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Foreword 

The Symposium on Fracture Mechanics of Composites was held at the 
National Bureau of Standards, Gaithersburg, Md., on 25 Sept. 1975. 
ASTM Committee D-30 on High Modulus Fibers and Their Composites 
sponsored the symposium. G. P. Sendeckyj, Air Force Flight Dynamics 
Laboratory, presided as the symposium chairman. 
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A S T M  Commit tee  on Publications 



Editorial Staff 

Jane B. Wheeler, Managing Editor 
Helen M. Hoersch, Associate Editor 

Charlotte E. DeFranco, Senior Assistant Editor 
Ellen J. McGlinchey, Assistant Editor 



Contents 

Introduction 

Theoretical Investigations 

Three-Dimensional Analysis of Laminar Composites with Through 
Cracks--p. D. HILTON AND G. C. SIH 

An Approximate Three-Dimensional Theory for Laminates 
A Laminar Plate Containing a Through Crack Subjected to 

Tensile Loading 
Dependence of the Near-Tip Stress Field on the Transverse 

Coordinate z 
Numerical Results 
Discussion of Results 

Three-Dimensional Solution for a Through-Thickness Crack in a 
Cross-Plied Laminate--s. s. WANG, J. F. MANDELL,  AND 

F. J. MC GARRY 

Method of Analysis 
Problem Description 
Numerical Results 
Discussion 
Conclusions 

Three-Dimensional Solution for a Through-Thickness Crack with 
Crack Tip Damage in a Cross-Plied Laminate--s. s. WANG, 

J. F. MANDELL, AND F. J. MC GARgV 
Problem Description and Modeling 
Numerical Results 
Discussion 
Conclusions 

A Finite-Element Program for Fracture Mechanics Analysis of 
Composite material--s. N. ATLURI,  A. S. KOBAYASHI,  AND 

M. NAKAGAKI 

Method of Approach 
Advantages of the Hybrid Displacement Model 
Applications 
Orthotropic Tension Plate with Slanted Crack 
Conclusion 

10 

13 
18 
24 

36 
38 
38 
43 
52 
58 

61 
63 
65 
67 
84 

86 
88 
90 
91 
96 
97 



Mode I Stress Intensity Factors for Symmetrically-Cracked 
Orthotropic Strips--H. j. KONmH, JR. 

Analysis 
Results 
Discussion 
Conclusions 

Uniaxial Failure of Composite Laminates Containing Stress 
Concentrations--R. j. NUISMER AND J. M. WHITNEY 

Failure Criteria 
Experimental Program 
Data Reduction 
Results 
Discussion and Conclusions 

99 
101 
104 
114 
115 

117 
120 
126 
130 
132 
138 

Experimental Investigations 

Fracture of Composite Compact Tension Specimens--J. M. SLEPETZ 
AND L. CARLSON 

Experimental Procedures 
Experimental Results 
Conclusions and Discussion 

Fracture Mechanics Correlation of Boron/Aluminum Coupons 
Containing Stress Risers--N. R. ADS[T AND J. P. WASZCZAK 

Background 
Results and Observations 
Discussion and Recommendations 
Conclusions 

Rate and Time Dependent Failure of Structural Adhesives-- 
H. F. BRINSON, M. P. RENIERI, AND C. T. HERAKOVICH 

Experimental Program 
Experimental Results 
Analytical Considerations 
Discussion 

143 
145 
148 
161 

163 
164 
166 
175 
175 

177 
178 
180 
189 
196 

Crack Arrestment in Composite Structures 

Crack Arrestment of Laminated Composites--N. M. BHATIA AND 
g .  M. VERETTE 

Description of Test Program 
Static Loading Test Results 
Post-Arrest Fatigue Test Results 
Fatigue Loading and Subsequent Static Test Results 
Fractographic Examination of the Failure Surface 
Analytical Predictions and Comparisons with Test Data 
Conclusions 

200 
201 
203 
205 
206 
208 
208 
213 



Concepts for Crack Arrestment in Composites---G. P. SENDECKYJ 
Crack-Arrestment Strip Concepts 
Analysis of Longitudinal Crack-Arrestment Strip Concept 
Theory-Experiment Comparison 
Discussion and Conclusion 

215 
217 
218 
221 
225 


