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Abstract

This work investigates two promising defect energy candidates for gradient crys-
tal plasticity applications. First, a rank-one defect energy is considered, allowing
for a size-effect on the overall yield strength of micro-heterogeneous materials.
The energy can be motivated by dislocation core considerations.
As a second candidate, a logarithmic defect energy is investigated, which is mo-
tivated by the work of Groma et al. (2003). The logarithmic energy leads to
a backstress which is formally similar to the one proposed by Aifantis (1987).
However, the internal length scale is not a material constant. Instead, it is
determined by the density of geometrically necessary and statistically stored
dislocations.
The characteristics of both energies are investigated in the case of a laminate
microstructure for which analytical as well as numerical solutions are derived.
In this context, a new regularization technique for the numerical treatment of
the rank-one potential is presented based on an incremental potential involving
Lagrange multipliers. The results illustrate the effect of the two energies on the
macroscopic size–dependent stress-strain response in shear and cyclic loading,
as well as the arising pile-up forms. Under cyclic loading, the logarithmic poten-
tial is shown to provide a continuum formulation of Asaro’s type III kinematic
hardening model.
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