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AIAA Journal

Vol. 29, No. 12, Dec. 1991

Stress Analyses of Laminated Thick-Walled Cylindrical Aniso-
tropic Shells—O-11 Byon and J. R. Vinson, pp. 2192-2196
Experimental and Theoretical Analysis of Composite 1-Beams
with Elastic Couplings—R. Chandra and I. Chopra, pp. 2197-

2206

Vol. 30, No. 1, Jan. 1992

Nonlinear Stall Flutter and Divergence Analysis of Cantilevered
Graphite/Epoxy Wings—P. Dunn and J. Dugundji, pp. 153—
162

Nonlinear Vibrations of Rectangular Laminated Thin Plates—
J. Woo and S. Nair, pp. 180-188

Optimum Fiber Angle of Unidirectional Composites for Load
with Variations—M. Miki, Y. Murotsu, and T. Tanaka, pp.
189-196

Method for Calculating the Interlaminar Stresses in Symmetric
Laminates Containing a Circular Hole—C.-C. Ko and C.-C.
Lin, pp. 197-204

Effect of Composites Fabrication Method on Structural Re-
sponse and Impact Damage—D. C. Jegley and O. F. Lopez,
pp. 205-213

Vol. 30, No. 2, Feb. 1992

Dynamic Analysis of Delamination Growth (SYN)-—H.-P. Chen
and H. C. Ngo, pp. 447-448

Effect of Dropped Piles on the Strength of Graphite-Epoxy Lam-
inates—J. M. Curry, E. R. Johnson, and J. H. Starnes, Jr.,
pp. 449456

Reliability of Uncertain Flexible Laminated Skewed Plates Under
Random Compressions—C. Chang and H. T. Y. Yang, pp.
464-472

Elastic-Plastic Finite Element Analysis of Thermoplastic Com-
posites Plates and Shells—C. T. Sun and G. Chen, pp. 513-
518

Extension-Bend-Twist Coupling Behavior of Nonhomogeneous
Anisotropic Beams with Initial Twist—J. B. Kosmatka,
pp. 519-527

Vol. 30, No. 3, March 1992

Finite Element Analysis of Composite Structures Containing
Distributed Piezoceramic Sensors and Actuators-—S. K. Ha,
C. Keilers, and F.-K. Chang, pp. 772-780
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Analytical Method for Vibration of Angle-Ply Cylindrical Shells
Having Arbitrary Edges—Y. Narita, Y. Ohta, G. Yamada,
and Y. Kobayashi, pp. 790-796

Multiobjective Shape and Material Optimization of Composite
Structures Including Damping—D. A. Saravanos and C. C.
Chamis, pp. 805—-813

Stacking-Sequence Optimization for Buckling of Laminated Plates
by Integer Programming—R. T. Haftka and J. L. Walsh, pp.
814-819

Shear Deformable Theories for Cylindrical Laminates—Equi-
librium and Buckling with Applications—G. J. Simitses and
J. S. Anastasiadis, pp. 826844

Large Deflections of Sandwich Plates with Orthotropic Cores—
A New Approach (TN}—S. Dutta and B. Banerjee, pp. 845-
847

Vol. 30, No. 4, April 1992

Interlayer Shear Slip Theory for Cross-Ply Laminates with Non-
rigid Interfaces—X. Lu and D. Liu, pp. 1063—1073

Strength Scaling in Fiber Composites—S. Kellas and J. Morton,
pp- 1074—1080

Random Response of Symmetric Cross-Ply Composite Beams
with Arbitrary Boundary Conditions—M. P. Singh and A. S.
Abdelnaser, pp. 1081-1088

Three-Dimensional Axisymmetric Vibrations of Orthotropic and
Cross-Ply Laminated Hollow Cylinders—T. D. Hawkes and
K. P. Soldatos, pp. 1089-1098

Vol. 30, No. 5, May 1992

Importance of Coatings to Optical Fiber Sensors Embedded in
“Smart” Structures—A. Dasgupta and J. S. Sirkis, pp. 1337-
1343

Postbuckling of Shear Deformable Composite Flat Panels Taking
into Account Geometrical Imperfections—L. Librescu and M.
Stein, pp. 13521360

Free Vibrations of Delaminated Beams—M.-H. H. Shen and
J. E. Grady, pp. 1361-1370

Cylindrical Bending of Unsymmetric Composite Laminates (TN)—
H.-P. Chen and J. C. Shu, pp. 1438-1439

Collapse Characteristics of Cylindrical Composite Panels Under
Axial Loads (TN)—S. A. Schimmels and A. N. Palazotto,
pp. 1447-1448

Composites

Vol. 22, No. 5, Sept. 1991

The Impact Resistance of Composite Materials—A Review—
W. J. Cantwell and J. Morton, pp. 347-362

An Improved Engineering Test Method for Measurement of the
Compressive Strength of Unidirectional Carbon Fibre Com-
posites—P. T. Curtis, J. Gates, and C. G. Molyneux, pp.
363-368

The Use of Resin Hybrids to Control Moisture Absorption in
Fibre-Reinforced Plastics—T. A. Collings, pp. 369372

Elevated Temperature Mechanical Behaviour of an Ultrahigh
Carbon Steel/Brass Laminated Composite—H. C. Tsai,
J. Wolfenstine, and O. D. Sherby, pp. 373379

Anodic Oxidation of Pitch-Precusor Carbon Fibres in Ammo-
nium Sulphate Solutions: The Effect of Fibre Surface Treat-

ment on Composite Mechanical Properties—T. R. King, D. F.
Adams, and D. A. Buttry, pp. 380-387

Topography of Carbon Fibre Surfaces—P. Marshall and J. Price,
pp. 388-393

Determination of the Weighting Function g(B,, r, v for Fibre
Orientation Analysis of Short Fibre-Reinforced Composites—
B. Moginger and P. Eyerer, pp. 394399

Vol. 22, No. 6, Nov. 1991

Factors Affecting the Friction Coefficients Between Metallic
Washers and Composite Surfaces—P. D. Herrington and
M. Sabbaghian, pp. 418-424

Joining and Repair of a Carbon Fibre-Reinforced Themoplas-
tic—P. Davies, W. J. Cantwell, P.-Y. Jar, P.-E. Bourban,
V. Zysman, and H. H. Kausch, pp. 425-431

Morphological Investigations of Injection Moulded Fibre-
Reinforced Thermoplastic Polymers—B. Moginger and U.
Muller, pp. 432-436

Fractography of Multidirectional CFRP Composites Tested Stat-
ically —L. Shikhmanter, B. Cina, and I. Eldror, pp. 437-444

Fibre/Matrix Interface Failure Controlled by a Critical Energy
Criterion—P. Marshall and J. Price, pp. 445-447

Effects of Distilled Water and Saline Solution Upon the Inter-
laminar Shear Strength of an Aramid/Epoxy Composite—
J. R. M. d’Almeida, pp. 448-450

Electromagnetic Interference Shielding by Carbon Fibre-Filled
Polychloroprene Rubber Composites—P. B. Jana, A. K. Mal-
lick, and S. K. De, pp. 451-455

Fracture Toughness Behaviour of a Magnesium Alloy Metal-
Matrix Composite Produced by the Infiltration Technique—
K. Purazrang, K. U. Kainer, and B. L. Mordike, pp. 456—
462

The Distribution of Tin in a Carbon Fibre-Reinforced Copper-
Matrix Composite—G. Yongxue, pp. 463—466

Vol. 23, No. 1, Jan. 1992

Comparison of Methods for the Measurement of Fibre/Matrix
Adhesion in Composites—P. J. Herrera-Franco and L. T.
Drzal, pp. 2-27

Residual Stress Distribution in Carbon Fibre/Thermoplastic Ma-
trix Pre-Impregnated Composite Tapes—C. Filliou, C. Gal-
iotis, and D. N. Batchelder, pp. 28-38

Tensile Fatigue Behaviour of Tightly Woven Carbon/Carbon
Composites—A. Ozturk and R. E. Moore, pp. 39-46

Properties of TaC-Based Metal-Matrix Composites Produced by
Melt Infiltration—K. Shanker, L. T. Mavropoulos, R. A. L.
Drew, and P. G. Tsantrizos, pp. 47-53

Effect of SiC Particles on Fatigue Crack Propagation in SiC/Al
Composites—K. Li, X. Jin, B. Yan, and P. Li, pp. 54-58

Vol. 23, No. 2, March 1992

Anisotropic Rheology of Continuous Fibre Thermoplastic Com-
posites—D. J. Groves, A. M. Bellamy, and D. M. Stocks,
pp. 75-80

Lateral-Torsional Buckling of a Pultruded I-Beam—J. T. Mot-
tram, pp. 81-92

Effect of Surface Treatment on Crushing Behaviour of Glass
Cloth/Epoxy Composite Tubes—H. Hamada, J. C. Coppola,
and D. Hull, pp. 93-100



Bearing Strength of As-Cured and Hygrothermally Conditioned
Carbon Fibre/Epoxy Composites Under Static and Dynamic
Loading—M. Akay, pp. 101108

Fatigue Behaviour of Thermoset and Thermoplastic Cross-Ply
Laminates—C. Henaff-Gardin and M. C. Lafarie-Frenot,
pp. 109-116

Composites Science and Technology

Vol. 43, No. 1, 1992

Effects of Temperature and Rate on Fracture Toughness of Short-
Alumina-Fibre-Reinforced Epoxies—I.-M. Low, Y.-W. Mai,
and S. Bandyopadhayay, pp. 3~12

Microstructure and Properties of Reaction-Bonded/Hot-Pressed
SiCy.y/SisN; Composites—C. J. Shih, J.-M. Yang, and A. Ezis,
pp. 13-24

A Transient Stochastic Failure Model for Unidirectional Com-
posites Under Impact Loading—Y. Xia and C. Ruiz, pp. 25—
36

Failure Mechanisms in Carbon-Fibre-Reinforced Poly(Ether Sul-
phone)—P. J. Hine, B. Brew, R. A. Duckett, and I. M. Ward,
pp. 37-48

Evaluation of Mode-I Interlaminar Fracture Toughness for Fiber-
Reinforced Composite Materials—L. Ye, pp. 49-54

Interlaminar Shear Fracture of Interleaved Graphite/Epoxy
Composites—A. Aksoy and L. A. Carlsson, pp. 55-70

On Wear Synergism in Hybrid Composites—K. Friedrich and
O. Jacobs, pp. 71-84

The Control of Interface and Microstructure of SiC/Al Com-
posites by Sol-Gel Techniques—B. Kindl, Y. L. Liu, E. Ny-
berg, and N. Hansen, pp. 84-94

Simple Geometrical Models for Young’s Modulus of Fibrous and
Particulate Composites—M. G. Phillips, pp. 101-102

Vol. 43, No. 2, 1992

The Rate-Dependence of Flexural Shear Fatigue and Uniaxial
Compression of Carbon-and Aramid-Fibre Composites and
Hybrids—J. Aronhime, H. Harel, A. Gilbert, and G. Marom,
pp. 105-116

