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ABSTRACT 

Interface decohesion due to dislocation activity in polycrystalline microstructures is a complex 
process that is not fully understood yet. To obtain a better insight in the underlying mechanisms we 
adopt the Peierls-Nabarro glide plane model [1] in a 2D plane strain FEM framework. A finite 
domain is split into two linear elastic bodies connected by an interface, the glide plane. Along the 
glide plane an energy based interface model is employed for the description of the dislocation 
induced defect energy. It entails a periodic and thus nonconvex function with respect to the 
disregistry between both media to represent the effect of lattice periodicity. As a result, the total free 
energy, which is comprised out of the elastic strain energy and the defect energy, is a nonconvex 
function. Hence, a nonlinear and nonconvex minimisation problem arises. 

Common approaches treat nonconvexity by regularisation. We, however, recognise the nonconvexity 
as reflecting an important underlying physical phenomenon and adopt an adequate numerical solution 
technique for nonconvex minimisation. By employing the truncated Newton method, along the lines 
proposed by Nash [2], we are able to achieve numerical stability and computational efficiency.  

By adopting the proposed framework to model a two-phase microstructure, a natural interplay 
between dislocations, external boundary conditions and phase boundary is provided while taking the 
material dependency into account. Modelling dislocation dipoles in a finite-sized grain introduces 
additionally a size dependency related to the long range stresses of the dipoles. The numerical 
solutions obtained allow us to study the influences on formation of dislocation pileups, dislocation 
transmission and the local stress build-up. In follow-up work, decohesion of the phase boundary will 
be incorporated via a cohesive zone approach. 
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