laminated composites that yield mesh objective predictions of damage and failure for
a wide variety of structural laminates subjected to both external tensile and compressive loading. This development has great practical utility for the design of light-weight
aero structures.
4330 | Plate Analysis by the Extended Kantorovich Method (39. Plenary Lectures)
Eisenberger, Moshe (cvrmosh@technion.ac.il), Technion - Israel Inst. of Tech., Israel
In this talk a highly accurate semi-analytical method for the analysis of plates is presented. These include the solutions for classical and advanced plate theories which
include the shear deformations through the thickness of the plate. For these models the static analysis, vibration analysis, and buckling analysis are treated, in the linear and
the non-linear regime. The solutions are obtained using the Multi Term Extended Kantorovich Method (MTEKM). In the original Kantorovich formulation the solution for the
governing partial differential equations is sought as the sum of multiplications of uni-variable functions in one direction. In this method a solution is assumed in one direction
of the plate, and this enables to transform the partial differential equations of the plate equilibrium into an ordinary differential equation. This equation is solved exactly by the
exact element method, which is a very efficient method for the solution of ordinary differential equations with variable coefficients. . In the extended version of the method the
solution that is obtained is then treated as the assumed solution, and the new resulting equation is solved. This procedure is repeated till the solution converges. In most
cases three to five cycles are sufficient to obtain high accuracy solutions. Many examples are presented for the application of the MTEKM procedure to obtain very accurate
benchmark solutions for plate problems.
3850 | REFINED THEORIES AND COMPUTATIONAL MODELS OF COMPOSITE BEAMS, PLATES, AND SHELLS (39. Plenary Lectures)
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3850 | REFINED THEORIES AND COMPUTATIONAL MODELS OF COMPOSITE BEAMS, PLATES, AND SHELLS (39. Plenary Lectures)
Reddy, J. N. (jnreddy@tamu.edu), Texas A&M University, United States America
In recent years numerous papers that consider microstructure-dependent size effects in formulating the classical and first-order beam and plate theories have appeared. As
these studies have been motivated by the fact that beam-like and plate-like structural elements are commonly used in micro- and nano-scale devices and systems such as
biosensors, atomic force microscopes, MEMS, and NEMS, and their response may be influenced by certain microstructural parameters. In this lecture, the Eringenʼs
nonlocal model [1], modified couple stress model [2, 3], and model based on rotation gradient-dependent theory [4] are discussed. All three theories include a material length
scale parameter that can capture the size effect. The Eringenʼs nonlocal model is briefly reviewed first to contrast it with the modified couple stress theory and the rotation
gradient-dependent theory. In discussing modified couple stress theories, general nonlinear third-order theories of beams and plates that accounts for (1) geometric
nonlinearity, (2) microstructure-dependent size effects, and (3) two-constituent material variation through the thickness (i.e., functionally graded material beams and plates)
are presented. In the rotation gradient-dependent theory, two major concepts introduced are (1) the use of the polar decomposition theorem as a constraint and (2) a
representation for finite rotations in terms of displacement gradients for large deformation plane problems.
3009 | Thermo-elastic response of thick functionally graded plates using higher order shear and normal deformations plate theory (39. Plenary Lectures)
Kant, Tarun (tkant@civil.iitb.ac.in), , Indian Institute of Technology Bombay, Powai, Mumbai-400 076., India
Jha, Dhirendra Kumar (dkjha@barc.gov.in), Scientific officer (E), Arch. and Civil Engg. Division, Bhabha Atomic Research Centre, Mumbai-400 085., India
Singh, Ram Kumar (rksingh@barc.gov.in), Head, CSS, Reactor Safety Division, Bhabha Atomic Research Centre, Mumbai- 400 085., India
Functionally graded materials (FGMs) are advanced materials in the family of engineering composites developed by material scientists for the innovative engineering
applications. In recent years FGMs are gaining considerable importance and finding wide applications in high temperature environments, such as, nuclear-fusion reactors,
chemical plants, aerospace structural applications, etc. A higher order two-dimensional plate theory is developed for studying the thermo-elastic response of thick
functionally graded (FG) elastic, rectangular, and simply (diaphragm) supported plates by including the thermo-elastic effects in the static formulation. The governing thermoelastic equations are solved for a FG plate subjected to temperature fields. A thermo-elastic boundary value problem using a higher order shear and normal deformations
plate theory (HOSNT) which considers the realistic parabolic distribution of transverse shear strains and the linear variation of transverse normal strain through the plate
thickness is formulated and solved for FG plate. FGMs are microscopically inhomogeneous, in which the mechanical properties vary smoothly and continuously from one
surface to the other. The material properties of FG plates are assumed here to vary through the thickness of the plate in a continuous manner according to the volume
fraction of a ceramic and a metal using a power law distribution. The effect of material grading on the thermo-elastic response of FG plate is investigated.
3420 | Using of CFRP parts in aircrafts as a weight and cost reduction compared to conventional materials (39. Plenary Lectures)
Kuehn, Torsten (torsten.kuehn@efw.eads.net), EADS EFW, Germany
The A350 XWB cabin concept requires a high flexibility to carry monument loads at each position. This paper shows the history of the beam concept as a primary structure
part in the aircraft which carries high monument loads by taking into account weight and cost saving but still having a robust design to fulfill special requirements like
maintenance free.
A first beam has been designed as a kind of H-profile from Titanium. Advantage of this design with the well known material properties was the robustness in terms of
damage tolerance and the manufacturing process (milling part) in contrast to cost and weight. A concept change from Titanium to CFRP beams has decreased the costs
significantly and also the weight. As a result from many studies (e.g. sandwich structure) the final CFRP design with a foam core is aligned to all key requirements, the VAP
manufacturing process, weight and cost and is another good example of using CFRP structures as primary parts in aircrafts.
3356 | An overview of the FP7 project DAEDALOS - Dynamics in Aircraft Engineering Design and Analysis for Light Optimized Structures (40. DAEDALOS Dynamics in Aircraft Engineering Design and Analysis for Light Optimized Structures (Chiara Bisagni))
Bisagni, Chiara (chiara.bisagni@polimi.it), Politecnico di Milano, Italy
European transport policy and the European aircraft industry demand for safer and greener aircraft transport systems as well as for reduced development and operating
costs. The DAEDALOS project, funded by the European Commission in the FP7 Program, contributes to these aims by means of an innovative design approach for
aerospace structures considering dynamic effects in the loading process more realistically than at present. Although aircrafts are in the most cases subjected to highly
dynamic loads, todayʼs design and certification procedures are mainly based on conservative static loading which leads to additional weight and, potentially, to a structurally
unsafe aircraft.
The objectives of the DAEDALOS project can be so defined:
- To develop techniques which can use the loads obtained from dynamic loads analyses into the more complex full FEM, considering damping characteristics, dynamic
buckling and hysteresis;
- To predict the realistic section forces along the fuselage structure, considering also the energy dissipation around the load introduction;
- To redefine a more realistic set of design loads able to guarantee significant weight reduction and increasing safety for future aircraft.
The DAEDALOS project has a duration of 36 months, and comprises 13 partners from 8 countries, coordinated by Politecnico di Milano.
3627 | Damping characteristics of CFRP aerospace material (40. DAEDALOS - Dynamics in Aircraft Engineering Design and Analysis for Light Optimized
Structures (Chiara Bisagni))
Chaves-Vargas, Mauricio (chaves-vargas@ilb.rwth-aachen.de), Institut f?r Leichtbau der RWTH Aachen, Germany
Dafnis, Athanasios (dafnis@ilb.rwth-aachen.de), Institut f?r Leichtbau der RWTH Aachen, Germany
Reimerdes, Hans-G. (reimerdes@ilb.rwth-aachen.de), Institut f?r Leichtbau der RWTH Aachen, Germany
Krena, Josef (josef.krena@letov.cz), Letov Leteck? V?roba, Czech Republic
The material damping properties of flat carbon-fiber-reinforced specimens are investigated by means of dynamic experiments, in which the specimens are subjected to a
sinusoidal tensile load. Three different graphite/epoxy laminate configurations are investigated within this work (unidirectional plies embedded in thermoset matrix, fabric
plies in thermoset matrix and fabric plies in thermoplastic matrix). Different pre-stresses, stress amplitudes and excitation frequencies are used as part of the experimental
work in order to study the dependence of the damping behaviour on these parameters. Two different parameters are selected to describe the damping properties of the
specimens studied. The first parameter is the dissipated energy per unit volume and per cycle of load, which corresponds to the area enclosed by the hysteresis in the
stress-strain curve. The second one is the loss factor, a parameter often used in the literature to describe the damping properties of linear and non-linear materials. On the
basis of the experimental data obtained, a method is proposed to include material damping into numerical computations.
The research leading to these results has received funding from the European Union's Seventh Framework Programme [FP7/2007-2013] under grant agreement n° 266411.
3589 | Dynamic finite element simulations of composite stiffened panels with an orthotropic viscoelastic energy dissipation model (40. DAEDALOS - Dynamics
in Aircraft Engineering Design and Analysis for Light Optimized Structures (Chiara Bisagni))
Doreille, Mathias (doreille@smr.ch), SMR SA, CH-2500 Bienne, Switzerland
Kuenzli, Stefan (skuenzli@smr.ch), SMR SA, CH-2500 Bienne, Switzerland
Ludwig, Thomas (tludwig@smr.ch), SMR SA, CH-2500 Bienne, Switzerland
Bisagni, Chiara (chiara.bisagni@polimi.it), Politecnico di Milano, Italy
Energy dissipation is observed in most materials. This dissipated energy can have a non-negligible influence on the dynamic response of Carbon-fiber-reinforced stiffened
aerospace structures, such as panels. To capture the energy dissipation properties of the materials a linear orthotropic viscoelasticity model based on the Generalized
Maxwell model is used, the constitutive equations being convolution integrals that can be efficiently integrated in time with a recurrence formula involving internal stress state
variables.
Dynamic mechanical analysis of unidirectional laminate in flexion and for various fiber directions is performed to measure the in-plane viscoelastic behavior of the materials.
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Dynamic mechanical analysis of unidirectional laminate in flexion and for various fiber directions is performed to measure the in-plane viscoelastic behavior of the materials.
The viscoelastic model of Melo and Radford is adopted to obtain the out-of-plan viscoelasticity. A global optimization procedure is then used to find the best relaxation times
and relative modulus for the discrete orthotropic generalized Maxwell model. This material model has been implemented in the B2000++ finite element simulation
environment for shell and solid elements, solving the nonlinear dynamic equations with a multistep, variable time step time integration method.
A first validation of the viscoelastic model numerically reproduces the DMA tests performed with the coupons. Finite element simulations of Carbon-fiber-reinforced
structures using the viscoelastic material model are then presented, comparing the simulations to experimentally obtained dissipation values.
3341 | Experimental Evaluation of Damping Characteristics of Structural Specimens (40. DAEDALOS - Dynamics in Aircraft Engineering Design and Analysis for
Light Optimized Structures (Chiara Bisagni))
Abramovich, H. (abramovich.haim@gmail.com), Technion, Israel
Govich, D. (dimoong@aerodyne.technion.ac.il), Technion, Israel
Grunwald, A. (putzy10@walla.com), Technion, Israel
Accurate information on damping of structural materials is essential in the design of structures for noise and vibration control, as well as for a better lean design which takes
into account the dynamic nature of the applied loads and not their equivalent static ones. Experimental and analytical characterization of damping is not easy, even with
conventional structural materials, like aluminum or steel, and the anisotropic nature of composite materials makes it even more difficult. The present paper summarizes an
experimental work performed within a consortium called DAEDALOS “Dynamics in Aircraft Engineering Design and Analysis for Light Optimized Structures” in the framework
of the EC FP7 program and presents data obtained for the damping characteristics of aluminum and laminated composite specimens.Tests were performed on aluminum
(2024 T351) and composite specimens (IM7/8552 unidirectional and HEXPLY 8552 AGP 280-5H (fabric)) using the hysteresis loop method. It was found for the aluminum
specimens that the loss factor, η is linearly dependent only on the applied excitation frequency without being dependent on the preloading and the stress amplitudes. The
same behavior was measured also for the composite specimens
It was found that the damping on aluminum is higher than that found on the tested composite materials.
3671 | Investigation of the buckling behaviour of compression-loaded orthotropic CFRP stiffened plates (40. DAEDALOS - Dynamics in Aircraft Engineering
Design and Analysis for Light Optimized Structures (Chiara Bisagni))
Chaves-Vargas, Mauricio (chaves-vargas@ilb.rwth-aachen.de), Institut f?r Leichtbau der RWTH Aachen, Germany
Dafnis, Athanasios (dafnis@ilb.rwth-aachen.de), Institut f?r Leichtbau der RWTH Aachen, Germany
Reimerdes, Hans-G. (reimerdes@ilb.rwth-aachen.de), Institut f?r Leichtbau der RWTH Aachen, Germany
As part of current aircraft design practice, aircraft structures are usually sized on the basis of diverse static design and safety factors criteria. When sizing thin-walled aircraft
structures, which are prone to buckle, these are assumed to be loaded quasi-statically. This kind of approach does not consider the actual dynamic load conditions which
can be induced during aircraft operational services as a result of flight maneuvers, gusts or landing impact. By investigating the structural response to dynamic loads taking
into account energy dissipation phenomena and load redistribution due to buckling, a less conservative and weight-saving definition of sizing loads for structural components
may be achieved.
In order to study the buckling behaviour under dynamic load conditions, a stiffened CFRP panel of the wing upper skin of a generic aircraft is selected. In a first step, the
dynamic properties of the plates are investigated using a modal analysis. Natural frequencies, mode shapes and damping capacity of the plates are determined. The plates
are then subjected to quasi-static and dynamic compression loads and the resulting deformation is measured.
The research leading to these results has received funding from the European Union's Seventh Framework Programme [FP7/2007-2013] under grant agreement n° 266411.
3340 | Investigation of the Dynamic Behavior of Curved Metal and Composite Stringer Stiffened Panels under Axial Compression (40. DAEDALOS - Dynamics in
Aircraft Engineering Design and Analysis for Light Optimized Structures (Chiara Bisagni))
Abramovich, H. (abramovich.haim@gmail.com), Technion, Israel
Govich, D. (dimoong@aerodyne.technion.ac.il), Technion, Israel
Grunwald, A. (putzy10@walla.com), Technion, Israel
The present manuscript presents experimental results of both metal (aluminum) and laminated composite curved stringer stiffened panels under axial dynamic compression
aimed at providing reference data for the analytical/numerical tools developed within a consortium called DAEDALOS “Dynamics in Aircraft Engineering Design and Analysis
for Light Optimized Structures” in the framework of the EC FP7 program .Four curved aluminum panels (AL 2024-T3511), two panels having two stringers and two panels
have three stringers , and four curved laminated composite skins (made of Unidirectional Tape T800/M21) attached to two aluminum longerons at its straight boundaries
were tested under axial compression loads, the loads being frequency dependent and static ones. The tests were performed using a hydraulic MTS loading rig, having the
capacity of 500 kN. The panels were equipped with strain gages bonded back-to-back, to measure the strains distribution on the tested panels, as a function of time and
location. To visualize the buckling modes, the Moiré method was applied. The various panels were tested according to a protocol, which was adopted by all the testing
partners of the consortium, to enable later a reliable comparison among the results.
Consistent results were obtained, and a nice repeatability between the various tested panels was found. The experimental results will be further compared with numerical
and FE calculations.
3536 | Investigation on improved preliminary sizing processes of aircraft structures under dynamic loads (40. DAEDALOS - Dynamics in Aircraft Engineering
Design and Analysis for Light Optimized Structures (Chiara Bisagni))
Geier, Martin (martin.geier@dlr.de), German Aerospace Center (DLR), Institute of Composite Structures and Adaptive Systems, Germany
Bronstein, Michael (mbronste@iai.co.il), Israel Aerospace Industries (IAI), Israel
Kling, Alexander (alexander.kling@dlr.de), German Aerospace Center (DLR), Institute of Composite Structures and Adaptive Systems, Germany
In order to consider a large number of design loads within the preliminary sizing process of aircraft structures in reasonable computational times, typically dynamic
simulations are performed using simple stick models. These models consist of FE beam elements and concentrated. For the preliminary sizing, the dynamic internal loads
obtained from the dynamic simulations are converted to static load sets that are applied to a detailed 3D FE representation of the aircraft. The combination of using the
simple stick model as well as the conversion of the dynamic internal loads to static load sets leads to rather conservative designs.
In this paper, an improved preliminary sizing process for dynamic load cases is presented. Two enhanced design processes are described, utilized and finally compared to
the current design process. The used case for this study is built up by a generic aircraft which is subjected to different landing load cases.
The first improvement of the design process removes the usage of static load sets for the preliminary sizing, while still allowing to utilize a simple stick model for the dynamic
simulations. The second improvement also removes the stick model in the dynamic simulations and replaces it with a detailed 3D representation of the aircraft.
In order to assess the potential weight savings, the stress distributions throughout the fuselage of the generic aircraft are studied and compared to each other.
3543 | Post-buckling Analysis of Composite Stiffened Panels under Dynamic Compressive Loading (40. DAEDALOS - Dynamics in Aircraft Engineering Design
and Analysis for Light Optimized Structures (Chiara Bisagni))
Jansen, Eelco (e.jansen@isd.uni-hannover.de), Leibniz Universitaet Hannover, Germany
Rahman, Tanvir (T.Rahman@tnodiana.com), TNO DIANA BV, Netherlands
Meurer, Alexander (a.meurer@isd.uni-hannover.de), Leibniz Universitaet Hannover, Germany
Rolfes, Raimund (r.rolfes@isd.uni-hannover.de), Leibniz Universitaet Hannover, Germany
The buckling and post-buckling behavior of stiffened composite panels is a relevant topic in aircraft structural design and has received considerable attention during recent
years. The possibility to exploit the post-buckling load carrying capability of stiffened panels through accurate simulation of the geometric and material nonlinearities has
been emphasized in these studies. In addition, the development of fast tools for post-buckling analysis has been one of the important issues in these research efforts. The
loads acting on aircraft structures are typically dynamic in nature. The structural design of aircraft stiffened panels is currently based on the definition of equivalent static
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design loads. Consideration of the actual, dynamic loads that are acting on the aircraft provides another possibility to improve the representation of the behavior of the
aircraft structure. The real stress and deformation states in the aircraft, and consequently the buckling and failure load values at panel level, can be more precisely predicted
by including the inertial and damping effects in the structural analysis. This contribution presents a study of the nonlinear dynamic behavior of stiffened composite panels
under dynamic in-plane compressive loading. Nonlinear transient analyses are carried out and buckling loads and failure loads are established. In addition, the nonlinear
dynamic analyses are compared with results from a fast tool, a Finite Element based Reduced Order Model.
3280 | Combustion Characterization and dye ability of Nano composite PA6/MMT/MH (42. Thermal problems on Composite structures (Metin Aydogdu, Bahar
Uymaz))
Masoud Hezari (masoud@inrigo.no), Inrigo As, Norway
Mohamad Esmail Yazdanshenas (dr.yazdanshenas@gmail.com), Islamic Azad university, Iran
Reza Hezari (reza@inrigo.no), Inrigo As, Norway
The Polyamide 6 (PA6) / Montmorillonit (MMT) and Magnesium Hydrate (MH) nanocomposites have been prepared by melt mixing technique of nano modified powders into
the PA6 matrix.The structures and properties of nanocomposites were characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM) ,differential
scanning calorimetry (DSC) ,thermogravimetry analysis (TGA) and cone calorimeter (CCM). The nanoscale dispersion of MMT layers in the PA6 have been verified by the
XRD peak of MMT and the observation of TEM image. DSC tests evince that these exfoliated MMT layers play the role of nucleating agents . dyeing properties of modified
PA6 fibers have been influenced by nano composites amounts.
3010 | Design of the Heating Process for Forming Fiber-Reinforced Thermoplastics with Middle-Wave Infrared Radiators (42. Thermal problems on Composite
structures (Metin Aydogdu, Bahar Uymaz))
Engel, Bernd (bernd.engel@uni-siegen.de), Chair of Forming Technology, University of Siegen, Germany
Junge, Markus (markus.junge@uni-siegen.de), Chair of Forming Technology, University of Siegen, Germany
For fiber-reinforced constructions and components there is an increasing use of semi-finished products in form of sheets with thermoplastic matrix systems to realize small
production cycle times. Generally, the manufacturing of components of fiber-reinforced thermoplastics requires three steps: heating the matrix, forming and consolidation of
the composite and terminal cooling the matrix. For the heating process a homogeneous temperature distribution through the layers and the thickness of the semi-finished
product is recommended to enable necessary forming mechanism, like transverse and shear flow of fibers or inter ply slip and rotation. Furthermore, experiments on forming
processes demonstrate positive and negative spring-in of the formed geometry. The determination of process parameters for the spring-in using a die bending tool shows,
that a controlled heating process has to be guaranteed by a continuous temperature measurement. Finally, the process temperature is one of the most important factors for
the accuracy of formed components. Different methods are suitable for heating fiber-reinforced thermoplastics like hot-chamber ovens, contact or radiant heaters. Infrared
radiators are the most effective solution for serial productions. However, an economically measurement of the temperature is only possible at the surface and insufficient to
obtain information about the temperature distribution of the center layers especially heating sheets with large wall thicknesses. Thus, a design for the heating process for
forming composites with thermoplastic matrices is necessary. A concept for the heating process was developed shown on the example of a draw bending process, a semicontinuous forming method for profiles with open cross sections. To reach a constant temperature through the thickness and width of the sheet plate, the heating process
was analyzed by the help of the finite element method, using the software ABAQUS. Hence, two models have been generated. The first model serves the inspection of the
implemented material properties, interactions and thermal behavior and is validated by infrared pictures of heating experiments, which were also used to determine the
lateral temperature distribution on the surface of the sheets. The second model is utilized to research the temperature distribution through the thickness and to obtain
information about the influence of important process parameter, such as ambience temperature, heat coefficient and specific heat. It is validated by a heated disk with
applied and integrated resistance thermometers on the bottom and top surface as well as in the center layer. Based on the finite element simulation three heating methods
have been developed for middle-wave infrared radiators named Immediate transfer, intersecting temperatures and radiator distance. Whereas the immediate transfer
strategy could only be used for thin sheets, the other two strategies allow the heating of a wide range of material thicknesses. The strategy intersecting temperatures is the
most effective, but complicates a determination of the instant of transfer, however. Using the numeric simulation many iteration loops are necessary to determine the process
relevant parameter. Hence, a model has been developed to calculate the instant of transfer by the use of regression functions. To enhance the simulation models and the
forming process the determination of temperature coupled friction coefficients and the analysis of tempered dies is necessary.
3762 | Experiment of Real-Scale Fire in Unit Partition applied with Fire Load of Buildings (42. Thermal problems on Composite structures (Metin Aydogdu, Bahar
Uymaz))
Kweon,O-Sang (oskweon@kict.re.kr), Korea Institute of Construction Technology, Korea, South
Kim,Heung-Youl (hykim@kict.re.kr), Korea Institute of Construction Technology, Korea, South
Yoo,Young-Ho (yhyoo@kict.re.kr), Korea Institute of Construction Technology, Korea, South
A variety of fire safety designs have conducted to reduce the personal injuries in case of fire accident in buildings, and it is important to prevent the diffusion of the fire within
fire partitions.
To prevent the fire diffusion, the size of fire within the partitions should be predicted. For this, theoretical calculations, experimental data, and computer program analysis
have been processed.
In this study, we intended to propose Heat Release Rate[HRR], which is a engineering fire size, through the real-scale fire experiment in the unit partitions.
The real-scale fire experiment has been simulated in LSC[Large Scale Calorimeter], and the Mock-Up of unit partition has been fabricated in 2.44(L) × 3.6(W) × 2.4(H)m
size, as specified in ISO-9705 test method.
The real scale fire experiment has been conducted in total 4 times, and we have set the use of the unit partition as the business space and residential space and placed
actual combustibles and wood cribs in the business space and residential space by applying the values of fire load for each use. With the result of this experiment, the
Maximum Heat Release Rate was measured as 2.52 MW for placing the actual combustibles, and 2.45 MW for placing wood cribs, in the business space.
In case of the residential space, the maximum HRR was measured as 2.65 MW for placing the actual combustibles and 2.12 MW for placing wood cribs in the residential
space.
3334 | NUMERICAL MODELING OF COMPOSITE CUTTING INCLUDING THERMAL EFFECTS (42. Thermal problems on Composite structures (Metin Aydogdu,
Bahar Uymaz))
Santiuste, Carlos (csantius@ing.uc3m.es), University Carlos III of Madrid, Spain
D?az-?lvarez, Jos? (jodiaz@ing.uc3m.es), University Carlos III of Madrid, Spain
Soldani, Xabier (xsoldani@ing.uc3m.es), University Carlos III of Madrid, Spain
Migu?lez, Henar (mhmiguel@ing.uc3m.es), University Carlos III of Madrid, Spain
Main limitations of simplified two dimensional (2D) models of machining of LFRP composite are the simulation of unidirectional laminate, the assumption of plain stress state
and the impossibility of simulating delamination. These aspects have been discussed in previous works of the authors. The influence of stacking sequence and fiber
orientation on subsurface damage has been analyzed using three dimensional (3D) modeling showing strong dependence of damage extension and mechanisms of chip
formation with these parameters. Although 3D models give a substantial advantage over 2D models when simulating machining of composite, models described in the
literature do not account for thermal effects involved during cutting, just focus on mechanical damage. The thermal phenomena, mainly due to friction at the interface
tool/chip, are important factors those should be considered when analyzing cutting process because of the low resistance to thermal damage of the composite. The paper
focuses on the modeling of thermo-mechanical phenomena involved during cutting, including delamination, and comparison of mechanical and thermal damage extension.
As far as the bibliographic revision has been carried out, there was no information concerning this important aspect of composite machining.
3468 | Predicting the thermal conductivity and temperature distribution in 3D braided composites (42. Thermal problems on Composite structures (Metin
Aydogdu, Bahar Uymaz))
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Li-li Jiang (lljfree@163.com), Harbin University of Science and Technology, China
Tao Zeng (taozeng@hrbust.edu.cn), Harbin University of Science and Technology, China
Guo-dong Xu (xugd@hrbust.edu.cn), Harbin University of Science and Technology, China
Xia-mei Lu (luxm@hrbust.edu.cn), Harbin University of Science and Technology, China
Dai-ning Fang (fangdn@tsinghua.edu.cn), Peking University, China
A numerical model capable of calculating the effective thermal conductivity and temperature distribution in 3D braided composites is developed, based on the micro-structure
of 3D four-directional braided composites and the assumption of the braiding yarn with a helix configuratioan and ellipse cross-section. The longitudinal and transverse
thermal conductivity coefficients of 3D four-directional braided composites are calculated, which are in good agreements with the experimental results in the previous
literature. The influences of braiding angle and fiber volume fraction on the effective thermal conductivity coefficients are also studied. In addition, the distributions of the
temperature of 3D braided composites are determined within a representative volume element under different temperature boundary conditions, which provide a basis for
the analysis of the coupling problem of thermo-mechanics.