BMI Resin Composites Reinforced with 3D Carbon-Fibre Fab-
rics—S. Chou, H.-C. Chen, and C.-C. Wu, pp. 117-128

Round-Robin Interlaminar Fracture Testing of Carbon-Fibre-
Reinforced Epoxy and PEEK Composites—P. Davies, H. H.
Kausch, J. G. Williams, A. J. Kinloch, M. N. Charalambides,
A. Pavan, D. R. Moore, R. Prediger, 1. Robinson, N. Bur-
goyne, K. Friedrich, H. Wittich, C. A. Rebelo, A. T. Mar-
ques, F. Ramsteiner, B. Melve, M. Fischer, N. Roux, D.
Martin, P. Czarnocki, D. Neville, 1. Verpoest, B. Goffaux,
R. Lee, K. Walls, N. Trigwell, 1. K. Partridge, J. Jaussaud,
S. Andersen, Y. Giraud, G. Hale, and G. McGrath, pp. 129-
136

Micromechanics of Short-Fibre Composites—G. P. Carman and
K. L. Reifsnider, pp. 137-146

A Simple Sublaminate Approach to the Design of Thick Com-
posite Laminates for Supression of Free-Edge Delamination—
D. M. Kim and C. S. Hong, pp. 147-158

Decomposition of Coupling Effects on Damping of Laminated
Composites Under Flexural Vibration—S. J. Hwang, R. F.
Gibson, and J. Singh, pp. 159-170

Axial Compressive Failure of Glass-Fibre Polyester Composites
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Under Superposed Hydrostatic Pressure: Influence of Fibre
Bundie Size—R. H. Sigley, A. S. Wronski, and T. V. Parry,
pp. 171-184

Modeling of the Characteristics of Fiber-Reinforced Composite
Materials Damaged by Matrix-Cracking—S. Li, C. Jiang, and
S. Han, pp. 185-196

Multiaxial Characterization of T800/3900-2 Carbon/Epoxy
Composites—S. R. Swanson and Y. Qian, pp. 197-204

Vol. 43, No. 3, 1992

Dimensional Stability of Metal-Matrix Laminates— Y. A. Bahei-
El-Din, G. J. Dvorak, and J.-F. Wu, pp. 207-220

A New Method of Modelling Strength Distributions for Ceramic
Fibers—E. Bourgain and J. J. Masson, pp. 221-228

On the High Compressive Strains Achieved in Bending Tests on
Unidirectional Carbon-Fibre/Epoxy—M. R. Wisnom, pp. 229—
236

Stress Fields on and Beneath the Surface of Short-Fiber-Reinforced
Composites and Their Failure Mechanisms—N. S. Choi and
K. Takahashi, pp. 237-244

The Load Transfer Mechanism in a Glass Ceramic Composite
Reinforced with Continuous Metallic Glass Ribbons—R. U.
Vaidya and K. N. Subramanian, pp. 245-250

Corrections for Mode II Fracture Toughness Specimens of Com-
posites Materials— Y. Wang and J. G. Williams, pp. 251-256

Damage Modelling of the Elementary Ply for Laminated Com-
posites—P. Ladeveze and E. Le Dantec, pp. 257-268

Deformation and Fracture of Glass-Mat-Reinforced Polypro-
pylene—M. Ericson and L. Berglund, pp. 269-282

Fracture Toughness of CFRP with Modified Epoxy Resin Mat-
rices—J. Kim, C. Baillie, J. Poh, and Y.-W. Mai, pp. 283-
298

Study of the Crystal Morphology and the Deformation Behaviour
of Carbon Fibre Reinforced PEEK (APC-2)—P.-Y. Jar, W. J.
Cantwell, and H. H. Kausch, pp. 299-306

Vol. 43, No. 4, 1992

A Further Study on Thermal Buckling of Simply Supported An-
tisymmetric Angle-Ply Laminates in a Uniform-Temperature
Field—1J.-S. Chang, pp. 309-316

Influence of Fiber/Matrix Interfacial Adhesion on Composite
Fracture Behavior—S. M. Lee, 317-328

A Simplified Improved Beam Analysis of the DCB Specimen—
R. Olsson, pp. 329338

Modeling of Elastic-Plastic Behavior of LDF™ and Continuous
Fiber Reinforced AS-4/PEEK Composites—C. T. Sun, I.
Chung, and I. Y. Chang, pp. 339-346

Thermomechanical Stress Fields in High-Temperature Fibrous
Composites. I: Unidirectional Laminates—G. J. Dvorak, T.
Chen, and J. Teply, pp. 347-358

Thermomechanical Stress Fields in High-Temperature Fibrous
Composites. II: Laminated Plates—@G. J. Dvorak, T. Chen,
and J. Teply, pp. 359-368

Evaluation of Transverse Poisson’s Ratios in Thin Orthotropic
Plates by the Optical Method of Pseudocaustics—P. S. Theo-
caris and T. P. Philippidis, pp. 369-378

Modelling of Critical Fibre Length and Interfacial Debonding in
the Fragmentation Testing of Polymer Composites—T. Lac-
roix, B. Tilmans, R. Keunings, M. Desaeger, and I. Verpoes,
pp. 379-388
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Vol. 44, No. 1, 1992

Notched Strength of Fabric Laminates 1. Predictton—N. K. Naik
and P. S. Shembekar, pp. 1-12

Notched Strength of Fabric Laminates 2. Effect of Stacking Se-
quence—P. S. Shembekar and N. K. Naik, pp. 13-20

Nonhomogeneous Bars Under Tension, Pure Bending and Ther-
mal Loads—H. Rapp, pp. 21-28

Permittivity of Dilute Fiber Suspension—P. C. Sturman and
R. L. McCullough, pp. 29-41

The Influence of Mechanical Conditioning on the Viscoelastic
Behavior of Short-Fiber Glass Reinforced Epoxy-Resin—
R. D. Donoghue, P. W. M. Peters, and G. Marci, pp. 43-55

Stress-Analysis and the Testing of Celanese and IITRI Compres-
sion Specimens—S. C. Tan, pp. 57-70

Thermal Effective Stress-Concentration Problems in Metal Com-
posites—S. Lee, H. M. Pan, and J. Wolfenstine, pp. 71-76

Effect of Matrix Content on Strength and Wear of Woven Roving
Glass Polymeric Composites—B. Vishwanath, A. P. Verma,
and C. V. S. K. Rao, pp. 77-86

Vol. 44, No. 2, 1992

Prediction of Thermoelastic Properties of Composite Laminates
with Matrix Cracks—P. Gudmundson and S. Ostlund, pp. 95—
106

Impact Behavior and Impact-Fatigue Testing of Polymer Com-
posites—B. P. Jang, W. Kowbel, and B. Z. Jang, pp. 107-
118

Tensile, Flexural and Impact Properties of a Thermoplastic Ma-
trix Reinforced by Glass Fiber and Glass Bead Hybrids—
U. Yilmazer, pp. 119-126

Mechanisms of Failure of Polymeric Resins Reinforced with High-
Modulus Polyethylene Fibres-—A Microscopy Investigation—
N. H. Ladizesky and M. K. M. Pang, pp. 127-136

The Effect of Damage on the Durability of a Sand-Filled GRP
Sewer Lining Under Acidic Stress Corrosion Conditions—
S. W. Tsui and F. R. Jones, pp. 137-144

The Limitation of Effective Moduli in Analysis of Fibrous Com-
posite Materials—L. Ye, pp. 145-150

Transient Wavesin Six-Ply and Eight-Ply Fibre Composite Plates—
W. A. Green, G. A. Rogerson, and D. I. Milosavljevic, pp.
151-158

Fatigue Damage Mechanics of Composite Materials. 1: Exper-
imental Measurement of Damage and Post-Fatigue Proper-
ties—S. M. Spearing and P. W. R. Beaumont, pp. 159-168

Fatigue Damage Mechanics of Composite Materials. II. A Dam-
age Growth Model—S. M. Spearing, P. W. R. Beaumont,
and M. F. Ashby, pp. 169-178

Vol. 44, No. 3, 1992

A Study of the Effects of Oxygen Plasma Treatment on the
Adhesion Behavior of Polyethylene Fibres—B. Tissington,
G. Pollard, and I. M. Ward, pp. 185-196

A Study of the Impact Behavior of Ultra-High-Modulus Poly-
ethylene Fibre Composites—B. Tissington, G. Pollard, and
1. M. Ward, pp. 197-208

Some Relationships and Limitations of Tensorial Polynomials
Strength Theories— A. P. Wilczynski, pp. 209-214

The Effect of an Interphase on the Stress and Energy Distri-
bution in the Embedded Single Fibre Test—A. D. Anselmo,
M. L. Accorsi, and A. T. DiBenedetto, pp. 215-226

Linear and Non-Linear Failure Analysis of Composite Laminates
with Transverse Shear—Y. S. N. Reddy and J. N. Reddy, pp.
227-256

Matrix Crack Initiation in Ceramic Matrix Composites Part I:
Experiments and Test Results—M. W, Barsoum, P. Kangut-
kar, and A. S. D. Wang, pp. 257-270

Matrix Crack Initiation in Ceramic Matrix Composites Part II:
Models and Simulation Results—A. S. D. Wang, X. G. Huang,
and M. W. Barsoum, pp. 271-282

Composite Structures

Vol. 19, No. 3, 1991

Heuristic Methodsin the Design of Composite Laminated Plates—
S. K. Morton and J. P. H. Webber, pp. 207-266

Thermal Postbuckling Behaviors of Laminated Composite Plates
with Temperature-Dependent Properties—L.-W. Chen and
L.-Y. Chen, pp. 267-284

Embedded Flaws in Unidirectional Composites—L. R. Dharani
and L. Chai, pp. 285-298

Vol. 19, No. 4, 1991

Stress and Strength Analysis of Pin Joints in Laminated Ani-
sotropic Plates—A. V. Murthy, B. Dattaguru, H. V. L. Na-
rayana, and A. K. Rao, pp. 299-312

Buckling of Sandwich Panels with Different Boundary Condi-
tions— A Comparision Between FE-Analysis and Analytical
Solutions-—M. Heder, pp. 313-332

On the Applicability of Orthotropic Fracture Theory to the Frac-
ture of CFRP Laminates-——W.-C. Wang and C.-H. Day, pp.
333-360

Optimal Design of Laminated Composite Plates Using a Global
Optimization Technique—T. Y. Kam and J. A. Snyman-——
pp. 361-370

Some QObservations of the Modeling of Laminated Composite
Beams with General Lay-Ups—A. Bhimaraddi and K. Chan-
drashekhara, p. 371

Vol. 20, No. 1, 1992

Behavior of Delaminated Sandwich Beam with Transversely
Flexible Core—High Order Theory—Y. Frostig, pp. 1-16
Boundary Element Analysis of Plane Anisotropic Bodies with
Stress Concentrations and Cracks—C. L. Tanand Y. L. Gao,
pp- 17-28

