Table of Contents

Preface XV
SESSION 1A: INFRASTRUCTURE |

Long-Term Monitoring of a Composite Bridge 3

D. C. FOSTER, D. N. FARHEY, M. ZOGHI and F. STOLL
Effects of Alkaline Environments on the Durability of
E-Glass Fiber Composites for Use in Civil Infrastructure 12
S. ZHANG and V. M. KARBHARI

Rehabilitation of Deteriorated Concrete Bridge Beams
Using Composite Rods 21

A. S. CRASTO, R. Y. KIM and W. R. RAGLAND

FRP Bridge Decks: The Next Step for Composites

in Infrastructure 33

M. HENDERSON

SESSION 1B: PROCESSING |

A Numerical and Experimental Investigation of

Mold Filling in VARTM Process 43

K. K. HAN, C. W. LEE and B. RICE

Computer Controlled Variable Frequency Microwave

Processing of Complex-Shaped Graphite/Epoxy Composite 52
Y. QIU and M. C. HAWLEY

Feasibility of Microwave Pyrolysis of Preceramic

Polymer Matrix Composites to Produce Ceramic

Matrix Composites 62

D. T. STORY, M. C. HAWLEY and J. ASMUSSEN

SESSION 1C: COMPOSITE STRENGTH |

Damage Characteristics in Composites 75

S. K. NABOULSI, A. N. PALAZOTTO and A. H. MAYER

Damage Fatigue Mechanisms in Advanced Hybrid

Titanium Composite LamiNates ........cccccvevierieiieiieieerieeie e

D. W. RHYMER and W. S. JOHNSON
Response and Failure of Internally Pressurized
Elliptical Composite CYlINAErs ..........ccovvvieiiiiiieicceece e

J. M. MCMURRAY and M. W. HYER



Computational Simulation of Cyclic Fatigue...........cccoveviennenne

C. C. CHAMIS and L. MINNETYAN
SESSION 1D: IMPACT/ENERGY ABSORPTION |
Effects of Stacking Sequence on Perforation Resistance

Of COMPOSITE LaMINALES .....covvveiiieiiieiiie e

D. LIU, M. KOKOLAKIS and B. B. RAJU
Dynamic Fracture Behavior of Interlayer-Toughened

Graphite/Epoxy Composite under Bending Loading ..................

M. TODO and K. TAKAHASHI
Influence of Through-the-Thickness Stitching on the
High Strain Rate Impact Response of Resin Infused

S2-Glass/EPOXY COMPOSITES .....c.eeveriieriieriieesiee e siee e siee e see e,

U. K. VAIDYA, N. C. JADHAV, M. V. HOSUR,
J. W. GILLESPIE, JR. and B. K. FINK
3-D Blast Performance Analysis of Concrete Walls with

Layered Composite Protection/Retrofit ...........ccccocevvevieiieiiennn,

A. E. BOGDANOVICH and S. P. YUSHANOV
SESSION 2A: ANALYTICAL MODELING
Modeling Strength of a Composite Laminate

Subjected to In-Plane Load ...........ccccoevieiiieiieiiese e,

Z. M. HUANG
Non-Uniform Torsion of Laminated Thin

COMPOSITE 1-SECHIONS .......cciiiiieiiicie e

S. S. MADDUR and S. K. CHATURVEDI
Analysis of Yarn Bending in Plain Weave Woven

Composite Subjected to Unidirectional Tension.............cccccue....

S. RANGARAJU and A. K. ROY

Bending of Laminated | Beams 188

J. M. WHITNEY

SESSION 2B: ENVIRONMENTAL EFFECTS

Moisture Sorption Effects on Carbon Fiber-Reinforced

PhenylEthynyl-Terminated Ultem™ Composites 199
T. A. BULLIONS, J. M. JUNGK, J. E. MCGRATH

and A. C. LOOS

Characterizing Physical Aging in Polymeric Composites
H. HU and C. T. SUN

Weatherability Flexural Properties of CFRP Subjected to



Accelerated and Outdoor Exposures 219
O-1. BYON and A. KUDO (Paper not available)
SESSION 2C: MILITARY APPLICATIONS |

An Army Perspective on Composite Materials 223

B. P. BURNS, C. P. R. HOPPEL, J. F. NEWILL, L. W. BURTON,
J. T. TZENG, J. M. BENDER and W. H. DRYSDALE

Selective Incorporation of Composite Materials into

an 81-mm Mortar System?233

R. P. KASTE, L. W. BURTON and D. M. SPAGNUOLO
Affordable Thick Composite Processing for Army Applications 242
E. J. RIGAS, T. J. MULKERN, S. P. NGUYEN, S. M. WALSH
and D. GRANVILLE