3592 | PREDICTION OF MICROCRACKING AND DELAMINATION IN COMPOSITE LAMINATES UNDER CRYOGENIC CYCLING USING XFEM (42. Thermal problems
on Composite structures (Metin Aydogdu, Bahar Uymaz))
Grogan, D.M. (d.grogan1@nuigalway.ie), National University of Ireland, Galway, Ireland
Leen, S.B. (sean.leen@nuigalway.ie), National University of Ireland, Galway, Ireland
? Br?daigh, C.M. (c.obradaigh@nuigalway.ie), National University of Ireland, Galway, Ireland
Carbon fibre reinforced polymers (CFRP) are one of the prospective material families being investigated for use in the fuel tanks of future reusable space launch vehicles
(RSLVs). The extreme thermomechanical loading that these structures experience can lead to damage build-up in the CFRP in the form of microcracking and delamination
of laminates, which can be difficult to detect and predict using conventional methods. This work presents a method of modelling delamination growth in CFRP composite
laminates due to thermal fatigue loading using the extended finite element method (XFEM). The aim is to increase the accuracy and efficiency of microcrack density and
delamination length prediction over current techniques. XFEM models of standard static fracture tests for CFRP materials are developed and compared with experimental
data to validate the approach for static failure. The effectiveness of XFEM for modelling thermal fatigue growth is subsequently investigated. The predictions are compared to
relevant test data from the literature, with the delamination growth under cryogenic cycling being used to provide a preliminary estimate of laminate permeability based on a
given microcrack density.
3769 | Study of thermoelastic effects in laminated composites by the cohesive zone model (42. Thermal problems on Composite structures (Metin Aydogdu,
Bahar Uymaz))
Sapora, Alberto (alberto.sapora@polito.it), Politecnico di Torino, Italy
Paggi, Marco (marco.paggi@polito.it), Politecnico di Torino, Italy
A novel thermo-mechanical cohesive zone model (CZM) is proposed for the study of cracking in composite materials. The relationship between the heat flux across the
crack faces and the temperature gap is opportunely modelled. Moreover, the dependence of the heat flux on the displacement gap across the material interface is taken into
account. Starting from theoretical considerations based on contact mechanics, a nonlinear relation between the thermal conductivity and the normal gap is derived. The
nonlinear governing equations are linearized in the finite element method according to the Newton-Raphson scheme and implemented in the finite element code FEAP. The
additional thermal resistance of micro-cracks with respect to the continuum associated to the imperfect bonding is discussed with detailed examples.
Applications regard the estimation of the effective thermoelastic properties of composites, as well as the problem of durability of photovoltaic modules based on
polycrystalline Silicon. These problems require the development of a multi-physics formulation to couple the effects of elastic, thermal and electric fields. Multi-scale methods
are also necessary for resolving the different size-scales involved in industrial components.
3856 | TEMPERATURE DEPENDENT BUCKLING ANALYSIS OF FUNCTIONALLY GRADED PLATES (42. Thermal problems on Composite structures (Metin
Aydogdu, Bahar Uymaz))
Uymaz, Bahar (buymaz@nku.edu.tr), Nam?k Kemal University, Turkey
Aydo?du, Metin (metina@trakya.edu.tr), Trakya Univesity, Turkey
The buckling behavior of functionally graded plates under different axial loadings in thermal environment is considered. The analysis is based on the higher order shear
deformation plate theory and the Ritz method is applied to obtain the critical temperatures of FG plates under various boundary conditions. The temperature is assumed to
be constant in the plane of the plate and to vary in the thickness direction only. The variations of the temperature which considered are uniform and linear. The material
properties of the plate is temperature dependent and vary through the thickness direction according to a simple power law. The convergence and comparison studies are
presented and effects of the different material composition and the plate geometry (side-side, side-thickness) on the critical temperatures, critical buckling loads and mode
shapes are investigated.
3836 | Three dimensional thermoelastic analysis of functionally graded sandwich plates (42. Thermal problems on Composite structures (Metin Aydogdu, Bahar
Uymaz))
Alibeigloo, A. (abeigloo@modares.ac.ir), Tarbiat modares University, Iran
Alizadeh, M. (mohsen.alizadeh@modares.ac.ir), Tarbiat modares University, Iran
Based on three dimensional theory of elasticity thermo-elastic analysis of functionally graded (FG) rectangular sandwich plates with simply supported edges subjected to
thermo-mechanical loads are carried out in this paper. By using Fourier series in longitudinal and latitudinal direction, the governing partial differential equations are reduced
to ordinary differential equation and then by applying state space technique in thickness direction, the exact solution can be obtained. The thermo-elastic constants of the
face sheets of the sandwich plate were assumed to vary exponentially through the thickness, and the Poisson ratio was held constant. To verify the accuracy of the present
work, a comparison is made with previously published results. The effects of surface temperature change, applied mechanical load, gradient index, aspect ratio and
thickness to length ratio on the behavior of the plate are examined.
3546 | Compressive Strength at High Temperatures of a Concrete with PET (polyethylene terephthalate) Chips (43. Composite structures subjected to high
temperatures (João Ramôa Correia))
Caetano, Hugo F. S. (hugo.f.s.c@hotmail.com), UC Portugal , Portugal
Rodrigues, Jo?o P. C. (jpaulocr@dec.uc.pt), UC Portugal, Portugal
Pimienta, P. (pierre.pimienta@cstb.fr), CSTB France, France
It is known all over the world that the introduction of different materials (e.g., steel, polypropylene and textile fibers, rubber aggregates, etc.) in the production of concrete with
the aim that these new types of concrete will, somehow, lead to a better response of the concrete structures facing the imposed actions. It is noticed that even more is
introduced in the concrete recycled materials. One of such materials is the PET (Polyethylene terephthalate) fibres and chips from plastic bottles. In this thesis it is presented
the results of a research study on the development of a concrete with recycled PET chips. The main objective of this thesis was the assessment of the compressive strength
of the concrete with a cocktail of PET chips and steel fibres at ambient and high temperatures. The compositions tested presented two quantities of PET chips (2 or 5 kg/m3)
and steel fibres (0 and 30 kg/m3). In these experimental tests the concrete developed was tested for 20ºC (ambient temperature), 300ºC, 500ºC, 700ºC and 900ºC for
loading levels of 0.3 and 0.7, of the design value of the compressive strength (fcd) of the concrete at ambient temperature.
This research work lead to the conclusion that the composition that presents the best behavior at high temperatures was the one with 5 kg/m3 of PET chips and 30 Kg/ m3
of steel fibres.
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3520 | Creep behavior of conventional and directionally-solidified eutectic alumina-based composites (43. Composite structures subjected to high temperatures
(João Ramôa Correia))
Jimenez-Melendo, Manuel (melendo@us.es), University of Sevilla, Spain
Huaman-Mamani, Fredy A. (fhm@us.es), University of Sevilla, Spain
Directionally solidified, Al2O3-based ceramics in the eutectic composition show excellent thermomechanical properties. Due to the singular microstructures generated during
the solidification process and the lack of glassy phases at the interfaces, they exhibit good structural stability and high fracture strength up to near the melting point. Despite
being promising candidates for a number of high temperature applications, not much is known regarding their creep behavior. There is also a lack of data for polycrystalline
composites of similar compositions, especially ternary compositions, which have not been studied in detail.
In this work we compare the creep of directionally solidified eutectics in the Al2O3 - ZrO2 - Y2O3 and Al2O3 - ZrO2 - Er2O3 systems with their sintered counterparts. We will
report on the processing of ternary, polycrystalline Al2O3 composites using conventional powder methods, for which we were able to obtain highly dense ceramics with
similar compositions and grain sizes to those of laser heated floating zone processed eutectics. High temperature compressive tests both at constant stress and constant
strain rate were performed on these composites, and the differences explained on the basis of the different underlying mechanisms.
3938 | Developement and characterizaiton of SiC fiber-reinforced porous SiC matrix composites (43. Composite structures subjected to high temperatures (João
Ramôa Correia))
Kazuya, Shimoda (k-simd@iae.kyoto-u.ac.jp), Institute of Advanced Energy, Kyoto University, Japan
Porous silicon carbide (SiC) matrix composites without any interface between fiber and matrix were successfully developed in Kyoto University by two kinds of sinteting
methods. One is liquid phase sintering (LPS) and the other is reaction sintering (RS), with decarburization process. The starting materials consisted of conventional SiC
continuous fibers and a porous SiC matrix, without any fiber/matrix interface. The effects of the starting materials on the formation of the porous SiC matrix were
investigated, based on characteristics such as bulk density, open porosity, microstructure, and mechanical properties. The materials had a pseudo-ductile behavior.
Significant changes in the mechanical properties were not observed following exposure at 1100 °C in air condition.
3578 | Effect of boron sinter-aid on the microstructure and properties of austenitic stainless steel-TiB2 composites (43. Composite structures subjected to high
temperatures (João Ramôa Correia))
Sulima Iwona (isulima@up.krakow.pl), Institute of Technology, Pedagogical University, ul. Podchor??ych 2, 30-084 Krakow, Poland
Among various ceramic particulates, diboride titanium (TiB2) is excepted to be one of the best reinforcements for steel matrix due to high melting temperature, low density,
outstanding tribological properties and good compatibility with the steel matrix. The paper presents the influence the boron addition on the microstructure and properties of
the composites with austenitic steel of matrix. The composites reinforced with 8% vol. TiB2 particulates were consolidated using the high pressure-high temperature (HP-HT)
method. Samples were sintered at pressure of 5.0 and 7 ± 0.2 GPa and temperatures 1000 C and 1300 C. For the materials studied, the density (through Archimedes
method), Youngʼs modulus, hardness (Vickers) and compression strength were measured. The composites were analyzed by the observations of scanning electron
microscope (SEM), X-ray diffraction (XRD) and energy dispersive spectrometry (EDS).
The obtained results show that the boron addition and sintering parameters have influence on the mechanical and physical properties of the composites. Materials are
characterized by high level of consolidation. The results show that the composites exhibited higher Young modulus, hardness and compression in comparison with the
properties of composites without boron addition. These results may be used to design new materials i.e. austenitic stainless steel reinforced with TiB2 ceramics.
3760 | Experimental Study for Securing Fire Resistance Performance of Composite Beam under Non-Coated Conditions (43. Composite structures subjected to
high temperatures (João Ramôa Correia))
Park, Kyung Hoon (khaprk@kict.re.kr), Korea Institute of Construction Technology, Korea, South
Kim, Heung Youl (hykim@kict.re.kr), Korea Institute of Construction Technology, Korea, South
Kim, Hyung Jun (kimfestival@kict.re.kr), Korea Institute of Construction Technology, Korea, South
Park, Kyung Hoon (khaprk@kict.re.kr), Korea Institute of Construction Technology, Korea, South
Kim, Heung Youl (hykim@kict.re.kr), Korea Institute of Construction Technology, Korea, South
Kim, Hyung Jun (kimfestival@kict.re.kr), Korea Institute of Construction Technology, Korea, South
For the composite beam, to which has been currently applied, it is essential to use fire-proofing coating materials to secure the fire-proofing performance. However, these
fire protection materials have involved some questions, such as maintenance, quality control and rise of the cost price.
In this study, we have evaluated the fire resistance performance for PS-corrugated composite beam that can secure the structurally excellent performance, such as
increasing deflection controlling performance, by introducing the method that Pre-Stress and Corrugated Weeb has been applied to the composite beam.
In this experiment, we have evaluated and analyzed the fire resistance performance, compared to the general composite beam, with fabricating long span corrugated web
composite beam in 7.5M length, after evaluating the mechanic competence of the steel materials(Tendon) at high temperature to assess the fire-proofing performance on
Pre-Stress Method.
With the result of this study, it was shown that the fire performance for 30 minutes was secured for the general composite beam, to which any coating materials had not been
applied, and 90 minutes for PS corrugated composite beam.
This can be judged as because the resisting ability against non-asymmetry load has been enhanced and concrete and unity of H-shape steel has been improved due to PreStress and Corrugated Weeb method applied to the PS-corrugated composite beam.
3786 | Failure analysis of textile composites at high temperature (43. Composite structures subjected to high temperatures (João Ramôa Correia))
El Mourid, Amine (amine.el-mourid@polymtl.ca), ?cole Polytechnique de Montr?al, Canada
L?vesque, Martin (martin.levesque@polymtl.ca), ?ceole Polytechnique de Montr?al, Canada
Ganesan, Rajamohan (ganesan@encs.concordia.ca), Concordia University, Canada
With the on-going development of high temperature resins, polymer matrix textile composites are increasingly used in hot zones, like aircraft engines. Specifically, textile
composites can be tailored for specific applications by carefully choosing the fabric type or parameters to meet loading and environmental conditions. Depending on the
loading direction, test temperature and the textile architecture, ultimate strength may change when compared to room temperature conditions. The aim of this study is to
present the influence of temperature on the ultimate strength and failure strain of textile composites, based on experimental data as well as analytical methods. In order to
evaluate the change in mechanical behavior caused by high temperatures, a braided and a woven composite with two different temperature resistant matrix systems were
selected to perform tensile tests at different temperatures. Edge replication as well as in-situ observations of interrupted tests were used to monitor the damage development
in the studied specimens. With the help of homogenization techniques, it is possible to determine the stress state in each of the loaded yarns of the textile architecture and
explain the changes that occur due to high temperature. Coupled with damage monitoring of the specimens, this can help to determine the stress level at which yarn
breakage occurs depending on the orientation of the yarn and the direction of the loading.
3050 | Fire resistance behaviour of GFRP pultruded tubular beams. Experimental study. (43. Composite structures subjected to high temperatures (João Ramôa
Correia))
Correia, Joao R. (jcorreia@civil.ist.utl.pt), IST, Technical University of Lisbon, Portugal
Morgado, T. (tiagomrmorgado@gmail.com), IST, Technical University of Lisbon, Portugal
Gomes, M. (marco.gomes@civil.ist.utl.pt), IST, Technical University of Lisbon, Portugal
Branco, F. (fbranco@civil.ist.utl.pt), IST, Technical University of Lisbon, Portugal
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Branco, F. (fbranco@civil.ist.utl.pt), IST, Technical University of Lisbon, Portugal
Lopez, C. (cristina.lopez@civil.ist.utl.pt), IST, Technical University of Lisbon, Spain
Tiago, C. (carlos.tiago@civil.ist.utl.pt), IST, Technical University of Lisbon, Portugal
Nunes, F. (francisco.nunes@civil.ist.utl.pt), IST, Technical University of Lisbon, Portugal
This paper presents experimental investigations on the behaviour of GFRP pultruded beams, with square tubular cross-section, exposed to fire. The objectives of the study
reported herein were the following: (i) to evaluate the feasibility and efficacy of using five different materials (boards of calcium silicate, rockwool and agglomerated cork,
intumescent paint and instumescent mat) to provide fire protection to GFRP pultruded profiles; (ii) to assess the effect of exposing the GFRP tubular profiles to fire in either
one or three surfaces; and (iii) to analyse the effect of varying the service load level on the fire behaviour response. The experimental programme included dynamic
mechanical analysis (DMA) and differential scanning calorimetry and thermogravimetric analysis (DSC/TGA) experiments on both the GFRP material and the different fire
protection materials tested. The fire resistance tests were performed on 1.5 m long GFRP beams, subjected to different load levels, and simultaneously exposed to fire
according to the time-temperature curve defined in ISO 834. Results obtained in the different series are analysed regarding the thermal response of the GFRP material
(unprotected and protected), the mechanical response of the GFRP beams, in terms of evolution of midspan deflection as a function of time, failure modes and fire
resistance.
4354 | Hygro-thermo-elastic behavior of composite plates by the higher shear deformation theory (43. Composite structures subjected to high temperatures
(João Ramôa Correia))
Benkhedda, Amina (benkhedda90@hotmail.com), Laboratoire des Sciences A?ronautique, universit? Saad Dahlab de Blida, Algeria
Boukert, Bilel (bilanosky@hotmail.fr), Laboratoire des Sciences A?ronautique, universit? Saad Dahlab de Blida, Algeria
Mahi Amal (amel.mahi@gmail.com), Laboratoire des Sciences A?ronautique, universit? Saad Dahlab de Blida, Algeria
Adda Bedia E. (addabed@yahoo.fr), Laboratoire des Sciences A?ronautique, universit? Saad Dahlab de Blida,Laboratoire Mat?riaux et hydrologie, universit? de Sidi Bel
Abbes , Algeria
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.
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
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.
Key words: Hygro-thermo-mechanical beahavior, Higher Shear deformation theory, Laminated composite plates, anisotropy
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3313 | Non-linear finite element modeling of the thermomechanical response of pultruded GFRP profiles subjected to fire (43. Composite structures subjected to
high temperatures (João Ramôa Correia))
L?pez, Cristina (cristina.lopez@civil.ist.utl.pt), IST, Portugal
Tiago, Carlos (carlos.tiago@civil.ist.utl.pt), IST, Portugal
Correia, Jo?o R. (joao.ramoa.correia@ist.utl.pt), IST, Portugal
A numerical thermomechanical tool specifically developed for evaluating the time-dependent thermal behaviour and mechanical response of pultruded glass fibre reinforced
polymer (GFRP) beams subjected to fire is presented.
In order to compute the temperature field in the beams, a non-linear thermal analysis of the cross-section is performed using a two-dimensional code: a finite element
method discretization of the temperature spatial distribution and a finite difference method to approximate the temporal temperature distribution.
The mechanical analysis is carried out with one-dimensional finite element code to compute the generalized displacements and stresses of the beam. A non-linear
geometrically exact beam theory is employed, where the temperature effects are included. The thermomechanical model is validated by comparing numerical and measured
responses (temperature field on the cross-section and midspan deflection) of unprotected and protected pultruded square tubular GFRP profiles subjected to four-point
bending and exposed to the ISO834 fire from the bottom face. The passive protection systems were calcium silicate boards and vermiculite/perlite-based mortar.
The thermal properties and the density of the materials were considered temperature dependent, as well as their non-linear mechanical properties (Youngʼs and shear
moduli). Appropriate failure criteria are applied to predict the failure of the beams.
3547 | NONLINEAR NUMERICAL MODELLING OF COMPOSITE PANEL LIGHTENING STRIKE WITH TEMPERATURE DEPENDANT MATERIAL PROPERTIES (43.
Composite structures subjected to high temperatures (João Ramôa Correia))
Abdelal, Gasser F. (g.abdelal@qub.ac.uk), Queen''s University Belfast , United Kingdom
Murphy, Adrian (a.murphy@qub.ac.uk), Queen''s University Belfast , United Kingdom
Key words: Composite structures, Modeling, Coupled thermal-electric, temperature dependent, Decomposition kinetics, Endothermic heat, Conductivity, Resistivity.
Abstract.
Lightning strike is one of the challenges that the aerospace industry is facing in an effort to increase the percentage of composite materials used in aircraft structures.
Lightning strike damage is due to high orthotropic electric resistivity of the composite panels, which leads to high thermal loads that cause decomposition of the epoxy and
laminate delamination. Due to the large number of material and stacking sequence parameters that influence lightning strike damage, experimental testing is extremely time
consuming and expensive. Thus a coupled thermal-electrical finite element analysis procedure is proposed herein, which is validated against experimental data for prismatic
carbon fiber epoxy composite panels with and without representative aerospace mechanical fasteners. The validated modeling procedure is then used to investigate the
material and stacking sequence design space that influence the form and scale of lightning strike damage. The contribution of this study is modeling the composite panelsʼ
material properties as temperature dependent, a nonlinearity excluded in preceding work. The paper concludes with a number of practical solutions to minimize lightning
strike damage in composite structures.
3820 | Preceramic composites for high temperature aeronautical applications (43. Composite structures subjected to high temperatures (João Ramôa Correia))
Sim?es, Luis M. (luis.simoes@ceiia.com), CEIIA, Portugal
Harvey, Robin (Robin.Harvey@agustawestland.com), AgustaWestland, United Kingdom
In order to achieve higher performance and to reduce the environmental footprint of its products, the aeronautical industry is constantly looking for the advances in
lightweight materials that can allow weight reductions on its products. The increased use of composite materials, such as carbon-epoxy, is a good example of this process.
However, there are multiple applications nearby engines and exhausts, where the high temperature requirements (e.g. higher than 350ºC) make the use of conventional
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However, there are multiple applications nearby engines and exhausts, where the high temperature requirements (e.g. higher than 350ºC) make the use of conventional
polymeric composites unfeasible. Therefore, heavy metallic alloys such as titanium, steel and Nickel alloys, are the current dominant materials in these applications.
In this context, Polymer-Ceramic hybrids, based on preceramic polymers, a technology used to produce Ceramic Matrix Composites (CMCʼs), appear as a promising
alternatives for these applications.
Since the processing of “ceramic forming polymers” can be adjusted to produce different results, there is the opportunity to develop materials tailored to the specific
requirements of long lifetime aeronautical applications.
This research involved an iterative process of manufacturing material samples with different process parameters, and testing activities to analyse the behaviour of the
materials and evaluate the trade-offs between toughness and temperature resistance.
3832 | The effect of rare earth element on the microstructures and high temperature oxidation of Ti-6Al-4V alloy fabricated by in-situ reaction (43. Composite
structures subjected to high temperatures (João Ramôa Correia))
Ki Chang Bae (krship@pusan.ac.kr), Department of Material Science and Engineering, Pusan National University, Korea, South
Yi Je Cho (yijecho@pusan.ac.kr), Department of Material Science and Engineering, Pusan National University, Korea, South
Jeong Il Bang (wjddlf2578@pusan.ac.kr), Department of Material Science and Engineering, Pusan National University, Korea, South
Seong Yeong Lee (2sg0@naver.com), Department of Material Science and Engineering, Pusan National University, Korea, South
Yong Ho Park (yhpark@pusan.ac.kr), Department of Material Science and Engineering, Pusan National University, Korea, South
Because Ti-based alloys possess high specific strengths and good corrosion resistance, the demand for these alloys as structural materials in aero-industries has steadily
increased over the past years. However, the high affinity of Ti towards oxygen is one of the main factors that limit the applications of the Ti-based alloys at high
temperatures. The Ti-based alloys degrade quickly during oxidation because of the formation of non-protective oxide scales. In addition, high temperature oxidation results in
embrittlement of the alloys by dissolved oxygen.
One of the most widely used Ti-based alloys is Ti–6Al–4V alloy, which is expected to be utilized at temperatures up to 900℃ reifreinforced by added other elements, but the
maximum service temperature of Ti–6Al–4V is around 420℃ due to the inefficient oxidation resistance. Therefore the improvement of oxidation resistance at high
temperatures will expand the use of Ti–6Al–4V.
In this study, investigate the effect of rare earth element on the microstructures and high temperature oxidation of Ti-6Al-4V alloy fabricated by in-situ reaction. The
microstructures and mechanical properties of the in-situ liquid mixing processed composite were investigated and compared with the vacuum arc melting processed
composite.
2977 | The study of various additives of carbon fabric/phenolic composites and its effects on the mechanical, thermal and abrasive characteristics with
autoclave method (43. Composite structures subjected to high temperatures (João Ramôa Correia))
Zamani Jamal (zamani@kntu.ac.ir), Department of Mechanical Engineering, K.N. Toosi University of Technology, Iran
Moosabeiki Vahid (v.moosabeiki@gmail.com), Department of Mechanical Engineering, K.N. Toosi University of Technology, Iran
The interfacial, thermal and ablation properties of carbon fiber/phenolic resin composites are evaluated in this study. Different material, such as plain carbon fabrics as
reinforcement, Resole type Phenolic (IL800, Resitan Co.) as matrix, p-toluene Sulfonic acid (PTSA) and Polyvinyl Butyral resin (PVB) as additive, have been used in the
synthesis of the composites. Four groups of samples were fabricated to investigate with plasma torch. In order to explore the interlaminar shear strength of the composites,
short-beam shear tests were conducted. The ablation test results reveal that composites with 20% Polyvinyl Butyral resin (C/P/PVB) have the highest ablation resistance
and the erosion rate (mm/s) of these specimens are 15% lower than the other specimens. Also use of PTSA in curing of the samples improves the mass erosion rate (gr/s)
of samples by 35%. Additionally the high insulation index of the C/P/PVB sample indicates that this composite is the best ablative material in the present study. The result of
Short-beam shear test indicates that the interlaminar shear Strength of the C/P/PTSA composite is 12% greater than the other samples.
3619 | Work hardening behavior of HP-HT sintered AISI 316L/TiB2 composites. (43. Composite structures subjected to high temperatures (João Ramôa Correia))
Kurtyka, Pawel (pkurtyka@up.krakow.pl), Institute of Technology, Pedagogical University of Krakow, Podchorazych 2 street, 30-084 Krakow , Poland
Sulima, Iwona (isulima@up.krakow.pl), Institute of Technology, Pedagogical University of Krakow, Podchorazych 2 street, 30-084 Krakow , Poland
The AISI 316L/TiB2 composites was made by HP-HT method with different pressures (5 GPa, 7 GPa) and selected temperatures. The volume fracture of ceramic particles
of composites were 1 and 2%vol. The mechanical properties of composite were determined in static compression tests conducted at a temperature of 293 K with strain rate
(10-4s-1). The graphs in the system true stress-true strain were observed two ranges of deformation. The first range corresponded to easy slipping, while the second one
was due to start next slip systems.
From several models describing the work hardening curves - in order to conduct a comparative analysis - used Ludwigson function allows for a precise description of the
stress changes as a function of strain.
It was found that the coefficients of the Ludwigsons equation on acceptable terms and conditions of the experiment depend on the pressure and temperature of the creation
process, as well as the percentage volume fracture of TiB2 particles.
Structural analysis showed that the deformation is localized mainly in the matrix, while the reinforcing particles restrict the free movement of dislocations, which is reflected in
the value of Young's modulus E.
3326 | Hoop Tensile Strength Prediction of Filament Wound Mortat GRP Pipes (44. High pressure vessels: from micromechanics to controled design (Alain
Thionnet))
Roham Rafiee (Roham.Rafiee@ut.ac.ir), Composites Research Laboratory, Faculty of New Sciences & Technologies, University of Tehran, 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, they need to satisfy requirements for short-term hydrostatic failure strength, as well as apparent
stiffness, longitudinal tensile and more importantly hoop tensile strengths (HTS).
Usually, GRP pipe industries use simple netting analysis to predict HTS during structural design procedure. Along the simplicity of this method, it underestimates the HTS
resulting in over designed and expensive pipes. A progressive damage modeling is developed to predict hoop tensile strength of (HTS) of GRP pipes incorporating sand as
a core material. The developed progressive damage modeling examines occurrence of failure layer by layer and reduces mechanical properties of failed ply in accordance
with failure mode using degradation rules. The procedure continues until the occurrence of last ply failure. A computer code is written to calculate HTS of GRP pipes using
winding angles, number of layers and sand ratio as the main input parameters. A complete set of experiments have been carried out on different ranges of diameters and
pressures to determine the suitability of developed method. It is observed that developed progressive damage modelling for GRP pipes with sand filler predict HTS of pipes
with high level of accuracy.

3527 | Optimisation of 700 bar type IV hydrogen pressure vessel considering composite damage. (44. High pressure vessels: from micromechanics to controled
design (Alain Thionnet))
LEH, David D. (david.leh@univ-savoie.fr), SYMME, France
SAFFRE, Philippe P. (philippe.saffre@univ-savoie.fr), SYMME, France
FRANCESCATO, Pascal P. (pascal.francescato@univ-savoie.fr), SYMME, France
ARRIEUX, Robert R. (robert.arrieux@univ-savoie.fr), SYMME, France
This study deals with the optimization of the composite stacking sequence of hydrogen pressure vessels manufactured by filament winding. There have been various studies
on pressure vessel optimization but most of them are generally focused on different parts or aspects of the pressure vessel: optimization of the lay-up in the domes or in the
cylindrical section, global optimization limited to a single helical layer etc.
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In this study, we propose a complete optimization procedure where process parameters, multi-sequence dome lay-up characteristics and composite damage behavior are all
included.
The overall approach consists in using (i) a new specially developed method for predicting the characteristics of domes made by multi-sequence lay-up and subject to
changes in winding angle and thickness, (ii) a specific progressive failure analysis to consider composite damage, (iii) an approximation
method (design of experiments) to identify and predict the response of the pressure vessel inside the constraint design space, and (iv) an adapted optimization method
(genetic algorithm) to meet optimization requirements.
To take simultaneously into account all these aspects with an efficient CPU/accuracy ratio and easy industrial use is the originality of this work, which intends to help identify
optimal design rules.
Eventually, the influence of the design parameters and especially whether taking into account or not the composite damage on optimal solutions is discussed.
3047 | Visual indicator of damage state included in the design of composite pressure vessels (44. High pressure vessels: from micromechanics to controled
design (Alain Thionnet))
CHOU, Heng-Yi (hyc1984tw@gmail.com), Mines Paristech, France
BUNSELL, Anthony R. (anthony.bunsell@ensmp.fr), Mines Paristech, France
THIONNET, Alain (alain.thionnet@ensmp.fr), Mines Paristech, France
This study deals with failure prediction in advanced fibre reinforced composite pressure vessels. The detection of damage accumulation in these materials is problematic as
their strength is determined by the fine carbon fibres, usually of a diameter around seven microns. It is impractical to use techniques such as high resolution tomography to
visualise the failure of individual carbon fibres in the production of pressure vessels, although this technique is invaluable for confirming the nature of the damage processes
involved in the failure of composite materials. Acoustic emission is widely considered to be the most appropriate technique for monitoring damage of the vessels. This latter
technique, although of potential great use, does however raise issues of interpretation of the acoustic emission signals. The aim of this study has been to evaluate the
possibility of providing a simple, cost effective and unambiguous visual means of detecting approaching failure at a stage when the pressure vessel can be safely removed
from service. It is proposed to benefit from the wide family of carbon fibres so as to add a layer of carbon fibre composite material, the fibres of which have the same
stiffness as the carbon fibres in the bulk of the structure but which possess lower strength. The failure of this layer would provide advanced warning of progressive and
unacceptable damage to the pressure vessel and would avoid any ambiguous interpretation of testing data.
3771 | A Finite Fracture Mechanics approach to delamination in composites (45. Mode I and II partition and propagation of mixed mode delamination (S. Wang,
C. Harvey))
Cornetti, Pietro (pietro.cornetti@polito.it), Politecnico di Torino, Italy
Sapora, Alberto (alberto.sapora@polito.it), Politecnico di Torino, Italy
In the present paper we provide a simple method to determine the load causing delamination along an interface. The proposed approach rests on a linear elastic solution,
thus allowing fast strength predictions suitable for preliminary sizing and optimization of composite structures. Beyond the material elastic properties, the adopted criterion
needs the strength and the fracture toughness of the interface where delamination takes place.
According to the outlined procedure, the interface is modelled as a bed of springs (i.e. an elastic interface), while delamination is assessed by means of Finite Fracture
Mechanics (FFM), a crack propagation criterion recently proposed for homogeneous structures. In order to check the soundness of the approach, three simple geometries
are considered where the solution is achievable in an almost analytical form both by FFM and by the Cohesive Crack Model (CCM): the double cantilever beam test, where
delamination occurs in mode I, the pull-push shear test and the three-point bending test of a plated beam, where delamination occurs in prevailing mode II. It is shown that
the predictions provided by FFM are very close to the ones provided by CCM with a linear softening.
3021 | Mixed-mode delamination in fibre-reinforced laminated composites with cohesively bonded interfaces, Part 1: Analytical theories (45. Mode I and II
partition and propagation of mixed mode delamination (S. Wang, C. Harvey))
Harvey, Christopher M (c.m.harvey@lboro.ac.uk), Loughborough University, United Kingdom
Wang, Simon S (s.wang@lboro.ac.uk), Loughborough University, United Kingdom
Guan, Liangliang (l.guan2@lboro.ac.uk), Loughborough University, United Kingdom
Recently, the authors have derived mixed-mode partition theories for one-dimensional fracture or delamination in fibre-reinforced laminated composite beams and plates
based on both classical and first-order shear-deformable beam and plate theories. The bonding interface is assumed to be rigid in these theories for britle fracture or
delamination. In addition, mixed-mode partition theories have also developed for double cantilever beams (DCBs) made from isotropic materials with cohesively bonded
interfaces. In Part 1 of this work, these theories are extended to fibre-reinforced laminated composite beams and plates with cohesively bonded interfaces. Within the context
of classical beam and plate theories, it is shown that the two sets of orthogonal pure modes coincide at the first set of pure modes due to the absence of any crack tip stress
singularity for cohesive bonded interfaces. The total energy release rate in a mixed mode is then partitioned using this first set of pure modes. Within the context of sheardeformable beam and plate theories, it is shown that the mode II component of energy release rate is the same as that in the classical beam and plate theories while the
mode I component is different due to the through-thickness shear effect. Within the context of 2D elasticity, an approximate mixed-mode partition theory is developed using
the two sets of orthogonal pure modes from the classical beam and plate theories with rigid interfaces. Results from numerical simulations and experimental assessments
are used to verify these analytical theories in Part 2 of the work.
3023 | Mixed-mode delamination in fibre-reinforced laminated composites with cohesively bonded interfaces, Part 2: numerical and experimental studies (45.
Mode I and II partition and propagation of mixed mode delamination (S. Wang, C. Harvey))
Wang, Simon S (s.wang@lboro.ac.uk), Loughborough University, United Kingdom
Harvey, Christopher M (c.m.harvey@lboro.ac.uk), Loughborough UNiversity, United Kingdom
Lianglinag Guan (l.guan2@lboro.ac.uk), Loughborough University, United Kingdom
Results from extensive finite element method simulations are presented here in Part 2 of this work. The aim is to verify the authors' analytical mixed-mode partition theories
developed in Part 1. In general, excellent agreement is observed with the corresponding theory. It is shown that the crack tip shear forces make a significant contribution to
the total energy release rate and considerably affect its partition. Experimental results are also studied by using the authors' mixed-mode partition theories, which were
described in Part 1. For all the specimens analysed, a strongly linear failure locus can be obtained by using the appropriate mixed-mode partition theory. In addition, non-flat
R-curves, which are commonly seen in the literature, are studied. Non-flat R-curves are often attributed to material interlocking between the rough fracture surfaces. The
effect of material interlocking can be considerably severe when the mode II component dominates the delamination. In this work, interlocking friction is also studied with a
view to flattening the R-curve.
3812 | MODE-MIXITY IN BEAM-LIKE GEOMETRIES: GLOBAL PARTITIONING WITH COHESIVE ZONES (45. Mode I and II partition and propagation of mixed mode
delamination (S. Wang, C. Harvey))
Conroy, Mark (mark.conroy@ucdconnect.ie), University College Dublin, Ireland
Ivankovic, Alojz (alojz.ivankovic@ucd.ie), University College Dublin, Ireland
Karac, Aleksandar (akarac@mf.unze.ba), Fakultetska 1, Zenica, Bosnia
Williams, James Gordon (g.williams@imperial.ac.uk), Imperial College London, Great Britain
This numerical study considers the mode-mixity, i.e. degree of mode I (tensile-opening) relative to mode II (in-plane shear) present in fixed ratio mixed mode (FRMM) test
specimens. The evolution and propagation of damage is simulated with the use of a cohesive zone model (CZM). In literature, there are various analytical solutions that
evaluate the mode-mixity as a function of the upper and lower beam thickness ratios, such as Williams (1988), Hutchinson and Suo (1992) and Wang and Harvey (2012). Up
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evaluate the mode-mixity as a function of the upper and lower beam thickness ratios, such as Williams (1988), Hutchinson and Suo (1992) and Wang and Harvey (2012). Up
until now, it has not been clear which solution is suitable to analyse experimental data. This study suggests that the correct solution is a function of the length of the damage
region that develops ahead of the crack tip, and lies between the lower bound solution of Hutchinson and Suo and the upper bound solution of Williams. It was found to be
close to Hutchinson and Suoʼs solution if the damage region was small, and tending towards Williamsʼ solution as the damage region and the degree of mode II grew. This
study therefore suggests that the mode-mixity in FRMM is property dependent and the classical analytical solutions cannot be directly applied. An extension of Williamsʼ
global solution has been achieved by implementing Dugdale type cohesive zones in order to predict the effect of damage size on mode-mixity. Analytical predictions are
compared against numerical results and encouraging agreement is obtained. Issues with current cohesive zone models are also highlighted.
3342 | The effect of hybrid nanofibers to delamination behaviour of polymeric composite materials (45. Mode I and II partition and propagation of mixed mode
delamination (S. Wang, C. Harvey))
Saghafi, Hamed (hamed.saghafi2@unibo.it), University of Bologna, Engineering School, Department of Industrial Engineering (DIN), Italy
Palazzetti, Roberto (roberto.palazzetti@unibo.it), University of Bologna, Engineering School, Department of Industrial Engineering (DIN), Italy
Zucchelli, Andrea (a.zucchelli@unibo.it), University of Bologna, Engineering School, Department of Industrial Engineering (DIN), Italy
Minak, Giangiacomo (giangiacomo.minak@unibo.it), University of Bologna, Engineering School, Department of Industrial Engineering (DIN), Italy
There has been a growing interest in the use of composite materials in structural applications. Due to their nature, the most common failure mode of this high performance
laminated material is delamination. A number of methods to prevent delamination were developed and evaluated over the years. Ductile interleaving seems to be one of
recommended methods, in which interleaf layers of toughened materials were inserted into plies interfaces of the composites. Recently, nanofibers reinforcing was used as a
useful technique to enhance the mechanical properties of composite. In this study, the effect of interleaving using various kinds of nanofibers and their combination on mode
I and mode II fracture toughness were considered. A review on literature showed that the following nanofibers can toughen epoxy perfectly: poly(vinylidene fluoride) (PVDF)
and Polysulfone (PSF); so these nanofibers were chosen in this research. In the first step, mode I and mode II fracture tests were conducted on interleaved glass/epoxy
composite materials. Results showed PSF can improve both mode I and mode II fracture toughness, while PVDF affects only on mode II and its effect on mode I is
negligible. Therefore, in the second part the combination of PVDF/PSF were utilized and the effect of this combination was also investigated. The outcomes showed that by
these combinations, mode II fracture toughness is much more improved then the case of single-kind nanofibers.
3636 | Validation of LS1 model for delamination propagation criterion at 0°/ theta° interfaces (45. Mode I and II partition and propagation of mixed mode
delamination (S. Wang, C. Harvey))
Lerpiniere, Achille (achille.lerpiniere@polytechnique.edu), Universite Paris-Est, Laboratoire Navier (Ecole des Ponts ParisTech, IFSTTAR, CNRS), France
Caron, Jean-Francois (caron@enpc.fr), Universite Paris-Est, Laboratoire Navier (Ecole des Ponts ParisTech, IFSTTAR, CNRS), France
The aim of this paper is to propose an efficient and accurate alternative to the computationally expensive three-dimensional finite element method (3D-FEM), for analyzing
delaminated multilayered plates under classical loads.
Many of the existing models deal with the analysis of multilayered structures only in the non-delaminated state.
The first part of the present study extends the application of a layerwise stress model, called the LS1 model, to delaminated multilayered plates subjected to mode I and/or II
loads.
The analytical LS1 solutions are derived for general non-delaminated and delaminated multilayers and compared to 3D finite element solutions along with the results from
the 2D-FEM code based on the LS1. The comparison gives a good agreement between the LS1 and 3D-FE models except near singularities (free edges, crack tips,...).
In order to overcome this drawback, a refinement approach, called the refined LS1, will be shortly presented. The comparison between the refined LS1 and 3D-FE models
reveals an excellent agreement, even in the vicinity of singularities, in terms of interlaminar stresses and strain energy release rate.
An interfacial stress based criterion arising from an energy power-law (Benzeggagh) one by using the LS1 model (Diaz Diaz) will be proposed. Mode separation will be
analytically deduced from the interfacial stresses.
3728 | STATIC DAMAGE MODELLING OF CONTINUOUS GLASS FIBRE/EPOXY COMPOSITE (46. Damage in Composites Structures (Ana Amaro))
Rim BEN TOUMI (rim.bentoumi@mpsa.com), PSA PEUGEOT CITROEN & CENTRE DES MATERIAUX-ECOLE DES MINES DE PARIS, France
Martine MONIN (martine.monin@mpsa.com), PSA PEUGEOT CITROEN, France
Jacques RENARD (jacques.renard@ensmp.fr), CENTRE DES MATERIAUX-ECOLE DES MINES DE PARIS, France
Pongsak NIMDUM (pongsak.nimdum@ensmp.fr), CENTRE DES MATERIAUX-ECOLE DES MINES DE PARIS, France
Continuous fibrous composites are found to be increasingly used in many lightweight structures such as automotive applications which are mostly subjected to cyclic loads.
Recent investigations are interested in composites durability.
Unlike metals, fibre-reinforced composite materials exhibit complex modes of failure both under static and fatigue loadings due their inhomogeneity and anisotropy. Hence,
these materials require a different approach to damage analysis.
In the present study, interest is focused on mechanical behaviour of continuous glass fibre/epoxy composite. Experimental analysis and numerical methods are carried out.
To have pertinent failure and damage models a clear identification of damage types is essential. There is a need to understand the damage mechanisms thoroughly at
various scales. Hence, the analysis of composites needs to be a multi-scale one, where, the effective mechanical properties are obtained from the homogenisation of the
composite constituents properties defined at a lower scale.
Damage modes are identified using microscopic observations and acoustic emission as a non-destructive technique to detect damage during a quasi-static tensile loading
and to identify the chronology of micro-level damage development.
Multiscale analysis methods have been developed associated to finite elements method (FEM) to best estimate composite effective mechanical proprieties.
3701 | A proposal for coping with extreme cases of progressive collapse (46. Damage in Composites Structures (Ana Amaro))
Peltonen Simo (simo.peltonen@peikko.com), Peikko Group Corporation, Finland, Finland
Iliopoulos Aristidis (aristidis.iliopoulos@peikko.com), Peikko Group Corporation, Finland, Greece
Kiriakopoulos Panagiotis (pkiriakopoulos@gmail.com), National Technical University of Athens, Greece
Encased in concrete steel beams of trapezoidal shape (Deltabeams) are associated with high values of stiffness and strength. They can be considered as an appropriate
solution for high-rise buildings of class 2b and 3 acc. to EN 1991-1-7 with demanding robustness requirements. Deltabeams have been successfully used for many large
scale European projects.
In this paper the dynamic response of a high rise asymmetrical building with Deltabeams is investigated through the implementation of non-linear dynamic analysis (alternate
path method) by considering geometrical and material non-linearities. The robustness of the building is assessed through the column removal approach; sudden loss of
columns in different floors.
A proposed solution for improving robustness is based on the reduced beam section strategy in which portions of the beam flanges are selectively trimmed in the region
adjacent to the beam-to-column connection. Plastic hinges are located in the beam away from the connections and the columns. Thus dangerous failure modes can be
avoided.
The paper ends with concrete conclusions on achieving a reliable dynamic response of high risk buildings with large spans. The work to be presented is examined
numerically by the R&D department of the Peikko Group Corporation and experiment
3580 | An incremental-secant mean-field homogenization scheme for elasto-plastic and damage-enhanced elasto-plastic composite materials (46. Damage in
Composites Structures (Ana Amaro))
Wu, Ling (L.Wu@ulg.ac.be), University of Liege, Belgium
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Wu, Ling (L.Wu@ulg.ac.be), University of Liege, Belgium
Noels, Ludovic (L.Noels@ulg.ac.be), University of Liege, Belgium
Adam, Laurent (laurent.adam@e-xstream.com), e-Xstream Engineering, Belgium
Doghri, Issam (issam.doghri@uclouvain.be), Universit� Catholique de Louvain, Belize
This paper presents an incremental secant mean-field homogenization process for composite materials made of elasto–plastic constituents, which can exhibit damage. In
this formulation, the residual stress and strain states reached in the phases upon a fictitious elastic unloading, are considered as starting point to apply the secant method.
The mean stress fields in the phases are then computed using isotropic secant tensors, which are naturally used to define the Linear Comparison–Composite.
The method, remains simple in its formulation, is applied on various problems involving elastic, elasto–plastic and perfectly–plastic phases, to demonstrate its accuracy
compared to other existing MFH methods. The method is particularly attractive when the damaging process is accounted for in the matrix phase. Indeed, during the
damaging process of one phase, the secant method can account for the resulting unloading of the other phase, ensuring an accurate prediction of the scheme, when
compared to direct numerical simulations.

