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Abstract
Discrete damage modeling of composite failure mechanisms including delamination, matrix
cracking, and their interactions was performed for the skin laminate in a composite pi-joint test
specimen subject to a pull-off load. The skin laminate stacking sequence was varied, and the
pull-off load and path of predicted damage were recorded. Within the study two discrete
damage modeling tools were used; Abaqus XFEM with a LaRC05 built-in user subroutine and
BSAM. Both tools implement failure criteria developed at the NASA Langley Research Center
(LaRC) to predict the location of damage initiation and both tools use similar cohesive zone
models to model damage accumulation and crack propagation of matrix cracks and
delaminations. However, the tools differ in their approach of modeling mesh independent
matrix cracks in the bulk lamina. Abaqus XFEM implements a standard formulation of the
eXtended Finite Element Method (XFEM), whereas BSAM uses a Regularized eXtended Finite
Element Method (RxFEM). The results of the discrete damage modeling tools were compared
with baseline models that only considered interface damage. It was shown that by including
effects of matrix cracks the peak pull-off loads were considerably reduced. Moreover, the
predicted failure path between the baseline and discrete damage models were vastly different.
Comparing the discrete damage models, the prediction of the first damage site was in
agreement, and the paths of predicted damage and peak pull-off loads were similar. The
convergence of the BSAM solver was found to be superior as the Abaqus solver was found to
diverge when damage occurred at multiple sites and the interaction became complex.

