American Society for Composites

22" Technical Conference of the
American Society for Composites
2007

“Composites: Enabling a New Era in Civil Aviation”

September 17-19, 2007
Seattle, Washington, USA

Volume 1 of 3

Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571
www.proceedings.com

ISBN: 978-1-60423-966-9

Some format issues inherent in the e-media version may also appear in this print version.



Proceedings of the American Society for Composites

DEStech Publications, Inc.
1148 Elizabeth Avenue #2
Lancaster, Pennsylvania 17601 U.S.A.

Copyright © 2007 by DEStech Publications, Inc. and
American Society for Composites. All rights reserved

No part of this publication may be reproduced, stored in a retrieval system, or
transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of the publisher.

Printed in the United States of America
10 9 8 7 6 5 4 3 2 1

Main entry under title:
Proceedings of the American Society for Composites—Twenty-First Technical
Conference

ISBN No. 978-1-60423-966-9

The papers contained in these Conference Proceedings are published with the
permission of the individual authors who are solely responsible for their content.
Permission for publication outside of this Conference Proceedings must be given
by the authors and Publisher.

The American Society for Composites and the Publisher assumes no
responsibility for the accuracy or use of the information presented in these
papers, and hereby disclaims all liability in connection therewith.



American Society for Composites

22" Technical Conference of the American Society for Composites
2007

TABLE OF CONTENTS

VOLUME |

T. K. O'BRIEN HONORARY SYMPOSIUM

An Approach for Assessing Delamination Propagation Capabilities in

Commercial FiNite EIEMENT COUES ....uuuuuiiiiiiiiiiiiiiiiiiiiiuieiererarer e ————————————————————————————————————————.. 1
R. Krueger
Delamination Resistance Testing of Glass-Fiber Composite Laminates...........cccooccvvvvveereeenennns 24

A. J. Brunner, G. P. Terrasi

Micromechanics-Based Simulation for the Fracture of Composite Materials with
Cohesive/Volumetric Finite-Element SCheMES.......ccoociiiiiiii e 39
M. Nishikawa, T. Okabe, N. Takeda

Structural Response of CoOmposSite TruSS BEAMS ....coceviiiiiiie e 59
C. A. Rojas, K. A. Syed, W. S. Chan

Orthotropic Laminates Under Torsional Loading: A ReVISIt ..o 69
J. M. Whitney, R. A. Brockman

An Assessment of Fatigue Limit Predictors of Graphite/Epoxy Co-Cured
Composite Joints Through Quasi-Static Acoustic Emission Count Peaks............cccccvvveeeeennnns 81
X. Tan, E. Armanios

Total Fatigue Life Modeling for Composite Laminates Under Mode | Loading .....ccccccceevvnvveeee. 97
K. Shivakumar, H. Chen, F. Abali

FEA Simulation of Fracture in Z-Pinned COMPOSILES .......cccoiuiiiiiiiiiieiiiee e 115
K. C. Indermuehle

Torsional Response of Elliptical Composite CyliNAers ..........ueeeiiiiiiiiiiiie e 126
W. T. Haynie, M. W. Hyer

Testing and Modeling of Fracture Toughness of Particle Reinforced Composites................. 127
B. Boesl, B. V. Sankar, G. R. Bourne

Elastic Response and Failure Studies of Multi-Wall Carbon Nanotube Twisted
2 10 1 T PP O PP P P PTPPPPPI 140
T. S. Gates, G. D. Jefferson, S. J. V. Frankland

A Double-Blind Correlation Study for the Test and Analysis of the Single Leg
27=T o Yo I OXo U] oo o FUR SO PPU PP PTPRTN 155
L. Deobald, G. Mabson, D. Graesser

EDUCATION

A Standard for Compaosite Repair Technician Training ......ccccccceeeeeeiiiiiiiiieeee e 175
C. Hockings

The OIT-Boeing Composite Certificate Program .........cccceeeiecciiieiieeeeescciieieee e e cseeeee e e e e 185

P. B. Stickler, D. McCarville, M. Richey, N. Mead, D. Teifel, M. Graves, S. Lee



Materials Core Competencies for TEChNICIANS .......coccviiiiiiie e 195
G. E. Fusch, M. Cossette, T. G. Stoebe

Course Development: Critical Composite Maintenance and Repair ISSUES ...........coevcuvvieeeennnn. 205
C. Seaton, C. Davies, L. licewicz

Nanotechnology EAUCAtion @t BOBING ......c.uuviiiiiiiae it e e e 226
V. Dang, R. Maguire, M. Richey, K. Riley