3787 | Characterization of dynamical properties of carbon/epoxy composite materials subjectd to simulated randon acoustic loading (46. Damage in Composites
Structures (Ana Amaro))
Gustavo B. Germano (emaildoguis@gmail.com), Universidade Federal de Itajub?, Brazil
Fab?ola O. Yamane (fabiolaottoboni@gmail.com), Universidade Federal de Itajub?, Brazil
Angelo de Souza (angelo@unifei.edu.br), Universidade Federal de Itajub?, Brazil
Ant?nio C. Ancelotti Jr (antonio.ancelotti@gmail.com), Universidade Federal de Itajub?, Brazil
Mirian de Lourdes N. M. Melo (mirianmottamelo@ig.com.br), Universidade Federal de Itajubá, Brazil
José J. L. Júnior (limajr@unifei.edu.br), Universidade Federal de Itajubá, Brazil
Fatigue can be defined as a failure in materials and structures due to cyclic stresses, which can cause the damage propagation as cracks and delaminating. When a
component is subjected to stresses resulting from mechanical vibrations produced by acoustic waves, is a special case of fatigue, called acoustic or sonic. With the
increased use of lighter and stronger materials in the aerospace industry, such as composite materials, is necessary to understand this phenomenon. In this work, an
analysis of dynamic properties and failures in carbon fiber/epoxy composites submitted to sonic fatigue was developed. The technique used was the simulated random
acoustic loading, with a device that generates vibrations at resonant frequencies and constant amplitude. The results show that the effects of fatigue in the composite
material significantly reduced the values of the dynamic properties, primarily due to the appearance and propagation of damage.
4038 | Characterization of lightning strike damage in composite laminates (46. Damage in Composites Structures (Ana Amaro))
Wang, Dong (wangdong1@comac.cc), Beijing Aeronautical Science & Technology Research Institute, China
Xin, Chaobo (xinchaobo@comac.cc), Beijing Aeronautical Science & Technology Research Institute, China
Xu, Jifeng (xujifeng@comac.cc), Beijing Aeronautical Science & Technology Research Institute, China
Wade, Bonnie (bonbonw@uw.edu), University of Washington, United States America
Feraboli, Paolo (feraboli@aa.washington.edu), University of Washington, United States America
Ye, Lin (lin.ye@sydney.edu.au), The University of Sydney, Australia
In this study, simulated lightning strike tests were performed at 50 kA lightning strike current for unidirectional (UD), plain weave (PW) and hybrid (HY) composite specimens
with/without expanded metal mesh and fastener to evaluate the threat of lightning strike damage on composite structures. Visual observation, C-scan, B-scan, and burn-off
and de-ply techniques were employed to characterize damage severity in terms of the proposed damage index, i.e., damage area, damaged plies (or damage depth), and
nominal damage volume. The effects of material system, expanded metal mesh, and fastener on lightning strike damage for composite structures were investigated. The
experimental results demonstrated that the performance of the outer plain weave fabric is superior to that of the outer unidirectional tape, since the weave fabric somehow
constrains the development of in-plane and through-thickness epoxy and fiber burn-off. All the selected expanded metal meshes have satisfactory performance for protecting
against a 50 kA lightning strike current by means of carrying current across the surface of the composite rather than allowing the current to deposit into the composite panel
and cause severe damage. In the UD specimens, the fastener distributes the load throughout the entire laminate rather than containing it in the outer plies; conversely,
lightning strike damage is contained in the fastener itself or in the immediate proximity of the fastener hole in the PW and HY specimens.
3749 | Creep Life Assessment of Adhesively Jointed Composite-Aluminum Components Using Interface Elements (46. Damage in Composites Structures (Ana
Amaro))
Hosseini-Toudeshky, Hossein (hosseini@aut.ac.ir), Amirkabir University of Technology, Department of Aerospace Engineering, Iran
Fadaei, Ebrahim (e_fadaei@aut.ac.ir), Amirkabir University of Technology, Department of Aerospace Engineering, Iran
Creep crack growth of adhesively jointed components is of highlighted issues deal with hot environments. Among various models to assess creep life of such components,
continuum damage mechanics provides the possibility of predicting both flaw initiation and crack propagation. In order to investigate the flaw initiation creep life and to
predict the debonding growth life and its pattern under a constant load, a modified model of a thin layer interface element is used. This model contains definition of creep
behavior added to its softening trend.
Former studies present interface models with stick and slip modes of deformation under creep behavior of interface material. They suppress the separation probability during
the loading phase, so the predicted life time of the components may be overestimated. The current study considers the separation mode of deformation by a strain-based
damage factor definition resulted from the bi-linear behavior of the interface element.
For this purpose, a user-element and a corresponding user-material are developed in a commercial finite element code. To form the stiffness matrix of each interface
element, the matrix of derivatives from the user-element for a thin interface layer together with the strain based stiffness matrix is contributed. An APDL code is written to
extract the crack front shape of the flawed adhesive between a composite patch and the aluminum plate. Effects of adhesive thickness and composite lay-up are also
investigated.
3293 | Experimental and numerical analysis of stiffened panels with bonding flaws subjected to compressive load in the post-buckling regime (46. Damage in
Composites Structures (Ana Amaro))
Arbelo, Mariano A. (marbelo@ita.br), Instituto Tecnol?gico de Aeron?utica, Brazil
de Almeida, S?rgio F. M. (sergio.frascino@gmail.com), Instituto Tecnol?gico de Aeron?utica, Brazil
Donadon, M. V. (donadon@ita.br), Instituto Tecnol?gico de Aeron?utica, Brazil
Stiffened composite panels have been implemented in fuselage and wings, designed for a variety of load carrying condition. The major limitation now is the spread use of
fasteners to integrate the stiffeners to the skin. Secondary bonded structures can be an affordable approach to replace these fasteners structures. The major advantage
using this manufacture process is absence of drilling, which can generate stress concentration points and delamination areas around the fastener. Despite the advantages,
one of the most common issues with this technique is the non-uniformity of the skin/stiffener bonding caused by the adhesive film and the bonding condition. In that context,
this paper presents an experimental and numerical investigation on the skin/stiffener bonding flaws size effects on the post-buckling behavior of composite panels. A
composite stiffened panel with initial skin/stiffener debonding length of 0, 10, 20 and 30 mm was tested in compression in the post-buckling regime up to failure. The
proposed finite element model takes into account material and geometrical non-linearities in order to predict the structural response up to the collapse of the structure. In
order to model damage in the composite panel a Continuum Damage Mechanics failure model at meso-scale is combined with a contact logic methodology to predict
skin/stiffener debonding. The analyses were carried out using ABAQUS FE code. The simulated panels were loaded under axial compression up to the collapse.
3684 | Experimental and numerical study of the damage process in cross-ply laminates under tension (46. Damage in Composites Structures (Ana Amaro))
Jalalvand, Meisam (M.Jalalvand@bristol.ac.uk), University of Bristol, United Kingdom
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Jalalvand, Meisam (M.Jalalvand@bristol.ac.uk), University of Bristol, United Kingdom
Wisnom, Michael R. (M.Wisnom@bristol.ac.uk), Universrity of Bristol, United Kingdom
Hosseini-Toudeshky, Hossein (Hosseini@aut.ac.ir), Amirkabir University of Technology, Iran
To assess the damage development in cross-ply laminates, two series of tensile tests with IM7/8552 and E-2glass/950-2 pre-preg have been done with the lay-ups [0/904]s
and [03/903]s respectively. In each series, 12 tensile specimens were made and then different tensile loading was applied to different specimen. Then the damage pattern of
each unloaded specimen was observed via microscopy after edge preparation. No interlaminar crack was observed in any of the specimens even at large loading values
close to the final failure. However, it was observed that the cracking mode changes from straight transverse cracks to blind oblique cracks near the transverse crack tips.
Two different types of FE analyses were performed to understand the development of the oblique cracks in the 90 layers. In the stress analysis using cohesive elements, it
was realized that the elements around the transverse crack tip were partially damaged so the point with highest maximum principle stress in the 90° layers has also moved
away from the tips of the transverse crack. In a second FE analysis, crack propagation was examined. Two models with different transverse crack density including a row of
cohesive elements at the middle and also an oblique row of cohesive elements for potential transverse and oblique crack were modelled. It was observed that transverse
cracking is the first damage mode in the longer model however, in the shorter model, the oblique cracking occurred first.

3496 | Experimental evaluation and numerical modeling of delamination influence on composite beams? stiffness (46. Damage in Composites Structures (Ana
Amaro))
Samborski, Sylwester (s.samborski@pollub.pl), Lublin University of Technology, Department of Applied Mechanics, Poland
de Moura, Marcelo F. (mfmoura@fe.up.pt), Faculdade de Engenharia da Universidade do Porto, Portugal
The paper deals with experimental testing and numerical modeling of laminated composite beams with artificial delamination. Delamination is one of the most often occurring
defects in laminated composites. These materials find applications in many branches of contemporary industry, for example in aircraft, where high reliability of materials is
obvious, because of safety reasons. According to this, identification and assessment of the delamination influence on mechanical characteristics of the material are very
important tasks. This article shows possibilities of simple experimental evaluation of delamination influence on load bearing capability of the composite structures. Several
techniques of delamination modeling were also compared. Within the experimental part of the research ten sets of laminated beams were tested in three-point bending
(3PB). The samples were prepared using the “prepreg” technology from glass-epoxy and carbon-epoxy laminates. The artificial delamination of four different sizes was made
in the beams by introducing thin PTFE foil between the layers. During quasi-static loading the deflection of the beamʼs center was registered. Next, the deflection of the
delaminated beams was compared with that of the healthy one. The experimental results were subsequently confirmed by the Finite Element Models prepared in the
Abaqus/CAE environment.
3622 | Failure Behavior Investigation of Thick Composite Laminates (46. Damage in Composites Structures (Ana Amaro))
Erdem, Esra M. (e151497@metu.edu.tr), Middle East Technical University, METU, Turkey
Parnas, Levend K. (parnas@metu.edu.tr), Middle East Technical University, METU, Turkey
Tursun, Gokhan (gtursun@tai.com.tr), Turkish Aerospace Industries Inc., TAI, Turkey
A considerable amount of knowledge has been generated on thin cross-section composites, builds up the first enough momentum to use composites in primary structures, in
thick sections, especially to take the advantage of weight gain. However, applying the methods developed for thin-section structures directly to thick-section ones are
observed to fail especially in terms of the accuracy of results and the demand for dependable and standardized methods for thick-section composites have been in rise
parallel to their ever increasing applications. In this study, it is aimed to develop a reliable method for the analysis of thick composite structures with the idea to reduce the
need for tests, and eventually to decrease costs and to accelerate the design. In this scope, a finite element model is constructed to predict the progressive failure of the
thick laminate. The analyzed part has a hybrid composition, with carbon, glass and foam layers. For a realistic model, a 3D model including contact phenomenon is
established. Solutions with and without progressive failure approaches are examined and the progressive failure analysis for a better simulation of failure is considered in
detail. The appropriateness of various failure criteria for prediction of failure in thick composite structures is also explored. Finally, the validity of the developed model and the
chosen failure criteria is studied by comparing the results of experiments.
3360 | Free Vibration Response of Damaged Composite Structures via Refined 1D Models (46. Damage in Composites Structures (Ana Amaro))
Petrolo, M. (marco.petrolo@polito.it), Politecnico di Torino, Italy
Carrera, E. (erasmo.carrera@polito.it), Politecnico di Torino, Italy
Saponaro, D. (davide.saponaro@studenti.polito.it), Politecnico di Torino, Italy
Damage detection is of primary importance in many engineering fields. A proper detection of structural damages is required to determine the reliability of a structure. Modal
analysis can be a powerful tool in damage detection since structural damages can affect the natural frequencies and modal shapes of a structure. Challenging capabilities
are required since the damage identification has to be carried out from the variations in frequencies and modal shapes.
In this paper, damages are introduced in composite structures and their effects are evaluated in terms of variations in natural frequencies and modal shapes. This work could
be considered as a preliminary effort aimed to the creation of a set of guidelines on damage effects to be used for damage detections.
Computationally cheap 1D structural models have been used. These models are based on the Carrera Unified Formulation (CUF) and provide shell- and solid-like
accuracies with far less computational costs for a wide set of structural problems, including thin-walled structures and composites. Results show that 1. Damage effects can
deeply vary depending on the damage intensity and location, 2. 1D CUF models are particularly powerful tools since they are able to capture typical behaviors of damaged
structures such as the bending-torsion coupling, 3. CUF low computational costs are of particular interest since many analyses are required to create a reliable set of
guidelines for the damage detection via modal analysis.
3664 | Influence of defects in fatigue properties of a GFRP (46. Damage in Composites Structures (Ana Amaro))
Vergani, Laura (laura.vergani@polimi.it), Politecnico di Milano, Department of Mechanical Engineering, Italy
Colombo, Chiara (chiara.colombo@mecc.polimi.it), Politecnico di Milano, Department of Mechanical Engineering, Italy
Composite structures present different type of defects or damages, created by the manufacturing process or generated during fatigue loading. Residual fatigue life, stiffness
and strength are directly related to presence of such defects. In order to follow a defect tolerant approach in design stage and in residual fatigue life estimation, it is therefore
important to have information not only about fatigue behaviour of undamaged material, but also in presence of defects.
Aim of this work is to study fatigue behaviour of damaged and undamaged GFRP specimens to evaluate the effect of defects presence in a quantitative way.
Two plates of the same composite material, characterized by symmetrical stacking sequence, were used to obtain specimens. In the middle thickness of one of them was
placed a Teflon layer during manufacturing, to avoid complete resin adhesion. In this way, an artificial controlled delamination was created, similar in all the specimens.
As reported in literature, this damage has no influence on composite static strength, but drastically modifies fatigue life of delaminated components. In this light, fatigue
tensile tests with stress ratio R=0.1 are performed on damaged and undamaged specimens, evidencing two completely different fatigue strengths. Fatigue behaviours of
damaged and undamaged specimens are well schematized by S-N curves. These curves are characterized by two evident regions, thus identifying two possible damage
mechanisms occurring in composite.
3838 | Matrix Damage Interaction on Multi-Delamination of CFRP Composites under Quasi-Static Flexural Loading Condition (46. Damage in Composites
Structures (Ana Amaro))
Rahimian Koloor, Seyed Saeid (s.s.r.koloor@gmail.com), Universiti Teknologi Malaysia, Malaysia
Tamin, Mohd Nasir (taminmntaminmn@gmail.com), Universiti Teknologi Malaysia, Malaysia
Multiple-Damage mechanics of FRP laminated composite is studied using Finite Element Method (FEM). Lamina damages including matrix cracking, shear damage and
fiber breakage are modeled along with multi-delamination to investigate the interaction of laminae and interfaces damages. Experimental test is performed on a 12-ply CFRP
composite laminate specimen with [45/-45/45/0/-45/0/0/45/0/-45/45/-45] anti symmetric layups under monotonic flexural loading condition. Bending stiffness of CFRP beam
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composite laminate specimen with [45/-45/45/0/-45/0/0/45/0/-45/45/-45] anti symmetric layups under monotonic flexural loading condition. Bending stiffness of CFRP beam
is recorded throughout the test and used for validation purpose. The evolutions of internal damages are predicted using FE simulation to illustrate the multi-damages
initiation and propagation in CFRP composites. Hashinʼs continuum damage model is considered for lamina damage level along with Cohesive Zone damage Model (CZM)
for multi-delamination event. The predicted bending stiffness of CFRP beam is compared well with the experimental results. Each plies and interfaces are modeled as single
continuum part that bonded to each other perfectly. Maximum load carried by CFRP beam shown 20% reduction in compare with non-damaged model results due to lamina
and interface damages. The majority of damage in plies appeared to be matrix damages and edge multi-delamination. The first damage event predicted to be matrix
cracking and consequently induced delamiantion to occur sooner. The possibility of edge multi-delamiantion without matrix damage influences is also investigated to explain
the interaction of multi-damages. Matrix damage initiation and propagation were predicted to be at the edge of plies in tension side while started around the center in
compression sides. Multi-delamination evolutions also predicted to be mostly at the edge and in the center of CFRP beam. FE simulation is also predicted a unique fiber
fracture occurrence in lamina number nine from top (0 degree) which is considered to be so strong according to its fiber orientation while no fiber breakage observed in
neighboring laminae in 45 or -45 degree. The failure process of CFRP composite is described by exponential Damage Dissipation Energy (DDE) curve and compared with
bending stiffness reduction. The result shows the rate of overall DDE of CFRP beam is increase dramatically by bending stiffness reduction. The multi-damages model and
FE procedures is recommended to be used for damage analysis of FRP laminated composites under different kind of monotonic loading conditions.

3703 | Mesh Objective Progressive Failure of a Unidirectional Fiber-Reinforced Composite Using a Multi-scale Framework (46. Damage in Composites Structures
(Ana Amaro))
Meyer, Pascal (pasmey@umich.edu), University of Michigan, United States America
Waas, Anthony M. (dcw@umich.edu), University of Michigan, United States America
The deformation response of unidirectional fibrous multi-phase materials, e.g. two phase Polymer-Matrix-Composites (PMCs) or three phase Ceramic-Matrix-Composites
(CMCs), depend highly on the interaction between the constituents. In this study a three dimensional Finite Element (FE) code has been developed to capture progressive
failure within the constituents of one, two, or three phase composite materials while retaining objectivity with respect to the size of the elements used in the FE model.
Periodic Boundary Conditions (PBC) are used to apply displacements on a Representative Unit Cell (RUC) containing the constituents with a fixed volume ratio. Both an
isotropic and orthotropic failure model have been implemented at the constituent level. The applicability of this integrated finite element code in a multi-scale framework is
demonstrated and the results are verified against experimental data.
3446 | Modeling of the Progressive Damage and Failure in Textile Composites (46. Damage in Composites Structures (Ana Amaro))
Heinrich, Christian (christian.heinrich@sogeti-hightech.de), Sogeti-Hightech GmbH, Germany
Ji, Wooseok (wooseok@umich.edu), University of Michigan, United States America
Waas, Anthony M (dcw@umich.edu), University of Michigan, United States America
The present study focuses on predicting the progressive damage of textile composites (TCs). This is done through a bottom-up approach that centers around two
representative unit cells (RUC) of different scales. In the first RUC, fibers and matrix are modeled explicitly. In the second RUC, matrix and undulating homogenized tows are
modeled explicitly. The fiber level RUC is used to derive the constitutive behavior of the fiber tows of the larger scale RUC. The material constitutive behavior of fibers and
matrix is modeled using standard continuum mechanics models including plastic behavior in the matrix. Failure is explicitly taken into account through a smeared crack
formulation. The unit cell is subjected to a variety of loading conditions and macroscopic the stress-strain response is recorded. This data is next used to derive a suitable
continuum mechanics model to represent the response of the fiber tows in the larger scale unit cell. This needs to be anisotropic in its elastic, plastic and damage response.
Failure and cracking within the fiber level unit cell also leads to an apparent macroscopic strain softening behavior. This behavior introduces a characteristic length scale and
a higher order continuum model or a numerically and consistently introduced length scale is necessary to guarantee a well posed problem. Several tow level RUCs are
combined and service loads are applied to the finite element model. The predictions are compared against experimental data of TCs.
3579 | Non-local multiscale analyzes of composite laminates based on a damage-enhanced mean-field homogenization formulation (46. Damage in Composites
Structures (Ana Amaro))
Wu, Ling (L.Wu@ulg.ac.be), University of Liege, Belgium
Noels, Ludovic (L.Noels@ulg.ac.be), University of Liege, Belgium
Adam, Laurent (laurent.adam@e-xstream.com), e-Xstream Engineering, Belgium
Doghri, Issam (issam.doghri@uclouvain.be), Universit� Catholique de Louvain, Belgium
Properties of carbon fiber reinforced epoxy laminates are studied using an anisotropic gradient–enhanced continuum damage model embedded in a mean–field
homogenization (MFH) procedure. The fibers are assumed to remain elastic, and the matrix material obeys an elasto–plastic behavior enhanced by the proposed damage
model.
The resulting multi– scale model is then applied to study the damage process at the meso–scale of laminates, and in particular the damaging of plies in a composite stack.
By using the gradient–enhanced continuum damage model, the problem of losing uniqueness and strain localization, which happens in classical finite element simulations
when strain softening of materials is involved, is avoided.
As a demonstration a stack with a hole is studied and it is shown that the model predicts the damaging process in bands oriented with the fiber directions, accordingly to the
conducted experimental results.
2984 | Numerical Analysis of Delamination Growth in Laminated Composites under Buckling Behavior (46. Damage in Composites Structures (Ana Amaro))
Mohammadkazem Ramezani (ramezani.m.k@gmail.com), Imam Hosein University, Iran
S. M. Mohseni Shakib (smmshakib@yahoo.com), Imam Hosein University, Iran
In this paper, a delamination growth analysis on composite panel containing embedded delamination has been performed using a three-dimensional finite element model.
The effects of the delamination on the local buckling load and delamination growth are studied by using Hashinʼs 3D failure criteria via UMAT userʼs subroutine of ABAQUS
FE program. A new proposed model shows enhancement of the accuracy of the results which showed a good agreement with available experimental data.
3535 | Progressive failure analysis including stiffness reduction due to skin buckling and strength failure using closed form solutions (46. Damage in
Composites Structures (Ana Amaro))
F?hrer, Tanja (Tanja.Fuehrer@dlr.de), German Aerospace Center (DLR), Institute of Composite Structures and Adaptive Systems, Germany
The usage of composite materials within modern aircrafts provides many advantages, such as weight reduction. During aircraft life the orthotropic material behaviour results
in complex stress states within the composite. This challenges the sizing process of lightweight structures, which includes amongst others the analysis of the material
strength and the buckling behaviour. To analyse the structural behaviour up to structural failure it is necessary to incorporate suitable calculation methods. State of the art
progressive failure analyses (PFA) calculate damage propagation using the finite element method, which leads to high computational costs when optimizing large and highresolution structures. This paper presents a progressive failure analysis, which predicts structure behaviour after buckling and strength failure using closed form solutions.
Since the prediction after failure is not based on FEM, the presented PFA is less time consuming and is therefore more suitable within the optimization process of large
structures, for example fuselage barrels.
For strength failure initiation and the subsequent stiffness reduction several stress based failure criteria and degradation methods are implemented. Skin buckling is
calculated by an analytical approach. For the stiffness reduction after skin buckling onset an additional reduction factor is derived from the load displacement curves of
several nonlinear ABAQUS analyses that are used to calibrate the PFA.
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3851 | Shear Damage Characterization of Kenaf-Composite/Anodized Aluminum Interface under Mode-II Loading Condition (46. Damage in Composites
Structures (Ana Amaro))
Rahimian Koloor, Seyed Saeid (s.s.r.koloor@gmail.com), Universiti Teknologi Malaysia, Malaysia
Abdi, Behzad (behzad.abdi@gmail.com), Universiti Teknologi Malaysia, Malaysia
Abdullah, M. R. (mohamed@fkm.utm.my), Universiti Teknologi Malaysia, Malaysia
Ayob, Amran (amran@fkm.utm.my), Universiti Teknologi Malaysia, Malaysia
In this study, damage mechanism of Kenaf composite/anodized aluminum interface is examined under mode-II testing condition. For this purpose, a hybrid composite panel
prepared using kenaf composite and anodized aluminum plate. The kenaf composite was manufactured using injection molding method and bonded to anodized aluminum
plate in the curing process. Damage mechanics of Kenaf composite/anodized aluminum interface is studied with initial cracks length of 20, 40, 60 mm that was generated
during manufacturing process. The location of interface is adjusted to be in neutral line of the hybrid panel cross-section to avoid geometrical affect on shear debonding
process. End Notch Flexural (ENF) test is performed on the hybrid composite beam. The flexural test is controlled by displacement rate of 2mm/min crosshead speed. The
interface mechanical properties and damage parameters such as fracture energy are obtained based on ASTM standard. Flexural stiffness of the panel is traced during the
test and used for validation purpose. Interface damage evolution is predicted using FE simulation to illustrate the damages initiation and propagation. Cohesive Zone
damage Model (CZM) is used to model the quasi-brittle behavior of the interface. The FE predicted bending stiffness of hybrid composite beam is compared well with the
experimental results. Stress analysis is performed to describe the affect of shear stresses on damage initiation process. Interface debonding initiated from the free corner of
crack tip and propagated through the middle-width of the interface. The propagation of damage and interface softening process are described using Damage Dissipation
Energy (DDE). The predicted value of DDE is increased while the flexural stiffness rate of hybrid beam is reduced over test procedure time. The FE procedure is
recommended for damage analysis of brittle like behaviour of similar interface material.
3704 | The influence of spatial non-homogeniety on the damage initiation and progression in ceramic matrix composites studied using a multiscale framework
(46. Damage in Composites Structures (Ana Amaro))
Hansen, Lucas R. (lrhansen@umich.edu), University of Michigan, United States America
Waas, Anthony M. (dcw@umich.edu), University of Michigan, United States America
Due to the different mechanics involved, damage prediction in ceramic matrix composites presents a new set of challenges as compared to traditional polymer composites,
including the statistical nature of brittle ceramic failure. A two-scale numerical framework utilizing the Generalized Method of Cells and High Fidelity Generalized Method of
Cells is presented, with a focus on the effects of for random variations in the microstructure. The effects of microstructural variation on the initiation and progression of
damage and final failure under room-temperature monotonic tensile loading are investigated. The method is validated through comparison to experiments conducted on a
coated SiC fiber-reinforced SiC matrix cross-ply laminate. It is shown that accounting for variation in microstructure not only affects the statistical distribution of coupon
strength, but also affects the prediction of damage distribution. These variations can arrest damage growth in early-onset regions, allowing new initiation sites to develop.
This leads to distributed damage throughout the test coupon: a behavior seen in experimental testing. A parametric study is conducted to determine the relative effects of
various difficult-to-measure properties and provides insight into the relevant properties that manufacturers may wish to control through processing and material system
design.
3561 | THE THREE-DIMENSIONAL STUDY OF CRACK PROPAGATION IN Al2O3/ZrO2 CERAMIC LAMINATE (46. Damage in Composites Structures (Ana Amaro))
Masa, Bohuslav (masa@ipm.cz), Institute of Physics of Material AS CR, Czech Republic
Nahlik, Lubos (nahlik@ipm.cz), Institute of Physics of Material AS CR, Czech Republic
Hutar, Pavel (hutar@ipm.cz), Institute of Physics of Material AS CR, Czech Republic
The main aim of the contribution is the fracture behaviour of layered ceramic composite based on Al2O3/ZrO2. This composition gives promising fracture properties improved fracture toughness in comparison to commonly used ceramics. During a material testing a step-wise crack path was observed. This phenomenon is given by
different elastic properties of laminate components, interfaces in a composite and by the presence of residual stresses in layers developing during a sintering process. To
describe the crack propagation in the ceramic laminate a generalized linear elastic fracture mechanics was involved. For reliable estimation of crack behaviour and
determination of the real crack front shape during crack propagation the three dimensional FEM models were developed. Procedures based on generalized linear elastic
fracture mechanics were used to estimate stress intensity factors and directions of the crack propagation. Conditions leading to crack bifurcation close to the material
interface were determined. Influence of interfaces on critical values for crack propagation through material interfaces was estimated. Results obtained are compared with
experimental data. The knowledge of the crack behaviour in layered ceramic laminates makes it possible e.g. to determine so-called apparent fracture toughness of the
layered ceramic body.
3977 | Damage location in thick composite material based on acoustic emission and wireless nodes (47. Structural Health Monitoring (Walter Lacarbonara, Cesar
Vasques))
PAGET, Christophe (christophe.paget@airbus.com), Airbus, United Kingdom
The goal of this investigation was to demonstrate the ability for acoustic emission to locate damage in thick composite material, using EADS IW/Airbus in-house wireless
technology. The principle is based on detecting and locating the impact damage as it occurs, to further triangulate it with two to three other wireless sensors for damage
location. The investigation has demonstrated that such technology is a good candidate for structural health monitoring and shows promising results for many aeronautical
applications.
3510 | Identification procedure for the stiffness distribution in laminated plates (47. Structural Health Monitoring (Walter Lacarbonara, Cesar Vasques))
Goldfeld Yiska (yiska@technion.ac.il), Technion - Israel Institute of Technology, Israel
A vibration-based identification procedure is presented for the assessment of the stiffness distribution in laminated rectangular plates. The algorithm is based on the
correlation between the modal curvature rate and the bending stiffness distribution, as well as on the correlation between the axial strain and the in-plane stiffness
distribution. Estimation of the curvature rate from experimental data is difficult, thus, a post-processing procedure that uses a 2D optimal smoothing procedure, is suggested.
Since damage in plate-like structure may cause redistribution of the internal forces and moments along the plate, an iterative identification procedure is developed. The
proposed approach also takes into account the presence of random error and limited number of measured points. The effectiveness, reliability, and range of application of
the procedure will be demonstrated through numerical examples and the potential input of the approach on damage identification in composite laminated plates will be
discussed.
3892 | Novel non-destructive inspection technique for laser powder deposition inspection (47. Structural Health Monitoring (Walter Lacarbonara, Cesar
Vasques))
Pantano, Antonio (antonio.pantano@unipa.it), Universit? degli Studi di Palermo, Italy
Cerniglia, Donatella (donatella.cerniglia@unipa.it), Universit? degli Studi di Palermo, Italy
Scafidi, Michele (michele.scafidi@unipa.it), Universit? degli Studi di Palermo, Italy
A novel non-destructive testing (NDT) technique for inspection of parts and components manufactured by Additive Manufacturing Processes (AMP), in particular Laser Metal
Deposition (LMD), has been developed. LMD is a technology that has been maturing over the last 20 years and has found application in repair, coatings, hybrid build and 3D
near net shape manufacture of small intricate parts that can be used in aero and automobile engines. Currently this technology cannot be used to supply some of these parts
because it is not possible to guarantee absence of flaws, which might be left in the component during manufacture. Today, quality is assessed by sample destructive testing,
which gives slow feedback and is expensive or by computed tomography after the part is completed, which means that a sample may be rejected after all manufacturing is
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which gives slow feedback and is expensive or by computed tomography after the part is completed, which means that a sample may be rejected after all manufacturing is
complete. Some form of non-contact NDT would be the desired solution so that parts can be inspected during manufacturing and with reduced cost. In the Intrapid project
three NDT methods are being considered, we describe here numerical and experimental results from the use of a laser source and receiver to inspect samples for defects.
The scheme consists of linking the NDT device to the LMD nozzle and checking for the absence of flaws of the deposition soon after its production. The configuration is easy
to be implemented and ideal for detecting surface and some sub-surface defects, since it permits Rayleigh waves to be used in inspections
3706 | ULTRASONIC WAVE POPAGATION IN COMPOSITE LAMINATES BY NUMERICAL SIMULATION (47. Structural Health Monitoring (Walter Lacarbonara,
Cesar Vasques))
Maio, Leandro (leandro.maio@unina.it), Department of Aerospace Engineering, University of Naples ''''Federico II'''', Italy
Monaco, Ernesto (ermonaco@unina.it), Department of Aerospace Engineering, University of Naples ''''Federico II'''', Italy
Ricci, Fabrizio (fabricci@unina.it), Department of Aerospace Engineering, University of Naples ''''Federico II'''', Italy
Lecce, Leonardo (leonardo@unina.it), Department of Aerospace Engineering, University of Naples ''''Federico II'''', Italy
The analytical models are complicated and most of the times difficult to be applied to actual engineered structure, as they are computationally expensive and unsuitable for
some specific problems such as the propagation of Lamb waves in stiffened composite plates or sandwich structures. 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.
The propagation characteristics of Lamb waves in composites are investigated numerically in this paper. The numerical tests are performed with the explicit FE solver
ABAQUS and modeled using 3D element as continuum shells and solid elements employed separately to construct the composite panel models. The demand for using
composite shell elements comes from its computational efficiency and good accuracy. To verify and compare the element performance in predicting the ultrasonic wave
propagation, dynamic analysis is conducted for a composite laminate. The results obtained from the analysis of the FE model are the time histories of the node
displacements; these time histories are processed to obtain the group velocities of the Lamb waves.Finally, the velocity prediction is compared with the theoretical velocities
calculated with the resolution of the Rayleigh-Lamb frequency equation that allows to plot the dispersion curves of any wave mode. For laminated composite plates a good
agreement is found between numerical, analytical and experimental data over a wide variety of lay-up sequences, especially for the simple model using one continuum shell
element through the thickness.
2992 | Development of Photo-Cross-linkable Liquid Crystalline 2[4-Decyloxy benzoyloxy-4?-benzoyl styryloyloxy] ethylmethacrylate polymer for non-linear
optical applications (48. Adaptive Functionally Graded Materials and Structures (Amelia Loja e Joaquim Barbosa))
Subramanian kathavarayan (kathsubramanian@yahoo.com), Anna University, India
Kumar Govindaswamy (gkumarchemist@gmail.com), Anna University, India
G.Kumar, K.Subramanian*
Department of Chemistry, Anna University, Chennai-600 025, India
Correspondence to: kathsubramanian@yahoo.com
Tel:044-22358660; Fax: +91-44-22200660
Synthesis of 2[4-Decyloxy benzoloxy-4ʼ-benzoyl styryloyloxy] ethylmethacrylate [DOBOBSOMEA] carried out by using pendant chalcone moiety in the presence of 10% pd-C
catalyst de-protection followed by condensation. Synthesized DOBOBSOMEA has been polymerised using AIBN as initiators at 70oC for 48hours. The poly
(DOBOBSOMEA) has been characterized by H1-NMR Spectroscopy. UV-visible and fluorescence spectroscopy measured the photo-cross linking behaviour of polymer.
Number average and weight average molecular weight of polymer was determined by Gel permeation chromatography (GPC). Thermo-oxidative stability of the polymer was
determined by Thermo-gravimetric analysis (TGA). The mesophase transition of polymer was studied by DSC and the crystal!smectic C!Isotropic transition were
identified at 91, 102, and 113oC respectively by hot stage polarized optical microscopy. Fluorescence lifetime property of polymer was measured by time-correlated single
photon counting (TCSPC) method, which revealed decreased average life time values 5.32, 2.97 and 2.37ns on UV radiation. Morphology of the virgin and photo-crosslinked polymer discussed using SEM images. The data resulted from the study reveals that the LC polymer may be suitable for the fabrication of non-linear optical
equipments and memory devices for optical storage.
3708 | OPTIMIZATION OF MAGNETO-ELECTRO-ELASTIC COMPOSITE STRUCTURES USING DIFFERENTIAL EVOLUTION (48. Adaptive Functionally Graded
Materials and Structures (Amelia Loja e Joaquim Barbosa))
Loja, M.A.R. (amelialoja@dem.isel.ipl.pt), IDMEC/IST, Portugal
Mota Soares, C.M. (cristovao.mota.soares@ist.utl.pt), IDMEC/IST, Portugal
Barbosa, J.I. (jib@dem.isel.ipl.pt), IDMEC/IST, Portugal
Magneto-electro-elastic structures are built from materials that provide them the ability to convert in an interchangeable fashion, magnetic, electric and mechanical forms of
energy.
This characteristic can therefore provide an adaptive behavior to a general configuration elastic structure, being commonly used in association with any type of composite
material in an embedded or surface mounted way.
In a first stage of this work we propose to carry out a parametric study on the influence of some relevant parameters associated to the active characteristics of this type of
adaptive structures. In a second stage we consider the application of a recent computational intelligence technique, namely the differential evolution optimization technique
in some test cases.
The performance and adequacy of the models and techniques will be illustrated through the consideration of a set of case studies.
References
Reddy, JN. Mechanics of Laminated Composite Plates and Shells: Theory and Analysis, 2nd ed. CRC Press, Boca Raton, USA, 2004.
Simões Moita JM, Mota Soares CM, Mota Soares CA. Analyses of magneto-electro-elastic plates using a higher order finite element model. Composite Structures 91, 421–
426, 2009.
Storn R, Price K. Differential Evolution – A Simple and Efficient Heuristic for Global Optimization over Continuous Spaces. Journal of Global Optimization 11, 341–359, 1997.
4362 | A general nonlocal nonlinear beam theory for buckling of nanobeams (49. Modeling of Nano Composites (Antonio Pantano))
Emam, Samir A (semam@uaeu.ac.ae), United Arab Emirates University, United Arab Emirates
This study presents a unified model for the nonlocal response of nanobeams in buckling and postbuckling
states. The formulation is suitable for the classical Euler-Bernoulli, first-order Timoshenko,
and higher-order shear deformation beam theories. The small-scale effect is modeled according
to the nonlocal elasticity theory of Eringen. The equations of equilibrium are obtained using
the principle of virtual work. The stress resultants are developed taking into account the nonlocal
effect. Analytical solutions for the critical buckling load and the amplitude of the static nonlinear
response in the postbuckling state are obtained. It is found out that as the nonlocal parameter
increases, the critical buckling load reduces and the amplitude of buckling increases. Numerical results
showing variation of the critical buckling load and the amplitude of buckling with the nonlocal
parameter and the length-to-height ratio for simply supported and clamped-clamped nanobeams
are presented.
3449 | Atomistic Modeling of Fracture Behavior in Nanoparticle Reinforced Polymers and PMCs (49. Modeling of Nano Composites (Antonio Pantano))
Roy, Samit (sroy@eng.ua.edu), University of Alabama, United States America
http://conference.mercatura.pt/gestao4/index.php?pagina=1367&

