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Abstract 

The discrete dislocation plasticity in crystals is investigated by Discrete Dislocation 

Dynamics (DDD) and micro-scale continuum crystal plasticity theory, respectively, in 

this work. In the DDD modeling, a unified computational model which directly 

combines 3D DDD and Finite Element Method (FEM) is developed to investigate the 

discrete dislocation plasticity in a finite crystal. In this model, 1) an initial internal stress 

field is introduced to represent the preexisting stationary dislocations in the crystal; 2) 

the external boundary condition is handled by finite element method spontaneously; 3) 

the constitutive relationship is based on the finite deformation theory of crystal 

plasticity, but the discrete plastic strains induced by the slip of dislocations are 

calculated by dislocation dynamics methodology instead of phenomenological 

constitutive equations used in conventional crystal plasticity. Various processes, such 

as loop dislocation evolution, dislocation junction formation etc. are simulated to verify 

the reliability of this computational model. Some challenges in the current DDD 

modeling are also discussed, such as it is difficult to deal with dislocations in 

heterogeneous materials and to consider the evolution of more than one types of defects, 

etc. To solve these problems, it is useful to describe the defects in a continuum manner. 

 A new method for modeling dislocations continuously is developed based on the 

continuum crystal plasticity theory. Compared with conventional crystal plasticity 

theory, the ‘plastic slip’ associated with each dislocation sweep is described by a 

continuous smooth field independently. The evolution of plastic slip field is described 

through Ginzburg-Laudau equation, similar to that used in phase field method (PFM). 

The advantage is the elastic interaction between dislocations as well as the interaction 

between dislocations and internal /external interfaces are automatically taken into 

account within a unified continuum mechanics framework. Several examples are 

presented to illustrate the applicability of the method in modeling dislocation in 

heterogeneous material/structures.  
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