Composite Education Through Industry/Academia Partnership........ccccccoovviiineeieciiicciinnennn. 239
K. B. Das, M. Richey

An Archytypical Pedagogy for Aerospace Education: A Boeing Company Pilot..................... 252
T. K. O'Mahony

Development of an Introductory Graduate Course in Crashworthiness..........ccccoeccviveveeennnns 268
D. C. Fleming

Education Regarding Stress Concentrations Around Holes in Anisotropic Plates ................ 283
S. Koussios, A. Beukers, O. K. Bergsma

Impact of Experimental Modules on the Student Learning in a Mechanics Course................ 302
N. Gupta

LAMINATE BEHAVIOR AND ANALYSIS METHODS

Auxetic Viscoelastic Curved Sandwich Panels with Designer Functionally Graded

Materials Tailored to Minimize Creep Buckling Failure Probabilities.........ccccccccoviiiiinnnennnnns 314
H. H. Hilton

Analytical and Finite Element Solutions for Spring-in of Curved Composites .........c.cccceeuveee.. 334
M. R. Wisnom, N. Ersoy

Probabilistic Usage of the Multi-Factor Interaction Model .........cccooeeiiiiiiinii e 346
C. C. Chamis

Stress Analysis of Thick Composite Laminates Using a Higher-Order Shear and

Normal Deformable Plate Theory (HOSNDPT) and a Meshless MLPG Method with

Radial BASIS FUNCLIONS ....ciiiiiiiiieiiie ittt ettt s b et e snn e e snb e e e nnne e e nee e e 363
D. F. Gilhooley, J. R. Xiao, R. C. Batra, J. W. Gillespie Jr., M. A. McCarthy

Failure Initiation under Transverse Loading in a Ductile Matrix Unidirectional
(@0 1 0] o o 1= 1 (=SSP 382
D. C. Foster, G. P. Tandon, M. Zoghi

Multiaxial Strength and Stiffness Degradation of Glass/Epoxy COmMpPOSite .......ccceevvivieeennnnn 383
L. Mailly, F. Wang, S. S. Wang

Damage and Permeability Prediction in Composite Laminates with Stitch Cracks ................ 403
J. Xu, B. V. Sankar

The Role of Material Anisotropy in the Optimal Design of Cylindrical Composite
PrESSUIE VESSEIS oottt e e e e e e et e e e e e et e et e e e e e s tes bbb eeesesessbaaasesesesensrees 420
S. Koussios, A. Beukers, O. K. Bergsma

Reliability of Composite Structures with Damage Growth Consideration............cccccccvvveeennnnns 439
C. H. E. Cheung, A. V. Styuart, K. Y. Lin



Investigation of the Pumping Action of a Hyperbolic Composite Shell Structure
Using the B-spline Collocation Method ...........eeiiiiiiiiiiiiiic e 451
H. Ghoneim

Interfiber Orientation and Volume Fraction Effects in Electronic Composite
ST oX= 1o E- IR UPPPPPPPPPPPRE 466
A. Khalilollahi, R. L. Warley

Detecting and Analyzing Nonuniformity in Mechanical and Thermal Properties of
COMPOSITE LAMINALES .. ...ttt e et e et e e e e e bbb e e e et e e e s e e aanbbeeeeeaeeesasnnnbaeeaaaaaas 479
B. P. Smarslok, C. Gogu, R. T. Haftka, P. Ifju

Worst-Case Effects on Thermal Buckling of Spatial Variability in Material
[ 0T o T=T o (=TSRSS 494
C. Gogu, B. P. Smarslok, R. T. Haftka, B. V. Sankar

Unsymmetric Composite Laminates Morphing via Piezoelectric Actuators ........ccccceveveeennnnns 513
S. A. Tawfik, D. S. Dancila, E. A. Armanios

Design of Hygrothermally Stable Laminated Composites for Extension-Twist
(60101 o] 11 o FOT O O P PP PP TPPPPN 533
R. J. Cross, R. A. Haynes, E. A. Armanios

Multi-Scale Modeling of Ballistic Impact onto Woven FabriCS......ccccccviiiiiiiiiiiiiiiiiiieeeeeeee 543
M. P. Rao, M. Keefe, B. M. Powers, T. A. Bogetti

Buckling of Long Clamped Anisotropic Plates under Compression .......cccccceeeeeiiiiiinieeeeeeeeennns 561
P. M. Weaver

Experimental Investigation of Interface Failure in a Discontinuous Sandwich
SETUCTUTE i ettt ettt e e e e oottt e e e e e e e s b e e e et e e e e e e s b b e e et e e e e e e s n b nbe e e e e e e e e aarereeeeeeas 571
A. Gawandi, J. W. Gillespie Jr.