Page 138 of 159

Conferências 5: Resumos condensados

2/14/13 11:42 AM

Roy, Samit (sroy@eng.ua.edu), University of Alabama, United States America
Akepati, Avinash (arakepati@crimson.ua.edu), University of Alabama, United States America
In the context of fracture behavior in polymers, the critical value of the J-integral (JI ) at crack initiation is related to the fracture toughness of the material, where the subscript
I denotes the fracture mode (I=1,2,3). Therefore, the J-integral could be used as a suitable metric for estimating the crack driving force as well as the 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 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 accounts
for 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
temperature when entropic contributions become significant.
As a case study, the feasibility of computing the dynamic atomistic J-integral over the MD domain at finite temperatures using Hardy estimates of continuum fields based on
localization functions is evaluated for a graphene nano-platelet with an embedded central crack. 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. The atomistic computational results are in very good agreement with LEFM data
up to the point of onset of a nonlinear region near the crack tip at elevated strain levels. Computational results related to the path-independence of the atomistic J-Integral
and the influence of computational box size are also presented.
2958 | Constitutive Modeling of Polymer Blends: Mechanical Behavior and Failure Criterion (49. Modeling of Nano Composites (Antonio Pantano))
Amit K. Kaushik (kaushik.a.2@pg.com), Procter and Gamble, United States America
In this work; a constitutive model has been developed to predict the mechanical behavior and failure of polymer blended films. The model captures the initial non-linear
elastic region; strain-rate and orientation dependent yield behavior; plasticity and strain-hardening behavior of the materials at variety of strain-rates. Moreover the model
also contains a component to predict the strain-rate and orientation dependent strain-to-failure of these materials at a variety of strain-rates and deformation states. The
model has been validated against several experimental data and the efficacy of the model has been confirmed.
3499 | Electrical and structural properties of nanocomposite films (49. Modeling of Nano Composites (Antonio Pantano))
Novak, Stanislav (Stanislav.Novak@ujep.cz), J. E. Purkinje University Faculty of Science, Czech Republic
Hrach, Rudolf (hrach@mbox.troja.mff.cuni.cz), J. E. Purkinje University Faculty of Science, Czech Republic
Svec, Martin (msvec@physics.ujep.cz), J. E. Purkinje University Faculty of Science, Czech Republic
Understanding the correlations between the morphological and electrical properties of composite and nanocomposite materials is important. The paper deals with two-phase
composite/nanocomposite films formed by conductive clusters embedded into a dielectric matrix. Computer experiments which aim is morphological and electrical analysis
of both homogeneous and graded composite/nanocomposite films, are described. The morphological analysis serves to the following analysis of the electrical properties.
Efficient methods of mathematical morphology are chosen to describe the morphology of the three-dimensional composite films. An advanced method of the fuzzy clusters
has been introduced to analyse the electrical properties of the films.
Results of the computer simulations show that at least a partial reconstruction of the three-dimensional information from a two-dimensional image is possible using the
proper morphological analysis. The morphological analysis can help to derive a right type of the structure. The most interesting conductivity features can be observed near a
percolation threshold where the mechanism of the charge transport is changing and the electrical conductivity varies through a large scale. The dependence of the
conductivity of the composite films below the percolation threshold on their morphological characteristics is discussed in the paper. The electrical and morphological
properties of graded nanostructures are shown.
3270 | Linear vibrations and energy conservation of Single-Walled Carbon Nanotubes (49. Modeling of Nano Composites (Antonio Pantano))
Strozzi, M. (matteo.strozzi@unimore.it), University of Modena and Reggio Emilia, Italy
Manevitch, L.I. (lmanev@chph.ras.ru), N.N. Semenov Institute of Chemical Physics, Russian Federation
Pellicano, F. (francesco.pellicano@unimore.it), University of Modena and Reggio Emilia, Italy
In this paper, the linear vibrations of Single-Walled Carbon Nanotubes are analyzed. Applicability and limitations of the continuous shell models for characterizing the carbon
nanotube behaviour are considered. Equivalent parameters are derived. The Sanders-Koiter elastic shell theory is applied in order to obtain the elastic strain energy and
kinetic energy. The carbon nanotube deformation is described in terms of longitudinal, circumferential and radial displacement fields. The displacement fields are expanded
by means of a double series based on Chebyshev polynomials for the longitudinal variable and harmonic functions for the circumferential variable. The Rayleigh-Ritz method
is applied in order to obtain approximate natural frequencies and mode shapes. Clamped and free boundary conditions are analyzed. The present model is validated by
means of data available in literature obtained by experiments, molecular dynamics simulations and finite element analyses. The total energy conservation of the system is
verified by considering the combinations of different vibration modes. The effect of the companion mode participation on the linear vibrations of the carbon nanotube is
analyzed. The combination of the driven and companion modes gives rise to a pure travelling-wave response moving along the circumferential direction of the carbon
nanotube.
3130 | Mechanical properties of carbon nanotube reinforced nanocomposites (49. Modeling of Nano Composites (Antonio Pantano))
Pantano, Antonio (antonio.pantano@unipa.it), Universit? degli Studi di Palermo, Italy
One way to take advantage of the marvelous properties of the carbon nanotubes consists in incorporating them into a matrix to build composite materials. The best
candidates for this task are undoubtedly polymers thanks to their strength, toughness, low weight, and easy processing.
A mixed model, numerical-analytical, is presented that allows one to predict the elastic properties of carbon nanotube (CNT)/polymer composites containing a random
distribution of CNTs, while taking account of the curvature that they show when immersed in the polymer. A three-dimensional model, using a single CNT immersed in an
infinite matrix, allows us to numerically evaluate the concentration tensor by evaluating the average nanotube strain. The Mori-Tanaka model uses this tensor to predict the
effective elastic modulus of composites with CNTs randomly oriented. This hybrid approach represents an appreciable evolution over the micromechanical modeling [1] and
can be applied to every nanostructured composites. To simulate the mechanical behavior of CNTs, a structural non linear model, previously developed [2], has been
adopted; this model is a modified version of a known methodology [3-4]. To simulate the nanotube-matrix interface, interactions have been implemented.
The new methodology has been validated by comparison with the results of laboratory tests performed on epoxy resin-CNTs composites.
References
[1] A. Pantano, G. Modica, F. Cappello: Mat. Sci. and Eng. A, 486, 222-227, 2008.
[2] M. Garg, A. Pantano, M.C. Boyce: J. of Eng. Mat. and Tech., 129, 431-439, 2007.
[3] A. Pantano, M.C. Boyce, D.M. Parks: J. Mech. Phys. Solids, 52, 789-821, 2004.
[4] A. Pantano, M.C. Boyce, D.M. Parks: J. of Eng. Mat. and Tech., Trans. ASME, 126, 279-284, 2004.
3005 | TENSION-TWIST INTERACTION DIAGRAMS FOR CARBON NANOTUBES (49. Modeling of Nano Composites (Antonio Pantano))
Silvestre, Nuno (nuno.p.silvestre@ist.utl.pt), Technical University of Lisbon, Portugal
Faria, Bruno (bmsfaria@gmail.com), Technical University of Lisbon, Portugal
Canongia Lopes, J.N. (jnlopes@ist.utl.pt), Technical University of Lisbon, Portugal
The main objective of this paper is to shed light on the strength and stiffness of CNTs under combined tension-twisting. In order to assess the collapse behaviour of CNTs,
molecular dynamics (MD) simulations of twisted and tensioned CNTs are performed. Three CNTs are considered, with armchair, zigzag and chiral configurations. The
CHARMM code is used, the Tersoff-Brenner potential is considered for C-C bonds, the temperature is kept in 300 K and the incremental displacements u and rotations phi
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CHARMM code is used, the Tersoff-Brenner potential is considered for C-C bonds, the temperature is kept in 300 K and the incremental displacements u and rotations phi
are imposed in CNT ends. The results are shown in the form of interaction (u-phi) diagrams, where u is the ultimate stretching displacement and phi is the ultimate angle of
twist. After that, some relevant conclusions are drawn concerning the most influential loading type (tension or twist) on the CNT collapse. Additionally, the behavioral
differences between the three CNT configurations are explained in accordance with the type of collapse. The second main goal of this paper is to investigate the kinematics
of bonds between carbon atoms and its evolution with the applied loading. Special attention is devoted to the evolution of C-C bond lengths and angles with the applied
loading, which explains the distinct mechanical behaviour of CNTs with different chirality and shed light on the anisotropic constitutive law of CNTs. Finally, it is shown that
buckled CNTs stiffness and strength does not cease beyond the onset of buckling.
3631 | The Effect of Ceramic Piezoelectric Short Fiber Orientation on Electromechanical Properties of Polymeric Nanocomposites (49. Modeling of Nano
Composites (Antonio Pantano))
Goodarzi V (v.goodarzi@hotmail.com), Polymer Engineering Department, Faculty of Chemical Engineering, Tarbiat Modares University, Iran
The ceramic piezoelectric materials are widely used due to their high stiffness and broadband electromechanical interactions. However, the fragile nature of piezoceramics is
considered as a critical disadvantage in actuating and sensing applications. In this work, by using finite element method, the electromechanical properties of nanocomposites
containing 2, 4, and 6 vol% of ceramic piezoelectric short fibers were predicted against fiber orientation angle. The results showed that the fiber orientation is the main factor
to obtain the maximum values of electromechanical properties. An increase in fiber orientation angle from 0 to 90 degree (for 6 vol% of fibers), causes a decrease of 8.61
GPa in elastic stiffness (C11) and an increase of 2.99 10-2 C/m2 in piezoelectric coefficient (e33). The piezoelectric tensor (e31) was also the highest value at 50 deg of fiber
orientation angle. The double check algorithm was used to prove the accuracy of obtained data.
Key word: Nanocomposite; Piezoelectric; Electromechanical Properties
3345 | A SEPARATION-VARIABLE QUADRATURE ELEMENT METHOD FOR THICKNESS-SHEAR VIBRATIONS OF RECTANGULAR CRYSTAL PLATES (50.
Vibration modelling and behavior of laminated structures (Lorenzo Dozio))
Liu, Bo (liuboshanxi@gmail.com), The Solid Mechanics Research Centre, Beihang University, Beijing 100191, China
This paper presents a separation-variable quadrature element method (SVQEM) for thickness-shear vibrations of rectangular crystal plates based on the differential
quadrature finite element method (DQFEM) and the Kantorovich technique. The total potential functional of the two-dimensional elasticity problem is iteratively reduced as
beam structure and then solved by the DQFEM. The fundamental thickness-shear frequency is very high. And the computational cost is very expensive if a normal FEM
procedure is used. The SVQEM reduced the computational cost m multiply square of N (if FEM is used) to several times of m*N, is quite efficient, and therefore, is capable
of solving problems more accurately. It may be understood that SVQEM is a general method for elasticity. Two dimensional elasticity solutions can be employed to obtain
three dimensional solutions through this technique.
3176 | A variable-kinematic Ritz formulation based on higher-order zig-zag theories for vibration analysis of sandwich plates (50. Vibration modelling and
behavior of laminated structures (Lorenzo Dozio))
Dozio, Lorenzo (lorenzo.dozio@polimi.it), Department of Aerospace Engineering, Politecnico di Milano, Italy
Sandwich plates typically consist of two thin and stiff metallic or composite faces embedding a thick and soft core. The strong discontinuity of mechanical properties between
faces and core results in the so-called zig-zag form of the displacement field in the thickness direction. This effect cannot be accurately captured by 2D equivalent single
layer (ESL) models based on classical and first-order shear deformation theories. Fully 3D modelling approaches or discrete-layer 2D formulations are adequate but they
typically require high computational cost. For such reasons, ESL theories including zig-zag functions were proposed in the literature. In this work, the vk-Ritz method, which
was recently developed by the author for free vibration analysis of multilayered plates, is extended to include an entire family of refined zig-zag models, where the kinematics
of higher-order shear and normal deformation theories is enriched with the Murakami zig-zag function. The present formulation provides upper-bound vibration solutions for
plates with arbitrary layups and boundary conditions. In addition, it has a high spectral accuracy and converges faster than local methods such as finite elements.
Convergence and accuracy of the method are presented and discussed for rectangular and skew sandwich plates with different length-to-thickness and face-to-corestiffness ratios. Results are given for various combinations of simply-supported, free and clamped boundary conditions.
3692 | FINITE ELEMENT MODELLING OF DOUBLE-WALL SANDWICH PANELS COUPLED TO AN ACOUSTIC ENCLOSURE (50. Vibration modelling and behavior
of laminated structures (Lorenzo Dozio))
Larbi Walid (walid.larbi@cnam.fr), CNAM Paris, France
Assaf Rawad (rawad.assaf@isae.edu.lb), CNAM Paris, France
Double-wall sandwich structures are widely used in noise control engineering due to their superiority over single-leaf structures in providing better acoustic insulation. Typical
examples include vehicles, partition walls in buildings and aircraft fuselage shells, etc. Moreover, the damping in the core and in the composite materials is an important
parameter in the design of such structures. A common way to enhance the damping characteristics of structures is the use of constrained viscoelastic layer treatment. In
these constrained configurations, the core material is subjected primarily to shear loading caused by relative in-plane displacements of the constraining layer and the base
layer. Damping is induced by the high transverse shear deformations of the viscoelastic layer, which are accompanied by high energy dissipations. In this context, we
presents in this work (i) the finite element formulation and reduced order model of a double-wall structure coupled to an acoustic enclosure filled with an inviscid,
compressible and barotropic fluid (ii) the development of an accurate composite sandwich plate with viscoelastic core.
3177 | Free vibration of shear-deformable laminated plates with elastic edges constraints using a spectral collocation method (50. Vibration modelling and
behavior of laminated structures (Lorenzo Dozio))
Mohazzab, Amir Hossein (mohazzab@aero.polimi.it), Department of Aerospace Engineering, Politecnico di Milano, via La Masa, 34, 20156, Milano, Italy, Italy
Dozio, Lorenzo (dozio@aero.polimi.it), Department of Aerospace Engineering, Politecnico di Milano, via La Masa, 34, 20156, Milano, Italy, Italy
This study deals with the free vibration analysis of shear-deformable laminated
rectangular plates having elastic boundaries. The governing equations are based
on the first-order shear deformation theory and both symmetric and antisymmetric
laminates are considered. The set of boundary conditions involves different
combinations of constraints at edges against both translation and rotation.
A spectral collocation technique is adopted for the numerical
solution of the differential problem. Solutions are sought in the form
of interpolating polynomials over a 2D grid of Chebyshev-Gauss-Lobatto points.
Such approximation is substituted into the equations of motion and the resulting
residual is enforced to vanish at the interior collocation points.
The same approximation is also put into the set of boundary conditions
which are enforced to be satisfied at the boundary points.
The implementation of the method is performed in an efficient and elegant matrix
notation by using the Chebyshev differentiation matrix and the Kronecker product.
The fast convergence and high accuracy of the method are presented for various
cross-ply and angle-ply moderately thick laminated plates with different elastic
edge constraints. It is also shown that solutions for classical boundary conditions
can be obtained without any numerical difficulties when the stiffness for the
http://conference.mercatura.pt/gestao4/index.php?pagina=1367&

Page 140 of 159

Conferências 5: Resumos condensados

2/14/13 11:42 AM

can be obtained without any numerical difficulties when the stiffness for the
elastic restraint is set to infinity.
3277 | Fundamental natural frequency of clamped fiber metal laminated circular plates (50. Vibration modelling and behavior of laminated structures (Lorenzo
Dozio))
Shooshtari, Alireza (Shooshta@basu.ac.ir), Bu-Ali Sina University, Iran
Asadi Dalir, Mohammad (radan.dalir@yahoo.com), Bu-Ali Sina University, Iran
In present paper, first, the governing equations of motion for polar orthotropic fiber metal laminated circular plates based on first order shear deformation theory, which
include shear deformation and rotary inertia, have been derived in clamped boundary condition. Then, by neglecting in-plane deformation, the derived governing equations
reduces to two coupled partial differential equations and one decoupled PDE. Using the Galerkin procedure, an ordinary differential equation which is time dependent only
have been obtained. The coefficients of this ODE are include inertia and stiffness of the structure and has been obtained for fiber metal laminated structures for the first time.
Using this equation, the fundamental natural frequency of fiber metal laminated circular plate has been obtained in closed form. The results which is obtained by the present
work have been compared with the literature (Energy Method and DQM)and it is shown that the present results have good agreement with the literature. Also, the various
parameter of the problem such as thickness, orthotropic ratio on the natural frequency of the plate have been investigated.
3332 | Vibration of tapered composite driveshaft based on the hierarchical finite element analysis (50. Vibration modelling and behavior of laminated structures
(Lorenzo Dozio))
Al Muslmani, Majed (majed_muslumani@yahoo.com), Concordia University , Canada
Ganesan, Rajamohan (ganesan@encs.concordia.ca), Concordia University , Canada
In the aerospace and automotive applications driveshafts are manufactured using fiber reinforced composite materials. Compared to a conventional metallic driveshaft, a
composite driveshaft gives higher natural frequencies and critical speeds, and lower vibration. They are also lightweight structures, especially when they are tapered. The
design of the driveshaft is dependent on its fundamental natural frequency, and tapering the driveshaft can substantially improve the value of this natural frequency. In this
study, the vibration analysis of the tapered composite driveshaft is carried out using the hierarchical finite element formulation, and for this purpose, the Timoshenko beam
theory is used. In addition, the effects of rotary inertia, transverse shear deformation, gyroscopic force, axial load, coupling due to the lamination of composite layers, and
taper angle are incorporated in the hierarchical finite element model. The potential energy and the kinetic energy of the tapered composite shaft are obtained, and then the
equations of motion are developed using Lagrangeʼs equation. The formulation is validated using the approximate solution based on the Rayleigh-Ritz method. A
comprehensive parametric study is conducted based on the hierarchical finite element, which shows that tapering the composite driveshaft can increase considerably the
natural frequency and first critical speed, and they have nonlinear variation with the taper angle.
3137 | BIAXIAL LOADING ON A CHOPPED GLASS-REINFORCED POLYESTER WITH GEOMETRIAL DISCONTINUITIES (51. Experimental Methods (Nicolae
Crainic))
Serna Moreno, Maria del Carmen (mariacarmen.serna@uclm.es), University of Castilla-La Mancha, Spain
Martinez Vicente, Juan Luis (juanluis.martinez@uclm.es), University of Castilla-La Mancha, Spain
Caminero Torija, Miguel Angel (miguelangel.caminero@uclm.es), University of Castilla-La Mancha, Spain
Lopez Cela, Juan Jose (juanjose.lopez@uclm.es), University of Castilla-La Mancha, Spain
In complex composite structures their different parts are generally connected by bolted joints or rivets. Then the structural elements, which are normally subjected to loads in
more than one direction, contain geometrical discontinuities which should be taken into account for a correct design. We develop biaxial testing on a chopped glassreinforced polyester with planar cruciform specimens by means of the application of perpendicular loads on the specimenʼs arms. We introduce an open hole in the biaxially
loaded zone in order to study the stress and strain concentration which appears and, so that, the reduction of the strength in contrast to the same situation without open
hole. All the experimental results produced are compared with the numerical results calculated by the Finite Element Method.
3600 | Delamination during drilling - study of interlaminar fracture toughness effect (51. Experimental Methods (Nicolae Crainic))
Luis Miguel Pereira Durao (lmd@isep.ipp.pt), ISEP, Portugal
Jorge Filipe Simoes Marques (1110974@isep.ipp.pt), ISEP, Portugal
Oscar Nicolau Gomes Andrade (1110977@isep.ipp.pt), ISEP, Portugal
The extensive usage of composites increases the demand for optimized solutions for cost-competitive production. Advantages in their use are related with lightweight
combined with mechanical properties. As parts in composite materials are to be assembled in complex structures, joining of these parts to other materials is needed. Drilling
is by far the most common machining operation. Due to the abrasive nature of fibers and to the laminar nature of parts, several damages are due to occur during drilling, like
delamination, fiber pull-out or thermal damages. Another issue is the reduced tool life, also contributing to larger damage extension.
Delamination is considered as the most severe damage, as it can contribute to a decrease in the mechanical strength of the part. So, reduction of this damage is of capital
importance to the composites industry. According to existing analytical models, delamination onset and propagation is governed by the interlaminar fracture toughness and
other material properties.
In this work the determination of interlaminar fracture toughness in Mode I and Mode II and their relation with delamination onset for two different types of plates is
presented. Results of delamination onset for several uncut thicknesses as well as drilling tests are compared with existing analytical models.
Experimental findings show that the damage models are useful in the monitoring of composite laminates drilling process and can be used to assist delamination reduction.
3078 | Effects of factor interactions on mechanical properties of metal matrix composites (51. Experimental Methods (Nicolae Crainic))
Diler, Ege A. (ege.anil.diler@ege.edu.tr), Ege University, Turkey
Ipek, Rasim (rasimipek@ege.edu.tr), Ege University, Turkey
In this study, the effects of reinforcement volume fraction, matrix powder size, reinforcement particle size and their interactions on the microstructure and mechanical
properties of Al–SiCp metal matrix composites manufactured by powder metallurgy method were investigated experimentally and statistically. Central composite design
(CCD) method was used for experimental design. Reinforcement volume fraction, matrix powder size, reinforcement particle size and their interactions were effective on the
flexural and wear properties of Al-SiCp composites. Reinforcement volume fraction was the most effective factor on both flexural and wear properties. Although small sized
reinforcement particles increased flexural strength and large sized reinforcement particles increased wear resistance, matrix to reinforcement particle size ratio was very
influential on the flexural strength due to the fact that it affected reinforcement particle clustering in the microstructure, which showed that interactions between the factors
were also effective on the flexural and wear properties. Also, the probability of reinforcement particle clustering decreased in the case that matrix powder size was smaller
than that of reinforcement particle. This raised the reinforcement volume fraction to high level, contributing to the improvement of both flexural strength and wear resistance.
3863 | INFLUENCE OF THE LOW TEMPERATURES ON THE PHENOMENON OF DELAMINATION UNDER FRACTURE IN MODE I IN CARBON-FIBER/EPOXY
COMPOSITES UNDER FATIGUE LOADING (51. Experimental Methods (Nicolae Crainic))
Vi?a Olay, Jaime A. (jaure@uniovi.es), University of Oviedo, Spain
Coronado S?ez, Patricia (coronadopatricia.uo@uniovi.es), University of Oviedo, Spain
Argüelles Amado, Antonio (antonio@uniovi.es), University of Oviedo, Spain
Viña Olay, Isabel (ivina@uniovi.es), University of Oviedo, Spain
The principal mode of failure of layered composites is the separation along the interfaces of the layers, this phenomenon is known as delamination. This type of failure is
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The principal mode of failure of layered composites is the separation along the interfaces of the layers, this phenomenon is known as delamination. This type of failure is
induced by interlaminar tension and shear that develop due to a variety of factors.
The fracture behavior in mode I under fatigue loading of two aircraft quality composites has been analyzed at different test temperatures. The materials under study are
made of the same unidirectional AS4 carbon fiber reinforcement and different matrix of epoxy resin, one is made of epoxy type 3501-6, and the other with epoxy type 8552
(modified to increase its toughness). Both composites had the same symmetric laminate configuration [0º]16/s. For the study, double cantilever beam specimens were tested
for different temperatures: 20ºC (room temperature), 0ºC, -30ºC and -60ºC (estimated temperature of the aircraft in flight).
A fractographic study was carried out with a scanning electron microscope on samples extracted from specimens previously tested at different temperatures of study in order
to analyze the fracture surfaces.
Analyzing the results of the static tests, it can be observed a loss of the mechanical properties, in general, for both materials as decreases test temperature. Regarding the
influence of the matrix type can be seen that the material made with the resin matrix modified is less affected by temperature changes than other composite as observed in
both the test results and the fractographic analysis.