Contribution of Interlaminar Stresses to Damping in Thick Lam-
inated Composites Under Uniaxial Extension—S. J. Hwang
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Low Velocity Transverse Impact of Filament-Wound Pipes: Part
1. Damage Due to Static and Impact Loads—K. L. Alderson
and K. E. Evans, pp. 37-46

Low Velocity Transverse Impact of Filament-Wound Pipes: Part
2. Residual Properties and Correlations with Impact Dam-
age—XK. E. Evans and K. L. Alderson, pp. 47-52

Shape Optimization of Openings in Composite Pressure Ves-
sels-—L. M. Ahlstrom and J. Backlund, pp. 53-62

Vol. 20, No. 2, 1992

Theoretical and Experimental Investigations on Composite
Blades—P. Seshu, V. Ramamurti, and B. J. C. Babu, pp.
63-72
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82
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Subjected to Combined External Pressure and Axial Compres-
sion—1J. Mistry, pp. 83-90

Analytical and Numerical Analyses of Transverse Cracking in a
Cross-Ply Laminate—Influence of the Constraining Effect—
J. L. Rebiere and D. Gamby, pp. 91-102

A General Formulation of Higher-Order Theories for the Anal-
ysis of Laminated Plates—P. Gaudenzi, pp. 103112

An Efficient Higher-Order Plate Theory for Laminated Com-
posites—M. Cho and R. R. Parmerter, pp. 113-124
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A Mixed Finite Element for Interlaminar Stress Computation—
Y.-B. Shi and H.-R. Chen, pp. 127-136

Postbuckling Response of L.aminated Plates Under Shear Load—
S. Kosteletos, pp. 137146

Shear Buckling Response of Laminated Plates—S. Kosteletos,
pp. 147-154
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EDITOR’S NOTE:

This issue of the World of Composites will begin with a preview of activities scheduled for ASTM’s Committee D-30
on High Modulus Fibers and Their Composites upcoming Spring meeting. This will be followed by a brief announcement
regarding SACMA’s Physical and Chemical Test Methods Task Force. Research activities at two universities, the University
of Delaware and Virginia Polytechnic Institute, will then be summarized. The Adhesion Society’s Award of Excellence
for 1993 will be announced. Finally, a recently released composites publication will be outlined.

ASTM COMPOSITES ACTIVITIES

D-30 to Hold Symposium and Committee Meetings in Atlanta

Fifth ASTM Symposium on Composite
Materials: Fatigue and Fracture

ASTM Committee D-30 will hold its Fifth Sympostum on Com-
posite Materials: Fatigue and Fracture on 4-6 May 1993 at The
Hyatt Regency Atlanta in Atlanta, Georgia. Dr. Roderick H.
Martin of Analytical Services and Materials, Inc., Hampton,
Virginia will serve as the symposium chairman. The symposium,
which will be conducted over three days, will feature 35 papers
in its 8 sessions. Four additional manuscripts which will not be
presented at the meeting will be included in the Standard Tech-
nical Publication that will be based on the symposium proceed-
ings. A preliminary list of papers and authors is included below.

Tuesday, 4 May 1993

Session 1— Delamination Characterization [

Session Chairman— Anoush Poursartip
University of British Columbia,
Vancouver, British Columbia, Canada

Experimental Development of a Mixed Fatigue Delamination
Criterion—P. Sriram, Y. Khourchid, and S. J. Hooper, Wich-
ita State University, Wichita, Kansas, and R. H. Martin, Sym-
posium Chairman

Mode I and II Delamination Growth of Interlayer-Toughened
Carbon/Epoxy (T8000H/3900-2) Composite System—K. Ka-
geyama, I. Kimpara, and I. Ohsawa, University of Tokyo,
Tokyo, Japan, M. Hojo, IPRI, Tsukuba, Japan, and S. Ka-
bashima, Mitsubishi Electric Corp., Japan

Interlaminar Fracture Toughness of Glass Fibre Laminates Ad-
ditionally Reinforced With Carbon Bead—1J. J. Lee, S. L.
Ogin, and P. A. Smith, University of Surrey, Guildford, Sur-
rey, United Kingdom

Delamination of Carbon/Epoxy Under Cyclic Mode II Load-
ing—K. Kussmaul, M. V. Alberti, and U. Eisele, University
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of Stuttgart, Stuttgart, Germany, and T. Schneider, Dornier
Luftfahrt, Friedrichshafen, Germany

Session 2— Damage Modelling

Session Chairman—John Fish
Lockheed Advanced Development Co.
Sunland, California

Prediction of Energy Release Rate for Edge Delamination Using
a Crack Tip Element—B. D. Davidson, Syracuse University,
Syracuse, New York

Characterization of Fiber-Matrix Interface Strength—R. A. Naik,
Analytical Services & Matertals Inc., Hampton, Virginia and
J. H. Crews, Jr., NASA Langley Research Center, Hampton,
Virginia

A Criterion for Fiber Matrix Splitting—N. Suresh and A. S. D.
Wang, Drexel University, Philadelphia, Pennsylvania

A Simple Model for Crack Arrest in Cracked Lap Shear Spec-
imens—B. H. Fortson, Phillips Laboratory, Kirtland AFB,
New Mexico and E. A. Armanios, Georgia Institute of Tech-
nology, Atlanta, Georgia

Session 3— Damage Growth

Session Chairman— Wayne Stinchcomb
Virginia Polytechnic Institute and State University
Blacksburg, Virginia

Evaluation of the Long-Term Behavior of a Notched Thermo-
plastic Laminate—W. S. Kohl and W. W. Stinchcomb, Vir-
ginia Polytechnic Institute and State University, Blacksburg,
Virginia

Delamination Growth Under Cyclic Compression in Composite
Plates—G. Kardomateas and B. Malik, Georgia Institute of
Technology, Atlanta, Georgia

Stacking Sequence Effects and Delamination Growth in Graphite/
Epoxy Laminates Under Compression-Dominated Fatigue
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Loading—J. P. Komorowski, National Research Council, Ot-
tawa, Canada, D. Lefebvre and C. Roy, University of Sher-
brooke, Quebec, Canada

Experimental Evaluation of Damage Growth in Stitched Epoxy
Composites—D. G. Moon and J. M. Kennedy, Clemson Uni-
versity, Clemson, South Carolina

The Effect of Graphite Fibers on Microcracking Due to Thermal
Cycling of Resin Matrix Composites—B. J. Knouff, Univer-
sity of Cincinnati, S. Tompkins, NASA Langley Research Cen-
ter, Hampton, Virginia, and N. Jayaraman, University of Cin-
cinnati, Cincinnati, Ohio

Wednesday, 5 May 1993

Session 4— Factors Effecting Fatigue Response

Session Chairman—Steven Hooper
Wichita State University
Wichita, Kansas

Interaction Between Composite Void Level and Fatigue Tension-
Compression Loading in Filament Wound Composite Case—
Y.T. Toombs and D. Cohen, Hercules Aerospace Co. Magna,
Utah, and M. G. Abdallah and C. S. Muller, Hercules Ad-
vanced Materials & Systems Co., Magna, Utah

Damage Tolerance and Arrest Characteristics of Pressurized
Graphite/Epoxy Tape Cylinders—C. U. Ranniger, P. A. La-
gace, and M. J. Graves, Massachusetts Institute of Technol-
ogy, Cambridge, Massachusetts

The Effect of Moisture and Elevated Temperature on the Fatigue

Performance and Failure Modes of a Glass Reinforced SMC
Material —G. N. Skaper and K. Hofer, L. J. Broutman &
Assoc. Ltd., Chicago, Illinois

Marine Environmental Effects on Polymer Matrix Composites—
F. Pomies and L. A. Carlsson, Florida Atlantic University,
Boca Raton, Florida, and J. W. Gillespie, University of Del-
aware, Newark, Delaware

Session 5— Damage Prediction

Session Chairman—Erian Armanios
Georgia Institute of Technology
Atlanta, Georgia

Modeling Fatigue Crack Growth in Cross Ply Titanium Matrix
Composites—J. G. Bakuckas, Jr., National Research Council,
Hampton, Virginia and W. S. Johnson, NASA Langley Re-
search Center, Hampton, Virginia

A Sub-Structuring Approach to the Fatigue Life Prediction of
Polymeric Matrix Composite Materials—M. P. Connolly, South
West Research Institute, San Antonio, Texas

Modeling of Progressive Failure and Response of Laminated
Composites Subjected to Multiple In-Plane Loads—I. Shaid,
Z. Kutlu, and F. K. Chang, Stanford University, Stanford,
California

Experimental Characterization and Analysis of the Fatigue De-
lamination Process in a Carbon-Epoxy Composite—M. Be-
ghini, L. Bertini, and E. Vitale, Dipartimento di Costruzioni
Meccaniche e Nucleari, Pisa, Italy

Session 6—Impact

Session Chairman— John Masters
Lockheed Engineering and Sciences Co.
Hampton, Virginia

Delamination and Fibre Breakage of CFRP due to Low Mass
and High Mass Impacts—D. Delfosse and A. Poursartip, Uni-
versity of British Columbia, Vancouver, British Columbia,
Canada, and B. Coxon, Integrated Technologies Inc., Bothell,
Washington

Impact and Fatigue Resistance of 3-D Braided Composites—
M. A. Portanova, Lockheed Engineering & Sciences Co.,
Hampton, Virginia and J. W. Deaton, NASA Langley Re-
search Center, Hampton, Virginia

Numerical Modeling of Impact Damage in Composite Lami-
nates—R. Banerjee, University of Dayton Research Institute,
Dayton, Ohio

Effect of Plate Size on Impact Damage—W. C. Jackson, NASA
Langley Research Center, Hampton, Virginia, M. A. Porta-
nova, Lockheed Engineering & Sciences Co., Hampton, Vir-
ginia, and C. C. Poe, Jr., NASA Langley Research Center,
Hampton, Virginia

Influence of Impact Parameters on the Response of Laminated
Composite Plates—D. R. Ambur, NASA Langley Research
Center, Hampton, Virginia and C. B. Prasad, Analytical Serv-
ices and Materials, Inc., Hampton, Virginia

Thursday, 6 May 1993

Session 7— Damage in Structural Configurations

Session Chairman—Kevin O'Brien
US Army Aerostructures Directorate
Hampton, Virginia

Fatigue and Fracture of the 767 Graphite Torsion Spring—
R. W. Bliss and D. L. Wheeler, Hercules, Magna, Utah and
R. Maguire, Boeing Aircraft Co., Seattle, Washington

Fracture of Glass/Epoxy Laminates Under Torsional and Com-
bined Tension-Torsional Loading—J. C. Fish, Lockheed Ad-
vanced Development Company, Sunland, California and J. K.
Sen, McDonnell Douglas Helicopter Company, Mesa, Ari-
zona

Delamination Strength of Realistic Tapered Geometries—A. J.
Vizzini, University of Maryland, College Park, Maryland

