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Abstract :

Mechanical phenomena such as crack growth (by high loading, fatigue, or chemical
embrittlement), dislocation nucleation, and grain boundary deformation, all require
explicit retention of nanoscale details but are also strongly influenced by, for instance,
dislocations and their motion (plasticity) at the micron and larger scales. Efficient,
accurate calculations of such material behavior rely on multiscale methods to reduce the
number of degrees of freedom in any computation.

To handle multiple scales simultaneously, the Coupled Atomistic and Discrete
Dislocation (CADD) method is introduced wherein atomistic and continuum regions
communicate across a seamless boundary and exchange dislocations back and forth as
dictated by the mechanics of the problem. The atomistic region can experience any
deformations that occur under the applied loading while the continuum region evolves
according to discrete dislocation plasticity. Comparisons of CADD against full atomistic
simulations validate the method. Applications to nanoindentation and dislocation/grain-
boundary interactions are then presented. The extension of the method to include finite-
temperature dynamics in the atomistic region is demonstrated, and applied to predict
crack-tip dislocation emission.

The general concepts developed here also motivate the formulation of new multiscale
models at other scales. Examples include coupling discrete dislocations to continuum
crystal plasticity, coupling discrete kinetic Monte-Carlo models of diffusion to continuum
diffusion, coupling quantum mechanics to continuum models, and new discrete
dislocation models for polycrystals and bimaterial interfaces. Collectively, these
multiscale models can be used to study a wide range of issues in the design of structural
and electronic materials.
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