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Abstract

Advanced fiber reinforced polymer composite structures are increasingly used in various engineering applications such as aircraft,
automotive vehicles, and marine structures. While many studies have shown the weight specific advantages of composites in
structural applications, computational modeling of composite structural response is still an ongoing activity. In particular, there is a
strong need to establish and execute accurate prediction models related to structural integrity and damage tolerance (SIDT) of
composite structures. An important technical barrier that needs to be overcome in attaining such a goal is the development of a
robust and validated physics-based analysis tool that can accurately predict failure initiation and progressive failure of a composite
structure incorporating a high level of computational fidelity. For thin laminated composite structures, a predictive computational
model is needed for accurately capturing the interaction between in-plane and out-of-plane failure mechanisms. This presentation
will highlight the recent development of a unified numerical model for a probabilistic progressive failure analysis (PFA) for
advanced composite structures. The PFA is capable of predicting interactive out-of-plane (interlaminar) and in-plane (intralaminar)
failure modes observed in fiber reinforced composite laminates. Failure mode interaction is accounted for by implementing a matrix
microcracking damage model based on Schapery theory coupled with the discrete cohesive zone model for interfacial failure. A
probability analysis model is also implemented to account for uncertainty in modeling parameters and thus to provide reliability-
based failure indicators when material variability and manufacturing inconsistencies are considered.
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