A Three-Dimensional Damage Mechanics Model for Composite Laminates under
Transverse IMPACt LOAMINGTS . ...uueiiiiieiiiiiiiii ettt ettt e e e e e e st e e e e e e e s s s nnbaeeeeaaeaeaaanne 581
J. R. Xiao, J. W. Gillespie Jr.

Numerical Simulation of the Impact Resistance Improvement of CFRP Laminates
Due to Through-the-Thickness StitChing .....cceviiiiiiiiii e 601
A. Yoshimura, T. Nakao, N. Takeda

Three-Dimensional Quadratic Failure Criteria for Thick Composites Using the
Direct MicromechaniCs MEthOd .........covi oo e e e e e e e e e e 612
C. Stamblewski, B. V. Sankar, D. Zenkert

Modeling the Ballistic Penetration of Thick-Section Composites and Sandwich
Y Lo A0 = PSSP 632
B. A. Gama, J. W. Gabrys

A Comparison of Composite Failure Theories Through the Numerical Reduction
of an Efficient Test Database Part I: Failure within the Matrix Phase ............ccocccevvieiiiiinenenne 645
J. H. Gosse, S. Christensen, Q. Yu

A Comparison of Composite Failure Theories Through the Numerical Reduction
of an Efficient Test Database Part Il: Failure within the Fiber Reinforcement Phase.............. 662
J. H. Gosse, S. Christensen, Q. Yu

Failure Analysis of Open-Hole Tension (OHT), Open-Hole Compression (OHC),
and Pin-Loaded (PL) COMPOSIte LAMINAIES ......cuuviiiiiiiiieiiiiie ettt 672
T. E. Tay, G. Liu, F. Shen, V. B. C. Tan, H. E. Chua



A Review of Damage and Failure Modeling for Composites by the Peridynamic
I 10 /OO 691
J. Xu, A. Askari, O. Weckner, H. Razi, S. Silling

CRASHWORTHINESS

Composite Crash Box: RTM Fabrication and Dynamic Axial Crush Performance.................. 704
A. L. Browne, N. L. Johnson, M. E. Botkin, S. A. lobst

Strain Rate Effects on the Compressive Behavior of COmMpoSIiteS.......ccccevcviveeeeecveccciivneeenn. 722
J. F. Acosta, K. S. Raju

Efforts in the Standardization of Composite Materials Crashworthiness Energy
N o 1= 1 o 1€ o o SRS 741
P. Feraboli, F. Deleo, F. Garattoni

Modeling Energy Absorption with a Damage Mechanics Based Composite
oY= = Y, Lo o = 760
X. Xiao

VOLUME I

The Fiber Fragmentation Testing Methodology: New Insights into the Statistics of
Sequential Fragmentation . ... e e s ae e 761
G. Holmes, W. McDonough, J. Kim

CHARACTERIZATION AND PROCESSING

Recent Developments in 3D Woven Pi Preforms ... 777
J. Goering, M. McClain

Influence of Tow-Drop Areas on the Strength and Stiffness of Tow-Placed,
Variable-StiffNesSS LamiNaleS ........uiiiii et e e e e s e e e e e e e e e eanes 790
P. J. Kromwijk, A. W. Blom, C. S. Lopes

Evaluation of a Highly Anticlastic Panel with Tow OVerlaps......cccccccciiiiiiiiiiiie e 810
K. C. Wu, Z. Gurdal

Lamina Variability Method for Determining Laminate Basis Values .........cccccccccovviiiiiienneeennins 830
P. Shyprykevich, W. Seneviratne, J. Tomblin

Evaluating the High Rate Behavior of a Shear Thickening Fluid (STF)......cccoceiiiiiiiiiiiieeenn 845

A. S. Lim, S. L. Lopatnikov, J. W. Gillespie Jr.

Minimizing Camber by Controlling the Influence Factors in Powder Processing of
Zirconia/Alumina Functionally Graded Material ..o 859
L. Sun, A. Sneller, P. Kwon

A Re-Look at the DMA Testing of Fiber Reinforced COmpoSItes .......cccccceeeeiiiiiiiiieeec e 870
G. Swaminathan, K. N. Shivakumar

