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ABSTRACT 

Classical continuum mechanics faces substantial difficulties for adequately taking into account stress 

and strain distributions around microstructural material discontinuities [1] such as crystallographic 

defects, voids, and grain boundaries. One way to improve the microstructural model is the 

development of the atomistic submodel that provides a significant reduction of vast amounts of 

atomistic data and degrees of freedom in the areas without discontinuities. 

In the proposed approach continuum model, discretized by finite elements, runs the atomistic 

submodel by providing boundary displacement field for atoms on the edge of the simulation cell [2] 

driven by molecular dynamics. Therefore, atomistic submodel is placed only around the areas where 

continuum models about to fail. Significant problem visible in such a composite model is the 

correspondence of the continuum and atomistic quantities like stress [3], strain and displacement. 

First, we present a simple pedagogical 1D example of atomistic chain with Lennard-Jones 

interatomic potential that stresses the differences between atomistic and continuum models. Besides, 

we examine possible problems that might be faced connecting the two approaches. After that, the 

method is applied to the 2D example of graphene honeycomb lattice with AIREBO interatomic 

potential [4]. 

The presented procedure shows how one can use atomistic simulations in regions where the 

continuum mechanics model is about to fail or have to be formulated in a very complicated way. The 

final contribution is the utilization of the best from both worlds, speed of the continuum mechanics 

using finite elements methods and informing it by relevant material properties inferred from 

atomistic simulations by judiciously using molecular dynamics where it is the optimal choice. 
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