3729 | Influence of voids and fibre distribution on the transversal elastic properties in GFRP composites (51. Experimental Methods (Nicolae Crainic))
Mollon, Victoria (mollonvictoria@uniovi.es), University of Oviedo, Spain
Bonhomme, Jorge (bonhomme@uniovi.es), University of Oviedo, Spain
Vi?a, Jaime (jaure@uniovi.es), University of Oviedo, Spain
Arg?elles, Antonio (antonio@uniovi.es), University of Oviedo, Spain
Introduction
In this work experimental, analytical and FEM (finite element modelling) procedures have been used to study the transversal elastic properties of unidirectional glass fibre
polyester laminates based on the properties of the constituent materials. The influence of voids content, voids distribution and fibre arrangement on the transversal elastic
modulus has been addressed by means of FE models.
Two dimensional FE models of both square-packed array and hexagonal-packed array arrangements were prepared. The individual properties of both fibre and resin were
implemented in the software.
Different models were prepared with different fibre volume fractions for two different fibre arrangements: hexagonal and squared packed array. The influence of voids
distribution over the measured transverse elastic modulus was also studied.
Conclusions
For a homogeneous laminate, fibre arrangement has little influence on transversal elastic properties. Both Square-packed array and hexagonal-packed array furnished
similar results.
On the other hand voids size and distribution have a strong influence on the final transversal properties. For a given void volume fraction, a matrix with bigger voids leads to
a lower transversal elastic modulus compared to a laminate with higher number of voids with smaller size.
Finally, experimental and analytical models have been compared for longitudinal, transversal and shear properties. A good agreement was found among the different
methods used
3060 | Magnetoelectric Composites Based Upon Aligned Hexagonal Ferrite Fibres (51. Experimental Methods (Nicolae Crainic))
Robert C. Pullar (rpullar@ua.pt), Dept. Engenharia Cer?mica e do Vidro / CICECO, Universidade de Aveiro, Campus Universit?rio de Santiago, Aveiro, 3810-193, Portugal,
Portugal
Marco Medeiros (marcosamedeiros@ua.pt), Dept. Engenharia Cer?mica e do Vidro / CICECO, Universidade de Aveiro, Campus Universit?rio de Santiago, Aveiro, 3810193, Portugal, Portugal
Miguel Marujo (miguelmarujo@ua.pt), Dept. Engenharia Cer?mica e do Vidro / CICECO, Universidade de Aveiro, Campus Universit?rio de Santiago, Aveiro, 3810-193,
Portugal, Portugal
Jo?o Amaral (jamaral@ua.pt), Dept. de Fisica, Universidade de Aveiro, Campus Universit?rio de Santiago, Aveiro, 3810-193, Portugal, Portugal
Since their discovery in the 1950´s, the hexagonal ferrites, also know as hexaferrites, have become massively important materials commercially and technologically. They
account for the bulk of the total magnetic materials manufactured globally, and they have a multitude of uses and applications. As well as their use as permanent magnets,
common applications are as magnetic recording and data storage materials, and as components in electrical devices, particularly those operating at microwave / GHz
frequencies, and as GHz electromagnetic wave absorbers for EMC, RAM and stealth technologies. The hexagonal ferrites are all ferrimagnetic materials, and their magnetic
properties are intrinsically linked to their crystalline structures. They all have a magnetocrystalline anisotropy; that is the induced magnetisation has a preferred orientation
within the crystal structure. They can be divided into two main groups: those with an easy axis of magnetisation, the uniaxial hexaferrites, and those with an easy plane (or
cone) of magnetisation, known as the ferroxplana or hexaplana ferrites. There has been a great deal of interest in the potential of magnetoelectric (ME) hexaferrite
composites with ferroelectric/piezoelectric materials recently. This would enable tuning of magnetic / electrical / resonance / optical properties via the remote application of
magnetic or electrical fields, or the direct application of a voltage or stress. In this presentation we report our work on composites of aligned hexaferrite ceramic fibres in a
ferro/piezoelectric polymer matrix. The ferrite component will consist of both uniaxial hexagonal ferrite fibres (BaM (BaFe12O19) and SrM (SrFe12O19)) and hexaplana
hexagonal ferrite fibres (Co2Y (Ba2Co2Fe12O22), Co2Z (Ba3Co2Fe24O41) and Co2W (BaCo2Fe16O27)). The polymer is PVDF (polyvinylidene difluoride), a ferroelectric
polymer exhibiting piezoelectric and pyroelectric properties. The ferroelectric, piezoelectric and magnetic properties of such composites will be discussed.
3826 | MICROWAVE CURING OF AEROSPACE PREPREGS (51. Experimental Methods (Nicolae Crainic))
Grainger, Richard V. (r.grainger@amrc.co.uk), University of Sheffield, United Kingdom
Mee, Kevin (k.mee@amrc.co.uk), University of Sheffield, United Kingdom
Hodzic, Alma (a.hodzic@sheffield.ac.uk), University of Sheffield, United Kingdom
The production of aerospace components has typically relied upon expensive and lengthy autoclave curing procedures. In more recent years, several out of autoclave resin
systems have been developed to combat the high energy demands, equipment costs and manufacturing space required by this method. Early trials were made with
microwave curing of standard epoxy prepregs which could further enhance the energy and time efficiency of curing processes.
Microwave curing was found to have significant benefits over conventional curing methods when applied to typical composite structures. This paper will report on trial curing
of typical aerospace grade composites with regards to process fundamentals. Understanding the mechanisms behind these theories will pave the way for substantial
refinements to the microwave curing process.
Microwave curing will be used to create panels of several standard out-of-autoclave epoxy resins, as well as several different cure chemistries which provide higher service
temperature such as BMI and cyanate esters.
3582 | Statistical analysis of CFRP laser milling process by 30W Yb:YAG fiber laser: Effect of process parameters on material removal and HAZ formation (51.
Experimental Methods (Nicolae Crainic))
Leone Claudio (claleone@unina.it), Dep. of Materials and Production Engineering, University of Naples "Federico II"- Naples, Italy , Italy
Flaviana Tagliaferri (flaviana.tagliaferri@unina.it), Dep. of Aerospace Engineering, University of Naples "Federico II"- Naples, Italy , Italy
Lopresto Valentina (lopresto@unina.it), Dep. of Materials and Production Engineering, University of Naples "Federico II"- Naples, Italy , Italy
Genna Silvio (sgenna@unina.it), CIRTIBS - Research Centre, University of Naples Federico II P. le Tecchio 80, 80125 Naples, Italy, Italy
The repairing of composite structures involves removing all damaged material, that is replaced by a patch designed and trimmed to fit into the hole.
To remove the damaged material, CNC machines or Abrasive Water Jet machines may be adopted. However both the methods produce damage such as: delamination,
fibre pull-out, thermal degradation or moisture absorption.
Laser milling represents an alternative to traditional techniques. In this technique, a laser beam, moved through two galvanometer mirrors, is used to machine a solid bulk,
following predetermined patterns. This method has some advantages, including: no mechanical contact, high machining accuracy, even with complex geometry and the use
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following predetermined patterns. This method has some advantages, including: no mechanical contact, high machining accuracy, even with complex geometry and the use
of portable laser sources. However, laser milling is based on the thermal interaction between the laser beam and the composites, which produces a heat affected zone.
Obviously, the thermal damage depend on the adopted laser source and the process parameters.
In this paper an experimental study on CFRP laser machining is presented, using a 30W Q-switching fibre laser. The process parameters examined were: the scan speed,
the pulse frequency, the number of repetitions of the geometric pattern, the distance between two consecutive scan lines and the repetitions of the geometrical patterns.
Statistical methodologies, a Central Composite Design (CCD) and ANalysis Of VAriance, have been developed and applied in order to study how the process performs in
terms of removal efficiency an HAZ.
3866 | TEMPERATURE AND RESIN EFFECTS ON THE MODE I INTERLAMINAR FRACTURE TOUGHNESS OF POLYMER COMPOSITES (51. Experimental Methods
(Nicolae Crainic))
Coronado S?ez, Patricia (coronadopatricia.uo@uniovi.es), University of Oviedo, Spain
Camanho Ponces, Pedro M. (pcamanho@fe.up.pt), University of Porto, Portugal
Arg?elles Amado, Antonio (antonio@uniovi.es), University of Oviedo, Spain
Vi?a Olay, Jaime A. (jaure@uniovi.es), University of Oviedo, Spain
The phenomenon known as delamination is one of the most life-limiting failures modes for composites materials, despite its specific strength and stiffness, because of the
fact that these materials are made by laminated layers. In this research the fracture behavior in mode I under static loading of two aircraft quality composite materials has
been analyzed at different test temperatures. The composites under study are made of the same unidirectional AS4 carbon fiber reinforcement and different matrix of epoxy
resin, one made of epoxy type 3501-6, and the other with epoxy type 8552 (modified to increase its toughness). Both composites had the same symmetric laminate
configuration [0º]16/s.DCB specimens were tested for different temperatures: 20ºC,50ºC and 90ºC. The results obtained from the static tests were analyzed using the
Gompertz function. The GIC values were calculated using the MCC method as recommended the standard ASTM D 5528-01 from the data tests. Analyzing the numerical
results of the static tests, differences of the behavior of the materials under study were observed. For both materials mechanical properties varied with the temperature as
was observed in previous studies. From the analysis of the resistance curves a clear difference of the materials was observed, one of them apparently has not resistance
curves maintaining a linear behavior for all test temperatures, but with different GIC values influenced by the temperature test.
3553 | ALTERNATIVE TECHNIQUE FOR DISPERSION OF CARBON NANOTUBE IN A METAL MELT (52. Mechanics of composite, functional and smart materials
and structures (Tarun Kant, Sandeep Shiyekar))
Dominguez-Rios C. (carlos.dominguez@cimav.edu.mx), Centro de Investigaci?n en Materiales Avanzados S.C, Mexico
Torres-sanchez R. (roal.torres@cimav.edu.mx), Centro de Investigaci?n en Materiales Avanzados S.C, Mexico
Bocanegra-Bernal M. (miguel.bocanegra@cimav.edu.mx), Centro de Investigaci?n en Materiales Avanzados S.C, Mexico
Aguilar-Elguezabal A. (alfredo.aguilar@cimav.edu.mx), Centro de Investigaci?n en Materiales Avanzados S.C, Mexico
In this work we present the results of novel process to produce a MMC of aluminum of commercial purity reinforced with MWCNTs. For this purpose, the MWCNTs were
previously coated by an electroless process to form a nickel-boron film on MWCNTs surface. The addition of the Ni-B/MWCNTs was made slowly to the liquid metal at 680
ºC under constant stirring using a specific propeller design made of graphite to reach an homogeneous dispersion, subsequently the melt is left to solidify in a metallic
mould. Mechanical properties of this MMC were evaluated by tension testing and hardness Rockwell "B". The results obtained indicate that the hardness increase 40% and
77% with 1% of Ni-B/MWCNTs and 2% respectively. The ultimate tensile strength increase of 54% and 70% for aluminum reinforced with Ni-B/MWCNTs at 1% and 2%
respectively. The microstructral characterization of the fracture zone of samples studied under tension shown a homogeneous distribution of the Ni-B/MWCNTs in the of
aluminum matrix.
3675 | Assessment of a crack behaviour arrested between dissimilar materials (52. Mechanics of composite, functional and smart materials and structures
(Tarun Kant, Sandeep Shiyekar))
Sevcik, Martin (sevcik@ipm.cz), Institute of Physics of Materials - Academy of Sciences of the Czech Republic, Czech Republic
Hutar, Pavel (hutar@ipm.cz), Institute of Physics of Materials - Academy of Sciences of the Czech Republic, Czech Republic
Nahlik, Lubos (nahlik@ipm.cz), CEITEC IPM, Institute of Physics of Materials - Academy of Sciences of the Czech Republic, Czech Republic
Knesl, Zdenek (knesl@ipm.cz), Institute of Physics of Materials - Academy of Sciences of the Czech Republic, Czech Republic
This paper deals with the estimation of a crack configuration that is arrested at a bi-material interface. The stability of a crack in a softer material and with its front situated
along the interface between softer and stiffer materials, and growing continuously sideways, is analysed. A laminate with ABAB structure containing a surface crack is
considered in this study. The effective value of the stress intensity factor for the central segment of the crack front, lying along the material interface, is calculated for various
geometrical and material configurations. Comparing the effective value of the stress intensity factor with corresponding threshold values, the stability of the configuration
studied can be assessed. It was found that a 3D solution for effective stress intensity factor estimation is necessary to describe crack behaviour at the interface, even for a
relatively shallow crack. The results obtained can be helpful for the inspection of lamellar structures containing surface crack.
3886 | Discrete mechanical modelling of DNA stretching (52. Mechanics of composite, functional and smart materials and structures (Tarun Kant, Sandeep
Shiyekar))
Attila Kocsis (kocsis@ep-mech.me.bme.hu), BME, Hungary
Discrete rod models play an important role in modelling rod-like structures in
different fields of science, ranging from structural engineering to biomechanics.
One example for the biomechanical application of rod models is the
investigation of the elastic response of DNA molecule to stretching,
twisting, bending and shearing, which are exerted to the molecule
by various proteins.
Elastic responses of the molecule can be measured in experimental studies,
and some very interesting properties of the molecule have been revealed.
For example, stretching experiments on single DNA molecules indicate that
DNA initially overwinds when stretched, then it unwinds and, at large forces, it undergoes
a phase transition indicated by a plateau on the force-displacement diagrams.
In the presentation we review the discrete counterpart of the Crosserat rod,
and apply the model to simulate stretching experiments of DNA.
We study the effects of sequence-dependent elasticity,
shear deformation and couplings between all the step parameters
on equilibrium configurations.
We show that this sequence-dependent, base-pair level elastic model
of DNA can reproduce some important phenomena observed in experiments.
We demonstrate that the overstretching transition observed in our numerical study is a result
of shear instability: the global extension of the molecule is accommodated by local
changes in shear deformation between the base pairs.
4173 | Free vibrations of Functionally Graded (FG) plate under cylindrical bending using higher order theory (52. Mechanics of composite, functional and smart
materials and structures (Tarun Kant, Sandeep Shiyekar))
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Shiyekar, Sandeep (sandeep.shiyekar@ritindia.edu), Rajarambapu Institute of Technology, Sakhrale, India
Kant, Tarun (tkant@iitb.ac.in), Indian Institute of Technology Bombay, India
A higher order solution is presented for cylindrical bending vibrations of functionally graded (FG) plates. Total eight degrees of freedom have been used in the displacement
functions and are satisfying the boundary conditions. Solution for two-constituent metal-ceramic functionally graded plates bound by power-law is presented in this paper.
Through-the-thickness variations of the volume fractions of the constituents are used and effective material properties at a point are estimated by the Mori-Tanaka scheme.
Natural frequencies, displacements and stresses are evaluated and compared with exact, classical plate theory, and third-order shear deformation theory for FG plates. New
results are also presented under various parameters.
3632 | Frequency Response Analysis of Nanocomposite Sensor Element with Dimension Change (52. Mechanics of composite, functional and smart materials
and structures (Tarun Kant, Sandeep Shiyekar))
Goodarzi V (v.goodarzi@hotmail.com), Polymer Engineering Department, Faculty of Chemical Engineering, Tarbiat Modares University, Iran
This work is focused on numerical and analytical analysis of a piezoelectric nanocomposite sensor element based on PVDF in the form of cantilever beam. Frequency
response of aforementioned element with respect to dimension change was investigated. The natural frequency and output voltage of each element, as a cantilever beam,
were determined using a mass on its free end.
The obtained results from frequency response showed that, at constant thickness of the element, the natural frequency increases with increasing its length, while increasing
its width showed the opposite response. Also, at constant length and width of element, increasing the thickness of nanocomposite sensor element showed minor effect on its
natural frequency. The output voltage analysis of sensor element at frequency mode indicated that the increasing thickness and width of element had significant effect on
output voltage than increasing in its length.
Keyword: Nanocomposite; Frequency Response; Sensor.
3902 | Geopolymer composite ITZ with quartz sand filler (52. Mechanics of composite, functional and smart materials and structures (Tarun Kant, Sandeep
Shiyekar))
Steinerova, Michaela (steinerova@irsm.cas.cz), Institute of Rock Structures and Mechanics, Czech Academy of Sciences, Czech Republic
The investigation of metakaolinite geopolymer composites is demonstrated in a dependence of the filler content and the ratio of Si:Al in matrix. The quartz sand of various
grain size distributions differs by its specific surface area regarding to same weight contents in the composition. Thus, the rate of contact area between filler and binder is
modified and afterwards the resulting amount of ITZ. ITZ is the significant phase of the composite, principally affecting mechanical properties of the product. The influence of
the Al content changes in matrix is investigated in relation to microstructure and micromechanickal properties of ITZ and other matrix. Microstructure is described by mercury
porosimetry and SEM compared with nanoindentation. Mechanical properties are measured by Youngʼs modulus, compressive and flexural strength with the stress-strain
characteristics. The stability of binder of different amount of ITZ is verified by compressive strength after leaching the composites in a weak acid. The results show the
increasing amount of ITZ raising not only the strength, but even the resistance to weak acids. The highest strength is achieved in the moment, when the entire matrix is
considered as ITZ and the composite consists only of the two phases, filler + ITZ, which occurs at the 75 wt. % of sand content. The rising content of Al affects above all the
speed of hardening, but it improves neither the strength of ITZ, nor the strength of the resulting composites.
3511 | Homogenized and classical expressions for bending solution of functionally graded Levinson circular plates (52. Mechanics of composite, functional and
smart materials and structures (Tarun Kant, Sandeep Shiyekar))
Shi-Rong Li (srli@yzu.edu.cn), Yangzhou University, China
Ze-Qing Wan (zqwan@yzu.edu.cn), Yangzhou University, China
Linear transformation relationship between axisymmetric bending solutions of functionally graded material (FGM) circular plates based on the Levinson plate theory and
those of the corresponding homogenous ones based on classical plate theory was presented. Firstly, governing equations for axisymmetric bending of FGM Levinson
circular plates in terms of the displacements and rotational angle are formulated based on the third-order shear deformation theory and homogenous based on the classical
plate theory. By using the load equivalence and some mathematical manipulation on the basis of the theory of differential equations, general solutions of the displacements
and internal resultants of the FGM Levinson circular plates are derived in terms of the deflection of the homogenous thin circular plates with the same loadings and edge
supports. By giving the material properties of FGM circular plates changing as continuous functions in the thickness direction, the corresponding transition factors between
the solutions of the two kind plates were derived in analytical forms. As a result, solutions for static bending of FGM Levinson circular plates can be reduced to that of the
corresponding homogenous plates based on classical plate theory and the calculation of the transformation coefficients.
3624 | Incorporating fiber orientation in inverse parameter identification for SFRP material models (52. Mechanics of composite, functional and smart materials
and structures (Tarun Kant, Sandeep Shiyekar))
Zeiser, Andreas (andreas.zeiser@inpro.de), inpro Innovationsgesellschaft mbH, Germany
Kose, Kim (kim.kose@inpro.de), inpro Innovationsgesellschaft mbH, Germany
Short fiber reinforced polymers gain more and more significance in automotive industry and are increasingly used for semi-structural parts. Simulation methods provide a
cost-effective way for safeguarding the design of parts. However this task is complicated by the fact that due to the fibers the material exhibits anisotropic, inhomogeneous
behavior. As a consequence a material model is needed which predicts the material response for any given local fiber orientation distribution. For this universal parameters
have to be extracted from a set of measurements.
In this talk we present a methodology how to perform such parameter identification for nonlinear material models. For the description of the anisotropic material behavior we
propose to use transversely isotropic nonlinear material models which are weighted according to the fiber orientation distribution. The material parameters for a virtual
unidirectional material are then extracted from the experimental results by inverse parameter identification thereby using fiber orientation distributions calculated by molding
simulation. Using virtual tests material parameters for any macroscopic material models can be computed on selected fiber orientations. In the simulation the generated lookup tables can then be used to speed up the computation.
3541 | Mechanical Properties of Fibre-Metal Laminates (52. Mechanics of composite, functional and smart materials and structures (Tarun Kant, Sandeep
Shiyekar))
S. J. Zolkiewski (slawomir.zolkiewski@polsl.pl), Silesian University of Technology, Poland
P.N.B. Reis (preis@ubi.pt), University of Beira Interior, Portugal
Composite materials are replacing the traditional metals on the railway industry or, on the other hand, they are combined together to improve the mechanical properties. In
this context, fibre-metal laminate are laminates that combine thin layers of metal (e.g. sheet plate of steel) and composite layers. Depending of the application glass, carbon
or aramid fibres can be used to improve the mechanical properties, the life time of components, the reliability of the whole system and, at same time, decreasing the weight.
Therefore, this work intends to increase the knowledge about this subject and fibre-metal laminate with different fibres will be studied in terms of load-displacement curves
and damage. Different connections between metal-composite laminates will be analyzed like: by screws, adhesive joints and laminate collar.
3126 | NUMERICAL SMULATON ON PFRC WITH DIFFERENT ADDITIONS (52. Mechanics of composite, functional and smart materials and structures (Tarun
Kant, Sandeep Shiyekar))
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Zhang, Yafang (zhangyafang2004@163.com), Faculty of Civil Engineering, Guangzhou University, China
Liu, Hao (liu.hao.hk@gmail.com), Faculty of Civil Engineering, Guangzhou University, China
Chen, Jiangping (cjp81@126.com), Faculty of Civil Engineering, Guangzhou University, China
Yang,Yi (alice.0511@yahoo.com.cn), Faculty of Civil Engineering, Guangzhou University, China
C:\Abstract-ZYF.doc
Polypropylene fiber reinforced concrete (PFRC) is such a composite material that can enhance and improve the mechanical property of the concrete with mixing small
amount of polypropylene fiber. It has high strength, low specific gravity, nonabsorbent, neutral and inertness and other excellent features, which make strong binding forces
between PFRC and cement aggregates. Polypropylene fiber that is available for adding into the concrete material can mix with concrete materials quickly and easily and it
can distribute equally. In addition, it is at low cost. Nowadays, PFRC has been increasingly used in roads, bridges, airports, metros, industrial and civil buildings, hydraulic
works and other related industries. By taking into consideration the heterogeneous characteristics of materials at meso-scopic level, the initiation of micro cracks, the
propagation and the coalescence between cracks are modeled in PFRC specimens with different amount of addition under the three point bending condition. Failure and
toughening mechanism have, therefore, been analyzed by using Acoustic Emission (AE) of meso-scopic unit and been compared with the physical experiment results. The
result shows that the difference of failure pattern and path between PFRC and plain concrete is little. However, polypropylene fiber can reduce or even eliminate plastic
cracking and can help to control crack expansion. The fiber destruction in PFRC is almost tensile failure. Polypropylene fiber plays different roles during the substrate plastic
shrinkage and hardening stages. The toughness and deformability have been significantly improved with mixing of polypropylene fibers but the rupture strength is almost the
same. Meanwhile, with the increasing amount of polypropylene fiber, the deformation ability and the toughness have been increased, but the strength is not improved, while
the elastic modulus is decreased.
3421 | Phenomenological and numerical constitutive modelling of short fibre reinforced materials (52. Mechanics of composite, functional and smart materials
and structures (Tarun Kant, Sandeep Shiyekar))
Herrmann, Heiko (hh@cens.ioc.ee), Centre for Nonlinear Studies, Institute of Cybernetics at Tallinn University of Technology, Estonia
Eik, Marika (marika.eik@aalto.fi), Aalto University School of Engineering, Finland
Puttonen, Jari (jari.puttonen@aalto.fi), Aalto University School of Engineering, Finland
In this presentation the authors focus on constitutive mappings for concrete reinforced by short steel fibres (SFRC) in the uncracked state. The studied composite material
exhibits anisotropic properties depending on the orientation distribution of fibres. In order to include the orientation of fibres into the constitutive relations, alignment tensors
and the orientation distribution function are used. These concepts have been transferred from mesoscopic continuum physics of liquid crystals, where the orientation of
molecules is relevant. The developed constitutive model is based on the hyperelastic St. Venant-Kirchhoff material and is a generalization of it, including fibre orientation
distributions. Numerical results of the proposed material model using FEM are presented as well.
2963 | Prediction Strength of Fibrous Laminates Only Based upon Independently Measured Constituent Properties (52. Mechanics of composite, functional and
smart materials and structures (Tarun Kant, Sandeep Shiyekar))
Huang Z.-M., Liu L. (huangzm@tongji.edu.cn), School of Aerospace Engineering & Applied Mechanics, Tongji University, China
A great challenge in the composite community is to calculate an ultimate strength of a laminate under any load only upon its constituent properties measured independently.
Prof. Hashinʼs once pointed out at the end of last century that, “I do not believe that even the most complete information about failure of single plies is sufficient to predict the
failure of a laminate, consisting of such plies. I personally do not know how to predict the failure of a laminate (and therefore, that I do not believe that anybody else does)”.
Although the Bridging Model developed by the author recently has shown potential towards this goal, its application relies on in-situ strengths of the matrix immeasurable in
priori. It will be shown in this work that an in-situ transverse strength of the matrix is equal to the independently measured matrix strength divided by the stress concentration
factor (SCF) along that direction, whereas the other in-situ strengths can be the same as its original counterparts. These strengths together with the other original constituent
properties are used as input data for the Bridging Model's prediction for the progressive failures and ultimate strengths of the laminates taken from the World-Wide Failure
Exercise problems. The overall prediction accuracy thus obtained is 10% higher than that achieved by the most accurate, phenomenological strength theory attended the
exercise.
4352 | Chemomechanical modeling of the polymer composites (53. Strategies for computational modeling and identification of composite materials (Gilles
Lubineau))
Mlyniec A. (mlyniec@agh.edu.pl), AGH - University of Science and Technology, Poland
Staszewski W J (staszews@agh.edu.pl), AGH - University of Science and Technology, Poland
Uhl T (tuhl@agh.edu.pl), AGH - University of Science and Technology, Poland
Chemomechnics takes into account natural phenomena occurring in most of the biomechanical systems being an inspiration for mechanical and material engineers.
Exploiting these phenomena is the key element for achieving technological progress and to remain globally competitive. Multiscale chemomechanical modelling methods
constitute a new paradigm in engineering, allowing the substitution of a number of physical experiments by reliable numerical experiments incorporating interplay between
applied mechanical states and local chemical reaction kinetics. Such a comprehensive and interdisciplinary approach requires extensive and in-depth knowledge of the
processes occurring in the system, but allows us to model such phenomena as: material degradation and ageing, fatigue and failure as well as the designing of the new
chemically-driven nano-machines. This paper provides recent results of the authors in chemomechanical modelling of the polymer composites. Polymer matrix subjected into
different mechanical or environmental factors, change it's properties in time, which can be predicted by multiscale chemomechanical modelling. Multiscale structure - from
atomic structure in Molecular Dynamic simulation up to the macroscale properties taking into account environmental factors, will be presented, and further direction and
goals will be highlighted.
3732 | Effect of boundary conditions on the numerical solutions of representative volume element problems for random heterogeneous composite
microstructures (53. Strategies for computational modeling and identification of composite materials (Gilles Lubineau))
Yi Je Cho (yijecho@pusan.ac.kr), Pusan National University, Korea, South
Ki Chang Bae (krship@pusan.ac.kr), Pusan National University, Korea, South
Jung Il Bang (wjddlf2578@pusan.ac.kr), Pusan National University, Korea, South
Seong Yeong Lee (2sg0@naver.com), Pusan National University, Korea, South
Yong Ho Park (yhpark@pusan.ac.kr), Pusan National University, Korea, South
Recently representative volume element (RVE) approach has been widely used to predict behaviors of heterogeneous polycrystalline, porous materials and composites. In
RVE approach, only a particular minimal volume of entire microstructure is taken into accounts for evaluating properties of materials. It is known that this approach is hugely
affected by boundary conditions. Kinematic uniform boundary condition (KUBC), static uniform boundary condition (SUBC) and orthogonal mixed boundary condition
(OMBC) are used in many studies. Although the calculated results have differences with varying boundary conditions, as the size of RVE increases, the results converge into
their effective property. However, there has been no literatures studying this phenomena, thus more researches are needed.
In present work, aspects of the numerical results from computational experiments of representative volume element (RVE) problems using finite element analyses are
discussed. Two different boundary conditions (KUBC and OMBC) are examined and compared numerically for volume elements with different sizes, where tests have been
performed on uniaxial tensile deformations of random spherical particles reinforced composite. The factors that influence results, such as volume fraction and size of
reinforcements, and difference of elastic property between binary phases, were also considered to analyze the effect of boundary conditions.
3653 | Experimental and Numerical assessment of Automated-Fiber-Placement induced defects in carbon fiber-reinforced plastics (53. Strategies for
computational modeling and identification of composite materials (Gilles Lubineau))
Heinecke, Falk / FH (falk.heinecke@dlr.de), German Aerospace Center (DLR), Germany
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Heinecke, Falk / FH (falk.heinecke@dlr.de), German Aerospace Center (DLR), Germany
The Automated-Fiber-Placement process offers the potential for an efficient stacking of a large amount of Prepreg-material, so-called tows. Within this automated process
manufacturing induced defects occur resulting for example in gaps and overlaps of tows within the structure. The contemporary approach of handling these defects is to
control manually the quality of parts. The aim of current work is to develop methods and criteria enabling the qualification and quantification of manufacturing defects. In
consequence such methods and criteria support ensuring components of satisfactory quality. In this work the influence of gaps within bi-directional laminates is investigated
experimentally and numerically. For this purpose various specimens with varying locations of ¼ inch gaps were fabricated for subsequent testing. The effect of these gaps
on stiffness and strength reduction for tensile and compressive loads, respectively, is evaluated. Complementary simulations of these tests are conducted by using
parameterized FE models including the experimentally determined fiber waviness due to the gap. The final derived results regarding the defect induced stiffness and
strength reduction as well as the applicability of FE simulations are discussed.
3974 | FINITE ELEMENT MODEL UPDATING OF FRP PLATES WITH ELASTIC BOUNDARIES (53. Strategies for computational modeling and identification of
composite materials (Gilles Lubineau))
Mishra, Asim K. (08ce9407@iitkgp.ac.in), Indian Institute of Technology Kharagpur, India
Chakraborty, S. (sushanta@civil.iitkgp.ernet.in), Indian Institute of Technology Kharagpur, India
Fibre reinforced plastics (FRP) are increasingly being used in infrastructural applications, where the environment can limit the expected service life of structures made of
conventional materials like concrete, steel or timber. Assessment of dynamic responses of such FRP structures depends how closely the material properties are estimated
and also how the boundary conditions are realised into the finite element model. FRP being an anisotropic material, a large number of material parameters are to be
determined by quasi-static characterisation tests. Finite element model updating, i.e. correcting modelling assumptions in the light of experimental modal testing, has been
recognised as an alternative for determining the material constants from measured dynamic responses. But its application is so far limited to small scale samples, tested in
free boundary conditions. If the finite element model updating technique is to be extended to infrastructural applications, the methodology need to cater to realistic existing
boundary conditions as well. An effort has been made in this regard through numerically simulated examples, to estimate the in-plane material properties of FRP rectangular
plates in presence of elastic boundary conditions. The present approach uses commercial finite element and model updating software, thus making it easily replicable by
others. Moreover, this non-destructive technique is suitable for condition assessment of existing FRP structures.
2986 | In-situ identification techniques for layered structures based on carbon nanotube arrays (53. Strategies for computational modeling and identification of
composite materials (Gilles Lubineau))
Fraternali, Fernando (f.fraternali@unisa.it), University of Salerno, Italy
Raney, Jordan R. (raney@caltech.edu), California Institute of Technology, United States America
Amendola, Ada (adamendola@gmail.com), University of Salerno, Italy
Daraio, Chiara (daraio@caltech.edu), California Institute of Technology, United States America
We formulate in-situ parameter identification techniques of multistable spring models of compressed CNT arrays, which are able to capture the sequential formation of
buckling folds through the height of the array, as well as the overall mechanical response. The proposed techniques are validated against
high resolution camera- or scanning electron microscope-assisted compression test on CNT arrays. We examine multilayer composite structure composed of alternating
layers of aligned carbon nanotubes and copper foils, as well as structures composed of vertically aligned CNT pillars. We propose a ʻmicroscopicʼ identification technique
based on the determination of stress-strain curves of vertical segments of the tested structure. We show that the in- situ identified models can effectively reproduce the
experimentally observed stress-strain response and strain localization effects (sequence of local buckling events), within a simple 1D framework.
3363 | Integrity prediction of large GFRP-based civil engineering structures: a cross-comparison between a criteria-oriented model and a progressive damage
mechanics approach (53. Strategies for computational modeling and identification of composite materials (Gilles Lubineau))
Billaudeau E. (emilien.billaudeau@calcul-meca.fr), Calcul-Meca, Nantes, France
Lubineau G. (gilles.lubineau@kaust.edu.sa), Chomas, Thuwal, Saudi Arabia
Durand S. (samuel.durand@calcul-meca.fr), Calcul-Meca, Nantes, France
Composite sandwich materials have recently became more popular in civil engineering due to their high stiffness and strength-to-weight ratio as well as excellent resistance
to environmental conditions. Processing flexibility of composites also allows to go for very large structure: the 27m long sandwich panel of the Haramain High Speed Railway
Jeddah Station in Saudi Arabia is an example of such large applications in which processing flexibility becomes a real advantage. Yet, safe and reliable design of such
engineering structure is still a challenge.
As a preliminary approach, we apply in this framework analysis tools usually developed for high-performance composites. This study focuses on the development and the
comparison of a phenomenological failure model [1] with a progressive damage mechanics approach [2,3]. Both methodologies provide reasonable predictions. Yet, it
appears clearly that material quality and process repeatability has to be better integrated in these models to truly achieve the real potential of composite sandwiches.
[1] A. Puck and M. Mannigel, Physically based non-linear stress-strain relations for the inter-fiber fracture analysis of FRP laminates, Comp. Sci. Tech., 2007
[2] P. Ladeveze and E. Le Dantec, Damage modeling of the elementary ply for laminated composites, Comp. Sci. Tech., 1992
[3] G. Lubineau and P. Ladeveze, Construction of a micromechanics-based intralaminar mesomodel and illustrations in ABAQUS Standard, Comput. Mat. Sci., 2008
3662 | Numerical modeling of nonlinearity, plasticity and damage in CFRP-woven composites for crash simulations (53. Strategies for computational modeling
and identification of composite materials (Gilles Lubineau))
Cousigne, Olivier (olivier.cousigne@daimler.com), DAIMLER AG and UVHC LAMIH UMR CNRS 8201, Germany
Moncayo, David (david.moncayo@daimler.com), DAIMLER AG, Werk 059 - HPC : X631, D-71059 Sindelfingen, Germany
Coutellier, Daniel (daniel.coutellier@univ-valenciennes.fr), UVHC, LAMIH UMR CNRS 8201, F-59300 Valenciennes, France
Camanho, Pedro (pcamanho@fe.up.pt), University of Porto, P- 4200-465 Porto, Portugal
Naceur, Hakim (hakim.naceur@univ-valenciennes.fr), UVHC, LAMIH UMR CNRS 8201, F-59300 Valenciennes, France
Car manufacturers have to develop lightweight structures to limit the energy consumption and the weight-increase induced by the new advanced powertrain systems for
hybrid and electrical vehicles. Due to their draping, stiffness, ductility and damage tolerance properties the woven composites are increasingly used for the construction of
automotive structural parts. In the present work, experimental results and the numerical modeling of carbon woven composites will be discussed. After an introduction of the
strategies and the conditions set by industrial applications, a state-of-the-art discussion about the modeling and homogenization techniques of woven composite will be
presented. Experimental results that are used for the material characterization of woven composites will be reported. Then, the main current modeling techniques available
in the crash solver LS-DYNA to model woven composites will be assessed. Finally, a user defined composite material model (UMAT) characterized by a linear as well as
non-linear behaviour coupled with a plasticity definition will be proposed. The Tsai-Wu failure criterion is used to detect the failure on the ply. Additionally, a nonlinear
damage is defined to capture the post-failure behaviour of the material. A good correlation between numerical and experimental results is obtained for the characterisation of
carbon woven composites.
Remark: Publication needs still an authorisation of Daimler's management before publishing any content.
3522 | A 2D equivalent single-layer formulation for the effect of transverse shear on laminated plates with curvilinear fibres (54. Variable Stiffness Composite
Laminates (Pedro Ribeiro, Hamed Akhavan))
Groh, Rainer M.J. (rainer.groh@bristol.ac.uk), University of Bristol, United Kingdom
Weaver, Paul M. (paul.weaver@bristol.ac.uk), University of Bristol, United Kingdom
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The Hellinger-Reissner mixed variational principle is used in conjunction with Lagrange multipliers and the calculus of variations to model the three-dimensional stresses
arising in bending of laminated plates with curvilinear fibres using a reduced two-dimensional formulation. The new set of governing differential equations can be solved to
assess the effect of transverse shear stresses on the bending deflection of variable angle tow (VAT) laminates. The four governing equations are originally written in terms of
four unknown functional fields that can be combined to a single differential equation in two variables using an ad-hoc defined stress function. The novel formulation features
multiple shear correction factors that are functions of the bending rigidity terms Dij, their first and second derivatives and the Timoshenko shear factor χ. The governing
equations are solved in the strong form using the Differential Quadrature Method (DQM) and the accuracy and robustness of the solution technique verified using a 2D
”thick” shell and 3D high-fidelity finite element model. The derived theory is superior to the ”thick” 2D shell model in capturing transverse shear effects and shows good
accuracy compared to the full 3D solution for thicknesses within the range of practical engineering laminates. The derived equations degenerate to Classical Laminate
Analysis for very thin configurations but deviations as high as 43% are observed for span-to-thickness ratios of 10:1.
3323 | A layerwise model for large deflection analysis of variable stiffness multi-layered composite plates (54. Variable Stiffness Composite Laminates (Pedro
Ribeiro, Hamed Akhavan))
Yazdani, Saleh (yazdani.saleh@yahoo.com), DEMec/IDMEC, Faculdade de Engenharia, Universidade do Porto, Portugal
Ribeiro, Pedro (pmleal@fe.up.pt), DEMec/IDMEC, Faculdade de Engenharia, Universidade do Porto, Portugal
Rodrigues, Jos? Dias (jdr@fe.up.pt), DEMec/IDMEC, Faculdade de Engenharia, Universidade do Porto, Portugal
The non-linear behaviour of variable stiffness composite plates with curvilinear fibres is studied. For that purpose, a new p-version finite element based on a zig-zag
layerwise theory is developed. With the proposed model, one can accurately determine the behaviour of thick laminated composites with different material properties and
curvilinear fibre orientation. A comparative study with published results – essentially on constant stiffness composites - and with results from finite element software is
performed to verify the new model. Deflections are then calculated for constant and for several variable stiffness composite laminates (VSCL), in which fibre orientation
angle varies linearly in each layer.
3770 | A layerwise model for vibration of variable stiffness composite laminated plates (54. Variable Stiffness Composite Laminates (Pedro Ribeiro, Hamed
Akhavan))
Yazdani, Saleh (yazdani.saleh@yahoo.com), DEMec/IDMEC, Faculdade de Engenharia, Universidade do Porto, Portugal
Ribeiro, Pedro (pmleal@fe.up.pt), DEMec/IDMEC, Faculdade de Engenharia, Universidade do Porto, Portugal
Rodrigues, Jos? Dias (jdr@fe.up.pt), DEMec/IDMEC, Faculdade de Engenharia, Universidade do Porto, Portugal
In the present paper, natural frequencies and vibration mode shapes of variable stiffness composite plates are investigated. The variable stiffness composite laminates
(VSCL) of interest here are such that the fiber orientation changes linearly in each specific layer. The analysis is based on a new p-version finite element method, which
follows a zig-zag layerwise theory to accurately define the model. Convergence studies are performed to examine the number of degrees of freedom necessary to achieve
precise natural frequencies. In addition, to validate the accuracy of the model, comparative studies are performed for variable and constant stiffness composite plates,
employing results from the literature and from finite element software. In the test cases not only different fibre orientations are considered, but also diverse plate thicknesses.
The layerwise model here presented is applicable to rather thick plates.
3530 | A novel approach for manufacturing variable angle tow composites - Continuous tow shearing (54. Variable Stiffness Composite Laminates (Pedro
Ribeiro, Hamed Akhavan))
Kim, BC (B.C.Eric.Kim@bristol.ac.uk), ACCIS, Korea, South
Potter, Kevin D (K.Potter@bristol.ac.uk), ACCIS, United Kingdom
Weaver, Paul M (Paul.Weaver@bristol.ac.uk), ACCIS, United Kingdom
Automated fibre placement (AFP) is well-known as a leading technology for manufacturing variable angle tow (VAT) composites with tailored fibre paths. However, its
process-induced defects may prevent the wide application of the VAT composite structures. As a new approach with the aim of minimizing the defects in VAT laminates, the
continuous tow shearing (CTS) technique using the shear deformation characteristic of dry tow has been developed. It relies on using shear deformation of the dry tow
during lay down. We show that CTS could significantly reduce process-induced defects such as fibre wrinkling, resin rich areas and fibre discontinuity. In this paper, its
manufacturing characteristics such as material characteristics, layup accuracy, and thickness variation were investigated experimentally.
3799 | Buckling Analysis of Variable Angle Tow Stiffened Skins with Energy Methods (54. Variable Stiffness Composite Laminates (Pedro Ribeiro, Hamed
Akhavan))
Coburn, Broderick H. (broderick.coburn@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
Weaver, Paul M. (paul.weaver@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
The ability to tailor the stiffness and strength of composite structures has been extensively researched and demonstrated in application for several decades now.
Traditionally tailoring is achieved by treating the fibre orientation of each ply as a variable and optimising for laminate performance. Variable angle tow (VAT) placement
allows the fibre orientation to vary within the plane of a ply resulting in variable stiffness laminates. This additional degree of freedom provides designers with even more
tailorability and benefits for buckling and strength have been shown.
To date most research on VAT structures has been limited to analytical cases for buckling of plates with standard boundary conditions and a large gap exists between the
analytical models used and real life structural scenarios. Recently Wu et al developed a method for the prebuckling, buckling and post buckling analysis of VAT composite
plates using Rayleigh-Ritz energy methods using standard boundary conditions.
The present work extends the energy method approach developed by Wu et al to explore the performance of VAT panels with stiffening elements under compressive loads.
Stiffened skins are a key structural component in many engineering applications such as an aircraft wing box structure.
The effect of the stiffeners is included in the analysis via energy methods by treating them as discrete elements. Capturing of the boundary conditions is achieved by
considering a bay containing a single centrally located stiffener, this allows a deeper understanding of the situation and results can easily be scaled up to a panel containing
multiple stiffeners. Other factors considered are local buckling of the stiffener and integration of the panel and stiffener components. Minimum requirements for a stiffener to
act as a panel breaker are explored and results from the developed analytical model are verified with finite element analysis.
3492 | Comparison of surrogate models for design and optimization of variable stiffness composites (54. Variable Stiffness Composite Laminates (Pedro Ribeiro,
Hamed Akhavan))
Arian Nik, Mahdi (mahdi.ariannik@mail.mcgill.ca), McGill University, Canada
Fayazbakhsh, Kazem (kazem.fayazbakhsh@mail.mcgill.ca), McGill University, Canada
Pasini, Damiano (damiano.pasini@mcgill.ca), McGill University, Canada
Lessard, Larry (larry.lessard@mcgill.ca), McGill University, Canada
A variable stiffness design, where the fiber orientation changes within the laminate, is capable of improving structural performance of composite structures. To alleviate the
high computational cost of the optimization of a variable stiffness composite, one may resort to an approximation concept, also called surrogate modeling. There is variety of
techniques to construct surrogate models. Since performance of a surrogate model is problem-dependent, the best surrogate modelling technique is not known at the outset.
This study provides a comprehensive comparative study on the performance of most commonly used surrogate models, i.e. Polynomial Regression (PR), Radial Basis
Function (RBF), Kriging (KRG), and Support Vector Regression (SVR). Three different test problems including a plate with linearly changing fiber angles with two different
layup configurations, and a cylinder with curvilinear fibers are considered as test problems. Advantages and disadvantages of these four surrogate models are investigated
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layup configurations, and a cylinder with curvilinear fibers are considered as test problems. Advantages and disadvantages of these four surrogate models are investigated
for constructing a global approximation and for assessing their efficiency when integrated into an evolutionary optimization algorithm. In terms of approximation accuracy and
efficient integration into an optimization algorithm, KRG and RBF provide the best results for a problem with a low and a large number of variables, respectively. For all test
problems, PR has lower approximation accuracy than SVR, but it is more efficient when integrated into an optimization algorithm.
3641 | Frequency response and failure on-set on variable stiffness composite laminated plates (54. Variable Stiffness Composite Laminates (Pedro Ribeiro,
Hamed Akhavan))
Akhavan, Hamed (hamed@fe.up.pt), DEMec/IDMEC, Universidade do Porto, Portugal
Ribeiro, Pedro (pmleal@fe.up.pt), DEMec/IDMEC, Universidade do Porto, Portugal
This presentation shows frequency response of variable stiffness composite plates, with attention to the possible initiation of damage as the excitation frequency changes. In
the type of variable stiffness laminated plate here considered, each lamina consists of curvilinear fibres distributed by a shifting distance from adjacent fibres. Each
curvilinear fibre is orientated so that the fibre angle varies linearly from the centre of the lamina to a new angle at both vertical edges of the lamina. A p-version finite element
that considers the effect of large amplitude displacements is used in the study. The laminate is subjected to transverse harmonic forces and the frequency response is
obtained using the shooting method. In a specified range of excitation frequency around the first natural frequency, the appearance of damage on the plate is studied. A
failure index is calculated using Tsai-Wu criterion. Where possible, third order shear deformation theory is used, while in other cases classical plate theory is used.
3610 | Hybrid-Stiffness Laminated Fuselage Panels with Window Cutouts Optimized under Strength and Stability Constraints (54. Variable Stiffness Composite
Laminates (Pedro Ribeiro, Hamed Akhavan))
Ungwattanapanit, Tanut (ungwattanapanit@llb.mw.tum.de), Institute of Lightweight Structures, TU Muenchen, Germany
Zhang, Yang (zhang@llb.mw.tum.de), Institute of Lightweight Structures, TU Muenchen, Germany
Baier, Horst (baier@llb.mw.tum.de), Institute of Lightweight Structures, TU Muenchen, Germany
While curvilinear fiber format causing variable-stiffness laminates can provide considerable structural performance increase for certain critical loads, conventional ±45°, 0°,
90° plies can be chosen to cover wider spectrum of load cases. Trying to take advantages of both configurations, the present research demonstrates shear-compression
stability improvement of stiffened fuselage panel with window cutout by combining straight-fiber and steered-fiber laminates together, resulting into “hybrid-stiffness
laminates”. The study first focuses on a shear-compression buckling optimization of a simplified fuselage panel with window cutout subjected to shear, compression, and
pressure load. The preliminary analysis shows 20 - 35% increase in buckling loads while withstanding identical pressure compared to quasi-isotropic panel. Pareto front
showing optimized shear and compression trade-off is also provided. Next, weight optimization of hybrid-stiffness panel of a single-aisle airliner is conducted. A number of
critical flight loads, including combined load cases, are considered. Around 10% weight reduction is targeted. The aforementioned specimens are represented by smeared
OptiStruct shell finite elements. Multi-objective Genetic Algorithm in HyperStudy is utilized in this research before stacking sequence optimization is performed. Hybridstiffness composite structures could be the next logical step to improve performance of real-world structures with cutouts.
3209 | Modelling of as Manufactured Geometry for Impact Behaviour Prediction of Variable Angle Tow Laminates (54. Variable Stiffness Composite Laminates
(Pedro Ribeiro, Hamed Akhavan))
Dang, Thi (thid.dang@bristol.ac.uk), Univ. Bristol, United Kingdom
Hallett, Stephen (stephen.hallett@bristol.ac.uk), Univ. Bristol, United Kingdom
Cahain, Yann (aeylc@bristol.ac.uk), Univ. Bristol, United Kingdom
Kim, Byung (B.C.Eric.Kim@bristol.ac.uk), Univ. Bristol, United Kingdom
Liu, Wenli (W.Liu@bath.ac.uk), Univ. Bath, United Kingdom
The development of variable angle tow (VAT) technology has attracted growing attention in recent years, because of its strong potential for structural tailoring. However, the
design complexity requires use of numerical analysis and novel techniques for VAT composites. This paper addresses two main problems for use of VAT laminates in
design: 1- Development of numerical models of as manufactured VAT laminates for computer simulation, 2- Impact behaviour prediction of VAT laminates.
Delamination damage at interfaces and cracks in composite plies induced by low-velocity impacts can be predicted in 3-D laminate finite element models using cohesive
interface elements and cohesive contacts. Work on building 3-D VAT models for impact modelling using detailed finite element analyses is a significant challenge due to the
complex fibre paths and manufacturing method. VAT laminates not only have variation of fibre angle but also thickness, so it is crucial to make sure that interlaminar
interfaces in the model are fully in contact with each other during the impact analyses. This problem has been resolved by using a mapping technique which exactly captures
the features of the as manufactured VAT laminates. In this paper, an impact model is presented to predict the behaviour of VAT laminates including delamination evolution
and crack propagation. Results obtained from the impact model are validated with experimental data.
3551 | Nonlinear Vibration Analysis of Variable Stiffness Composite Plates using a Finite Element Integrated Perturbation Method (54. Variable Stiffness
Composite Laminates (Pedro Ribeiro, Hamed Akhavan))
Jansen, Eelco (e.jansen@isd.uni-hannover.de), Leibniz Universitaet Hannover, Germany
Rahman, Tanvir (T.Rahman@tnodiana.com), TNO DIANA BV, Netherlands
Rolfes, Raimund (r.rolfes@isd.uni-hannover.de), Leibniz Universitaet Hannover, Germany
Modern fiber placement machines allow the manufacturing of laminates with spatially varying stiffness properties, 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, the large amplitude, nonlinear vibration behavior of variable stiffness composite plates is investigated. A finite element
based reduced order approach for nonlinear vibration analysis of plate and shell structures is employed for this purpose. The approach makes use of a perturbation method
that gives an approximation for the amplitude-frequency relation of the structure. The method is formulated using a functional notation, and is subsequently converted to a
finite element notation. 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. The approach is applied to study the nonlinear vibration behavior of specific variable stiffness
composite plates used in earlier investigations.

