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Abstract 

Transverse matrix cracking has been 
investigated extensively.  One of the key issues in 
studies on this subject is stiffness reduction of 
laminate due to the existence of transverse cracks in 
the laminate.  Most accounts in the literature 
examine the in-plane stiffnesses [1-7] with few 
capable of predicting the bending stiffnesses [8-10].  
There has been no account available in the literature, 
to the best of the authors’ knowledge, dealing with 
the reduction of transverse shear stiffnesses of 
transversely cracked laminates. 

While enjoying numerous advantageous 
characteristics, laminated composites suffer from 
their low transverse stiffnesses and strengths.  This 
makes the consideration of transverse shear 
deformation in laminate analyses essential.  
Laminated composites are also susceptive to damage 
of various types, transverse cracking being one of 
them, resulting from lateral impacts, for instance.  
Transverse cracks in laminated composites 
undermine not only the in-plane and bending 
stiffnesses of the laminate, but also the transverse 
shear stiffnesses.  Given the generic weakness of 
laminated composites in transverse shear stiffnesses, 
the reduction of transverse shear stiffnesses due to 
damage constitute a severe consideration in the 
application of laminated composites designed to 
tolerate a level of damage in form of transverse 
matrix cracks.  The present paper is devoted to the 
prediction of reduction of transverse shear 
stiffnesses due to the presence of transverse cracks 
in some of the laminae of the laminate. 

Various approaches can be found in the 
literature for the analysis of transversely cracked 
laminates, e.g. shear lag [1,2], variational approach 
[3,4], stress transfer [5], continuum damage 
mechanics [6], finite elements [7] and finite strips 
[8].  Most of them are generically restrictive and 

hence impossible to accommodate the mechanism of 
transverse shear deformation as described in a 
laminate theory, e.g. Reissner-Mindlin type.  The 
present work extends the finite strip method as 
developed by one of the authors previously [8] 
which was based on a generalized plane strain 
condition so that both in-plane and bending 
deformation can be incorporated while keeping the 
presentation of the problem two-dimensional.  In 
order to incorporate also transverse shear 
deformation, the generalized plane strain problem 
has to be generalized further.  This has been 
presented in the paper.  The new generalized plane 
strain problem remains 2-D in presentation.  
Boundary conditions are derived based on the 
assumption that cracks in the laminate are regularly 
spaced. 

The finite strip method is then applied to the 
new generalized plane strain problem for the 
discretization of cracked laminates in the direction 
through the thickness, resulting in a set of 
simultaneous ordinary differential equations.  
Instead of further discretizing the problem in the 
remaining in-plane coordinate using Fourier series 
as was done in the previous approach in order to 
transform the problem into a set of simultaneous 
algebraic equations [8], the mathematical software, 
Matlab, is employed to solve the simultaneous 
ordinary differential equations directly after 
imposing appropriate boundary conditions. 

With the mathematical power of Matlab, an 
improved finite strip analysis has been achieved 
before being extended to incorporate transverse 
shear.  The results have been validated against those 
obtained previously. 

Detailed analyses of the transverse shear 
deformation in cracked laminates have been 
performed and results obtained and discussed.  Due 
to the lack of results in the literature on this subject 
for comparison and validation of the present analysis, 
possible experiments have been proposed. 
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