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Recently the phase field method has been developed for the numerical simulation of brittle
fracture [1]. Phase field models for fracture employ a continuous field variable to repre-
sent cracks. The width of the transition zone between cracked and un-cracked areas is
controlled by a regularization parameter which smoothens the boundary of the crack over
a small region.

The major advantage of using a phase field is that the evolution of fracture surfaces
follows from the solution of a coupled system of partial differential equations. In contrast
to discrete descriptions of fracture, phase-field description does not require numerical
tracking of discontinuities in the displacement field. This greatly reduces implementation
complexity, and is anticipated to be particularly advantageous when multiple branching
and merging cracks are considered in three dimensions.

The numerical implementation of such models is sensitive to the choice of the regulariza-
tion parameter (for smoothing the cracked zone) in conjunction with the mesh size, as the
mesh has to be fine enough to resolve high gradients of the crack field appearing in the
transition zones. This is one of the main computational challenges of the implementation.

Recently, graphics processing units (GPUs) have had great success in accelerating many
numerical computations [2]. Therefore, massively parallel programming with GPU can
be considered as a candidate solution for the problem of high computational costs in the
phase field method. We will present our approach to develop a massively parallel program
to explicitly solve the brittle crack evolution problem with the phase-field formulation on
a single graphical processing unit (GPU), using a standard finite element method (FEM)
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on unstructured meshes. We will also discuss implementation issues such as the ever-
decreasing critical time step.
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