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Evaluation of Crack-tip Cohesive Laws for the Mode | Fracture of
the Graphene from Molecular Dynamics Simulations
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Abstract

In this paper, a novel approach to estimate cohesive laws for the mode I fracture of the graphene is presented by combining
molecular dynamic simulations and an inverse algorithm based on field projection method and finite element method. The
determination of crack-tip cohesive laws of the graphene based on continuum mechanics is a non-trivial inverse problem of finding
unknown tractions and separations from atomic simulations. The displacements of molecular dynamic simulations in a region far
away from the crack tip are transferred to finite element nodes by using moving least square approximation. Inverse analyses for
extracting unknown cohesive tractions and separation behind the crack tip can be carried out by using conservation nature of the
interaction /- and M-integrals with numerical auxiliary fields which are generated by systematically imposing uniform surface
tractions element-by-element along the crack surfaces in finite element models. The preset method can be a very successful
approach to extract crack-tip cohesive laws from molecular dynamic simulations as a scale bridging method.
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Fig. 1 lllustration of a cohesive zone at the crack tip
and a far-field region for measurement of
displacements

crack tip

cohesive zone

Inverse
analysis continuum model

Fig. 2 An inverse problem for finding cohesive laws
for the fracture of the graphene from molecular
dynamics simulations
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Fig. 3 Integration paths for interaction J- and M-integrals
along cohesive crack surfaces and an arbitrary contour
far from the crack tip

Fig. 4 Integral domains for interaction J- and M-integrals
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Fig. 5 Uniform normal tractions imposed on the crack
surfaces of the element faces in the cohesive zone
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Fig. 6 Boundary conditions for the analysis of crack
propagation in the graphene

Fig. 7 A snapshot of molecular dynamics simulations
for the crack propagation along the zigzag direction in
the graphene

Fig. 8 Atomic arrangements in molecular dynamics
simulations and finite element meshes
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Fig. 9 Molecular dynamics models and boundary conditions
for the evaluation of elastic moduli of the graphene
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Fig. 10 Stress distribution of finite element analysis using
atomic displacements in molecular dynamics simulations
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Fig. 12 Inversely extracted cohesive tractions, separations
and cohesive laws for the fracture of the graphene
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