The Influence of Powder Properties on Sintering Behavior: Alumina Powder
QAU T =TSV (=1 o SRS PPRESR 888
L. Sun, A. Bone, A. Sneller, P. Kwon

Mechanical Properties of PP Knit Fabric/Foamed PP COmMPOSItes .......cccceviviieiiiiiie i 909
A. Odawara, A. Nakai, H. Hamada, Y. Tanaka, M. Nomura



Fracture Toughness Enhancement of Fly Ash Based Eco-Core by Glass Fiber
=TT o (o= 0 = o | PP 919
R. Panduranga, L. Russell Jr., K. N. Shivakumar

Multi-Scale Analysis of Diffusivity in Polymers and Polymeric Matrix Composites................ 929
Y. T. Yu, K. V. Pochiraju

A Parametric Study of Fracture Toughness of Foams with Tetrakaidecahedron
L] 1 = | £ RO PU P UOUPUPTR 949
J. Wang, B. V. Sankar

HYBRID LAMINATES

The Shear Properties of Carbon/Carbon Composites with Flat Braided
=TT o (o= 0 = o | PP 966
M. S. Aly-Hassan, Y. Kobayashi, A. Nakai, H. Hamada, H. Hatta

Fatigue Damage Development of Open-Hole Ti/GFRP Laminates.........ccccovcviveiniiiie e 976
T. Kosaka, H. Nakatani, J. Oki, K. Osaka, Y. Sawada, T. Okabe

Impact Damage in GLARE Laminates: Experiments and Simulation ..........ccccccoviiiiiiieiinnnnnn. 987
H. S. Seo, H. T. Hahn, J. M. Yang

Evaluation of Crack Growth Characteristics in Hybrid Titanium Composite
Laminates Via INn-Situ Radiographiy ... e e e e e e e e e e 999
W. S. Johnson, M. W. Hammond

Hole Quality in Drilling of Hybrid Titanium Composite Laminate (HTCL)..........cccccvvveveeernnns 1017
D. Kim, M. Ramulu, J. Jang

Bearing Strength Analysis of Hybrid Titanium Composite Laminates ..........cccceccvvvvvereeennnnnns 1027
J. Hundley, J. M. Yang, H. T. Hahn

Dynamic and Quasi-Static Stab Resistance of Thermoplastic and Silica-
Polyethylene Glycol Gel INnfused FaDIiCS .......ooiiiiiiii e 1047
M. B. Jessie Jr., M. V. Hosur, S. Jeelani

Fatigue Crack Growth Behavior of Notched Fiber Metal Laminates Under

0o Y a[S =T oY 7N ] o] TR {0 Lo L3N o = To 11 o Yo [ PR 1057
P. Y. Chang, J. M. Yang
Modified Exit-Ply Delamination Model for Drilling FRPS ... 1069

S. Gururaja, M. Ramulu

APPLICATIONS

Process Analysis and Tool Compensation for a Complex Composite Panel......................... 1083
G. Fernlund, A. Floyd, M. Shewfelt, M. Hudek

Composite Materials for Structural Landing Gear COMPONENTS ......ccoeeiiiiiiiiiieieeeeeiiiiiieeeenn 1095
P. Vergouwen, M. Smeets, T. Sijpkes

Static Response of a Composite Wing Under a Whiffletree Loading.........ccccoceveeeiiiiciinnnnnnnn. 1106
R. W. Sullivan, Y. Hwang, M. Rais-Rohani, T. E. Lacy, P. Wiwattananon

Flexible Surface Deturbulator to Enhance Lift to Drag Ratios of Airframes..........ccccccceeeenn. 1124
S. K. Sinha



Process Development Issues of Glass-Carbon Hybrid Reinforced Polymer
Composite WIind TUurbing Blatdes........uuuiiiiii it e s e e e e e e nnnrnee s 1135
S. Sharma, K. K. Wetzel

THERMOPLASTICS

Enhancing the Surface Finish of LFT Compression Molded Parts .........cccccciiiiiiiiiiiiinnnne 1147
J. Ravine, P. Das, C. Pung

Induction Consolidation of Thermoplastic Composites Using Smart Susceptors................ 1166
M. R. Matsen, K. E. Peterson

Study of Compressibility and Resin Flow in the Development of Thermoplastic
Matrix Composite Laminates by Film Stacking Technique ........cccccceevviiciiiiene e 1177
G. S. Agarwal, G. Reyes, P. K. Mallick

Thermal Mechanical Testing of Low Density Thermoplastic Foam.........ccccoccevviiiiieinieeennen 1192
J. C. Guzman, D. A. McCarville, D. M. Rotter

