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Abstract In this study, a finite element formulation based first-order shear deformation theory is developed for
non-linear behaviors of laminated composite plates containing matrix cracking. The multi-directional stiffness
degradation is developed for adopting the stiffness variation induced from matrix cracking, which is proposed by
Duan and Yao. The matrix cracking can be expressed in terms of the variation of material properties, such as
Young's modulus, shear modulus and Possion ratio of plates, and sequently it is possible to predict the variation
of the local stiffness. Using the assumed natural strain method, the present shell element generates neither
membrane nor shear locking behavior. Numerical examples demonstrate that the present element behaves quite
satisfactorily either for the linear or geometrical nonlinear analysis of laminated composite plates. The results of
laminated composite plates with matrix cracking may be the benchmark test for the non-linear analysis of
damaged laminated composite plates.

Key Words : Stiffness degradation; Non-linear analysis; First-order shear deformation theory; Assumed natural
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