3495 | Numerical simulation of delaminated VSCL beams (54. Variable Stiffness Composite Laminates (Pedro Ribeiro, Hamed Akhavan))
Samborski, Sylwester (s.samborski@pollub.pl), Lublin University of Technology, Department of Applied Mechanics, Poland
Teter, Andrzej (a.teter@pollub.pl), Lublin University of Technology, Department of Applied Mechanics, Poland
Warminski, Jerzy (j.warminski@pollub.pl), Lublin University of Technology, Department of Applied Mechanics, Poland
The paper deals with numerical modeling of delaminated beams made of the Variable Stiffness Composite Laminates (VSCL). Delamination is one of the most often
occurring defects in laminated composites. These materials find applications in many branches of contemporary industry, for example in aircraft, where high reliability of
materials is required, because of safety reasons. According to this, identification and assessment of the delamination influence on mechanical characteristics of the material
are very important. This article shows possibilities of numerical analysis of the delamination influence on the basic mechanical characteristics of the VSCL beams. The key
parameters were the size and the location of the delamination along the beamʼs axis. The analysis covered comparison of static deflections of several models of beams.
Subsequently, the eigenfrequencies, as well as eigenmodes were found in order to show their sensitivity to delamination. All computations were performed in the
Abaqus/CAE environment exploiting the Finite Element Method. The necessary material data were taken from the experiment.
3470 | Optimisation for Postbuckling Behaviour of Variable Angle Tow Composite Plates (54. Variable Stiffness Composite Laminates (Pedro Ribeiro, Hamed
Akhavan))
http://conference.mercatura.pt/gestao4/index.php?pagina=1367&

Page 148 of 159

Conferências 5: Resumos condensados

2/14/13 11:42 AM

Akhavan))
Wu, Zhangming (z.wu@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
Raju, Gangadharan (Gangadharan.Raju@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
Weaver, Paul (paul.weaver@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
In this work, optimisation strategies for the postbuckling design of orthotropic Variable Angle Tow (VAT) composite laminates under uniaxial compression are presented. The
objective function for the optimisation of the postbuckling behaviour of rectangular composite plates is to minimise either the maximum normal displacement or the endshortening strain in the loading direction. An optimisation study is first carried out on the constant stiffness laminates using lamination parameters as design variables, in
which the asymptotic postbuckling solutions given by the perturbation method are adopted. These obtained optimum layups are used as the baseline structures for the
comparison with the improved postbuckling performance provided by VAT laminates. For the postbuckling analysis of VAT plates, a very efficient tool based on the
variational principle and the Rayleigh-Ritz method was developed. The distribution of fibre angle orientation of VAT laminates is represented by a mathematical definition
using Lagrangian polynomials, which requires few design parameters to define a general VAT configuration. The optimum VAT laminates for postbuckling are determined
using the genetic algorithm (GA). The optimisation results for the VAT laminates demonstrated their substantial improved load-carrying capability subjected to a given endshortening strain or a maximum transverse deflection in the postbuckling regime, comparing with the constant stiffness laminates.

3471 | Postbuckling Analysis of Variable Angle Tow Composite Plates Under Combined Loading (54. Variable Stiffness Composite Laminates (Pedro Ribeiro,
Hamed Akhavan))
Raju, Gangadharan (Gangadharan.Raju@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
Wu, Zhangming (z.wu@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
Weaver, Paul (paul.weaver@bristol.ac.uk), ACCIS, University of Bristol, United Kingdom
A geometrical nonlinear analysis of a symmetric, variable angle tow (VAT), composite plate structure under combined loading condition is studied. The nonlinear von
Karman governing differential equations (GDEs) based on stress function and displacement function are derived for postbuckling analysis of symmetric VAT plate structures.
A numerical methodology based on the differential quadrature method (DQM) is developed for solving the GDEs of VAT plates. The methodology is applied to solve the
postbuckling problem of VAT plates with linear fibre angle orientations under different plate boundary conditions. To show the accuracy and robustness of DQM, results are
compared with commercial finite element analysis. The postbuckling behaviour of VAT plates under combined load is studied for different VAT fibre orientations, aspect
ratios, initial imperfections and their performances is compared with straight fibre composites.
3767 | Postbuckling of tow-steered, variable curvature, cylindrical shells (54. Variable Stiffness Composite Laminates (Pedro Ribeiro, Hamed Akhavan))
White, S.C. (Simon.White@bristol.ac.uk), University of Bristol, United Kingdom
Pirerra, A. (Alberto.Pirrera@bristol.ac.uk), University of Bristol, United Kingdom
Weaver, P.M. (Paul.Weaver@bristol.ac.uk), University of Bristol, United Kingdom
In this work the use of differential quadrature (DQ) to capture the nonlinear buckling behaviour of cylindrical composite shells under axial compression and torsion was
investigated. The governing equations are derived assuming a spatial variation of stacking sequence and internal radius. A Linstedt-Poincaré expansion of the displacement
fields was combined with an automatic DQ solution scheme to solve the nonlinear equations in their strong form. Pre-buckling, linear-buckling and initial-post bucking
solutions are found in the neighbourhood of the bifurcation point providing important information with regard to the structures stability and its post-buckling stiffness. The
effects of variable stiffness and curvature on the buckling and postbuckling behaviour of these structures are presented in a number of case studies.
Solutions were found to be in close agreement with finite-element analysis and benchmark analytical solutions. Furthermore, the DQ solution scheme was found to be
computationally efficient and therefore a good choice for shell optimisation problems. In particular it is shown that in the linear buckling eigenvalue problem may be reduced
to one solely in terms of the out-of-plane displacement field and a modified stiffness matrix; a numerical equivalent of the modified Batdorf-Stein equation.
3493 | Sensitivity of Pareto front solutions to the presence of manufacturing defects (54. Variable Stiffness Composite Laminates (Pedro Ribeiro, Hamed
Akhavan))
Fayazbakhsh, Kazem (kazem.fayazbakhsh@mail.mcgill.ca), McGill Universty, Canada
Arian Nik, Mahdi (mahdi.ariannik@mail.mcgill.ca), McGill Universty, Canada
Pasini, Damiano (damiano.pasini@mcgill.ca), McGill Universty, Canada
Lessard, Larry (larry.lessard@mcgill.ca), McGill Universty, Canada
Automated Fiber Placement (AFP) technique allows manufacturing of variable stiffness composite laminates via the placement of fibers along curvilinear fiber paths. In the
past, the optimization problem of maximizing simultaneously in-plane stiffness and the buckling load was formulated for a composite laminate with a constant curvature fiber
path. The set of solutions were obtained for optimum fiber path assuming no defects. However, the creation of defects, mainly gaps and overlaps, are inevitable during the
manufacturing of variable stiffness laminates. The goal of this study is to assess the sensitivity of the Pareto front, previously obtained for no defects, to the presence of gaps
and overlaps. Among all the solutions of the Pareto, we focus on those that have the maximum Euclidean distance from each other in the design space. We examine here
full gap and full overlap strategies and determine the Pareto bounds resulting from the effect of defects. The results show that a full gap strategy shifts the Pareto front
towards lower in-plane stiffness and the buckling load, whereas full overlap strategy shifts the Pareto front towards higher values of in-plane stiffness and the buckling load.
Hence, the ideal Pareto front obtained for the case of no defects lies between the gap-modified and overlap-modified scenarios. The Pareto front boundaries can offer insight
into the real in-plane stiffness and the buckling load of optimum laminates manufactured with AFP machine.
3633 | Variable-stiffness composite panels: Modeling methodology and prediction of the failure behavior (54. Variable Stiffness Composite Laminates (Pedro
Ribeiro, Hamed Akhavan))
Olben F. , Claudio L., Narcis G. , Josep C. (ofalco76@gmail.com), Universitat de Girona (UdG), Spain
The introduction of tow-steered laminates in structural applications demand reliable design methodologies to predict and simulate the elastic response from damage onset
up to structural collapse. The full details about the mechanisms that lead to damage and failure of Variable-Stiffness Panels are not know yet, specifically the failure
produced by the influence of local details resulting from manufacturing issues. In this work, a numerical analysis tool has been developed for these novel laminates, and
structural simulations were carried out for tensile load stages. This paper presents a comparison between different configurations and modeling approaches. Nonlinear
analyses are carried out to simulated first-ply failure in a three-dimensional domain.
3301 | From Uniform-Curvature to more refined models for multistable shells (55. Morphing of composites (Paul Weaver))
Vidoli, Stefano (stefano.vidoli@uniroma1.it), Sapienza University of Rome, Italy
A general procedure to deduce reduced models from the PDEs governing the behaviour of Foppl-von Kàrmàn shells is discussed. The word "reduced'' is used to indicate
models which are still nonlinear, being characterized by multi-wells energies, but do have a finite, possibly small, number of degrees of freedom. To this aim, following
(Mansfield, 1962), we revisit the classical force method, used in statically indeterminate beam frames, to solve for the static unknowns arising in the membranal problem of
Von-Kàrman shells.
Indeed, already in 1962 Mansfield developed a reduction method which was based on the assumption of a constant curvature field over the shell.
More recently the Mansfield's model has been successfully used to analyse the multistable behavior of orthotropic shallow shells. Here the same method is extended by
removing the uniform curvature hypothesis, thus obtaining richer families of reduced models. Two basic observations are of fundamental importance: i) for thin shells the
contribution of the stretching energy to the overall elastic energy becomes increasingly important; ii) for any assigned transverse displacement field, one must solve a linear
elliptic problem of plane elasticity in the membranal stress.
From i) we deduce that it is extremely important the correct evaluation of the stretching energy; poor approximations in the membranal problem, as polynomial expansions
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From i) we deduce that it is extremely important the correct evaluation of the stretching energy; poor approximations in the membranal problem, as polynomial expansions
for the in-plane displacement fields, necessarily leads to relevant errors.
3501 | Multi-mode morphing in composite shell structures (55. Morphing of composites (Paul Weaver))
Eckstein, Eric (eric.eckstein@bristol.ac.uk), University of Bristol, United Kingdom
Pirrera, Alberto (alberto.pirrera@bristol.ac.uk), University of Bristol, United Kingdom
Weaver, Paul (Paul.Weaver@bristol.ac.uk), University of Bristol, United Kingdom
A thermally-driven morphing structure is one which couples large displacements to temperature change or thermal gradients. New morphing concepts are presented in
which both bending and twisting deformations are driven by temperature changes in an unsymmetrically laminated composite shell. The activation temperature and
magnitude of each deformation mode are tunable parameters depending primarily on initial curvature and laminate thickness. Multistable behaviour exists over the
temperature window for which the twisted shapes are activated. An energy-based analytical model is presented which predicts the shapes of thermally loaded rectangular
composite shells additionally subject to thermal gradients with temperature-dependent material properties. Under the hypothesis that membrane stretching effects are only
significant when the laminateʼs curvature is shallow, a total potential energy expression is formulated using von Kármánʼs plate kinematic equations modified to account for
initial curvature. Solutions are found via a Ritz minimization. The resulting formulation is relatively simple compared to previous multistable shell models, yet retains the
ability to forecast multistable deformations. The activation temperature of twisting deformations was found to vary linearly with laminate thickness and initial curvature.
Experimental results are obtained for several geometric configurations and compared with past and present analytical and finite element models.
3776 | The effect of moisture on multi-stable behaviour of composite laminates (55. Morphing of composites (Paul Weaver))
Telford, Robert (Robert.Telford@ul.ie), University of Limerick, Ireland
Katnam, Kali-B. (Kali-Babu.Katnam@ul.ie), University of Limerick, Ireland
Young, Trevor M. (Trevor.Young@ul.ie), University of Limerick, Ireland
It is known that unsymmetrical composite laminates can display a multi-stable property, whereby the laminate can take the form of two or more stable shapes. This property
relies upon the laminate lay-up and length-to-thickness ratio, and is due to inter-lamina residual stresses formed during cool-down from the curing temperature.
A novel potential application for unsymmetrical composite laminates is in the area of morphing structures (e.g. on aircraft). However, such applications require a complete
understanding of the behaviour of unsymmetrical laminates, for both ʻas manufacturedʼ and ʻpost-manufacturedʼ conditions. In particular, the environmental conditions (e.g.
moisture ingress) may affect the residual stress state in the laminates and thus, in general, influence the behaviour of such laminates.
To analyse the changes in shapes and snap-through forces of multi-stable laminates due to moisture saturation, a combined numerical-experimental approach is used,
whereby a range of unsymmetrical cross-ply laminates are manufactured and used to calibrate the material parameters (i.e. CTE, swelling coefficient) employed in finite
element modelling. Using these calibrated values, it is then possible to analyse the through-thickness residual stress distribution for dry and saturated laminate conditions for
other unsymmetrical laminates. It was found that moisture ingression can significantly influence the shapes and the required snap-through forces of multi-stable laminates.