DAMAGE TOLERANCE

Prediction of Low Velocity Impact Damage in a Composite Sandwich Using a
Progressive Failure MethodOlogy ... 1206
J. Rome, P. Schubel, V. Goyal

A Robust and Autonomous Impact Detection System for Composite Structures................. 1223
S. Beard, R. Ikegami, A. Kumar, F. K. Chang

Effects of Fiber Geometry on Energy Absorption of Arched Composites .........ccccvveeveeeennns 1235
E. R. Shakour, P. A. Ropp, P. J. Schulz, D. Liu

Damage Detection of CFRP Using Electrical Resistance Changes with
TEMPEIATUIE RISING .eeeiiiiiiiiiei ittt ettt et e et e e e st b e e e s anbb e e e s anb e e e e anbeeeeennes 1248
K. Takahashi, A. Todoroki, Y. Shimamura, A. lwasaki, R. Matsuzaki

Damage Tolerance Analysis of Composite Laminate StruCtures ..........cccoeeveeeiiiiiiiiiiieeeeeeenne 1262
H. Razi
Nondestructive Inspection of Composites Using Step Heating Thermography .................... 1281

A. A. Badghaish, D. C. Fleming

Impact Damage Monitoring of Sandwich Structure by Distributed Strain
Measurementwith cm-Order Spatial RESOIULION .........uvviiiiei i 1300
S. Minakuchi, Y. Okabe, N. Takeda

Monitoring Anisotropic Oxidation Growth in High-Temperature Polymer Matrix
(00] 401 o To ] =3 T PO PP PPPPPPPPPPURP 1313
G. P. Tandon, W. R. Ragland, G. A. Schoeppner

Finite Element Design and Analysis of a Damage Prone Bonded Patch for
Disbond Sensing APPHCAtIONS ....uuiiiiiiic e e e e e e e s e e e e e 1328
G. Renaud, M. Martinez, D. Backman

BONDED JOINTS AND REPAIRS

Characterization of the Effect of Environmental Degradation on Interlaminar
Strength of Carbon/EPOXY COMPOSITES ...icciiiiiiiiiiiiie et e e e e e e s e nrraee s 1343
S. Goruganthu, J. Elwell, A. Ramasetty, A. R. Nair, S. Roy, A. Haque, P. K. Dutta, A. Kumar




Effect of Surface Preparation on Environmental Durability of Adhesive-Bonded
MELAIIIC SUITACES ..oii i i ittt e e e e e e e e e s e st e e e e e e s e s as e e e e aeeesnannntannneeeens 1358
P. Jadhav, D. Molligan, S. Andersen, J. W. Gillespie Jr., R. Hathaway

Effects of Gas Turbine Lubricant and Thermal Cycling on Mechanical Properties
of T650 Carbon/PT30 Cyanate ESter COMPOSITE ....ueiiiiiiiiiiiiiiiiiie et 1372
H. Chen, K. Shivakumar

Mechanical Characterization of Adhesively Bonded Metallic Insert Joints in Vinyl
Ester-Balsa Core SandwWiCh PanelS.........c.uiiiiiiiiiiiiiiie ettt e 1390
P. Jadhav, A. Quabili, D. Molligan, S. Andersen, J. W. Gillespie Jr.

A Common Analysis Capability for Structural REpPair..........cccvvveiiieeeii e 1405
P. M. Cayton, R. L. Keller

Patch Aspect Ratio and Load Attraction in Bonded Composite Repairs of

COMPOSITE SIIUCTUIES ...eiiii ittt ettt e e s bbbt e e s bbbt e e s kbb et e e eabb e e e e anbbe e e e annnneeas 1416
J. J. Wang

Accelerating Degradation in Composites and Their ADhesSiVes ... 1425
L. V. Smith

A New Analytical Method for the Analysis of a Scarf or Multiple-Step Joint Under

LCT=T =T = 1B o = To 11 o Yo SRR 1442
C. N. Duong

Investigation of the Certification Process for Primary Bonded Structures.........ccccccceveeeennns 1460

A. M. C. Rasschaert

Prediction and Measurement of Residual Strains for a Composite Bonded Joint ................ 1474
G. A. Schoeppner, D. H. Mollenhauer

Crack Growth Prediction Methodology for Composite REpairs.......ccccceevviiiiiiiieiii e 1487
S. Rajaratnam, E. B. Kebadze, X. Wang

Bondline Thickness Dependent Mixed Mode Fracture of Adhesive Joints..........cccccceeeeeene 1498
H. Kim, T. T. Khoo

