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Abstract 

There exist two types of model-based simulation procedures available for evaluating failure 
evolution, namely, continuous and discontinuous ones. Molecular dynamics (MD) is a 
representative example of discontinuous methods, in which a cut-off radius associated with 
the discrete forcing function for a given molecule is specified to describe the interactions 
among this molecule and other molecules within a domain of influence. On the other hand, 
the material point method (MPM) is a continuum-based particle method, in which a 
constitutive model is required for a given material point such that the interaction among this 
material point and other points are described via the first or higher order gradients of 
deformations. It has been shown that the evolution of interfacial failure between different 
material phases has the nonlocal feature [1]. As continuous approaches, nonlocal 
elastoplasticity and elastodamage models, in terms of strain gradients or integrals, have been 
proposed to predict the interactions among material points (particles) during the evolution of 
failure, for which the size effect is the key to calibrate these constitutive models based on 
experimental data. The size effect in continuous approaches is similar to the cut-off radius in 
discontinuous approaches, but the quantitative analysis of their relationship has not been 
performed in a systematic manner. Based on the recent research efforts on the MPM [2-6], a 
case study is conducted to compare the numerical results with both MD and MPM in 
simulating an impact test to evaluate cartilage failure, and an effective way to integrate 
nonlocal modeling and spatial discretization is explored within the MPM framework to better 
evaluate multi-phase (solid-fluid-gas) interactions involving failure evolution. 
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