Delamination in Unidirectional Composites with Terminating
Internal Plies Under Tension Fatigue Loading—M. R. Wis-
nom, M. 1. Jones, and W. Cui, University of Bristol, Bristol,
United Kingdom

Analysis of Thin-Walled Closed Section Composite Beams with
Internal Damage—E. A. Armanios and A. Badir, Georgia
Institute of Technology, Atlanta, Georgia

Session 8— Delamination Characterization 11

Session Chairman—Kazuro Kageyama
University of Tokyo
Tokyo, Japan

Pure Mode III Delamination Using a Modified Split Cantilever
Beam—Farhad Sharif and M. T. Kortschot, University of
Toronto, Toronto, Ontario, Canada, and R. H. Martin, Sym-
posium Chairman



Mixed Mode Interlaminar Fracture Toughness of Unidirectional
Glass/Epoxy Composites—X.-J. Gong, Institute Superieur de
L’Automobile et des Transports, Nevers, France and M. Ben-
zeggagh, Universite de Technologie de Compigne, Compigne,
France

Improvement of Delamination Resistance with Carbon Non-
woven Mat Interleafs—E. Armstrong-Carroll and R. Coch-
ran, Naval Air Warfare Center, Warminster, Pennsylvania

Mode I and Mode II Fracture Toughness on Differently Oriented
Interlaminae of Graphite/Epoxy Composites—I. Chou, Ishi-
kawajima-Harima Heavy Industries Co., Ltd., Yokohama, Ja-
pan, and I. Kimpara, K. Kageyama, andI. Ohsawa, University
of Tokyo, Tokyo, Japan

Papers Also To Be Published in The STP

A Random-Damage Finite Element for Modeling Failure in Ad-
vanced Composite Materials—K. T. Slattery, Washington
University, St. Louis, Missouri

On Interface Strength in Fiber Pull-Out and Push-In with Fric-
tional Interface, P. V. Kishore, A. C. W. Lau, and A. S. D.
Wang, Drexel University, Philadelphia, Pennsylvania

Notch-Tip Damage Growth During Static and Fatigue Loading
in Center Notched Aluminum and Titanium Matrix Compos-
ites—J. G. Bakuckas, Jr., National Research Council, Hamp-
ton, Virginia and J. Awerbuch, Drexel University, Philadel-
phia, Pennsylvania

Free Edge Stress Concentration of the Interface of Two Power
Law Hardening Materials—A. Rahman, A. C. W. Lau, and
T.-M. Tan, Drexel University, Philadelphia, Pennsylvania

D-30 Committee Activities

In addition to the symposium listed above, Committee D-30
will conduct a full schedule of subcommittee meetings. The sym-
posium will adjourn at midday to facilitate committee attend-
ance. A roster of subcommittees, their chairmen, and task groups
are listed below.

D30.01 EDITORIAL—Elizabeth C. Goeke, Army Materials
Technology Laboratory

D30.02 RESEARCH AND MECHANICS—Glenn C. Grimes,
Lockheed Advance Development

Task Group on International Standards Harmonization
Task Group on Long Term Durability
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Task Group on Textile Composites
Task Group on Symposium Planning
Task Group on Round Robin Testing
Task Group on Impact

D30.03 CONSTITUENT PROPERTIES— Christopher J. Spragg,
Amoco Performance Products

Task Group on NDE

D30.04 LAMINA/LAMINATE PROPERTIES—Richard E.
Fields, Martin Marietta

D30.04.01 Tension Test Methods

D30.04.02 Compression Test Methods

D30.04.03 Shear Test Methods

D30.04.04 Fatigue

D30.04.05 Ring/Filament Wound Composites Test Methods
D30.04.06 Guides

D30.04.07 Data Reporting

D30.04.08 Specimen Preparation

D30.05 STRUCTURAL PROPERTIES— Edward Gonterman,
Integrated Technologies Inc.

D30.06 INTERLAMINAR PROPERTIES—T. Kevin O’Brien,
U.S. Army Aerostructures Dir.

D30.06.01 Mode I Testing

D30.06.02 Mode II Testing

D30.06.03 Mixed Mode Testing
D30.06.04 Fatigue

D30.06.05 Interlaminar Shear Strength
D30.06.06 Interlaminar Tension Strength

D30.07 METAL MATRIX COMPOSITES—W. Steven John-
son, NASA Langley Research Center

D30.07.01 Tension Testing
D30.07.02 Fatigue Testing

D30.08 THERMO-PHYSICAL PROPERTIES—Douglas D.
Ward, General Electric Aircraft Engines

For further information on the symposium or Committee ac-
tivities, please contact Kathie Schaaf, ASTM 1916 Race St.,
Philadelphia, PA 19103; Tel. 215-299-5529, FAX 215-299-2630.

SUPPLIERS OF ADVANCED COMPOSITES MATERIALS ASSOCIATION
Physical and Chemical Test Methods Task Force Activities Highlighted

Task Force

The SACMA Physical and Chemical Test Methods Task Force
was initiated in January 1991 to define common methods for
determining physical properties and chemical characterizations

of filament-reinforced plastic (FRP) composite materials. The
task force concentrated on methods that would be useful in prod-
uct manufacturing, acceptance testing, and end use. In May 1992,
SACMA balloted methods for glass transition, ply thickness,
flow, resin content, dynamic viscosity, high performance liquid
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chromatography (HPL.C), and fluid resistance. The HPL.C method
is more of a guide (as defined by ASTM) than a test method.
Emphasis was limited to epoxy matrix materials, but some of
the developed methods are applicable to both thermoplastics and
bismaleimides. A DSC method has been written but has not been
balloted. As a result of SACMA’s balloting process, several use-
ful comments were received and are being incorporated into
method rewrites which were due in October 1992.

SACMA is interested that these methods be pursued by ASTM.
Some of this work has already begun in the Subcommittees D30.03
and D30.08. Methods outside of ASTM Committee D-30 juris-

diction (viscosity, fluid resistance, and DSC) need ASTM inter-
face to enhance industry adoption.

The current task force activity is to pursue joint testing of the
proposed methods between SACMA member companies (due
to start in October 1992). The scope of the joint testing is for
SACMA to be satisfied that technical issues have been ade-
quately resolved before release of the methods. The joint testing
is not designed to provide a precision and bias statement. How-
ever, lessons learned and rules for material/data sharing may
later be found useful to ASTM as round robin testing is per-
formed.

CENTER FOR COMPOSITE MATERIALS
UNIVERSITY OF DELAWARE

Interdisciplinary Research Processing, Mechanics, and Design Activities Noted

Research on Engineered Materials
and Processes

For more than a decade, the Center for Composite Materials
(CCM) has based its research programs on the integration of
several fundamental areas—processing science, materials sci-
ence, engineering mechanics, durability, and design—with the
research in all of these areas feeding into the Center’s manufac-
turing science program. The work of Vistasp M. Karbhari, As-
sociate Scientist at the Center and Research Assistant Professor
of Civil Engineering, epitomizes this integration: his research
collaborations touch on all of these areas, culminating in an
interest in applying concurrent engineering approaches to intel-
ligent manufacturing systems for composites. His work focuses
on manufacturing and materials design issues, combining exper-
tise in theoretical and applied mechanics, experimental tech-
niques, materials science, and design.

The ultimate goal of this effort is to understand the close
interactions among constituent materials, processes, and per-
formance and thereby to control and develop both the processes
and the resultant microstructures to enable a true “materials-by-
design” approach to the study and development of advanced
composites, That is the rationale for conducting research in sev-
eral different areas— processing (resin transfer molding, rheol-
ogy, and flow-related issues); materials science (interphase tai-
loring, surface treatment, and bonding); mechanics and durability
(microcracking and damage mechanisms, textile structural com-
posites); design (methodology, rehabilitation of structures, and
concurrent engineering); and even recycling and reuse of com-
posites. These various projects fit into a master plan—funda-
mental research aimed at understanding and developing engi-
neered materials and structures.

Manufacturing Science— Resin Transfer Molding/ Textile
Preforming

Resin transfer molding (RTM) is a versatile method by which
a composite can be truly tailored through a materials-by-design
methodology. While computer simulations yield useful insights
into this manufacturing method, there still exists a need to focus
on the actual processing of RTM ed composites and delve into

the interactions among materials, processing, and performance.
The potential of local tailoring through architectural modifica-
tion, interphase design, and novel resin formulations makes this
an exciting area for both fundamental science and technology.

RTM may appear to be a straightforward and sequential process.
You prepare the preform, load it into the tool, inject the resin,
cure the part, and then demold it. This simple process is a good
example of where concurrent engineering can best be used.

The preform must be designed based on not only structural
aspects but those of resin infusion and flow as well, and it must
be sized keeping in mind the intricacy of chemistry and resin
kinetics. The tool has to be designed based on the particular
features of the finished product as well as on injection rates and
location, cure rates, cooling, and demolding. The injection of
the resin must reflect the delicate balance between a quick fill
and the integrity of the architecture, as well as tooling and preform-
related aspects such as local exotherms through thick sections,
differential flow rates through the preform, and resin reactivity.
If all of these factors are considered before the product is de-
signed, the RTM process itself can be designed to ensure that
the product is of high quality, yet economical.

Karbhari is currently advising several students on RTM proj-
ects. They are investigating the problems associated with the
design and manufacture of RTM parts with co-cured attachments
and connections. The research to date has focused on the place-
ment of metal inserts within the preform, using braiding as a
mechanism of enhancing pullout resistance. Surface treatment
of the insert is necessary in most cases, but has to be applied in
such a way that it will not be abraded by the braiding process.
This research will build on the Center’s work in joining and
design.

In another associated study, preforming issues, specifically
preform compressibility and preform joints, and their effect on
resin flow, part quality, and structural response, are investigated.
Although the preform in many cases is built up by the stacking
of layers of fabric akin to the laminae in a laminate, the im-
pregnated structure does not show distinct interlaminar resin-
rich regions but acts as a monolithic structure at the macroscopic
level. The compressibility of the fabric leads to a very different
microstructure, which has significant and diverging effects on
performance metrics such as tensile strength and modulus.



The design of fabric architectures for enhanced impact per-
formance of RTM structures is being addressed in a third study.
This work encompasses materials science, processing, and du-
rability issues. The goal here is not only to understand and quan-
tify the impact phenomenon in composites, but also to design
the material at the constituent level, including the use of interface
tailoring of textile structures to contain damage.

The objectives are to tailor the material to withstand impact
while retaining residual structural integrity and to evaluate and
predict the actual response of the structure in use. Advances
made in nondestructive evaluation (NDE) and image enhance-
ment, as well as those in fiber-optics and sensor technology, are
being used in this work. The investigation to date has focused
on studying and quantifying the impact response of textile struc-
tural composites using concepts similar to those of response sur-
faces and rebound energies to identify material and architecture-
specific mechanisms.

