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In this study, an implicit finite element equation is developed for a strain gradient theory of

single-crystal plasticity that accounts for the self-energy of geometrically necessary dislocations
(GNDs). This theory, which was proposed by the present authors (J. Mech. Phys. Solids 55 (2007)),

is based on introducing the self-energy of GNDs into the Gurtin strain gradient framework. The

introduction allows us to estimate the size-dependent yield behavior of crystalline metals. The

discretization is performed for a set of homogenization equations based on this gradient theory,

leading to an implicit finite element equation. This equation is verified by a model grain analysis

and a comparison with an analytical estimation obtained by the present authors. The stability and

the efficiency due to applying this equation are also discussed.
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Fig.2 Step change in higher-order stress &£/ as a function
of in-plane slip gradient »'7, and dotted line indicates

approximation using Eq.(39).
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Fig.3 2D model grains with a single slip system /.
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