Effects of Thermal Conditioning on Adhesively Bonded Joint Strength...........ccccovveeeenis 1518
S. H. Kiefer, K. T. Kedward

VOLUME IlI
Ramp Damage Checker—Line Maintenance Damage Mapping Device ..........ccccoveerriieeennen. 1520
J. Kollgaard
Infrared Thermoelastic Analysis Methods for Mixed-Mode SIFs in Composites ................... 1539

R. El-Hajjar, B. S. Wei, S. Johnson, R. Haj-Ali

Finite Element Analysis and Test Validation of Composite Repair for 787
10 = Vg T= U SPRR 1544
J. Li, M. Graves, R. L. Keller

NANOCOMPOSITES

The Influence of Waviness on the Modal Vibration Response of Carbon
NF= T oY T (] o L= TSRS SRRPPPPIR 1556
M. S. Harrar, R. F. Gibson




Enhancement of Thermomechanical Properties of Carbon/Epoxy Composite with
Multi-Walled Carbon NaNOTtUDES .........ooii it et nbeeeee e 1575
J. M. Cho, |. M. Daniel

Investigating Mechanical Behaviors of Nanoparticle Reinforced Composites..........ccco........ 1586
J. L. Tsai, H. Hsiao, Y. L. Cheng

Compressive Strength of Unidirectional Glass/Epoxy Composites with Silica
Nanoparticle-ENNanCed MAIIX .........eoiiiiiiiiiiiiiiee et e e e e aneee e e e e e as 1601
M. F. Uddin, C. T. Sun

Nano Fluidic Thermal Management for Polymeric Composite Aero Structure .........ccccccee.n. 1613
S. Jana, A. Salehi-Khojin, W. H. Zhong

Magnetic and Transport Behavior of Fe203/Polypyrrole Nanocomposites ........ccccccvveeeeennne 1624
X. Guo, K. Shin, A. B. Karki, D. P. Young, R. B. Kaner, H. T. Hahn

Multiscale, Multifunctional COMPOSITES ......uuiiiiiiiiee i a e e 1639
D. Dean, M. Abdalla, K. Green, M. Jose, B. Stewart

Influences of Clay Loading and Nanoclay/Matrix Interface on Exfoliation of
Nanoclays iN EPOXY MAEFICES .. ...ttt e e e et e e e e e e s s anbreeeaaae s 1648
G. Swaminathan, K. N. Shivakumar, R. Sadler

Low Velocity Impact Properties of Nanoparticulate Syntactic FoOams ........ccccccooeccviieeeeeenennns 1657
S. R. Kondamadugula, P. Mylavarapu, E. Woldesenbet

Observation and Direct Measurement of Carbon Nanotube-Polymer Interfacial
Properties by IN-Situ SEM and TEM ... e e e e e e nnnnnneeaee e 1666
F. Deng, T. Ogasawara, N. Takeda

Thermo-Oxidative Studies of Nanomodified Carbon/Carbon Composites for
INtErMediate TEMPEIATUIES .. ..coii ittt ettt e e e e e ettt e e e e e s e bbbe e e e e e e e e e s nnbbeeeaaaaeas 1675
J. H. Koo, S. C. Lao, H. K. Jor, L. A. Pilato, G. E. Wissler, J. Lee, Z. Luo

Electrically Aligned Carbon Nanofiber/EpoxXy COMPOSITES........uueiiiiiiiiiiiiiiiieieee e 1695
A. Sharma, C. E. Bakis, K. W. Wang

Dynamic Characterization of Nylon 6,6/MWCNT NanOCOMPOSIteS .......ccccceveeeeeiiiiininineeeeeeeinns 1705
R. Zalani, P. R. Matena, A. Al-Ostaz

Microstructure and Thermal Conductivities of Polymer Nanocomposite Foams.................. 1722
X. Wang, S. Jana, G. Sui, W. Li, V. Kumar, W. H. Zhong

A Novel Thermal Interface Material Concept for Enhancing Through-Thickness
Thermal Conductivity in ADNESIVE JOINTS ....uiiiiiiii e 1732
S. Ganguli, S. Sihn, A. K. Roy

Tensile Properties of UHMWPE/Nanofiber-Epoxy Bundle COmMpOSItes .......ccccovviiiiieeeiaennnne 1739
S. Jana, W. H. Zhong

Developing a Stochastic Model to Predict the Strength and Crack Path of
(= Lo Fo ] o O 0] o 4] o o 1] 1 =SSR 1750
H. Alkhateb, A. Al-Ostaz, K. |. Alzebdeh