Although it is well known that flow has a significant effect on
the behavior of RTM composites, there is a surprising lack of
data on its effect using actual resin systems. Simulations need to
be coupled with experiments that look at both architectural ef-
fects and the influence of sizings and binders to determine the
influence of wet-out and the significance of microflow and cap-
illarity. These effects, as well as processing/microstructure in-
teractions, are being investigated in an attempt to develop tough-
ening mechanisms for impact and increased fracture toughness.
A recently completed preliminary study on the performance of
composites under Arctic-type environments indicated that there
can actually be performance enhancement of thermoset RTM
structures under these environments. In addition to economics,
this makes RTM structures attractive for offshore structures and
other such applications in extreme environments.

In addition to this ongoing work, Karbhari recently completed
a project which investigated the potential for combining RTM
and braiding technologies. The work resulted in the manufacture
of a structure that forms part of a tree-harvester bed. In a si-
multaneous investigation, Karbhari investigated the crush resist-
ance of stiffened plate structures fabricated using multi-element
preforms. The use of specific architectures enables the devel-
opment of not only higher performance levels but also “designed-
in”” modes of failure. The work on ‘“‘designed-in” failure modes
and related work in crush behavior of composites is now being
extended to automotive-type crush structures. Damage models
as guides for materials design at the constituent level are being
developed. The potential of composite materials for automotive
applications are being investigated with two goals—to charac-
terize the crush properties of composites under static and dy-
namic conditions and to define cost-effective manufacturing
processes.

Materials Science— Interfacial Studies and Construction
Materials

An important element of RTM and other composites pro-
cessing methods is wet-out—the degree to which the resin infuses
the fibers, resulting in fiber/matrix adhesion. Wet-out is further
complicated in RTM by the speed of resin infusion and the com-
patibility of the surface energies of the fibers and the flowing
matrix. Research on the effect of various surface coatings on
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fiber wet-out is also being conducted. The research encompasses
interfacial effects in composites in general but with a focus on
RTM.

The effect of actual resin systems flowing at different rates
and the effects of various sizings are being studied with the goal
of tailoring the interface to have “good” and “bad” bonds at
will. When the resin infuses the preform, it wets out the surface
of a bundle and moves on. Very often, individual rovings within
the bundle are not impregnated until much later.

The selection and tailoring of interfaces is also connected to
the research on textile structural composites for impact, en-
hanced toughness, and designed-in benign failure modes. Inter-
face studies as related to pullout, microdebonding, and frag-
mentation techniques are planned. In addition, the work may
include investigations of plasma treatment of surfaces.

Researchers at CCM are also interested in the use of com-
posites for structural applications. The construction industry rep-
resents a high-volume application area for composites, but issues
of cost and reliability are critical. Research in this area is just
developing, with key areas being the investigation of bond strength
development through (1) the use of composite bars instead of
steel reinforcement, (2) the use of composite waste as high-
performance aggregate, and (3) surface modification.

Research to investigate pullout and flexural strength through
composites reinforcement, surface modification, and polymer-
modified concrete has been initiated. The experimental results
will be used to provide design guidelines for composite-reinforced
concrete. Full-profile reinforcement will prove to be more ben-
eficial than traditional fiber reinforcement, both for construction
of high-performance, light-weight structures and for the reha-
bilitation of infrastructure.

This area also offers high potential for the reuse/recycling of
composites as aggregate or reinforcement or both. The key to
its success is low-cost modification of the composite surface, thus
creating good bonding with the cement slurry. Investigations to
date have focused on composite aggregate in the form of glass-
reinforced polycarbonate, polypropylene, and other pellets.
Compression tests show gains in strength as well as reduced
weight, which makes this attractive from the viewpoint of not
only reuse but also performance enhancement.

In addition to reuse/recycling, composites also have high po-
tential in the construction industry for rehabilitation of the na-
tion’s infrastructure. In other ongoing related work in the infra-
structure rehabilitation area; researchers are investigating concepts
such as overwrapping columns with prepreg and bonding panels
to the tension-cracked surfaces of concrete beams and plates.
The appropriate use of composites can provide the much-needed
addition of strength at minimal weight to our weakened struc-
tures. Ultimate displacement and energy dissipation of such re-
habilitated columns is significantly improved.

Karbhari will be collaborating with other civil engineering fac-
ulty to develop new advanced materials and corresponding design
methods for structural and construction applications, both for
repair/rehabilitation and for building for the future reliably, cost
effectively, and designed against both long-term and dynamically
induced damage and degradation. Starting in the Fall of 1992,
Karbhari will be working with two other civil engineering faculty
on a project funded by the Delaware Department of Transpor-
tation to investigate the use of composites in rehabilitating bridge
box girders.
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CENTER FOR COMPOSITE MATERIALS AND STRUCTURES
VIRGINIA POLYTECHNIC INSTITUTE

NASA-Virginia Tech Program Outlined; Recent Research Results Highlighted

The NASA-Virginia Tech Compeosites Program

Introduction

The NASA-Virginia Tech Composites Program was initiated
in 1974 and is a cooperative effort between Virginia Tech and
the NASA-Langley Research Center. The primary purposes for
establishing the Program were to encourage research in the then-
new field of composite materials and educate graduate students
in this field for eventual employment in academic institutions
and government and industrial laboratories.

The research topics funded in the Program began with a study
of the tensile and compressive behavior of borsic/aluminum lam-
inates. Since then, funding has been directed at:

® thermal expansion and thermally induced microcracking of
graphite-epoxy laminates;

® the effects of radiation on mechanical properties;

® topics relating to the joining of composites;

® geometrically nonlinear effects in composite plates, curved
panels, and cylinders, including buckling and postbuckling;

® skin-stiffener interaction in stiffened composite plates, op-
timal design;

® fabrication, including resin transfer molding and powder

processing;

damage development and progression, including compres-

sive behavior;

crashworthiness;

ply dropoffs;

micromechanics of carbon-carbon; and

three-dimensional reinforcement.

Funding levels for the Program began with a modest $27 000
per year (approximately the salary of a full professor) and now
exceed $650 000 per year. The Program began by supporting one
student and now supports up to twenty. A unique feature of the
Program is the fact that the students spend a period of time in
residence at the NASA-Langley Research Center making use of
the experimental and computer facilities and interacting with
researchers. Graduates of the Program are highly recruited by
universities, government agencies, and private companies. In
addition, the results of the research appear in highly respected
peer review journals and are presented at national and inter-
national technical meetings. The current Director of the Program
is Michael W. Hyer. He may be reached at 703-231-5372 for
further information.

The next section includes brief descriptions of the current re-
search problems. Each description lists the title of the problem,
the Principal Investigator (PI), the Graduate Research Assistant
{GRA), and a description of the research. Short biographies of
the faculty, staff, and students in the Program follow those de-
scriptions.

Research Topics

Mechanics of Textile Composites (O. H. Griffin, Jr.—PI and E.
Glaessgen— GRA): This study is developing models of textile
composites, including elastic properties, strength, and failure

loads and modes, for use in general purpose finite element
programs.

Mechanics of Crashworthy Composite Structures (O. H. Griffin,
Jr.—PI and D. M. Thompson-—GRA): This study is aimed
at development of design methods for crashworthy composite
airframe structural components.

Design of Advanced Composite Stiffened Panels (Z. Giirdal—PI
and T. Perry—GRA): A cost-effective program, developed
earlier, for the geometrically nonlinear analysis of stiffened
plates is being incorporated into a design code. The code will
be used to design minimum weight panels with various stiffener
geometries that are capable of operating in a postbuckled state.
Effects of geometric imperfections and lamination variables
on structural weight are being investigated.

Integrated Design of Advanced Composite Wing-Skin/Rib-Plate
(Z. Giirdal—PI and S. Ragon—GRA): Design optimization
of wing-rib and wing-skin panels are commonly performed by
using models that ignore the connectivity between the two and
use idealized boundary conditions for each panel. The objec-
tive of this research is to include effects resulting from inter-
action of two panels (for example, pressure pillowing, rib
crushing loads, and so forth) during the minimum-weight de-
sign of a wing box.

Advanced Design Concepts for Composite Aircraft Fuselage (Z.
Giirdal and E. R. Johnson—co-PIs and R. Ley—GRA): The
objective of this research is to design anisotropic ring and
longitudinally stiffened shell structures loaded under combined
axial compression, torsion, and internal pressure. The em-
phasis is on including local stress concentrations at the skin-
stiffener interaction region and using a buckling analysis based
on nonlinear axisymmetric prebuckling equilibrium configu-
ration during design optimization.

Bending Response of Cylinders (M. W. Hyer—PI and H. Fuchs—
GRA): The response of thin-walled composite cylinders to
pure rotations of the ends is being studied experimentally and
numerically. An extensive experimental fixture is near com-
pletion. An analysis that accounts for geometric nonlinearities
and is designed to predict structural and material failure has
been developed.

Thermally-Induced Buckling of Composite Structures (M. W.
Hyer—PI and N. Breivik—GRA): The buckling, postbuck-
ling, and general geometrically nonlinear response of plates
has been thoroughly studied with approximate solutions, and
the work is being expanded to include the heat transfer char-
acteristics of the problem, other structural shapes, and exper-
iments.

Micromechanical Modelling of Fiber-Matrix Interactions in Carbon-
Carbon Composites (M. W. Hyer and O. H. Griffin, Jr.—co-
PIs and E. Carapella—GRA): The stresses at the fiber/matrix
interface around a crenulated fiber in a composite subjected
to transverse tension, transverse shear, fiber-direction tension,
and a temperature change are being computed.

Buckling Response of Composite Plates Having Trapezoidal Plan-
form (M. W. Hyer—PI and H. Radloff—GRA): The buckling
response of symmetrically laminated composite plates having
trapezoidal planform is determined using a nondimensional,
semi-analytical, closed-form solution. The calculated buckling



loads are compared with both finite element results and ex-
perimental results.

Time-Dependent Behavior of Materials for Space (M. W. Hyer—
PI and T. Brown—GRA): The need for long-term dimen-
sional stability in various spacecraft and space structures has
motivated this investigation. Small levels of creep of the pol-
ymer in polymer-matrix composites can cause small changes
in shape and surface smoothness that can be disruptive to the
role of the space mission if such small changes are not con-
trolled or, perhaps, eliminated completely.

Analysis for Optimal Design of Laminates with Dropped Plies
(E. R. Johnson—PI and P. Harrison—GRA): The purpose
of this research is to develop a method of analysis that yields
improved accuracy and efficiency for predicting interlaminar
stresses in a dropped ply laminated as compared to displace-
ment-based finite element methods. We are using mixed var-
iational models of laminates that include the interlaminar stresses
as explicit dependent variables.

Improved Crashworthy Composite Fuselage Frames (E. R. John-
son and R. T. Haftka—co-PIs and M. Woodson—GRA): The
purpose of this project is to improve the crash behavior of a
composite material fuselage frame that is subjected to vertical
loading as encountered in drop tower testing. The frames are
thin-walled open section rings laminated from graphite-epoxy
unidirectional tape. We wish to design these frames optimally
for energy absorption so including some progressive failure
modeling to account for the limiting loads involved in the
crushing process is necessary. A finite element has been de-
veloped based on Vlasov’s curved bar theory extended to Jam-
inated composites to model the intact frame’s response.