Performance Metrics for Composite Integral Armor 252

B. K. FINK

SESSION 2D: COMPOSITE JOINING |

Analysis of the End-Notched Flexure Specimen for

Mode Il Testing Using Variational Methods 265

G. P. TANDON, N. J. PAGANO and V. T. BECHEL

An Investigation into the Filled Hole and Clamp-Up
Compression Performance of Carbon/Epoxy Laminates 275
T.J. WHITNEY and M. F. PINNELL

Influence of Adhesive Reinforcement on the Mode 11

Fracture Toughness of a Bonded Joint 285

M. S. FORTE and N. J. PAGANO

SESSION 3A: MICROMECHANICS |

Effective Elastic Properties of Multiphase Materials

with Coated Inclusions 297

A. ABOUTAJEDDINE and T. VU-KHANH

A General Micro-Mechanical Compaction Model of Woven-
Fabric Preforms in Liquid Composite Molding Processes 307
B. CHEN and T.-W. CHOU

Micromechanics Based Composite Material Model

for Impact and Crashworthiness Explicit Finite

Element Simulation 317

A. TABIEI

SESSION 3B: RESIDUAL STRESSES

IN PROCESSING

Manufacturing Distortions of Curved Composite Panels 335
T. T. OCHINERO and M. W. HYER

Simulation of Residual Stress and Deformation Due to



Resin Transfer Molding Process 344

S. FAN and K. POCHIRAJU

The Cure Referencing Method for Residual Stress
Measurements in Composites 354

P. G. IFJU, X. NIU, S.-C. LIU

SESSION 3C: INTERFACE CHARACTERIZATION |
Fiber/Matrix Interface Debond Length Measurements
under Transverse Loading in the Cruciform Test 367
V. T. BECHEL, G. P. TANDON and R. Y. KIM
Analysis of Fiber/Matrix Interface in Unidirectional
Fiber-Reinforced Composites 377

W. S. CHAN and L. A. JOHNSON

Analysis of Interphase Using Fracture Surface of Mode |
Fracture Toughness Test 387

M. MAEDA, K. KITAGAWA, Y. FUJII and H. HAMADA
SESSION 3D: SANDWICH STRUCTURE |

Theory of Cylindrical Sandwich Shells with Dissimilar

WOVEN FACINGS ...cviiiiieiiieciiesec sttt

V. BIRMAN and G. J. SIMITSES
Impact Response of Integrated Hollow Core Sandwich

COMPOSITE PANEIS......ccoeiieiiice s

U. K. VAIDYA, M. V. HOSUR, D. EARL, M. J. CLOYD,
R. RODGERS and S. JEELANI
High-Order Plate Formulation for the Modeling of

Multiple Layer Sandwich Type Structures...........cccceevevieiinnnnnne

O. T. THOMSEN
SESSION 4A: TEST METHODS
Three-Dimensional Analyses of Angle-Ply Split Beam

Specimens under Opening Mode Loading..........ccccoevvvveiiieiveinnenne.

S. U. HAQ and K. N. SHIVAKUMAR
Flexural Fatigue Testing of Ceramic Matrix Composites

at Elevated TEMPEratUIES .......cccvevvveiieeiiecie e

M. XIE, S. R. SONI and M. J. VERRILLI
Evaluation of the Strength, Modulus and Poisson’s Ratio

of High Performance Angle Ply Laminates............cccocevvvvviveiunennn.

J. WANG and M. R. PIGGOTT

A Modified DCB Test for Composite Laminates with
High-Density Stitches 456

L. CHEN, P. G. IFJU, B. V. SANKAR and B. WALLACE
SESSION 4B: MILITARY APPLICATIONS II



Damage Tolerance and Repair of GFRP Warships.........c.c.cccocevveinennnn 469

D. M. ELLIOTT and R. S. TRASK
Optimization of Composite Panels—A ReVIEW .........cccccccveevieiveeiiieesiene 479

S. VENKATARAMAN and R. T. HAFTKA
Effects of Coatings on Moisture Absorption in
Composite MaterialS ........ccoiiiiiiiiicee s 489

