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A Study on Stress Intensity Factors and Dislocation

Emission via Molecular Dynamics
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Abstract

The paper addresses an application of molecular dynamics technique for fracture mechanics. Molecular

dynamics simulation is an atomistic approach, while typical numerical methods such as finite element
methods are macroscopic. Using the potential functions, which express the energy of a molecular
system, a virtual specimen with molecules is set up and the trajectory of every molecule can be
calculated by Newton's equation of motion. Several three-dimensional models with various types of
cracks are considered. The stress intensity factors, the sizes of plastic zone as well as the dislocation
emission are sought to be compared with the anlaytical solutions, which result in good agreement.
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Fig. 1 Face-centered cubic(FCC) crystal structure
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Fig. 2 Comparison of the plastic zone obtained by
von Mises yield criterion and the present

method at " =40A ¢ where the solid line
denotes the plastic zone by von Mises
criterion and solid circles for molecular
dynamics simulation
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Fig. 3 Comparison of the plastic zone obtained by
von Mises yield criterion and the present
method at #*=80Af" where the solid line
denotes the plastic zone by von Mises
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Fig.4 Comparison of the plastic zone obtained by
von Mises yield criterion and the present

method at ¢*=1004¢" where the solid line
denotes the plastic zone by von Mises
criterion and solid circles for molecular
dynamics simulation
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Table 2 Comparison of distances of dislocation

emission near crack tip for various crack

types

A | B C D E

*

14

single | 3.5267 | 7.3136 | 2,5403 | 3.7705 | 5.9621

double | 4.1828 | 5.6692 | 2.3862 | 3.5731 | 4.187

center | 3.8744 | 4.6551 [ 5.6728 | 3.2186 | N/A

inner |4.2649 | 4.8352 ) 5.3357 | 3.1243 | N/A

Fig. 7 Dislocation emission of center crack

Fig. 5 Dislocation emission of Single-edge crack Fig. 8 Dislocation emission of inner crack

Fig. 9 The 3D configuration of the model with a

Fig. 6 Dislocation emission of double-edge crack single-edge crack at the initial state
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Fig. 10 Deformed configuration of the specimen at Fig. 13 The 3D configuration of the model with
F=600Aat center crack

| o .
Fig. 11 The 3D configuration of the model with

Fig. 14 Deformed configuration of the specimen at
double-edge crack
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Fig. 12 Deformed configuration of the specimen at Fig. 15 A schematic of an inner crac

*=6002f
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Fig. 16 The 3D configuration of the model with
inner crack
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