Resin Transfer Molding (A. C. Loos—PI and V. Hammond and
J. D. MacRae— GRAs): The overall objective of this inves-
tigation is to develop and verify an analytical resin transfer
molding (RTM) model for infiltration and cure of advanced
fiber architecture materials with advanced thermosetting res-
ins. Different fiber preforms and thermoset resins will be char-
acterized and incorporated into the RTM model. In addition
to RTM model development, processes for fabrication of void
free RTM preforms will be developed.

Thermal Cycling Effects on Stitched RTM Composites (A. C.
Loos—PT and K. Furrow—GRA): The objective of this in-
vestigation is to determine the combined effects of thermal
cycling and absorbed moisture on the mechanical performance
of stitched textile composites. Preliminary studies have shown
the existence of cracks in the microstructure of textile com-
posites with through-the-thickness stitching. This study will
attempt to identify the mechanisms that cause microcracking
and determine if the presence of microcracks degrades the
static and fatigue performance of the material.

Experimental Characterization of Damage Initiation and Growth
in Braided Composites (D. H. Morris—PI and S. Bur—GRA):
This study focuses on the determination of damage develop-
ment and progression in braided composite specimens with
and without cutouts subjected to combinations of tensile and
compressive fatigue loadings.

Recent Research Highlights

Effects of Layer Waviness on Compression-Loaded
Thermoplastic Composite Laminates

The effects of layer waviness on the compressive response of
'T300/P1700 carbon/polysulfone composite laminates were inves-
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tigated both experimentally and analytically. A three-step pro-
cedure was used to fabricate isolated layer waves into the central
0° layer of [90,/0,/90,/0,/90,/0,,], laminates. The influence of var-
ious layer wave geometries on the static compressive strength
and compressive fatigue life were determined experimentally.
Moire interferometry was used to investigate the disturbance in
the displacement fields, and the modes of deformation associated
with layer waviness under compressive loading. The state of
stress in the vicinity of the layer waves and the influence of the
layer waves on static compressive strength were predicted using
a plane-strain finite element analysis which included material
nonlinearity.

Layer wave geometries up to 1.5-layer thicknesses in amplitude
and 22-layer thicknesses in length were tested. These levels of
layer waviness are shown to produce reductions in static strength
as high as 36%, although the wavy 0° accounts for only 20% of
the load-carrying capacity of the laminate. Moderate layer wave
geometries produce a one and a half decade loss of compressive
fatigue life as compared to specimens without layer waviness.
Specimen failures in both static compressive and compressive
fatigue tests were sudden and catastrophic. Brooming failure,
characterized by through-the-thickness splaying of the layers and
numerous delaminations, was the common failure mode. Finite
element predictions are shown to correlate with moire interfer-
ometry results in regions of accurate in-plane 0° fiber alignment.
Interlaminar tensile failure is predicted for a more moderate layer
wave geometry, whereas fiber compressive failure is predicted
for a more severe layer wave.

For the laminates considered, layer waviness was shown to be
detrimental to both static strength and fatigue life. Static strength
reductions up to 36% and fatigue life reductions up to 1.5 decades
were recorded.

Postbuckling Failure of Composite Plates with
Central Holes

The postbuckling failure of square composite plates with cen-
tral holes is analyzed numerically and experimentally. The par-
ticular plates studied have stacking sequences of [+ 45/0/90],,
[ +45/0,),5, [ £45/0,), and [=45],5. A simple plate geometry,
one with a hole-diameter-to-plate-width ratio of 0.3, is consid-
ered. Failure load, failure mode, and failure locations are pre-
dicted numerically by using the finite-element method. The
predictions are compared with experimental results. In the ex-
periments, to be accommodated by the test fixture it is necessary
for the plates to be slightly larger than the analysis region, ex-
tending somewhat beyond the supports. The region outside the .
supports is included in the numerical study. It is shown that not
considering these regions can lead to erroneous numerical pre-
dictions. In numerical failure analysis, the interlaminar shear
stresses, as well as the inplane stresses, are taken into account.
By comparing the interlaminar shear stress calculations from the
finite-element method with analytical results for simple cases, a
solid foundation for interlaminar shear stress calculation is es-
tablished. As a failure criterion, the maximum stress criterion is
used. A special test fixture was designed for loading the plates.
In the experiments, strain gages, linear variable displacement
transducers (LVDTs), and the shadow moire and acoustic emis-
sion tests are used to monitor plate response.

An issue addressed in the study is the possible mode shape
change of the plate during loading. To account for the fact that
plates can experience mode shape change, two deformation con-
figurations are considered. One configuration assumes the plate
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responds with one half-wave in the loading direction, and the
other configuration assumes the plate responds with two half-
waves in the loading direction. Failure predictions are made for
each configuration. No attempt is made to predict the configu-
ration change. However, it is predicted that the first three Jam-
inates fail as a result of excessive stresses in the fiber direction
and, more importantly, that the load level is independent of
whether the laminate is deformed in the one half-wave config-
uration or the two half-wave configuration. The location of fail-
ure does depend on the deformed configuration. It is predicted
that the fourth laminate fails because of excessive in-plane shear
stress. Interlaminar shear failure is not predicted for any lami-
nate. For the first two laminates, the experimental observations
correlated well with the predictions. In the experiments, the third
laminate failed along the side support as a result of interlaminar
shear. The twelve clustered 0° layers resulted in very low inter-
laminar shear strength S,;. The fourth laminate failed because
of in-plane shear in the location predicted. However, material
softening resulted in an actual failure load quite different from
the predicted value.

Despite multiple half-waves on the loading direction, failure
of plates with holes loaded in the postbuckling range fail as a
result of excessive inplane stresses.

An Infiltration/Cure Model for Manufacture of Fabric
Composites by the Resin Infusion Process

A one-dimensional infiltration/cure model was developed to
simulate fabrication of advanced textile composites by the resin
film infusion process. The simulation model relates the applied
temperature and pressure processing cycles, along with the ex-
perimentally measured compaction and permeability character-
istics of the fabric preforms, to the temperature distribution, the
resin degree of cure and viscosity, and the infiltration flow front
position as a function of time. The model also predicts the final
panel thickness, fiber volume fraction, and resin mass for full
saturation as a function of compaction pressure. The infiltration
model is based on D’arcy’s law for flow through porous media.

Composite panels were fabricated using the RTM film infusion
technique from knitted, knitted/stitched, and two-dimensional
(2-D) woven carbon preforms and Hercules 3501-6 resin. Before
fabrication, the deflection and permeability of the preforms were
measured as a function of compaction pressure. Measurements
of the temperature distribution, the resin viscosity and degree
of cure, and the infiltration flow front position were compared
with the RTM simulation model results. The model predictions
were within 12% of the experimental results.

Fabric composites were fabricated at different compaction
pressures and temperature cycles to determine the effects of the
processing on the properties. The composites were C-scanned
and micrographed to determine the quality of each panel. Com-
posite panels fabricated using different temperature cycles to the
same state of cure and similar compaction pressures were found
to have similar compressive and shear properties.

Advanced cure cycles, developed from the RTM simulation
model, were used to reduce the total cure cycle times by a factor
of three and the total infiltration times by a factor of two.

The RTM film infusion technique was successfully developed
and used to fabricate advanced textile composites from knitted,
knitted/stitched, and 2-D woven preforms with a standard epoxy
resin system,

The RTM film infusion model was used to predict the final

thickness and fiber volume fraction of textile composites to within
7% of measured values and the resin mass within 11% of the
measured values. The model prediction of the position of the
infiltration front as a function of time correlated well with the
experimental results. The total infiltration times obtained from
the model were within 12% of the experimentally measured val-
ues. The measured and calculated temperature distributions in
the RTM layup agreed well for the four different cure cycles.
Finally, the model predictions of the resin viscosity and degree
of cure correlated with the experimentally measured resuits
obtained from frequency dependent electromagnetic sensors
(FDEMS).

Short block compression (SBC) and Iosipescu shear specimens
were used to evaluate the compressive and shear mechanical
properties of the composite panels. SBC and Iosipescu shear
specimens processed at similar pressures with different cure cycles
to the same state of cure had nearly identical compressive and
shear mechanical properties.

Postbuckling of Laminated Circular Cylindrical Shells
According to the Layer-Wise Shell Theory

The layer-wise shell theory of Reddy is used to develop the
postbuckling equations of circular cylindrical shells. The Rayleigh-
Ritz method is used to solve the equations by assuming a double
Fourier expansion of the displacements with trigonometric co-
ordinate functions. Numerical results for postbuckling response
of axially compressed multilayer cylinders with simply supported
edge conditions are presented for different values of shell im-
perfections.

The postbuckling response of circular cylindrical shells made
of cross-ply lamination schemes is studied using the layer-wise
shell theory. The effect of imperfection on the postbuckling re-
sponse is investigated for isotropic and cross-ply and thin and
thick cylindrical shells with simply supported boundary condi-
tions. Thin isotropic cylinders exhibit many eigenvalues close to
the minimum eigenvalue. For thick cylinders, the number of
eigenvalues close to the minimum eigenvalue is relatively small.
On the other hand, cross-ply composite cylindrical shells, thin
or thick, show less number of eigenvalues closer to the minimum
eigenvalues. When the cylinder is thick, the number is further
reduced.

In the postbuckling analysis, it is observed that the magnitade
of imperfection has an effect on the load-carrying capacity of the
shells. The maximum load-carrying capacity of a shell can be
achieved only for small imperfection (say 10~° to approximately
10~* times the thickness of the shell). For large imperfections,
the shell does not exhibit any obvious elastic limit load; the
nonlinear load-deflection curves indicate softening structural re-
sponse. In the postbuckling regime, thick cylinders show higher
stiffness when compared to thin cylinders. This is due to the large
bending rigidity of thick shells.

A Layer-Wise Shell Theory with Applications to
Buckling and Vibration of Cross-Ply Laminated Stiffened
Circular Cylindrical Shells

Analytical solutions for buckling loads and natural vibrations
of circular cylindrical composite shells with axial and circumfer-
ential stiffeners are presented. A layer-wise shell theory is used
to represent the kinematics of the shell, and the effect of stif-



feners is averaged over the domain of the shell. The effect of
stiffener eccentricity is taken into account. The Navier solution
procedure is used for buckling and vibration analyses. Numerical
results for buckling loads are presented to illustrate the accuracy
of the layer-wise shell theory compared to conventional shell
theories. Finally, the nonlinear (that is, the von Karman) version
of the layer-wise shell theory is formulated and its Rayleigh-Ritz
solution is developed.

Exact solutions for buckling and natural vibration of cross-ply
laminated circular cylindrical shells with axial and circumferential
stiffeners according to the layer-wise theory are developed. The
averaged stiffener approach is used to account for the stiffeners.
The Navier solution procedure is used to develop the exact so-
lutions for cross-ply lamination schemes and simply supported
edge boundary conditions. The computer program based on these
solutions contains options to investigate parametric effects of
various geometric and material parameters on the buckling loads
and natural frequencies. The Rayleigh-Ritz equations associated
with the von Kdrman (nonlinear) equations of the layer-wise
theory are developed for use in the postbuckling analysis, The
layer-wise theory predicts more accurate solutions when com-
pared to the conventional shell theories.

