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Failure mode Failure criterion  

Matrix tensile cracking, for ( �yy > 0) 1
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Fiber tensile failure, for ( �xx > 0) 
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Fiber compressive failure, for ( �xx < 0) 
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Fiber–matrix shear-out, for ( �xx < 0) 1
SSX
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Delamination in compression, for ( �zz < 0) 1
SSZ
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Matrix compressive cracking, for ( �yy < 0) 1
SSY
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Delamination in tension, for ( �zz > 0) 1
SSZ
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Failure mode Totally reduced stiffness  

Matrix tensile cracking, for ( �yy > 0) 0E
xyyy

=υ=  eKh 

Matrix compressive cracking, for ( �yy < 0) 0E
xyyy

=υ=  e�Nh 

Fiber tensile failure, for ( �xx > 0) 0GGGEEE
xzyzxyxzyzxyzzyyxx

=υ=υ=υ======  e��h 

Fiber compressive failure, for ( �xx < 0) 0GGGEEE
xzyzxyxzyzxyzzyyxx

=υ=υ=υ======  e�Vh 

Fiber–matrix shearing, for ( �xx < 0) 0G
xyxy

=υ=  e�Ih 

Delamination in tension, for ( �zz > 0) 0GGE
xzyzxzyzzz

=υ=υ===  e�kh 

Delamination in compression, for ( �zz < 0) 0GGE
xzyzxzyzzz

=υ=υ===  e�ih 
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Increment 

displacement 

(mm) 

Number of  

sub step 

Buckling load First ply failure Nonlinear 

Analysis (Linear 

approximation) 

Final Failure Comparison to 

experiment (%) 

� �N �O|NK�P  JO|V�NN  |O��P��P  Vk 

iON  �N �O|NK�P  PNIKi kO�NJI�V  |O�k  

VON  �N �O|NK�P  P�Jik iO�NNV�N  |N��

�ON  �N �O|NK�P  PV�P| kOKI�I�  kVO�  

NiON  VN �O|NK�P  PVVIJ IOJPP��  �|OP  

Labeas, et.al [K] NO|iJk�  JO|iIVk  KO�VP|NN  |�OIk  
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