J. F. NEWILL, S. K. MCKNIGHT, C. P. R. HOPPEL

and G. R. COOPER

Durability of Composite Rotating Machines for

Pulsed POWEr GENEratorsS ........cccccueiieiiieiiesie et 499

J. T. TZENG

SESSION 4C: INTERFACE CHARACTERIZATION I

Effects of Silane Coupling Agents on the Interface of

Soy Protein and Glass Fiber 511

F. LIANG and Y. WANG

Aramid Fiber-Epoxy Adhesion Improvement by Fiber

Surface MOdIfICALION ........ccoiiiiiiiiciee s 521

S. ISHIHARA and L. T. DRZAL
Shear Properties and Failure Behavior of Nextel 312™/
Blackglas ™ COMPOSITES.............covvivieieeeeseseeeesees st 529

R. L. SCHALEK, J. HELMUTH and L. T. DRZAL
Fiber-Matrix Adhesion between Carbon Fibers and Epoxy
Matrices in E-Beam Processed COMPOSITES........cccevvveiieiieiiesieiieneenen 539

L. T. DRZAL, M. J. RICH and E. K. DROWN

SESSION 4D: COMPOSITE STRENGTH I

Failure Analysis of Composites Reinforced with

Discontinuous, Oriented FIDEr TOWS.......cocvcvviieiieiiese e 551

R. Y. KIM, A. S. CRASTO and N. J. PAGANO
Strain Rate Dependent Deformation and Strength
Analysis of Polymer Matrix COMPOSITES ........cccvrierveiieiieiie e see e 561

R. K. GOLDBERG and D. C. STOUFFER
Piezoelectric Control of Linear Viscoelastic Composite
Columns—Creep Buckling and Delamination ..............cccccvevviveiinesnenn 571

C. E. BELDICA and H. H. HILTON
The Longitudinal and Transverse Properties
of Fiber-Steered COMPOSITES ......ocvviiiiieiiesie e 587

O. BARTON, JR., M. MACKNEY, S. MOURING
and G. KARPOUZI|AN
SESSION 5A: INFRASTRUCTURE I



Strengthening of Reinforced Concrete Slabs and
Slabs with Cut-Outs with Externally Bonded Fiber
Reinforced COMPOSITES ......ccvviiiiiiiiiiieee e 599

A. VASQUEZ and V. M. KARBHARI
Testing, Deployment and Monitoring of FRP Composites
TOF INFraStrUCTUNE ... 608

l. E. HARIK and P. ALAGUSUNDARAMOORTHY
Computational Models for the Bond between FRP
Reinforcing Bars and CONCIEte..........ccoovviieiieiiecee e 618

J. V. COX

SESSION 5B: AUTOMOTIVE APPLICATIONS

Impact Damage Resistance of Random Fiber Reinforced

Automotive Composites 631

B. SADASIVAM and P. K. MALLICK

ACC Generic Tube Crush Program: Comparison of

Axial Crush of RTM and SRIM TUDES .........ccoviiiiiiiiiecie e 641

N. L. JOHNSON, A. L. BROWNE, D. Q. HOUSTON
and L. LALIK
Fatigue and Fracture Behavior of a Steel Cord/Rubber Composite......651

S. RAO, I. M. DANIEL and D. MCFARLANE
Laser Processing of Polymer Composites for Adhesive Bonding........... 661

J. K. PARK, J. D. HOWARD, C. W. CHEN and K. MUKHERJEE
SESSION 5C: SANDWICH STRUCTURE Il

Energy Absorption of Edge-Loaded Sandwich Structures
under Low-VeloCity IMPACT..........ccccveiieiieiiceece e 673

J. CHEN and E. HONG
Indentation Failure of Simply Supported Honeycomb
SaNAWICH PaNEIS .......ooiieceee e 683

S.M.LEE and T. K. TSOTSIS
Finite Element Implementation of a New Sandwich
Homogenization ProCedUIE ..........ccoviiiiiiiiiec e 693

R. TANOV and A. TABIEI
SESSION 5D: COMPOSITE JOINING I

Design and Performance of a Tubular Composite Joint Concept.......... 707

F. STOLL, R. GIBSON and D. BETTINGER
Stress Singularities in Cracked Bonded Joints with
OFF-AXIS PHES ... 717



F. E. PENADO
Three-Dimensional Stress Analysis in Composite Laminates

with Elastic Fastener and Washer Clamp-Up ........ccccocviininnnniinnnnnnn, 727
E.V.IARVE and T. J. WHITNEY
Prediction of Shear-Out Failure of FRP Bolted Joint ...........c.cccocvevvenen. 737