Effect of Interfacial Thermal Conductance and Fiber
Orientation on the Thermal Diffusivity/Conductivity of
Unidirectional Fiber-Reinforced Ceramic Matrix
Composites

The role of an interfacial barrier at the fiber-matrix interface
in the heat conduction behavior of an uniaxial silicon carbide
fiber-reinforced reaction-bonded silicon nitride and the effect of
fiber orientation on the heat conduction characteristics of carbon
fiber-reinforced borosilicate glass were investigated.

In the study of the effect of an interfacial thermal barrier, a
composite with fibers having a carbon-rich coating of about 3
wm was chosen as the reference material. The fiber-matrix in-
terface was then modified by removal of the carbon coating by
preferential oxidation, using fibers with no original carbon coat-
ing and hot-isostatic-pressing (HIP) after nitridation. The for-
mation of an interfacial gap at the interface, as a result of thermal
expansion mismatch between the fiber and the matrix in refer-
ence and HIPed composites and removal of carbon coating for
oxidized composites, resulted in the dependence of thermal
diffusivity/conductivity on the surrounding atmosphere. This ef-
fect was attributed to gaseous heat transfer at the interface.
However, no atmospheric effects were observed for composites
with fibers without the carbon coating as a result of very strong
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bonding between the fiber and the matrix. HIPing increased the
thermal diffusivity/conductivity of the composites caused by den-
sification of the matrix, crystallization of the fibers, and increased
physical contact at the interface. Removal of the interfacial car-
bon layer by preferential oxidation lowered the interfacial con-
ductance considerably, as a result of a decrease in the direct
thermal contact between the fibers and the matrix. Interfacial
contact conductance determined from measurements made in
vacuum for reference and HIPed composites increased rapidly
with increasing temperature in accordance with interfacial gap
closure. These observations indicate that the heat conduction
behavior transverse to the fiber direction of all the composites
investigated was strongly affected by the existence of an inter-
facial thermal barrier.

An analysis was conducted to determine the expression for the
effective thermal conductivity of a uniaxially reinforced finite
composite strip with insulated edges as a function of the angle
between the fiber direction and the temperature gradient. Car-
bon fiber-reinforced aluminoborosilicate glass composite speci-
mens were used to carry out experimental verification of this
analysis. Three types of specimens were used for this study; thin,
angled, and thick rectangular. The thin specimens and the angled
specimens, with geometry such that the net direction of heat flow
was parallel to the fiber direction, represented the case of a
composite infinite in extent. The thick rectangular specimens
were expected to behave like a finite composite strip. For thin
and angled specimens, the thermal conductivity dependence on
fiber orientation showed excellent agreement with theoretical
behavior predicted from the analysis of a semi-infinite plate.
However, for thick specimens, the thermal conductivity turned
out to be much [ower than that for thin and angled specimens,
especially for small fiber angles, below 45°. Thermal conductivity
values calculated from the analytical model developed for a finite
composite strip with insulated sides agreed very well with ex-
perimental values for the thick rectangular specimens for high
fiber angles, greater than 45°.

The results of this study have established the important role
an interfacial thermal barrier at the fiber-matrix interface can
play in determining the transverse thermal diffusivity/conductiv-
ity of unidirectionally reinforced ceramic matrix composites. In
view of the current trend in ceramic composites research of tai-
loring interfaces to achieve optimum interfacial mechanical prop-
erties, the corresponding thermal effects based on this study
should be expected and accounted for. In addition, composites
with interfacial gaps have exhibited atmospheric dependence of
their thermal diffusivity/conductivity, thereby making it neces-
sary to determine or predict these properties in different at-
mospheres for use in composite design.

THE ADHESION SOCIETY
1993 Award of Excellence Announced

The Adhesion Society Award for Excellence in Adhesion Sci-
ence for 1993, sponsored by the 3M Company, will be awarded
to Dr. Louis H. Sharpe at the annual meeting of the Society at
Williamsburg, Virginia, 21-26 Feb. 1993. Dr. Louis Sharpe was
associated with AT&T Bell Labs and worked in the area of

adhesion science for over 30 years. Dr. Sharpe is cited in the
award:

For his recognition of the nature and significance of the interphase
and for unparalteled leadership in the establishment of the archival
literature in adhesion science.
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The 1993 Adhesion Society meeting is an International Sym-
posium with emphasis on “The Interphase,” in recognition of
his insight and the significant efforts in research to understand
this region in materials systems.

Dr. Louis Sharpe obtained the B.S. degree in chemistry (hon-
ors curriculum) from Virginia Polytechnic Institute and State
University and a Ph.D. in physical chemistry from Michigan State
University. He was associated with AT&T Bell Laboratories for
30 years; 25 of those years were spent in adhesion research and
in adhesives engineering and development.

He took early retirement from Bell Laboratories in 1985 and
moved to Hilton Head Island, South Carolina, to pursue a new
career as a Consultant in Adhesion and Adhesives as well as an
Expert Witness.

Dr. Sharpe was a member of the Board of Advisors of The
Center for Adhesion Science at VPI&SU and is presently an
Adjunct Professor at that institution. He was a charter member

of, and served a three-year term on, the Board of Directors of
the Adhesive and Sealant Council Education Foundation.

He was one of the founders of The Adhesion Society and
served as its President from 1986 to 1988. He is the Editor-in-
Chief of The Journal of Adhesion which has been in publication
since January 1969. This Journal is now starting its 39th volume
and will celebrate its 25th year of publication in 1993.

Dr. Sharpe is a member of the American Chemical Society,
The Adhesion Society, and the American Association for the
Advancement of Science. He is a Fellow of ASTM and was given
the ASTM Award of Merit in 1982. He was named the first
William C. Wake Memorial Lecturer of the Plastics and Rubber
Institute of Great Britain in 1990 and was named the first Robert
L. Patrick Fellow of the Adhesion Society in 1991.

He is listed in American Men and Women of Science, Who'’s
Who in the South and Southwest, and Who’s Who in Technology.

RECENT COMPOSITES PUBLICATIONS
NDE Test Outlined

Nondestructive Characterization of Composite Media

REFERENCE: Kline, R. A., Nondestructive Characterization of
Composite Media, Technomic Publishing Co., Inc., 851 New Holland
Ave., Box 3535, Lancaster, PA 17604; Telephone: 717-291-5609,
FAX: 717-295-4538, ISBN: 0-87762-925-0, 1992, 193 pp., 6 X 9,
softcover, $65.

A typical nondestructive evaluation of a composite material
usually tests to find large-scale defects and provides little infor-
mation about the nature of the defect, its effect on mechanical
properties of the material, and the expected performance of the
part.

Now, a new book, Nondestructive Characterization of Com-
posite Media, examines the features of ultrasonic wave propa-
gation that can yield important quantitative information about
composite materials, their microstructure, and their mechanical
properties.

Written by Ronald A. Kline, School of Aerospace and Me-
chanical Engineering, University of Oklahoma, this guide to NDE
through acoustic wave propagation details both theory and prac-
tical applications. The book includes: advanced ultrasound meth-
ods for detailed identification and measurement of defects and
characterization of microstructure and mechanical properties.

Contents of the book include: Basic Governing Equations,
Wave Surfaces, Energy Propagation, Bulk Wave Propagation
Anisotropic Media, Guided Waves, Experimental Consideration
for Ultrasonic Measurements, Methods for Elastic Modulus Re-
construction from Ultrasonic Data, Experimental Considerations
for Dynamic Modulus Measurement in Anisotropic Media: Phase
Velocity Versus Group Velocity, Ultrasonic Modulus Measure-
ments in Composite Media, and Composite Microstructure Char-
acterization.



Calendar on Composites

The following meetings may be of interest to researchers in the field of composite materials.

15-19 February 1993

International Conference on Advanced Composites
Wollongong, Australia

Contact: T. Chandra—Conference Chairman, Department of
Materials Engineering, University of Wollongong, Wollongong
NSW 2500 Australia; Telephone: 61-42-213008, FAX: 61-42-
213112, E-MAIL: T. CHANDRA@UOW.EDU.AU

21-26 February 1993

International Symposium on The Interphase (Adhesion Society,
Inc.}

Williamsburg, Virginia

Contact: Dr. Louis H. Sharpe, 28 Red Maple Rd., Hilton Head
Island, SC 29928; Telephone: 803-671-4810, FAX: 803-671-4810

23-25 February 1993

Asia Pacific Conference on Materials Engineering

Nanyang Technological University, Singapore

Contact: Prof. F. W. Travis, School of Mechanical and Produc-
tion Engineering, Nanyang Technological University, Nanyang
Ave., Singapore; Telephone: 2641744, ext. 5500, FAX: 2641859

30 March-2 April 1993

The Second International Symposium on Mineral and Organic
Functional Fillers in Polymers (MOFFIS 93)

Namur, Belgium

Contact: Dr. J. G. Fripiat, Facultes Universitaires Notre Dame
de la Paix, Rue de Bruxelles, 61, B-5000, Namur, Belgium;
Telephone: 32-81-72-45-31, FAX: 32-81-23-03-91

13-17 April 1993

9th International Conference on Wear of Materials

San Francisco, California

Contact: Dr. R. G. Bayer, IBM Corp., Technology Laboratory,
P.O. Box 8003, Endicott, NY 13760; FAX: 607-757-1126

2-4 May 1993

Woodfiber-Plastic Composites: Virgin and Recycled Woodfiber
and Polymers for High-Volume, Low-Cost Composites
Madison, Wisconsin

Contact: University-Industry Research Program, Rm. 1215 WARF
Bldg., 610 Walnut St., UW-Madison, Madison, WI 53705; Tele-
phone: 608-263-2840

4 May 1993

International Composite Repair Seminar

CROSSAIR Conference Center, EuroAirport Basel-Mulhouse-
Freiburg

Contact: SACMA, 1600 Wilson Blvd., Suite 1008, Arlington,
VA 22209; FAX: 703-841-1559
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4-6 May 1993

Fifth Symposium on Composite Materials: Fatigue and Fracture
(ASTM)

Atlanta, Georgia

Contact: Dr. Roderick H. Martin, Symposium Chairman, An-
alytical Services and Materials, Inc., MS 188E, NASA Langley
Research Center, Hampton, VA 23665-5225; Telephone: 804-
864-3482, FAX: 804-864-7729

6-9 June 1993

First Joint SES, ASME-AMD, ASCE-EMD Meeting
Charlottesville, Virginia

Contact: Carl T. Herakovich, Applied Mechanics Program &
Civil Engineering Department, University of Virginia, Char-
lottesville, VA 22903-2442; Telephone: 804-924-3605, FAX: 804-
982-2951, E-MAIL: HERAK@VIRGINIA.EDU

