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Abstract: In this work, we propose an accelerated phase field method for crack nucleation
and propagation in highly heterogeneous materials. In the treated problems, the microstructure
models are obtained from microtomography images and thus consist into fine, regular grids of
voxels, each converted into a single element. In that context, crack nucleation and propagation
is a very challenging problem, due to the presence of a very large number of inclusions and
pores with arbitrary shapes. To avoid remeshing and issues related to explicitly describe
discontinuities, a phase field method is adopted [1]. Due to the highly complex geometrical
models involved, we propose an accelerated version of the method by (a) using a modified
projection operator for computing the traction/compression split of the strains, which is highly
time-consuming and (b) a straightforward parallel algorithm combined with efficient iterative
solvers to treat very large problems.

Phase field models for fracture employ a continuous field of variables to describe cracks. The
width of the transition zone between cracked and uncracked areas on a small length scale is
controlled by a regularization parameter. Phase-field description, based on the Griffith theory
[2] of brittle fracture and the variational approach to fracture mechanics proposed by B.
Bourdin, et al. (2008) [3], does not require numerical tracking of discontinuities in the
displacement field, and allows to greatly reduce computational complexity.

We illustrate the methodology through several numerical examples involving crack nucleation
and propagation in microtomography-based concrete models and other complex
microstructures in two and three dimensions.
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