3162 | EFFECTS OF HOSTILES SOLUTIONS ON GLASS/EPOXY COMPOSITES (56. Effect of hostile environments on composite materials (Paulo Reis))
Amaro, A. M. (ana.amaro@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
Nowadays, composite pipes are largely used in the chemical industry, building and infrastructures, which cause degradation in terms of material properties. The effect of
alkaline and acid solutions on the GRP mechanical properties can be found in open literature, but the studies presented are not sufficient to establish a full knowledge of this
subject. In this study the flexural properties and the impact strength of a glass fibre/epoxy composite after immersion in hydrochloric acid, sulphuric acid and sodium
hydroxide were analyzed. The bending test was selected because is the most sensitive to the change of exposure conditions. On the other hand, impact damage is
considered the primary cause of in-service delamination in composites, which are very dangerous because they have severe effects on the performance of those materials
Independently of the solution, the flexural strength and the flexural modulus decrease with the exposure time. However, alkaline solution promotes higher decrease of the
flexural properties than the acid solution. The same tendency was observed for impact strength.
3552 | Impact response of composites materials subject to hostile environments (56. Effect of hostile environments on composite materials (Paulo Reis))
N. Mortas (nurmortas@gmail.com), Depart. Mechatronic Engineering, Bozok University, Turkey
O. ER (orhan.er@bozok.edu.tr), Depart. Electric & Electronic Engineering, Bozok University, Turkey
P.N.B. Reis (preis@ubi.pt), Depart. Electromechanical Engineering, University of Beira Interior, Portugal
J.A.M. Ferreira (martin.ferreira@dem.uc.pt), CEMUC, Depart. Mechanical Engineering, University of Coimbra, Portugal
In recent years, there has been a rapid growth in the use of fibre reinforced composite materials in engineering applications and there is a clear indication that this will be
continuing. However, the poor tolerance to accidental low velocity impacts associated with the exposition to a range of corrosive environments is yet a limitation to their use
in many industrial applications. Therefore, the aim of this work is to study the low velocity impact response of carbon and aramide/epoxy composites after immersion in acid
and alkaline solutions for different concentrations and temperatures. The elastic recuperation shows to be dependent of the both variables but the temperature is
determinant in terms of impact strength.
3548 | THE EFFECT OF HOSTILE ENVIRONMENTS IN COMPOSITE LAMINATES (56. Effect of hostile environments on composite materials (Paulo Reis))
P.N.B. Reis (preis@ubi.pt), University of Beira Interior, Portugal
A. Campos (andrecampos87@gmail.com), University of Beira Interior, Portugal
P. Santos (157.paulo@gmail.com), University of Beira Interior, Portugal
J.A.M. Ferreira (martins.ferreira@dem.uc.pt), University of Coimbra, Portugal
Composite structures can be exposed to a range of corrosive environments during their in-service life, which causes degradation in terms of material properties. The effect of
several hostile environments on their mechanical properties can be found in open literature, but the studies presented are not sufficient to establish a full knowledge of this
subject. Therefore, the aim of this work is to study the low velocity impact response of carbon and aramide/epoxy composites after immersion in severe hostile solutions. The
impact damage is considered the primary cause of in-service delamination in composites, which are very dangerous because they have severe effects on the performance
of those materials. On the other hand, this topic, low velocity impact associated with highly corrosive environments, is not abundant in bibliography and the low velocity
impact is the most serious problem, given the difficulty of its visual detection.
3617 | A study on the electromechanical behaviour of a silicone-OMMT composite as an artificial muscle (57. Smart Composites (Mohammad Khalili))
Bae, Ji-hun (hun1661@nate.com), Chung-Ang university, Korea, South
Chang, Seung-Hwan (phigs4@cau.ac.kr), Chung-Ang university, Korea, South
Dielectric elastomers are promising candidates in electroactive polymer actuators. They have several unique abilities such as high deformation and fast response time. In
this study, the basic mechanical properties and electromechanical responses of silicone rubber film as a polymer actuator whose thickness was about 100 m were
measured in a simulated human body environment to check the possibility as an artificial muscle in in-vivo environment. To enhance both mechanical and electrical
properties of the silicone rubber, organically modified montmorillonite (OMMT) particles were added. The silicone-OMMT composite films were immersed into 30°C water for
few weeks to observe the influence of moisture on the properties of the silicone-OMMT composite. Tensile and creep tests were carried out according to the moisture
contents for mechanical properties. Furthermore, the electromechanical responses were also estimated. The dynamic response to an applied voltage step and the time
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contents for mechanical properties. Furthermore, the electromechanical responses were also estimated. The dynamic response to an applied voltage step and the time
needed to reach an expected strain of 10% were mainly focused. By adding OMMT particles, the dielectric constant and permittivity increased therefore, the composite films
showed better electrical performance. The level of dispersion and crystallinity of OMMT particles in the silicone rubber were analyzed by XRD and SEM. The XRD signals
indicated different crystallite structures for silicate platelets in the rubber matrix. Micrographs of SEM showed a dispersion state of OMMT on the silicone rubber.
3690 | Biodegradable films based on cassava starch as smart packaging: mechanical and barrier properties (57. Smart Composites (Mohammad Khalili))
Zetty-Arenas, A. M. (anamariazetty@usp.br), University of Sao Paulo, Brazil
Tadini, C. C. (catadini@usp.br), University of Sao Paulo, Brazil
The present work proposed the use of natural anthocyanin pigment for the development of biodegradable films to be used as intelligent packaging capable of indicating pH
change. These films, made by employing a technique known as casting, consist of a basic formulation of cassava starch (Manihot esculenta Crantz), sodium esmectite clay,
glycerol, ethanol, and water, combined with two concentrations of anthocyanin (0.05 and 0.10) g/100 g of a filmogenic solution and citric acid was added to the polymer
matrix in order to study the influence of the filmogenic solution pH (2.8 and 4.3) on the packaging performance of the films. These materials were assessed according to their
mechanical properties (tensile strength at break and elongation at break percentage), physical and chemical properties (water activity, moisture content and thickness),
barrier properties (water vapor and oxygen permeability), and color change.
Results obtained from multifactor ANOVA indicated that the Tensile Strength at Break (TS) was not significantly influenced by anthocyanin presence (P>0.05), whereas
different pH of the films resulted significant influence on TS from (2.92 ± 0.07 to 6.50 ± 075) MPa and Percent Elongation at Break (E%) from (150.06±10.65 to 22851±15.3)
%. Barrier properties (water vapor permeability and oxygen permeance) was not influenced by anthocyanin nor pH (6.74±1.68 g mm/m2.day.kPa and 3.20±0.31
cm3/m.s.Pa), respectively. The average thickness of the films was 0.119±0.01 mm.
3722 | EFFECT OF SMA FORCE ACTUATORS ON VIBRATION AND IMPACT DYNAMIC OF DOUBLY CURVED COMPOSITE SHELL (57. Smart Composites
(Mohammad Khalili))
Ardali, amin (aminardali@gmail.com), K.N. Toosi University of Technology & Fars Iranian Oil Pipelines and Telecommunication Company, Iran
Khalili, Mohammad Reza (smrkhalili2005@gmail.com), Faculty of Mechanical Engineering, K.N. Toosi University of Technology, Iran
In this paper, vibration and dynamic response of thin smart composite shell subjected to low-velocity transverse impact is investigated. Shape memory wires are used to
reinforced composite shell in a smart way. SMA force actuators are first elongated at a low temperature and then unloaded to generate some martensitic residual strain;
upon heating the wire, the martensitic residual strain is restored. This restraint causes large internal recovery stress to be generated. This is due to the way of using shape
memory wire into a composite laminate as a fiber. One-dimensional thermodynamic constitutive model by Liang and Rogers is used for estimating the structural recovery
stress. The two degrees-of-freedom mass-spring model is used for evaluation of the contact force between the composite shell and the impactor. This work is benefited from
the Hertzian linear contact model which is linearized for the impact analysis of composite shell. The governing equations of shell are provided by first-order shear theory and
solved by Fourier series related to simply supported boundary condition. For this purpose, the equation of doubly curved shell motion included the uniform in-plane forces is
obtained. By the present analysis, the curved panel behavior under low-velocity impact, and also the effect of the impact parameters, the shape memory wire and the curved
panel dimensions are studied.
3361 | Integration of PZT-ceramic transducers using hybrid structures in high pressure die castings (57. Smart Composites (Mohammad Khalili))
Schwankl, Matthias (Matthias.Schwankl@ww.uni-erlangen.de), Chair of Metals Science and Technology, Germany
Singer, Robert F. (robert.singer@ww.uni-erlangen.de), Chair of Metals Science and Technology, Germany
K?rner, Carolin (carolin.koerner@ww.uni-erlangen.de), Chair of Metals Science and Technology, Germany
The integration of piezoelectric components in aluminum components is realized by high pressure die casting. For this purpose the sensor/actuator-modules are placed in
the cavity of the mold. Within milliseconds the mold is filled with aluminum melt. Contrary to an application on the component surface, the functional module is integrated and
force/form-fitted in the casting. In that way multifunctional structural composite structures are produced which are fully capable of detecting vibrations in a wide range of
frequencies. Health monitoring and vibration control in structural components are potential applications.
Due to the deformation behavior of the piezoelectric modules, an exact positioning beyond the neutral axis of the casting part is necessary. The basic support elements
consist of aluminum sheets and expandable parts. The smart components are placed upon aluminum sheets using high temperature adhesives.
As the support structure sonsists of pure aluminum or alloys, the natrual Al2O3-layer acts as a barrier between the fixing system and the metal matrix. Due to the lack of
interface strength, the mechanical properties of the part are reduced. In order to realize a firmly bonded interface several coatings have been tested. Especially the zincate
treatment in componation with electrolytic galvanizing has proven to strongly enhance the mechanical properties. Furthermore it will be shown, that the concept can be
applied to different casting geometries.
3415 | Dynamic properties of the corrugated stainless steel membrane supported by glass composite anti-buckling structure for LNG carriers (59. Marine
Applications of Composites (Marcus Zupan))
Lee, Dongyoung (missingnum@kaist.ac.kr), KAIST, Korea, South
Kim, Ki Hyun (kimkyun@kaist.ac.kr), KAIST, Korea, South
Choi, Ilbeom (chib1020@kaist.ac.kr), KAIST, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South
The primary barrier of cargo containment system (CCS) of liquefied natural gas (LNG) carrier is composed of corrugated stainless steel to reduce the thermal stress caused
by the temperature difference between the CCS fabrication temperature of 25°C and LNG temperature of -163°C under 0.11 MPa. Although the corrugation of LNG reduces
the thermal stress in the primary barrier, it not only fails easily by the cavitation impact of LNG, but also produces large tumbling noise, which irritates the crews of LNG
carriers.
In this work, an E-glass fiber composite anti-buckling structure (ABS) to support the inside of LNG corrugation is developed to improve the anti-buckling capability and to
decrease the tumbling noise due to cavitation. The natural frequency and damping ratio of the corrugation with and without ABS are measured with respect to the
interference amount between the corrugation and ABS. Also, various damping materials have been applied to the outer surface of ABS and their effects on the force
transmissibility, impact damage of ABS and noise reduction of the primary barrier are measured.
Since the cavitation impact might damage the foam insulation board when the corrugation is reinforced with ABS, which transmits the cavitation impact to the foam insulation
board, the transmissibility of force of the primary barrier with ABS is investigated by the drop weight impact test, from which an optimum combination of ABS structure and
damping material has been suggested.
3486 | Experimental investigation on the repair and reinforcing of steel plates using bonded fiber composite materials (59. Marine Applications of Composites
(Marcus Zupan))
de la Mano, Rub?n (rmano@aimen.es), Joining technology plant, AIMEN Technology Centre, Spain
Losada, Ricardo (ricardo.losada@aimen.es), Joining technology plant, AIMEN Technology Centre, Spain
Rodriguez, Elena (erodriguez@aimen.es), Joining technology plant, AIMEN Technology Centre, Spain
Fatigue and corrosion are two of the major problems that ships and bridges encounter during their operational life.
The traditional ways to deal with such problems have important disadvantages such as time consuming, costly,.. and in some cases
even impossible to be followed.Therefore there is a strong incentive to find new procedures for repairs to be carried
out . At this point, composite material patching is a very promising method for repairing and reinforcing steel structures
overcoming many of their limitations and disadvantages. Moreover, composite patching has proven its effectiveness and cost
benefits by its application in the aerospace industry.However, there are several fundamental differences between the aerospace
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benefits by its application in the aerospace industry.However, there are several fundamental differences between the aerospace
uses and bridge/marine/offshore steel applications, and some parameters still need further investigation. Recently, the European
founded research project COPATCH aims to establish this repair technique in the shipbuilding sector.
In this contribution it is investigated the efficiency of a CFRP patch for reinforcing a cracked steel plate.
The crack and the steel and the large scale plates analyzed here were selected as representative damage in a marine structure.
The results obtained in this work indicated that patched plates exhibited an extension of the elastic response of the material,
a smoother transition from elasticity to plasticity and a very important increase in the failure load about 45%
3410 | Optimum glass fiber volume fraction in the adhesive for the Al-SUS adhesively bonded joints at cryogenic temperatures (59. Marine Applications of
Composites (Marcus Zupan))
Bang, Chang Seon (cs0429.bang@samsung.com), SAMSUNG Heavy Industries, Korea, South
Park, Choong Heum (chm.park@samsung.com), SAMSUNG Heavy Industries, Korea, South
Lee, Dai Gil (dglee@kaist.ac.kr), KAIST, Korea, South
The tight control of adhesive thickness in large bonding area such as the secondary barrier LNG (Liquefied Natural Gas) carriers or floaters is difficult and expensive
although the adhesive thickness is a dominant parameter to determine the bonding performance of adhesively bonded joint, especially at cryogenic temperatures. Therefore,
the method for improving bonding strength and fracture toughness for thick adhesive layer was investigated by reinforcing the adhesive layer with glass fiber mat for the
robust and sustainable system design for the secondary barrier of LNG carriers.
Randomly oriented E-glass fiber mat was used as reinforcement for the film type epoxy adhesive. The lap shear strength and fracture behavior were investigated with
respect to fiber volume fraction, and the compared those of the adhesive without reinforcement. The effects of repeated thermal shocks on bonding performances of
reinforced adhesive were also studied.
The experimental results revealed that the randomly oriented glass fiber reinforcement improved much the bonding strength and fracture toughness of adhesive of 1.0 mm
thickness at the cryogenic temperature. Also it was found that the enhancement of bonding performances strongly depended on the CTE (Coefficient of Thermal Expansion)
differences between the stainless steel foil and reinforced adhesive. Finally an optimum volume fraction of the glass fiber reinforcement was proposed for the Al-SUS
adhesively bonded joint.
3677 | Residual Capability of Composite Stiffened Marine Structures after Non-Critical Damage (59. Marine Applications of Composites (Marcus Zupan))
Davies, Joanne E. (J.E.Davies@soton.ac.uk), University of Southampton, United Kingdom
Sobey, Adam J. (Ajs502@soton.ac.uk), University of Southampton, United Kingdom
Blake, James I. R. (J.I.R.Blake@soton.ac.uk), University of Southampton, United Kingdom
Shenoi, R. A. (R.A.Shenoi@soton.ac.uk), University of Southampton, Thailand
Composite stiffened structures are commonly used as the primary structures for the marine industry including deck, hull and super-structures. During impact events the
strength of these structures are dependent on the response of the bonded connections. Catastrophic failure is often avoided in damage events for composite marine
structures but can lead to delaminations and debonding of the stiffener. It is imperative that damage can be rapidly assessed and precautions taken to ensure safety of the
crew and vessel in a cost efficient manner. To reduce maintenance costs it is imperative to know if damage must be fixed immediately, in the near future or if it poses no
current threat.
Research on damaged stiffened structures to date is primarily focused on airframe applications with open cross sections. Top-hat stiffeners have increased torsional rigidity
and structural efficiency and are used extensively in marine applications. However, there is currently a lack of published research investigating the effect of delaminations on
top-hat stiffened panels.
The novelty of this paper lies in the use of a non-linear finite element model accounting for material degradation and crack propagation to assess the effects of damage
within a top-hat stiffened panel and the interaction of damage mechanisms leading to ultimate collapse. The effects of damage and design parameters are investigated along
with the effect of the stiffeners torsional rigidity on the damage tolerance of the structure.
3105 | A Novel Weibull Framework to Characterize of Carbon Nano-Structure Infused Fiber Reinforcements (60. Scalable Manufacture of Nanostructure
Composites: Enabling the Carbon Nanomaterials (Marcus Zupan))
Duffy, Michael (mduffy1@umbc.edu), University of Maryland, Baltimore County, United States America
Malecki, Harry (harry.malecki@lmco.com), University of Maryland, Baltimore County and Applied Nanostructured Solutions, United States America
Shah, Tushar (tushar.shah@lmco.com), Applied Nanostructured Solutions, United States America
Zupan, Marc (mzupan@umbc.edu), University of Maryland, Baltimore County and Faculdade de Engenharia da Universidade do Porto, United States America
This work addresses the characterization of the large scale production capability for creating carbon nanotube-based hybrid composite materials. Specifically a novel openended growth chamber and reel-to-reel scalable processing system is used for the growth of carbon nanostructures (CNS) directly on glass and carbon fiber substrates. The
target of this work is to provide rapid, high through-put testing to characterize and guide process parameters. These dry tow hybrid materials and as-received fiber tow
bundles are characterized using a modified Weibull framework-paticularly a strain base Weibull formulation. The shape and scale Weibull parameters are obtained from asreceived, heat processed, and carbon nano-structure infused fiber tow bundles representing discrete parts of the CNS growth processing.
3106 | Single Fiber Fragmentation Characterization of Carbon Nano-Structure Infused Glass Fibers (60. Scalable Manufacture of Nanostructure Composites:
Enabling the Carbon Nanomaterials (Marcus Zupan))
Buchanan, Matthew (mbuchan1@umbc.edu), University of Maryland, Baltimore County, United States America
Duffy, Michael (mduffy1@umbc.edu), University of Maryland, Baltimore County, United States America
Malecki, Harry (harry.malecki@lmco.com), University of Maryland, Baltimore County and Applied Nanostructured Solutions, United States America
Shah, Tushar (tushar.shah@lmco.com), Applied Nanostructured Solutions, United States America
Zupan, Marc (mzupan@umbc.edu), University of Maryland, Baltimore County and Faculdade de Engenharia da Universidade do Porto, United States America
A novel open-ended growth chamber and reel-to-reel scalable processing system is used for the growth of carbon nanostructures (CNS) directly on moving fiber substrates.
As-received and carbon nano-structure (CNS) infused glass fiber filaments were evaluated utilizing single-fiber fragmentation (SFF) tests and analyzed with stress
birefringence. The in-situ birefringence stress patterns were qualitatively and quantitatively evaluated and compared between the as-received and CNS infused fiber pairs.
The shape and size of the birefringence patterns are used to phenomenological describe how fiber behavior is changing with processing. Critical fiber fragment lengths were
measured post-mortem and compared such that the quality of the interfacial load transfer is determined. A new material selection performance metric is established to
evaluate the hybrid interface (Fiber-CNS-Matrix) response and identify improvements in performance.
3331 | Finite element analysis of the structural behavior of timber-to-concrete composite beams made with SFS-screws (61. Modeling and testing of reinforced
and unreinforced joints and laminated beams in Civil Engineering (Marc Oudjene))
El-Mahdi Meghlat (mahdi_meg@yahoo.fr), University of Tizi-Ouzou, Algeria
Marc Oudjene (marc.oudjene@univ-lorraine.fr), University of Lorraine, France
Hacene Ait-Aider (h_aitaider@yahoo.fr), University of Tizi-Ouzou, Algeria
This paper discusses a numerical approach, which is an extension of previous work by the authors, for the simulation of the nonlinear structural behavior of timber-toconcrete composite beams made with SFS-screws. The SFS-screws were modeled using one-dimensional beam element, while the timber and concrete members were
modeled using 2D plane stress elements. To deal with the coupling between the degrees of freedom (d.o.f.) belonging to the screws and those belonging to the timber and
the concrete, a 4-node beam element with only translational d.o.f per node, has been developed especially for the purpose. In fact, in general beam-to-solid coupling the
contribution of the rotation of the solid element to the rotation of the beam section is acheived using coupling constraint equations. The developement of the 4-node beam
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contribution of the rotation of the solid element to the rotation of the beam section is acheived using coupling constraint equations. The developement of the 4-node beam
with only translational d.o.f is justified since the rotation of the timber element does not contribute to the rotation of the beam section, when timber is concerned. The
reliability of the numerical model developed was verified with experimental results, showing good agreements.
3365 | Mechanical characterization of Glued Solid Timber (GST) made of Franch beech (61. Modeling and testing of reinforced and unreinforced joints and
laminated beams in Civil Engineering (Marc Oudjene))
Van-Dang TRAN (van-dang.tran2@etu.univ-lorraine.fr), Nancy-University, France
Marc OUDJENE (marc.oudjene@univ-lorraine.fr), Nancy-University, France
Pierre-Jean MEAUSOONE (pierre-jean.meausoone@univ-lorraine.fr), Nancy-University, France
Engineered wood products, such as manufactured glued solid timber (GST) or glued laminated timber beams and columns, have been widely used in Europe and their share
is likely to grow, due to the present times characterized by specific circumstances in the climate change and fuel cost uncertainties. In France, there is a strong demand in
the market of GST beams and significant increases are expected in the future. Correspondingly, around 80% of GST beams used in the French market is produced in
Germany and Austria. Moreover, the review of the life cycle inventory of glulam has demonstrated that transportation was a major source of greenhouse gas with 90% of
undesirable emissions. The present work presents an exploratory research which aims to demonstrate the ability to produce GST structural elements, made of French
beech, with satisfactory strength and stiffness requirements. Short and long GST beams were manufactured and tested according to the EN 408:2010 requirements. In
addition to the experiments, a finite element model, incorporating delamination and fracture of the bond-lines at the layer interfaces, has been developed to investigate more
effectively the flexural behaviour of GST beams, with reduced number of experimental tests. At our best knowledge, this may be the first time to show that it is possible to
obtain structural GST beams from French beech with satisfactory mechanical strength and stiffness requirements.
3650 | Collective vs Local Behaviour in Cellular Materials (62. Porous and cellular materials (Atul Bhaskar))
Bhaskar, Atul (A.Bhaskar@soton.ac.uk), University of Southampton, United Kingdom
The response of two dimensional models of random cellular solids is computationally examined. Cellular architectures--that are stretch-dominated as well as those that are
flexure-dominated, are considered. The response under remote loading is contrasted with response under loading which is localised. It is observed that the displacement
response of such materials under the influence of distributed remote loading exhibits a collective behaviour and can be predicted reasonablly well by the use of effective
medium approximations. The stress response, however, strongly depends on the local features of the individual cell walls. A correlation of the stress response with the
inclination and the properties of the cell walls is numerically observed and explained on the basis of the local information regarding the cell walls. Illustrative examples are
given.
3637 | Experimental study of the impact behaviour of thermoplastic beams with mid-span transverse blind holes (62. Porous and cellular materials (Atul
Bhaskar))
Neves, Paulo C. (pneves@feup.idmec.pt), IDMEC, Portugal
Santiuste, Carlos (csantius@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Ferreira, Ant?nio J. M. (ferreira@fe.up.pt), FEUP, Portugal
Fernandes, Ant?nio A. (aaf@fe.up.pt), FEUP, Portugal
The paper presents the study of the impact behaviour of a thermoplastic beam with transverse blind holes. The aim of the study is to study the effect of different hole
geometries and arrangements in the behaviour of the beam when subjected to three points impact bending.
3744 | Forming of structure of composite metallic foams (62. Porous and cellular materials (Atul Bhaskar))
Grabian, Janusz (j.grabian@am.szczecin.pl), Maritime University of Szczecin, Poland
Gawdzinska, Katarzyna (k.gawdzinska@am.szczecin.pl), Maritime University of Szczecin, Poland
Przetakiewicz, Wojciech (wprzetakiewicz@wp.pl), Maritime University of Szczecin, Poland
Kaminski, Marcin (marcin.kaminski@p.lodz.pl), Lodz University of Technology, Poland
The Division of Ship Material Engineering of Maritime University of Szczecin was a place of research on technology of the metallic composites, focused on composite
aluminum foams stabilized with ceramic particles. The research was aimed at their large-scale application in the naval transport. A technology which enables efficient, cheap
and also elastic – regarding the foam structure diversification – control of the foam properties is a foundry technology, consisting in gas injection into the liquid metal. This
method requires precise control of the process parameters, especially regarding temperature maintaining and stabilization, and also precise injection of the gas into the
metal. Process of foaming of the liquid aluminum or its silicon alloys can be also conducted using ceramic particles. This is a metallic-ceramic composite foaming process
(patented – PL 211439 B1). This paper presents process of structure forming of the metallic-ceramic foams.
3607 | Nanoporous gold - polymer composites (62. Porous and cellular materials (Atul Bhaskar))
Wang, Ke (k.wang@tu-harburg.de), Institut fuer Werkstoffphysik und Werkstofftechnologie, Technische Universitaet Hamburg-Harburg, Germany
Weissmueller, Joerg (weissmueller@tuhh.de), 1.Institut fuer Werkstoffphysik und Werkstofftechnologie, Technische Universitaet Hamburg-Harburg; 2. Institut fuer
Werkstoffforschung, Werkstoffmechanik, Helmholtz-Zentrum Geesthacht, Germany
Experimental investigations of the strength of small objects — such as micropillars or nanowires — point towards a trend of increasing strength with decreasing dimension,
approximating the theoretical shear strength when the size drops to the lower nanometer region. Nanoporous metal synthesized via dealloying provides mm- or cm-sized
monolithic samples with a homogeneous network structure of such nanoscale “ligaments” with uniform size that can be controlled down to below 10 nm. Here, we explore an
novel materials design strategy that combines this high-strength and uniform metallic network structure with an interpenetrating polymer phase to obtain a strong, lightweight
composite material [1]. Nanoporous gold (npg) obtained by alloy corrosion was vacuum-impregnated with epoxy resin, and tested for hardness, macroscopic compressive
stress-strain behaviour, and bending deformation. The results demonstrate that impregnation with a polymer is an efficient way of reducing the density of the nanoporous
metal change during plastic flow under uniaxial load. The result is a drastic reduction of the tension/compression anisotropy of the work hardening, a prerequisite for stable
plastic flow in tension. The strength of composite material considerably exceeds that of each of the constituent phases, and its electric conductivity reaches 1% of that of
high-purity massive copper.
[1] K. Wang, J. Weissmüller, Composites of Nanoporous Gold and Polymer, Advanced Materials, in press (2012).
3638 | Numerical study of the critical energy absorbed by thermoplastic beams with mid-span transverse blind holes (62. Porous and cellular materials (Atul
Bhaskar))
Neves, Paulo C. (pneves@feup.idmec.pt), IDMEC, Portugal
Santiuste, Carlos (csantius@ing.uc3m.es), Universidad Carlos III de Madrid, Spain
Ferreira, Ant?nio J. M. (ferreira@fe.up.pt), FEUP, Portugal
Fernandes, Ant?nio A. (aaf@fe.up.pt), FEUP, Portugal
The paper presents the study numerical study of the critical energy absorbed by thermoplastic beams with mid-span transverse blind holes when subjected to three points
impact bending.
3831 | Porous polyimide based composite material for fuel cell application. (62. Porous and cellular materials (Atul Bhaskar))
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3831 | Porous polyimide based composite material for fuel cell application. (62. Porous and cellular materials (Atul Bhaskar))
Ratieuville, Vincent (vincent.ratieuville1@univ-rouen.fr), PBS Laboratory/University of Rouen , France
Fatyeyeva, Kateryna (kateryna.fatyeyeva@univ-rouen.fr), PBS Laboratory/University of Rouen , France
Chappey, Corinne (corinne.chappey@univ-rouen.fr), PBS Laboratory/University of Rouen , France
Rogalskyy, Sergiy (rogalskiy@bpci.kiev.ua), Institute of Bioorganic Chemistry and Petrochemistry, National Academy of Science of Ukraine, Ukraine
Tarasyuk, Oksana (rogalskiy@bpci.kiev.ua), Institute of Bioorganic Chemistry and Petrochemistry, National Academy of Science of Ukraine, Ukraine
Marais, St?phane (stephane.marais@univ-rouen.fr), PBS Laboratory/University of Rouen , France
Polyimide has been extensively studied due to its interesting properties (good mechanical and chemical resistance, thermal stability). Recently, an interest has been carried
on porous films due to their ability to support a mobile phase for the transport of neutral or charged species.
The aim of this work was to investigate the mechanism of the porosity formation in the case of polyimide films (Matrimid® 5218) mixed with different porous agents, by the
vapor induced phase separation technique. The influence of various parameters has been studied by FTIR, SEM, TGA and tensile strength measurements.
It was shown that the content of porous agent modified the pore size and the type of structure. Films with so-called double porosity were obtained under certain experimental
conditions. In this case, the interconnectivity between micropores (porosity of first level) and the presence of nanopores (porosity of second level) can be observed.
Moreover, it was established that the coagulation time, as well as the relative humidity value, had an important impact on pore size.
Such porous films may be used in different fields. For fuel cell application, it should be proton conductive. The impregnation of porous polyimide films by a protic ionic liquid
was realized. The performed conductivity measurements have revealed that once impregnated, the composite film gave promising results for a fuel cell application
compared to the traditional dense electrolyte at temperature over 80 °C.
3867 | Preparation of Tough PolyHIPE Foams With Surface Modified Nanoclays (62. Porous and cellular materials (Atul Bhaskar))
Berber, Elif (bb.elif@gmail.com), Yalova University, Turkey
Cira, Funda (funda_cr@hotmail.com), Yalova University, Turkey
Sen, Sinan (sinans@yalova.edu.tr), Yalova University, Turkey
Yildirim, Huseyin (husyil@gmail.com), Yalova University, Turkey
Mert, E. Hilal (merthilal@gmail.com), Yalova University, Turkey
Emulsion templating is a versatile method for the preparation of well-defined open cellular polymers. Therefore, preparation of well-defined cellular polymers from emulsion
templates was pioneered by Bartl and Bonin and Lissant. Afterwards, a new class of macroporous polymers was invented by polymerizing the continuous phase of a high
internal phase emulsion (HIPEs) by Barby and Haq. A HIPE is a concentrated emulsion system, consisting of a high ratio of internal or dispersed phase. The volume fraction
of a HIPE is usually greater than 0.74 and can reach levels of 0.99. Polymerization of HIPEs enables formation of highly cross-linked polymers – polyHIPEs – with
interconnected pores. PolyHIPEs have been explored for a variety of applications. However, these polymers are known to be very brittle and chalky. Accordingly, due to
relatively the poor mechanical properties the real industrial applications of polyHIPEs are restricted.
Herein, we describe the preparation of polyHIPEs with open cellular and an increased mechanical strength. With this aim, we prepared polyHIPE composites by introducing
surface modified nanoclay particles. The morphological and the thermal properties of the resulting materials were characterized by SEM, TGA and DSC, respectively. The
mechanical properties were determined by measuring the compressive strength of the samples and compared with the properties obtained from polyHIPEs without any
nanoclay particles.
3655 | Sound transmission through sandwich shell constructions lined with poroelastic material (62. Porous and cellular materials (Atul Bhaskar))
Zhou, Jie (Jie.Zhou@soton.ac.uk), University of Southampton, United Kingdom
Zhang, Xin (X.Zhang1@soton.ac.uk), University of Southampton, United Kingdom
Bhaskar, Atul (A.Bhaskar@soton.ac.uk), University of Southampton, United Kingdom
This paper investigates the sound transmission through a system of double cylindrical shells lined with poroelastic material. Plane wave incidence on the exterior of the
double shell sandwich construction is considered and calculation of transmission to the interior is sought. The approach of elastic potentials is used to model the shells.
Biot's theory is used to model the porous material as a continuum. The shells are surrounded by external and internal fluid media and a uniform external mean flow with a
constant velocity is considered. Three types of constructions—bonded-bonded, bonded-unbonded and unbonded-unbonded—are studied. The effects of different incident
angles, altitudes and Mach numbers over wide frequency range are brought out. Numerical examples are presented.
3611 | Analysis of the nonlinear load and temperature dependent creep behaviour of thermoplastic composite materials (63. Durability and long-term behaviour
of composites (Volnei Tita, Rui Guedes))
Axel S. HERRMANN (herrmann@faserinstitut.de), university bremen, Germany
Christian BRAUNER (brauner@faserinstitut.de), faserinstitut bremen e.v., Germany
Konstantin SCHUBERT (schubert@faserinsitut.de), faserinstitut bremen e.v., Germany
Fibre reinforced thermoplastic composite materials can be manufactured rapidly using a thermoforming process which can also be combined with other processes, such as
injection moulding. The assortment of thermoplastic matrix systems is manifold and starts from bulk plastic like polypropylene (PP) up to high performance systems like
polyether ether ketone (PEEK). Bulk plastics have a relatively low price, but also a lower performance level. For structural application, engineering methods are needed to
ensure the availability for use over the full range of the parts life cycle. Bulk plastics have complex viscoelastic behaviour, which means that advanced methods are needed
to ensure the long term behaviour of fibre reinforced materials with such a matrix system. In the following study the creep behaviour of a glass fibre reinforced polypropylene
material is investigated using different uniaxially loaded creep tests at different load and temperature levels. Starting from this empirical base, two characteristic creep
functions are derived using a modified Burgers approach. To transfer the results of uniaxial creep situations to a three dimensional multiaxial stress state, a method to
interpolate the experimental creep curves is presented. This developed creep model is integrated into the implicit nonlinear finite element program SAMCEF/Mecano
validated against the performed experiments.
3853 | BENDING FATIGUE BEHAVIOR OF TWILL FABRIC E-GLASS/EPOXY COMPOSITE (63. Durability and long-term behaviour of composites (Volnei Tita, Rui
Guedes))
Belingardi G. (giovanni.belingardi@polito.it), Department of Mechanical and Aerospace Engineering , Politecnico Di Torino , Torino, Italy, Italy
Koricho, E.G. (ermias.koricho@polito.it), Department of Mechanical and Aerospace Engineering , Politecnico Di Torino , Torino, Italy, Italy
Beyene A. T. (alem.beyene@polito.it), Department of Mechanical and Aerospace Engineering , Politecnico Di Torino , Torino, Italy, Italy
Twill E-glass fiber reinforced epoxy matrix composite was considered for its bending fatigue behavior. Displacement controlled bending fatigue tests with R ratio of 0.1 were
conducted on standard specimens and damage development in the composite was continuously monitored through the decrease of bending moment during cycling. The
specimens were subjected to different fatigue loading with the maximum loading level up to 70% of the material ultimate flexural strength. Early damage was observed after
hundreds of loading cycles causing degradation of material stiffness with cycling. The amount of stiffness reduction was observed to be a function of the magnitude of the
fatigue loading applied to the specimen. For some selected specimens, after 1 million cycles, fatigue test was stopped and residual properties were measured. Different level
of reduction on material strength and elastic modulus were found to depend on the level of fatigue loading. Finally based on the found results from displacement control
bending fatigue tests detailed discussion is made to correlate the found data and obtain general description of the material fatigue behavior useful for composite component
design.
3575 | Corrosion Resistance and Shrinkage Control of Amorphous Micro-Steel Fibre Cementitious Composites (63. Durability and long-term behaviour of
composites (Volnei Tita, Rui Guedes))
WON, JONG-PIL (jpwon@konkuk.ac.kr), KONKUK UNIVERSITY, Korea, South
Hong, Byung-Tak (jpwon@konkuk.ac.kr), KONKUK UNIVERSITY, Korea, South
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Hong, Byung-Tak (jpwon@konkuk.ac.kr), KONKUK UNIVERSITY, Korea, South
Lee, Su-Jin (jpwon@konkuk.ac.kr), KONKUK UNIVERSITY, Korea, South
Kim, Hyoung-Ho (jpwon@konkuk.ac.kr), KONKUK UNIVERSITY, Korea, South
Hwang, Un-Jong (jpwon@konkuk.ac.kr), KONKUK UNIVERSITY, Korea, South
Kim, Cheol-Keun (jpwon@konkuk.ac.kr), KONKUK UNIVERSITY, Korea, South
In this study, we evaluated the corrosion resistance of amorphous micro-steel fibre and the plastic shrinkage control of reinforcing cementitious composites. Amorphous
micro-steel fibres are based on amorphous metal, which is thin and has a small volume and high corrosion resistance. Tensile tests were conducted after the amorphous
micro-steel fibres were exposed to four degradation environments (3% NaCl solution, 10% Na2SO4 solution, 0.6% acetic acid solution at pH 2.92, and alkaline solution at
pH 12.6) for 30, 60, and 90 days. The results were used to evaluate corrosion resistance and reduction in tensile strength.
Plastic shrinkage crack tests were performed using amorphous micro-steel fibre-reinforced cement composites, and results were compared with conventional steel fibre-,
polypropylene- and polyvinyl alcohol-reinforced cement composites. Amorphous micro-steel fibre exhibited higher corrosion resistance than steel fibre in every degradation
environment, and the plastic shrinkage crack control performance was excellent.