Novel Nanoreinforced Laminated Composite Material: Concept and Recent
0T o | €2 PP P PP PP PPPRRPPPR 1769
J. L. Abot, Y. Song

Statistical Analysis on Dispersion of Multi-Walled CNT in EPOXY ......ueeiiiiiiiiiiiiiiiieeeeeeee 1783
M. I. Jeelani, Y. Zhou, S. Jeelani



The Nano-Structured Composites Response to Ballistic Experiments .........cccocccvvvveveeeennnne 1793
A. F. Avila, M. Alves, R. L. Azevedo

FOAM

Dispersion, Mechanical Properties and Raman Spectroscopy Analysis of Carbon
Nanotube Reinforced Polymer MatriX COMPOSITES .....uuviiiiiiiiiiiiiiiiiee e 1807
A. Ramasetty, A. Haque

Interfacial Chemistry of Epoxy/Carbon Nanotube NanoCOmMpoSites........cccccveieiiiiiiiiiiieennnne 1834
D. Dean, M. Abdalla, K. Green

Experimental Investigation on Mode-I Fracture Toughness of Polyurethane
Foams With NaNOPArtiCIES .....cooiieeeeeii e e e e e s e re e e e e s 1850
M. C. Saha, M. E. Kabir, S. Jeelani

Impact Properties of Nanoparticulate Adhesively Bonded Graphite/Epoxy
(00] 401 o T0 ] (= TP PP PP PP PPPPPPPURP 1866
E. Woldesenbet, S. R. Kondamadugula, S. Peter

Characterization of Vinyl Ester-Glass Microballoon Syntactic Foams for Marine
F N o] o] TToF=1 4T o] o K= RO EPT PP PPPRST 1875
N. Gupta, R. Ye, M. Porfiri

Damping Capacity of SyntactiC FOAMS.......ccuviiiiiiii e 1890
G. Tagliavia, M. Porfiri, N. Gupta, O. Roden

Processing, Morphology, and Biocompatibility of Hydroxyapatite and Carbon
Foam Reinforced Bioresorbable POIYMEN ...t 1905
D. E. Rodriguez, O. O. Ochoa, M. Hahn, H. J. Sue

High Strain Rate Properties of Nanoparticulate Syntactic FOams..........cccoccveeiiieeenniiiee e 1916
S. L. Peter, P. Mylavarapu, E. Woldesenbet

MULTIFUNCTIONAL

Microwave Properties of Graphite Nanoplatelet/Epoxy COMpPOSIte .....ccuvveeieeeiiiiiiiiiiieieeeenne 1927
S. E. Lee, O. Choi, H. T. Hahn

Embedding Thin-Film Lithium-lon Energy Cells in Structural Composites..........cccccceveeeeenns 1936
T. Pereira, Z. Guo, S. Nieh, J. Arias, H. T. Hahn

Electrical Characterization of Electrified Composites Plates, Part | .......cccccccceevvviiiiiineeennnnns 1948
M. Miller, P. Feraboli

Self-Healing CFRP for High Performance Applications..........coveeiiiiiiiiiiieiciiieee e 1960
|. P. Bond, G. J. Williams, R. S. Trask

On the Role of the Current-Induced Heating in the Impact Response of Electrified
(07011 o Lo 171 (=2 J PP UTPP PRI 1975
R. L. Sierakowski, I. Y. Telichev, O. |. Zhupanska

HEALTH MONITORING

Service Life Assessment Methodology for COMPOSItES......cceeviiiiiiiiiiie e 1976
S. S. Kessler, H. L. McManus, M. W. Hyer




An Adaptive Pattern Recognition Methodology for Damage Classification in
(O00Y 0] o Lo 1YL =2 = 1o 01 o 1= L= RS 1996
S. S. Kessler, P. Agrawal

Application of Whispering Gallery Mode Resonators in the Development of Smart
oY= =TS 2013
T. loppolo, U. K. Ayaz, M. V. Otugen, N. Gupta

Integration of Microstructural and Embedded Sensor Designs for Structural
Health Monitoring of ComposSite MaterialS.........ccooiiiiiiiiiiie e 2028
N. Q. Nguyen, N. Gupta, T. loppolo, M. V. Otugen

BIO-APPLICATIONS

Assistive Technology Research in Occupational Therapy....cccccccevivvciiiieeiee e 2046
M. V. N. Rodrigues, J. G. Cassiano

