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Abstract
Ply cracking is an inherently stochastic process due to the random variability of local material properties of the
plies. Such randomness in microstructure and in failure evolution generally leads to non-uniform distributions
of ply cracks. Modeling this non-uniformity is a crucial factor in predicting the initiation and propagation of
matrix cracks. Therefore, a novel stress-based variational model is developed to accurately predict stress
transfer and stiffness reduction in general symmetric laminates containing non-uniformly spaced ply cracks. In
contrast to available approaches for uniformly spaced ply cracks based on the unit cell, the analysis is carried
out for the entire laminate. Results derived from the developed method for thermo-elastic properties of the
cracked laminates show an excellent agreement with finite element results. Moreover, the accuracy of
predictions based on an approximate approach is discussed using a comprehensive analysis of various
laminates and crack patterns for both carbon and glass fibre systems.
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1. Introduction
Ply cracking in laminates subject to static or fatigue mechanical and thermal loading, is the initial and most typical
ply-level failure phenomenon resulting from the coalescence of micro-damage. Ply cracks (also known as matrix
cracks, transverse cracks, intra-laminar cracks, inclined cracks, etc.) are orthogonal to the laminate mid-plane, run
parallel to fibers in the ply and usually cover the whole thickness and width of the ply in the specimen. In both

standard and thin-ply composite laminates subject to fatigue loading, damage tolerance can be assured only if
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