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Classical models of crystal plasticity lack the ability to capture the formation of
microstructure and do not accommodate softening. Several gradient crystal
plasticity models have been advocated recently to overcome the aforementioned limitations. These models are of particular importance when predicting
the response of material at the micron scale. The focus of this presentation is
on a model of gradient crystal plasticity due to Gurtin [1]. The length scale in
the Gurtin theory arises from a free energy dependent on a tensor that provides a continuum description of the Burgers vector.
The emphasis of this investigation is twofold. Firstly, a robust numerical solution strategy is developed drawing heavily on the work of Bittencourt et al. [2].
Various aspects of the implementation of the nonlocal theory that differ significantly from the classical are emphasised. A series of numerical examples is
then presented and the effect of the nonlocal terms is elucidated. Secondly,
aspects of the mathematical structure of the model are described. The description is facilitated by recasting the Gurtin model into a convex analytic framework. A similar approach was employed for an alternative model of gradient
plasticity by Djoko et al. [3]. The ability of the model to accommodate softening
is assessed and these results are confirmed via numerical experiment. The
behaviour of various hardening rules is also discussed.
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