H. HAMADA and K. SUGIMOTO (Paper not available)
SESSION 6A: IMPACT/ENERGY ABSORPTION I

Energy Release Rate Calculations for Laminated
Beams and PIates.........cooviii i 741

B. V. SANKAR and O. PARK

Response of Composite Laminates Subjected to

Transverse Shear Strains 751

M. E. ROBESON

Modeling Delamination and Disbonding of Composites
Using a Finite Element Crash Code 761

D. C. FLEMING and P. BOONSUAN

Penetration Failure of Fiber Composites vs. Monolithic
Ductile Materials under Ballistic Impact 771

B. L. LEE, H. M. PATTS and A. H. MAYER

SESSION 6B: PROCESSING Il

Modeling the Effects of Reinforcements on the
Crystallization of Polymers 785

A. BENARD

Analysis and Simulation: Using Conductive Filler to Modify
the Thermal Properties of Photopolymer Molds Made
Using Stereolithography 795

R. ALURU and M. KEEFE

Fabrication of Novolac/Epoxy Composites Using

Resin Film Infusion 805

P.-J. SHIH, M. SANKARAPANDIAN, C. S. TYBERG,

J. S. RIFFLE, A. C. LOOS, J. E. MCGRATH and U. SORATHIA
Effects of Weirs on the Resin Transfer Molding Process 815
K. M. D’SILVA and K. C. SCHULZ

SESSION 6C: COMPOSITE DAMAGE

Free Vibration Response of Laminated Composite Plates
with Matrix Cracks 825

S. K. CHATURVEDI and A. A. EMAM

A Simplified Interlaminar-Shear-Stress Analysis of Cracked
Crossply Composite Laminates 834

C.-L. TSAl and I. M. DANIEL

A Shell/3D Modeling Technique for Delaminations



in Composite Laminates 843

R. KRUEGER

Correlation of Crushing Response with Failure Modes

in PMC Square Tubes 853

M. ABDEL-HAQ and G. M. NEWAZ

SESSION 6D: COMPOSITE JOINING I

An Analytical Model of the 1-D Composite Integral Fit Joint 865
D. LEE

Parametric Studies of Bonded Repair for Composite Structures 874
M. A. MAHLER and H. T. HAHN

Environmental Effects on the Failure of Aluminum

FM-73 Epoxy Bonded Joints 884

N. RASTOGI, R. K. TIWARI and P. L. STUMPFF

Lowering Thermal Residual Stresses in Bonded Composite

Patch Repairs 894

J.CHO and C. T. SUN

SESSION 7A: MICROMECHANICS 1l

Elastic Deformations in Shape Memory Alloy Fiber
Reinforced Composites 907

H. TSAl and X. FAN

A Generic Micromechanics Model for Planar
Woven Fabric Composites 917

X.-L. GAO and S. MALL

Prediction of Tensile Strength of Multilayer Knitted
Fabric Reinforced Composite Laminates 927

Z. M. HUANG, S. RAMAKRISHNA, Y. Z. ZHANG
and A. A. O. TAY

Approximate Energy Release Rate for Adhesion-Friction
Cracks at the Bi-Material Interface 937

K. POCHIRAJU

SESSION 7B: COMPOSITE BEHAVIOR

Delamination Growth from Facesheet Seams in Titanium-
Graphite Hybrid Laminates 949

D. A. BURIANEK and S. M. SPEARING

Buckling Behavior of Anisotropic Plates under

Linearly Varying Loading 959

A. ABATAN and H. HU

Activity-Based Cost Modeling of Liquid Molding Process
Techniques for Thick-Section Composites 968

M. V. HOSUR, U. K. VAIDYA, S. K. JONES, R. F. EDULJEE,



J. W. GILLESPIE, JR. and S. JEELANI

Effect of Particulate Additions on Fiber Composite Strength 978
A. MURUGAIAH and K. C. SCHULZ

SESSION 7C: REINFORCEMENT CHARACTERIZATION
Electrical Properties of Rubbers Containing Carbon Nanofibers 987
R. L. JACOBSEN and D. G. GLASGOW

Structure and Property Studies of PE-Based Carbon Fibers 995
D. ZHANG and Q. SUN

Application of Micro-Braiding Technique to Thermoplastic

Braided Composite1004

H. HAMADA, A. NAKAI and M. SAKAGUCHI (Paper not available)

Author Index 1005