13-18 June 1993

21st Biennial Conference on Carbon

Buffalo, New York

Contact: Prof. D. Chung, Composite Materials Research Lab-
oratory, Furnas Hall, State University of New York at Buffalo,
Buffalo, NY 14260; Telephone: 716-636-2520, FAX: 716-636-
3875

5-7 July 1993

The SEVENTH International Conference on Composite Struc-
tures (ICCS/7}

Paisley, Scotland

Contact: Professor 1. H. Marshall, Dept. of Mechanical & Man-
ufacturing Engineering, University of Paisley, High St., Paisley
PA1 2BE, Scotland; Telephone: 041-848-3562, FAX: 041-848-
3555, Telex: 778951 PCT LIBG

12-16 July 1993

The Ninth International Conference on Composite Materials
(ICCM/IX)

Madrid, Spain

Contact: Prof. Antonio Miravete, Department of Mechanical
Engineering, University of Zaragoza, Maria de Luna, 3, 50015
Zaragoza, Spain; Telephone: 34-76-517401, FAX: 34-76-512932

27-29 September 1993

Second Canadian International Conference on Composite Struc-
tures and Materials (CANCOM ’93)

Ottawa, Ontaric, Canada

Contact: Dr. W. Wallace, Co-Chairman, Institute for Aerospace
Research, National Research Council Canada, Ottawa, Ontario,
Canada K1A ORG6; Telephone: 613-993-2469, FAX: 613-993-7136
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19-21 October 1993

SAMPE 93

International Convention Center, Birmingham, United Kingdom
Contact: SAMPE 93 Secretariat, Glen House, 200 Tottenham
Court Rd., London W1P 9LA, United Kingdom

2-4 November 1993

3rd Pacific Rim Forum on Composite Materials

Honolulu, Hawaii

Contact: Stephen W. Tsai, Department of Aeronautics and
Astronautics, Stanford University, Stanford, CA 94305-4035;
Telephone: 415-725-3305, FAX.: 415-725-3377

28 November—3 December 1993

ASME Winter Annual Meeting

New Orleans, Louisiana

Contact: ASME, 345 E. 47th St., New York, NY 10017; Tele-
phone: 212-705-7722

13-18 November 1994
ASME Winter Annual Meeting
Chicago, Illinois

Contact: ASME, 345 E. 47th St., New York, NY 10017; Tele-
phone: 212-705-7722

12~17 November 1995

ASME Winter Annual Meeting

San Francisco, California

Contact: ASME, 345 E. 47th St., New York, NY 10017; Tele-
phone: 212-705-7722

17-22 November 1996

ASME Winter Annual Meeting

Atlanta, Georgia

Contact: ASME, 345 E. 47th St., New York, NY 10017; Tele-
phone: 212-705-7722

Send items for this calendar to:

Prof. M. W. Hyer, Department of Engineering Science
and Mechanics

Virginia Polytechnic Institute and State University

Blacksburg, VA 24061-0219

Telephone: 703-231-5372

FAX: 703-231-4574

E-MAIL: HYERM@VTVMI1.CC.VT.EDU



Guest Commentary

New Horizons in Composite Structure

by Charles W. Rogers, Principal Engineer, Bell Helicopter Textron Inc.

Extensive use of composite materials on the V-22 airframe
revealed two facts that greatly influenced its development cost.
A shortfall in analytical methods for fracture as a result of out-
of-plane loads forced an expensive trial and error approach to
the design of a critical component. The structural concepts se-
lected were similar to those used in metal involving many small
parts mechanically assembled to meet a desired function. These
many small parts and their assembly proved to be more costly
than were justified by their associated weight savings. Resolution
of these problems will require new analytical methods, material
forms, and design and manufacturing concepts.

New approaches to analysis include: (1) classical lamination
theory that accounts for out-of-plane deformation, (2} fracture
mechanics methods that recognize the importance of matrix
cracking, and (3) finite element methods that allow both material
and geometric nonlinearity. These are the tools of the future in
composite design. New material forms are: (1) a rod of straight
carbon fibers, (2) discontinuous fiber prepreg, and (3) dry pre-
forms. These material forms will offer cost reductions and, in
the case of the rod, improved compressive strength.

New design concepts use bias laminates [ +45 ], for skins and
attachment areas because of their damage tolerance and unidi-
rectional rods for axial members because they eliminate any
question of the quality of fiber alignment.

New manufacturing approaches encourage the designer to fo-
cus on integration of function and structure with emphasis on
tooled surfaces for next assembly mating. A wing skin, for ex-
ample, must mate with the rib flanges. If the skin is molded to
the inside surface and the rib is tooled to this same interface, a
close tolerance fit is assured. While the outside surface of a wing
skin is smooth, the inside is complex, containing all the details
such as stringers and pad-ups. This detail in the tool also serves
to locate the parts of the lay-up. With so much lay-up information
on the tool, standardization of the lay-up components frees the
operator from constant reference to the lay-up instructions.
Standardization also allows material to be dispensed at the work
station rather than the labor intensive kiting now practiced.

In the future, certain ground rules will guide design: (1) min-
imize composite part count, (2) design for mechanized processes,
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About the Author

Mr. Rogers has been active in research in advanced
composite materials since its inception in 1965. His first
responsibility was program manager of the F-111 boron/
epoxy horizontal tail at General Dynamics. This program
ran the full course from development through flight test
and limited production. Other programs included the first
use of carbon fiber composites on an F-5 aft fuselage sec-
tion which led to the use of carbon fiber on the full em-
pennage of the F-16 through its production of almost 4000
aircraft. He was consultant to North American Rockwell
on the carbon/epoxy space shuttle payload bay doors. More
recently, he was responsible for the development of the
composite forward wings on the Beech Starship. He has
served as associate editor of the Journal of Composite Ma-
terials, been a member on numerous National Research
Council, Air Force, and NASA committees, and written
many papers including a NASA Monograph. He is cur-
rently active on teams to design a low-cost V-22 wing and
a new low-cost light helicopter using the rod concept in
both applications.
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and (3) design for standardized material forms. These may seem
obvious, but let me add to Rule 1 to emphasize the authority
that must be exercised with these rules. (14} Do not design parts
that weigh less than two pounds for the conventional laminating
processes. This rule forces the designer to integrate parts as much
as he is able to or make the part out of metal or composites by
some other process.

The payoff for these new approaches to composite design and
manufacturing wili be higher usable strength and lower cost.
Along with higher usable strength will be an increased awareness
of compressive instability failure modes and aeroelasticity ef-
fects. The lower cost of composite structure will allow better
value judgments to be made between alternate materials or pro-
cesses. Greater reliance on analysis as opposed to the more ex-
pensive empirical approach will allow more aggressive applica-
tion in the aerospace field and increased usage in the industrial
sector.

The current overcapacity in carbon fiber and composite part
manufacturing can change quickly as new applications currently
in study come to fruition. For instance, one off-shore tethered
oil platform in deep water could use a million pounds of fiber
in the tethers alone.

These new composite designs will not look like “black alu-
minum,” and they will not function like isotropic materials. The
components will have a molded look, and deformation will be
used to advantage. The light general aviation industry is making
a comeback in the form of kits of molded composite parts that,
when assembled by the buyer (to avoid liability costs), result in
very high performance aircraft. Helicopter designers have used
composite flexures to replace bearings for several years now,
increasing reliability and lowering cost.

The factories will look different, too. Gone will be the large
open areas of tables with rolls of tape supported on one end. A
multiplicity of specialized machines will service individual work
stations. The mold on which the material will be placed will be
supported on an articulated mount that will hold the mold in the
position best suited for each lay-up. Each bond form will have
two parts. The second part will be a shell over the mold to support
a custom-fitted curing bag while the bag is not in use. The shell
will be held up and out of the way during the lay-up process by
the same articulated mount.

All of this will take time and capital, and the United States
no longer has any advantage over the rest of the world except
our own creative nature.



Best Presentation Award

ASTM Committee D-30 Best
Presentation Award

Albert J. DiNicola of United Technologies-Sikorsky Aircraft
is a recipient of the D-30 Best Presentation Award for his pres-
entation entitled “Bearing Strength Behavior of Clearance-Fit
Fastener Holes in Toughened Graphite/Epoxy Laminates” at the
Eleventh Symposium on Composite Materials: Testing and De-
sign held in May 1992 in Pittsburgh with Dr. Eugene Campo-
neschi as the Symposium Chairman. The Symposium was spon-
sored by ASTM Committee D-30. The presented paper was
coauthored by Steven C. Fantle. The recipient of this award is
selected based upon evaluations of all the symposium speakers
by five members of the audience.

Bearing Strength Behavior of Clearance-Fit Fastener Holes in
Toughened Graphite/Epoxy Laminates

Albert J. DiNicola and Steven C. Fantle

Laminates made of standard modulus carbon fiber in a tough-
ened thermosetting resin matrix were tested under pin-bearing
conditions to determine the effects of fastener hole oversize on
both 4% hole deformation strength (4% HDS) and maximum
bearing stress {MBS) both per the ASTM Test for Bearing
Strengths of Plastics (DD 953). The types of laminates and the
nominal and oversize diameters examined in the study were se-
lected to bracket effectively typical industry practice with regard
to aerospace primary structure. Results indicated 4% HDS was
teduced by up to 30% as a result of hole oversize, whereas MBS,
which results from a complicated progressive damage mecha-
nism, was generally unaffected (Fig. 1}. The local effects that
characterized the 4% HDS reduction were investigated using
nonlinear finite element contact analyses, assuming both the lam-
inate and the bearing pin to be linear elastic materials. Maximum
contact force was greatly influenced by hole oversize, ranging
from 90 to 240% of the maximum calculated for a conventional
cosine contact distribution. Significant differences in the varia-
tion of contact force as a function of angular position were noted
also. An inverse relationship between contact angle and amount
of oversize was noted for all nominal diameters, thereby indi-
cating concentration of contact Joad near the initial contact point
(6 = 0°) as oversize increased. For applied loads corresponding
to the experimentally determined 4% HDS, finite element stress
results, used in conjunction with a ply level Hoffman failure
criterion, allowed the formulation of a model which could ac-
curately predict 4% HDS for all nominal and oversize diameters
tested. The proposed model, which is a variation of the point
stress characteristic distance hypothesis, reflects both the local
lead concentration effects and the nonconstant features of the
Hoffman failure contour at points removed from the boundary.
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FIG. 1— Bearing strengths versus oversize.

About the Author

A native of central Pennsylvania, Mr. DiNicola attended
the Pennsylvania State University majoring in Engineering
Science and Mechanics. He received a Bachelor of Science
Degree with Honors in Engineering Science (1985) and a
Master of Science Degree in Engineering Mechanics (1986).
He has worked at United Technologies-Sikorsky Aircraft
in the areas of composite analysis and testing and analytical
methods development. He is currently attending Columbia
University, researching applications of three-dimensional
anisotropic boundary element methods to fracture me-
chanics of layered media.
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