3373 | DIRECTIONAL DIFFUSION OF MOISTURE IN CARBON FIBRE / EPOXY COMPOSITES: EXPERIMENTS AND MODELLING (63. Durability and long-term
behaviour of composites (Volnei Tita, Rui Guedes))
Korkees, Feras (f.a.korkees@swansea.ac.uk), Swansea University, United Kingdom
Alston, Sue (s.alston@swansea.ac.uk), Swansea University, United Kingdom
Arnold, Cris (j.c.arnold@swansea.ac.uk), Swansea University, United Kingdom
It is well established that the structural behaviour of CF/epoxy composites is affected by absorbed moisture, and that the rate of moisture diffusion can be very dependent on
direction relative to the fibres. This is of particular importance where edge surfaces are exposed such as with bolt-holes. The ratio of longitudinal to transverse diffusion
coefficient has been measured as anything between 2 & 24. Knowledge of these different diffusion rates is important for prediction of water uptake, and a robust method of
measurement is therefore needed. For this reason, water diffusion in different directions was examined using unidirectional CF/epoxy composites cut in three orthogonal
orientations. The measurements were used to determine the best method to estimate saturation value and derive diffusivities Dx, Dy and Dz and also to provide values to
compare with model predictions. The experimental results showed the dependency of the diffusivity on fibre orientation, where the diffusivity across fibres and through the
thickness was found to be smaller than along the fibres by factors of about 2-3 and 3-7, respectively.
Finite element modelling of steady state diffusion in all directions of a semi-infinite plate was carried out to predict the overall diffusivities for an anisotropic composite
structure. This forms the basis of a multi-scale modelling approach starting from the behaviour at the level of individual fibres, which allows the results of simulation at the
microstructural level to be used to predict the diffusivities for a range of composite types. Comparison of the measured diffusivities with predicted values showed that good
agreement depended on the accurate representation of the structure and diffusion behaviour at the micro scale
4311 | DURABILITY OF SUSTAINABLE COMPOSITES IN SHIP DESIGN FOR ENHANCED ENVIRONMENTAL PERFORMANCE: A MULTISCALE APPROACH (63.
Durability and long-term behaviour of composites (Volnei Tita, Rui Guedes))
Dzielendziak, Agnieszka S. (asd1m11@soton.ac.uk), Faculty of Engineering and the Environment, University of Southampton, Southampton, SO17 1BJ, UK, United
Kingdom
Blake, James I.R. (J.I.R.Blake@soton.ac.uk), Faculty of Engineering and the Environment, University of Southampton, Southampton, SO17 1BJ, UK, United Kingdom
Chambers, Alan R. (A.R.Chambers@soton.ac.uk), Faculty of Engineering and the Environment, University of Southampton, Southampton, SO17 1BJ, UK, United Kingdom
Raja, Robert (R.Raja@soton.ac.uk), Faculty of Natural and Environmental Sciences, University of Southampton, Southampton, SO17 1BJ, UK, United Kingdom
There is an interest in the long term structural performance of sustainable alternative fibres and resins for composites. The marine industry is one of the largest users of
composites and the ocean environment represents a unique challenge. This paper presents a study of the life expectancy and ageing of an epoxidised vegetable oil (EVO)
proposed for use in the manufacture of marine composites. The research will bring together chemistry, physics and material science from the “molecular” to the “ship” scale.
To ensure safe performance of sustainable composite structures it is necessary for the users to have confidence in the material properties, processability and their through
life capacity to sustain loads and retain stability. Failure mechanisms during service can be identified but the cause behind the material degradation remains unclear. A
combination of theoretical quantum chemistry with experimental analytical methods will be presented that aims to make a significant contribution towards the understanding
of sustainable composite ageing.
ssNMR 13C has been chosen for the investigation of the EVO resin before and after exposure to water, black and grey waste and UV light along with Mass Spectroscopy for
the liquid resin and the water content during the ageing tests. The chemical reaction pathways due to marine environmental ageing are being studied using numerical DFT
calculations. This knowledge will aid the chemists to modify and improve the resin properties.
3581 | Erosion Wear Performance of Borax Filled Glass Fiber Reinforced Epoxy Composites by Using the Taguchi Experimental Design (63. Durability and longterm behaviour of composites (Volnei Tita, Rui Guedes))
Bagci, Mehmet (meh_bagci@yahoo.com), Selcuk University, Turkey
With the increased use of fiber/filler reinforced polymer composites in erosion work environments, it has become extremely important to investigate their erosion
characteristics intensively. This article describes the development of a multi-component composite system consisting of thermoplastic epoxy resin reinforced with glass fiber
and borax particles, and studies its erosion behavior under different operating conditions. With this target in mind, this empirical study investigates the erosion wear behavior
of a new composite material made of glass fiber and epoxy as the main materials and Borax particles added into the structure at the amount of 15% and 30% of the resin
used for the composite.
The tests which involved slightly rounded and irregular Al2O3 particles having two different sizes of ≈200 and ≈400 m, were conducted at three different impact velocities of
23, 34 and 53 m/s, two different fiber directions (0/90 and 45/-45) and three different impingement angles of 30°, 60° and 90°. An erosion test facility at room temperature
and Taguchiʼs orthogonal arrays were used for experimentation. The expression derived from the results of Taguchi experimental design is proposed as a predictive
equation for estimation of erosion rate of these composites. An optimal parameter combination was determined, which led to minimization of erosion rate. Moreover; the test
specimens were characterized by techniques of X-ray diffraction (XRD) and scanning electron microscope (SEM).
3634 | Experimental analyses about the influence of graphene reinforcement in the PLA viscoelastic mechanical behaviour (63. Durability and long-term
behaviour of composites (Volnei Tita, Rui Guedes))
Pinto, Viviana (vpinto@inegi.up.pt), Faculdade de Engenharia, Universidade do Porto, Portugal
Vieira, Andr? C. (avieira@inegi.up.pt), Escola de Engenharia de S?o Carlos, Universidade de S?o Paulo, Brazil
Pinto, Artur (arturp@fe.up.pt), Faculdade de Engenharia, Universidade do Porto, Portugal
Magalh?es, Fern?o (fdmagalh@fe.up.pt), Faculdade de Engenharia, Universidade do Porto, Portugal
Guedes, Rui M. (rmguedes@fe.up.pt), Faculdade de Engenharia, Universidade do Porto, Portugal
Tita, Volnei (voltita@sc.usp.br), Escola de Engenharia de S?o Carlos, Universidade de S?o Paulo, Brazil
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 product, 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 viscoelastic behaviour. In this work, experimental results are
presented and discussed, that enable the comparison between pure polylactic acid (PLA) and PLA reinforced with graphene. Monotonic tensile tests under different strain
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rates and loading-unloading cycles are used to access the viscoelastic behaviour of both materials.
3583 | Experimental Investigation of Wear Behaviors of Bronze and Carbon Reinforced PTFE Alloy Pivot Pin Bearings (63. Durability and long-term behaviour of
composites (Volnei Tita, Rui Guedes))
Imrek, Huseyin (himrek@selcuk.edu.tr), Selcuk University, Turkey
Demet, Seyit M. (smdemet@gmail.com), Selcuk University, Turkey
Bagci, Mehmet (meh_bagci@yahoo.com), Selcuk, University, Turkey
Composites play important roles in various industrial sectors. This is due to the advances in technology and the superiority of the composites over other materials. One area
of application where composite materials are widely used is in the bearings. To get rid of severe wear, bearing materials having low coefficients of friction become the first
selection. Polymer based composites, which the composite materials studied in this work, are such materials that combine low friction feature, are sufficiently durable against
mechanical, thermal and chemical interactions and hence have achieved to have extensive uses as bearing materials.
While many studies have being done with motor-driven testing set, the experimental set for this study is designed and manufactured rather differently. The experimental set
is a test device designed specifically for wear mechanism that operates in such a way that a loaded pneumatic cylinder reciprocates over pin bearing specimens and the
digital read out unit records the cycles executed. The specimens for this study were 35% carbon (C35) and 40% bronze (B40) filled PTFE (composite) radial bearings. In this
experimental study, effects of bearing load and sliding distance on bearing wear were investigated. The test procedures were arranged based on the Taguchi method. The
experimental results for both materials are pre-sented graphically and compared. SEM views and XRD analyses were used to investigate surface structures of the
specimens.
3529 | The long-term performance of viscoelastically prestressed polymeric matrix composites. (63. Durability and long-term behaviour of composites (Volnei
Tita, Rui Guedes))
Fancey, Kevin S. (k.s.fancey@hull.ac.uk), University of Hull, United Kingdom
Fazal, Adnan (a.fazal@2008.hull.ac.uk), University of Hull, United Kingdom
A viscoelastically prestressed polymeric matrix composite (VPPMC) is produced by subjecting polymeric fibres to tensile creep, the applied load being released before
moulding the fibres into a matrix. Following matrix curing, compressive stresses imparted by the viscoelastically strained fibres improve composite mechanical properties by
up to 50%, compared with unstressed (control) counterparts.
This work presents information on the long-term performance capability of VPPMCs through accelerated ageing (by time-temperature superposition) of (i) nylon fibre-based
VPPMCs evaluated by Charpy impact and (ii) viscoelastic recovery strain measurements on nylon 6,6 yarns. Also, recovery force-time characteristics produced by these
yarns are presented. The results show that viscoelastic recovery mechanisms from a 24 h creep loading remain active over a vast timescale; e.g. no deterioration in VPPMC
performance is observed over a duration equivalent to at least 20 years at an ambient temperature of 40°C.
Implications for the production and performance capabilities of composite structures using nylon and other (mechanically superior) polymeric fibres are discussed. VPPMC
technology enables composites to be produced with enhanced mechanical properties without needing to increase mass or section dimensions. There is flexibility in
composite part production and opportunities to produce complex component geometries, since fibre stretching and moulding operations are decoupled.
3765 | Use of artificial neural network (ANN) to predict residual strength and limit strain of carbon/epoxy composites under tensile fatigue loading (63. Durability
and long-term behaviour of composites (Volnei Tita, Rui Guedes))
Antonio Carlos Ancelotti Junior (ancelotti@unifei.edu.br), UNIFEI, Brazil
Patricia S. Lopes Alexandrino (patty_lauer@unifei.edu.br), UNIFEI, Brazil
Luiz Cl?udio Pardini (luizpardini@gmail.com), DCTA-AMR, Brazil
Vanderlei de Oliveira Gon?alves (vanderleivog@iae.cta.br), DCTA-ASA, Brazil
Fabiola Otobonni Yamane (fabiolaottoboni@gmail.com), UNIFEI, Brazil
Composite materials are characterized by having excellent mechanical properties combined with low structural weight. Due to this fact, its application has become common
in industries that require high performance application, in which the alloys are not suitable. The aviation industry has increasingly used these materials in order to develop
more efficient structures. Although composite materials have higher fatigue resistance when compared to metallic materials, the increasing use of these materials in primary
aircraft structures requires intensive studies related to fatigue. Studies on fatigue in composites are expensive because they require a large number of samples and testing
and time consumption. In order to circumvent this situation, an artificial neural network (ANN) is developed to predict residual strength and limit strain of carbon/epoxy
composites. The ANN training is performed based on the comparison of experimental data obtained from tensile testing under fatigue (120000 cycles), with the data
provided by the network. After training and further validation, it is possible to estimate the residual stress and limit strain for composites based on the applied loading. The
results obtained by ANN were satisfactory to the proposed problem, a fact that makes their use a possible alternative to the experimental trials, which require large cost and
time available.
3864 | Analysis of composite covers in rectangular tanks (64. Modern trends in investigations of composite structures (Alexander Muc))
Bondyra, Agnieszka (abondyra@wp.pl), Cracow University of Technology, Poland
Klasztorny, Marian (m.klasztorny@wme.wat.edu.pl), Military University of Technology, Poland
Muc, Aleksander (olekmuc@mech.pk.edu.pl), Cracow University of Technology, Poland
The study presents FE modelling and analysis of the composite cover of the rectangular tank fully embedded in the ground, built in 2011 in the sewage treatment plant in
Goleniów, Poland. The cover is composed of repetitive two-wave segments with flanges overlapping one another. The segments are joined with rivetnut–bolt joints with
structural clearances. The segments are made of mixed GFRP laminates containing layers reinforced with E-glass fabric, E-glass mat and E cut glass roving. The cover is
under the following static loads: dead load, technological vacuum, snow and ice, live load–workers with tools.
The study develops a methodology for numerical modelling and structural analysis by FEM method (MSC.Marc) of the cover system. The considerations include one-shell
geometry of the cover, structural GFRP laminates of specified ply sequences, segment connections of rivetnut–bolt and anchor–nut types, friction at the interface between
the flanges and between the flanges and the tank walls.
The results of static calculations in reference to the exemplary tank cover include: contours of vertical displacements of the cover subsystem, diagrams of vertical
displacements vs. time at the central nodes at the midspan of the segments, failure indices corresponding to particular laminas and strengthening zones of the segments.
Large safety factor, derived from the analysis, demonstrates that the construction is very safe under the analyzed strength.
3858 | Analytical and numerical solutions of eigenvalue problems for selected nanostructures (64. Modern trends in investigations of composite structures
(Alexander Muc))
Banas, Aleksander (olek.banas@gmail.com), Cracow University of Technology, Poland
Chwal, Malgorzata (mchwal@pk.edu.pl), Cracow University of Technology, Poland
Muc, Aleksander (olekmuc@mech.pk.edu.pl), Cracow University of Technology, Poland
Numerical methods for eigenvalue problems solutions analytical are proposed in the selected problems dealing with nanomechanics. The results are presented for carbon
nanotubes and quantum dots. First of all, the vibrations of single-walled carbon nanotube are analyzed. The free vibrations are investigated with the help of three different
analytical and numerical models: the continuous orthotropic cylindrical shell model, the Euler beam model and the space FE beam model based on the interatomic
interactions potentials. In the literature the eigenfrequencies are generally compared with values obtained with the use of the Euler beam model. However, the use of the
shell model allows us to predict lower value but the relation between those values is strongly dependent on the assumed carbon nanotube length. For higher values of the
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length the Euler value can be lower than that obtained with the help of the shell model. It has been also observed that the Euler beam estimations of eigenfrequencies are
not accurate since it gives higher values then the FE space beam model. Secondly, in the case of quantum dots an analytical method of the solution of the nonlinear
eigenvalue problem is discussed. The proposed method is based on the variational formulation connected with the Rayleigh functional and series of expansions based on
FE analysis wavelets and Fourier series. The computed eigenvalues depict quite good conformity to the results presented in the literature.
3860 | Detection of delaminations in composite cylindrical panels based on natural frequencies and mode shapes (64. Modern trends in investigations of
composite structures (Alexander Muc))
Barski, Marek (mbar@mech.pk.edu.pl), Cracow University of Technology, Poland
Romanowicz, Pawel (promek@mech.pk.edu.pl), Cracow University of Technology, Poland
Nowadays multilayer composite materials are widely used in the construction of various types of machinery and equipment, for example: aircrafts, boats, turbine blades.
Very often the elements, which are made of composite materials, are subjected to cyclic loads. In the isotropic materials, like structural steel, the fatigue damage can be
observed as a crack or delamination growth. This type of failure can be relatively easy discovered by the visual inspection. Unfortunately, the fatigue phenomenon in fiber
composite materials has much more complicated character. The fatigue damage can take the following forms: matrix cracking, matrix and fiber debonding, fiber breakage
and delamination between layers. The mentioned above types of damage are very difficult to detect. For this reason it is necessary to develope effective nondestructive
methods for the early detection of fatigue damage of any kind. The main goal of the presented work is to study the variations of the natural frequency and the mode shape of
the cylindrical composite panel with delamination in comparison with the intact structure. Moreover, the influence of the boundary condition on the natural frequency and the
mode shape are also investigated. The simulations are conducted with the use of commercial finite element package ANSYS12. The different finite element model of the
fiber composite cylindrical panel as well as the different numerical model of delamination is studied.
3865 | Discrete optimization of composite structures (64. Modern trends in investigations of composite structures (Alexander Muc))
Muc, Aleksander (olekmuc@mech.pk.edu.pl), Cracow University of Technology, Poland
The superior mechanical properties of composite materials such as high stiffness, weight ratio and anisotropic properties that can be tailored through the variation of fiber
orientations and stacking sequence give the designer an added degree of flexibility. It requires an application of optimization methods. For many design problems using 2D
approach (beams, plates, shells), most notably for ones where stiffness requirements dominate, there are multiple designs with similar performance. These designs may
have very different stacking sequences but very similar or almost identical values of stiffnesses [A] and [D]. In such cases it is important to produce all or most of the design
alternatives. A special type of new, continuous design variables is introduced in order to find optimal solutions for discrete fibre orientations. For the buckling analysis as two
or three different fibre orientations are considered optimal solutions can be found in an analytical way only. For higher number of discrete fibre orientations a special
optimization algorithm based on the evolution strategy is used to solve the combinatorial optimization problems dealing with the optimal design of the laminate stacking
sequence. The analysis is conducted on the example of simply supported rectangular multilayered composite plates subjected to buckling and FPF (First-Ply-Failure)
constraints. The results demonstrate the effectiveness, simplicity and advantages of the use of continuous design variables.
3857 | Effective material constants of carbon nanotube/polymer composites (64. Modern trends in investigations of composite structures (Alexander Muc))
Chwal, Malgorzata (mchwal@pk.edu.pl), Cracow University of Technology, Poland
Muc, Aleksander (olekmuc@mech.pk.edu.pl), Cracow University of Technology, Poland
The evaluation of material constants for nanocomposites reinforced with carbon nanotubes was studied. The main goal of the paper was to calculate the Young's and
Kirchhoff's moduli and Poissonʼs ratios for the carbon nanotube/polymer composites using representative volume element (RVE) with the help of the continuum mechanics
and the finite element method (FEM). It was assumed that carbon nanotubes were align and uniformly distributed in a polymer matrix. Besides, the perfect bonding between
carbon nanotubes and the matrix were considered. In order to describe the nanocomposites the transversely isotropic model of the body was assumed. The spatial RVE
having the square cross section both for long and short carbon nanotubes was prepared. The shell model of carbon nanotube embedded in the polymer matrix was applied
in the RVE. The transversely isotropic body was described with the help of five independent constants, namely E1, E2, G12, n12, n23 where index 1 denotes the direction
parallel to the nanotube and 2-3 is the isotropy plane. The material constant may be obtained with the help of five independent numerical loading tests, e.g. uni-axial tension
tests and shear loading perpendicular and parallel to the carbon nanotube axis, and radial compression test. Summarizing, the use of the RVE and the FE method in the
nanocomposites analyses is a promising tool in the material constants computations.
3859 | Experimental verification of damage for composite multilayered cylindrical panels (64. Modern trends in investigations of composite structures
(Alexander Muc))
Stawiarski, Adam (asta@mech.pk.edu.pl), Cracow University of Technology, Poland
The damage index distribution based on the probabilistic measure of damage can be used to describe a type, localization and size of the defect in the structure. In this study
the comparative analysis of the different damage index definitions based on root mean square, variance, correlation etc. has been applied to composite cylindrical
multilayered structures. The damage detection analysis is also conducted experimentally with the use of piezoelectric elements. An effective algorithm of acquisition,
conversion and interpretation of measured data is taken into account to verify the effectiveness of the damage detection method. The excitation signal is generated by
piezoelectric actuator controlled by the analyzer and then a multipoint measuring system collects the dynamic response of the structure. A comparison of wave propagation
in intact and delaminated panels and wave disturbance phenomena are used to localize and estimate the size of the defect. The finite element Ansys package is applied to
observe wave propagation phenomena with the purpose of comparison numerical and experimental results. A different type of the damage (delamination, crack,) is taken
into account to determine the efficiency of the proposed damage detection algorithm for composite curved structures.
3861 | Multiaxial fatigue strength of composite laminates (64. Modern trends in investigations of composite structures (Alexander Muc))
Romanowicz, Pawel (promek@mech.pk.edu.pl), Cracow University of Technology, Poland
Barski, Marek (mbar@mech.pk.edu.pl), Cracow University of Technology, Poland
The failure models of composite materials have different and complex forms. In the case of cyclic loadings the matrix and fiber microcracking, inter-ply delamination, first-plyfailure (FPF), fiber/matrix split can occur. These mechanisms cause reduction and changes of strength, stiffness, the effective moduli and fatigue resistance of composite
structure. Moreover, degradation of the material also depends on some parameters such as: layers orientation, matrix and fiber material constants. The main goal in the
author's investigations is to predict whether and in which manner failure might occurs. Two different types of fracture criteria can be used in such problems. One of them is
mean stress criterion proposed by Whitney. This criterion can be easily implemented to numerical codes. Other types of failure criteria (i.e. critical energy release rate) are
based on stress intensity factor (SIF) or J-integral.
Theoretical and numerical analysis of such problems can be performed using above criteria or FE codes and different method such as virtual crack closure technique,
extended finite element method, discrete cohesive zone or variational cohesive method. In the work, the influence of different crack shapes and sizes at critical loadings and
failure processes in the composite panels subjected to bending and tension are investigated. The numerical analysis is conducted using numerical finite element method
(ANSYS).
3862 | Study on delamination propagation in composite curved panels subjected to compressive load by the active thermography (64. Modern trends in
investigations of composite structures (Alexander Muc))
Muc, Aleksander (olekmuc@mech.pk.edu.pl), Cracow University of Technology, Poland
Pastuszak, Przemyslaw D. (przemekpastuszak@gmail.com), Cracow University of Technology, Poland
Delaminations cause a considerable reduction in compressive strength of composite materials. Mainly they result from the impact damage or the manufacturing processes.
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Delaminations cause a considerable reduction in compressive strength of composite materials. Mainly they result from the impact damage or the manufacturing processes.
The aims of this study are following: to locate the delamination (both artificial and developed during the test) and to investigate the mechanism of the damage propagation by
the infrared thermography. Additionally, parameters that determined the damage propagation are evaluated. Two cases are considered: the unloaded structure and the
loaded one.
The specimens are manufactured from 8 woven plies glass/epoxy composite. Many applications of composite structures have curvature; therefore the geometry of the
investigated specimens is cylindrical. Various artificial delaminations (sizes and thicknesses) are inserted in the middle of the laminate specimens.
Infrared non-destructive techniques are effective tool for detection, localization and evaluation of defects in composites. Furthermore, the development of cracks can be
inspected.
4351 | A Building Block Approach for Testing and Evaluating the Performance of an Integrated Lattice Fuselage Section (65. WASIS project - Wafer design
Approach for Safety Increasing in worst case Situations minimizing joints (www.wasis.eu) - (Hugo Faria))
Giannis, Stefanos (sgiannis@merl-ltd.co.uk), MERL Ltd., United Kingdom
Frenz, Sabine (sfrenz@merl-ltd.co.uk), MERL Ltd., United Kingdom
Araujo, Blanca (blaara@cidaut.es), CIDAUT, Spain
Composite materials are nowadays extensively used in aeronautics with Boeingʼs 787 Dreamliner and Airbusʼs XWB 350 being the leading examples. However, the design
of primary composite structures follows somewhat traditional methodologies with spars and ribs acting as the stiffening and load carrying media. The WASIS project aims to
develop a composite fuselage structure based on the lattice stiffening concept, thus optimizing geometrical and mass characteristics of transition zones of fuselage structural
joints. The Piaggio P180 Avanti aircraft was used as the basis for geometry and load definitions.
The design methodology and the selection of the manufacturing approach are complemented with a test programme that aims to evaluate the performance and validate the
design of the lattice stiffened composite structure. A testing building block approach was devised following established procedures highlighted in MIL HDBK 17 for a small
business aircraft. The approach comprised four levels, with the material tests at a lamina and laminate level being at the bottom of the testing pyramid and the full section
test at the very top. In this paper, the principles of generating the building block pyramid are presented and comprehensively discussed. Test results for the lower parts of the
pyramid are also presented with the emphasis on generating design allowables, characterising the different manufacturing processes and performing non-standard tests to
feed into the design process.
4344 | Crash Landing Performance of an all-composite wafer fuselage section (65. WASIS project - Wafer design Approach for Safety Increasing in worst case
Situations minimizing joints (www.wasis.eu) - (Hugo Faria))
Kotzakolios, Thanasis (kotzakol@mech.upatras.gr), Applied Mechanics and Vibrations Laboratory,Department of Mechanical Engineering & Aeronautics, University of
Patras , Greece
Vlachos, Dimotris (vlahos@mech.upatras.gr), Applied Mechanics and Vibrations Laboratory,Department of Mechanical Engineering & Aeronautics, University of Patras ,
Greece
Kostopoulos, Vassilis (kostopoulos@mech.upatras.gr), Applied Mechanics and Vibrations Laboratory,Department of Mechanical Engineering & Aeronautics, University of
Patras , Greece
Analytical/numerical methods can be used for the crashworthiness design process in order to preliminary evaluate aircraft dynamic crash loads and consequently predict
occupant probability of injury. As a result of the challenge for more affordable, cleaner and safer air transport, composite materials are increasingly used in aerostructures.
Despite this large step in the field of materials, current composite aircraft still follow the so called “black aluminum” approach which is not fully exploiting the advantages of
composite materials. The main result of this approach is that weight reduction is only partially achieved. A promising concept regarding all-composite aerostructures is the
lattice stiffening concept where the skin and reinforcements are produced by single winding or fiber placement process (anisotropic grid structure). Lattice stiffened
structures, initially developed for spacecraft, are under consideration for being introduced in primary aircraft structures, due to the fact that studies have shown a
considerable weight decrease compared to conventional frame-stringer stiffened aircraft structures. In this work, the process of investigating the crash landing performance
of an all composite wafer fuselage section is described. The performance of the structure, in terms of accelerations experienced by the passengers, is evaluated and crash
energy absorbing mechanisms are demonstrated.
4347 | DEVELOPING OF NOVEL WAFER COMPOSITE STRUCTURE OF AIRPLANE FUSELAGE SECTION (65. WASIS project - Wafer design Approach for Safety
Increasing in worst case Situations minimizing joints (www.wasis.eu) - (Hugo Faria))
Kryvenda, Sergey (spk_65@mail.ru), National Aerospace University "KhAI", Ukraine
Taranenko, Igor (igoregor@mail.ru), National Aerospace University "KhAI", Ukraine
Pavlov, Leonid (lpavlov@atg-europe.com), AOES Technology Group , Netherlands
Current experience of composites application in aircraft structures has shown their relatively low weight efficiency because conventional load-carrying schemes of aircrafts
canʼt realize fully main composites advantages – high specific strength and modulus.
The main idea of the project is the development of an airplane integral fuselage section with a load-carrying scheme that takes into account the high specific characteristics
of UD composite. The composite section has been developed to be supported on edge attachment frames that will be embedded to section at the process of winding.
Based on predefined operational loads, structural and manufacturing restrictions and overall dimensions of the real aircraft the analytical model of wafer fuselage section
consisting of spiral and hoop ribs system was developed. Using this model geometrical parameters of ribs at regular zone of fuselage section were determined. Obtained
results agree very well with previous experience of isogrid structures found in bibliographic references.
These results have also been analyzed by finite element methods. Different models were implemented to study the structureʼs static behavior and afterwards the influence of
various failure indexes was assessed.
The unique feature of the project is getting practical solutions of efficient load transferring from composite ribs to edge attachment frames. These solutions are based on
application of micro-elements in special semi-loop joint.
4345 | Hail impact damage of all-composite wafer aircraft panels (65. WASIS project - Wafer design Approach for Safety Increasing in worst case Situations
minimizing joints (www.wasis.eu) - (Hugo Faria))
Kotzakolios, Thanasis (kotzakol@mech.upatras.gr), Applied Mechanics and Vibrations Laboratory,Department of Mechanical Engineering & Aeronautics, University of
Patras , Greece
Vlachos, Dimitris (vlahos@mech.upatras.gr), Applied Mechanics and Vibrations Laboratory,Department of Mechanical Engineering & Aeronautics, University of Patras ,
Greece
Kostopoulos, Vassilis (kostopoulos@mech.upatras.gr), Applied Mechanics and Vibrations Laboratory,Department of Mechanical Engineering & Aeronautics, University of
Patras , Greece
Composite lattice type structures have the advantage of high weight efficiency due to the use of unidirectional load carrying elements that lead to higher specific strength and
stiffness, compared to contemporary composite structures. Aeronautical structures are often subjected to loads, such as impact, that often lead to damage. This fact, leads
to design allowables for composites that are often 50-60% of the composite material failure strains. However, this practice is applied for conventional composite panels that
follow the frame-stringer-skin approach where their damage tolerance characteristics are well studied. The damage tolerance of wafer and grid stiffened structures in general
has not yet been studied in enough detail. In this work, the hail impact damage of composite wafer structures is numerically modeled. The damage modes that are created
on the structure are identified and the damaged structures are subjected to quasi-static loads in order to quantify the reduction of their ability to carry loads. The same
procedure was followed for a conventional composite panel that follows the “black aluminium” approach and it was used as a reference.
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4346 | MANUFACTURING OF SELF-STIFFENED COMPOSITE CYLINDERS WITH INTEGRATED LATTICE STRUCTURE THROUGH FILAMENT WINDING (65. WASIS
project - Wafer design Approach for Safety Increasing in worst case Situations minimizing joints (www.wasis.eu) - (Hugo Faria))
Cerqueira, Jos? (jcerqueira@inegi.up.pt), INEGI - Institute of Mechanical Engineering and Industrial Management, Portugal
Faria, Hugo (hfaria@inegi.up.pt), INEGI - Institute of Mechanical Engineering and Industrial Management, Portugal
Funck, Ralph (funck@circomp.de), CirComp GmbH, Germany
Composite lattice structures have been gradually introduced into aerospace and aeronautic applications. Their favourable stiffness-to- and strength-to-weight overall ratios
allow for significant weight reductions and material savings, thus enforcing their attractiveness. Within the scope of the WASIS project, a wafer-like integrative approach is
considered in which a patterned network of stiffening ribs and the cylinder skin are jointly manufactured. Such integral composite structure avoids additional interface and/or
joining elements.
Although the main advantages of this approach seem clear, the few studies conducted by other authors in the past were based on idealized and/or coupon like test
specimens. Therefore, both the structural ability and the manufacturability were not fully assessed, since the continuity of the long fibres and the practical issues related to
the real manufacturing process were not accounted in.
In order to overcome these knowledge gaps, a cylindrical fuselage section was designed and its manufacturing implemented. Due to its high productiveness, continuous
nature and applicability to the designed geometry, the filament winding technique was selected and studied in detail. In this paper the challenges in the manufacturing
process are discussed together with the results of the winding trials conducted. Features such as the accommodation of the fibres, crossing points, interface attachments
and physical restrictions are specifically addressed.
4336 | PREPREG LAY-UP TECHNOLOGY FOR MANUFACTURING OF LATTICE STRUCTURE FUSELAGE SECTIONS (65. WASIS project - Wafer design Approach
for Safety Increasing in worst case Situations minimizing joints (www.wasis.eu) - (Hugo Faria))
Mack, Jens (jens.mack@ivw.uni-kl.de), Insitut fuer Verbundwerkstoffe GmbH, Germany
Mitschang, Peter (peter.mitschang@ivw.uni-kl.de), Insitut fuer Verbundwerkstoffe GmbH, Germany
Within this European funded project a lattice fuselage structure should be manufactured. This could be the next step for a new aircraft design. The manufacturing of a lattice
structure using the automated fiber placement technology implies some challenges. The crossing section (of two or more ribs), or the connection of the ribs to an attachment
frame, was analyzed. As material the MTM 44-1 from CYTEC (formerly ACG) was chosen to cure the material without an autoclave (Out of Autoclave).
With the chosen process, not every rib geometry (e.g. tri-angle) can be manufactured. A draft angle from 1° is for a homogeneous tape width possible.
Crossing points are significant for lattice structures and represent a challenge for the chosen placement technology. Different solutions with cut fibers and with continuous
fibers were analyzed. The results show high differences of the geometry and the mechanical tensile strength.
The rib structure and the skin should be manufactured in one step which results in a complex metallic or in a removable lay-up tool. To solve the tooling problem (undercut)
different silicon geometries were analyzed.
To transfer loads at the end of a section material is layed around reels. For the material compaction different silicon compression pieces were analyzed.
Different test samples and one big fuselage section should be manufactured and will be tested from a project partner.
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