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In this paper we consider the numerical approximation of an elasto-plastic micro-structure
model based on the evolution of dislocations using the higher-dimensional Continuum
Dislocation Dynamics (hdCDD) theory. For this purpose we introduce a coupling of a
Runge-Kutta discontinuous Galerkin (RKDG) method for the dislocation model with a
finite element method (FEM) handling the occuring stress fields from the macro-structure
due to the elastic boundary value problem (BVP).

The hdCDD theory [1, 2] describes the evolution of curved dislocation lines based on a
higher-dimensional description of discrete dislocations. Systematic averaging of discrete
dislocation configurations leads to a representation through continuum field equations
for a higher-dimensional dislocation density tensor. First numerical results were realized
in [3] using finite difference methods.

We will introduce a reformulation of an evolution system of this theory in conservative
form, ∂tu+∇ ·F(u, v) = f(u, v), where u := (ρ, q) and ρ, q, v : Γ× S1 → R are the dislo-
cation density, the curvature density and the scalar velocity of dislocations, respectively;
here Γ ⊂ R2 is a crystallographic slip plane and S1 = R/(2πZ). This formulation allows
to use a discontinuous Galerkin (DG) method for the spatial discretization together with
an explicit Runge-Kutta method as time integrator.

We define the discretization of the elastic problem using FEM such that the faces of the
elements can also serve as mesh for the hdCDD slip planes. Hence, we only have one
common mesh for the elastic BVP and all slip planes. This setup also is anvantageous
for parallel computation due to an easy mesh distribution and a communication of the
coupled system.
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We introduce a new element for the DG method that uses tensor products of Fourier func-
tions and polynomials as basis functions to reduce the higher-dimensionality of hdCDD.
As numerical example, we perform a tension test as in [4] with one active slip system as
illustrated in Figure 1. Dirichlet boundary conditions are used on top and bottom of the
elastic body and free boundaries are used over each hdCDD slip plane. As a result of
the tension test, we obtain the stress-strain curve as in Figure 2. It can be devided into
three different regimes and accounts for changing hardening behavior due to the flux of
dislocations (Fig.2). The numerical results are realized with the parallel finite element
system M++ [5].

Figure 1: Sketch of slip planes embed-
ded into the elastic domain

Figure 2: Stress - strain curve: (I) elastic regime
(E = m1), (II) plastic regime induced by loop ex-
pansion (E = m2 is reduced), (III) starvation due
to outflux of edge dislocations and remaining screw
dislocations (E ≈ 2m2)
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