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ABSTRACT

Fracture of materials is a multiscale process and requires appropriate simulation techniques. In
order to obtain fine scale insights into the processes near the crack tip, an atomistic point of
view in this region is suitable, but needs to be embedded into macroscopic loading conditions of
the surrounding material. In this regard, particle-continuum coupling methods are appropriate
for simulations of fracture, which treat the vicinity of the crack at particle resolution while
describing the material far away by continuum mechanics.

Although there have been various multiscale simulation methods designed to study the fracture
of crystalline materials or elastic polymers, multiscale methods for simulations of viscoelastic
or viscoplastic polymers are still rare due to the complex mechanical behavior and the mate-
rial’s amorphous structure. The Capriccio method [1] was proposed for multiscale simulations
of glassy polymers within the elastic regime, which couples a particle domain resolved by Molec-
ular Dynamics (MD) simulations with stochastic boundary conditions and a continuum domain
solved by the Finite-Element (FE) method. This method has been extended to inelasticity [4]
by employing a viscoelastic-viscoplastic constitutive model [3] informed by MD simulations [2]
in the continuum domain.

In this contribution, we enhance the inelastic Capriccio method [4] to simulations of fracture
of glassy polymers. We consider a polystyrene sample with a pre-crack consisting of a cubic
MD domain embedded in an FE domain. The sample is loaded in Mode-I and its mechanical
behavior is studied.
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