Laboratory and Clinical Studies on Nano-Structured Composites for Orthesis................... 2053
M. V. N. Rodrigues, A. F. Avila

Rehabilitation Science and Bioengineering: A New Interface ..........ccoooooiiiieiiiiiniiiiiiieenn, 2066
L. F. Teixeira-Salmela, V. F. Parreira, C. J. T. Criollo, M. V. N. Rodrigues

NATURAL BIOCOMPOSITES AND WOOD COMPOSITES

Damage Accumulation and Failure of Different Types of Wood-Panels Under

IC=T Y= I Y- Vo 11 s o P SEPR 2069
A. J. Brunner, P. Niemz, O. Walter
Fracture Toughness of MDF and Other Materials with Fiber Bridging ......cccccccovevvviiivvieennnnns 2085

N. Matsumoto, J. A. Nairn

Influence of Structure on the Elastic Behavior of Engineered Strand Composites............... 2104
V. Yadama, M. P. Wolcott

Novel High Performance Structural Bio-Composite Based Natural Fibers ...........cccccccceeei. 2117
B. Vijayendran, W. Childers, T. Chelwick

Metaheuristic Methods Applied to the Environmentally Conscious Optimization of
WOOA-PlastiC COMPOSITES ... ciiiiiiiee e ittt e e e e e e e e e e s e e e e e e e e saata e e e eeeeesessasaeaeeeeeesaasnnns 2123
A. Ndiaye, F. Michaud, P. Castera, C. Fernandez

Fabrication and Mechanical Properties of JUTE/PLA COMPOSIte ......ccccvvveeivereeiiiciniieieeeeeeene 2138
N. Shikamoto, A. Ohtani, Y. W. Leong, A. Nakai

Mechanical Properties of GF/JUTE Fiber Hybrid Textile Composite Materials....................... 2148
T. Sugie, A. Nakai, H. Hamada

Study of the Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV)/Cellulose
WhiSKer NaNOCOMPOSITES ...ttt e e e e e ettt e e e e e e e s bbbt e e e e e e e e s annbbsaeeeaaeeaaannes 2155
M. Wolcott, L. Jiang, J. Holbery, J. Zhang, E. Morelius

Co-Injection Molded Bamboo-Biopolymer COMPOSITES ....ccceeiiiiiiiiiiiiie e 2165
S. Sahoo, Y. Takai, A. Nakai, M. Misra, T. Semba, A. K. Mohanty, H. Hamada

Commingled Flax-Polypropylene Flax-Poly-lactic Acid Knitted Fabric Composites
and Their Performance EValUALION...........oooiiiiiiii e 2177
D. Bhattacharyya, M. Duhovic



Natural Fiber Retting and Inorganic Nanoparticle Impregnation Treatment for
Natural Fiber/Polymer COMPOSITES ...coviiii it e e e e e s e e e e ee s 2192
S. Q. Shi, S. Lee, M. Horstemeyer

Microwave Properties of Graphite Nanoplatelet/Epoxy COMPOSIte .......ceevviiveeeiiiiieeeiiiiieeennns 2211
S. E. Lee, O. Choi, H. T. Hahn

Characteristic of a Bamboo Bow with Hybrid StruCture........ccoocviiiiiiiiiiiii e 2220
Y. Hidekuma, A. Nakai, H. Hamada, K. Shibata

Electrospun Nano Fibers with Wool Keratin and PEO...........ccccoviiie it 2229
Y. Li, J. Hu, D. EI-Khamy, L. Li, F. Ko

NEW MATERIAL FORMS

The Effect of Fiber Orientation on the Elastic Properties of Discontinuous Fiber
(O0] 401 o T0 ] =3 T O P PR UP P PP PPPPPPPURPT 2238
B. N. Nguyen, K. L. Simmons, K. I. Johnson, J. D. Holbery

Characterization of Discontinuous Carbon Fiber/Epoxy Systems for Aerospace
APPHCALIONS: PAIT | ...ttt e e e e e s bbb e e e e e e e e e snbbebeeeaaaeaeaanns 2253
P. Feraboli, E. Peitso, F. Deleo, T. Cleveland, M. Graves, P. Stickler

Internal Structure and Mechanical Properties of Braided Composite Tube.........cccocceeeeeenns 2274
A. Ohtani, A. Nakai

Water Effects on the Transverse Mechanical Properties of Carbon/Vinylester
(@0 1 0] o To 1T 1 (=SSR 2282
F. A. Ramirez, B. Acha, L. A. Carlsson

Author Index





