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Z 1  bcc-WM:;<=,;UVN¿ÀZ 

Fig.1  Schematic of the bcc-W crack mode and loading 
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Table 1  Calculated value based on EAM potential and expe- 

rimental value of elastic constant for bcc tungsten 

W elastic constant C

11

 C

12

 C

44

 

Calculated value based on EAM/GPa 532.6 205.0 163.2 

Experimental value/GPa 522.4 204.4 160.8 

Shear displacement 

F zone 

Atomic area at the crack tip 
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Z 2  9 II;<=MNO-PQRS 

Fig.2  Loading-displacement curves of mode II crack of tungsten 
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Z 3  <=>?M®¯�jPkP�¿ÀZ�δ=1.38 nm� 

Fig.3  Schematic diagram of initial partial dislocation at crack tip 

(δ=1.38 nm) 

 

 

 

 

 

 

 

 

Z 4  <=>?M�jPkP�¿ÀZ�δ=1.71 nm� 

Fig.4  Schematic diagram of partial dislocation at crack tip 

(δ=1.71 nm) 
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Z 5  � 1ÃjPklm¿ÀZ 

Fig.5  Schematic diagram of the first dislocation nucleation 

 

 

 

 

 

 

 

 

Z 6  � 1iPkno¿ÀZ�δ=2.0 nm� 

Fig.6  Schematic diagram of the first dislocation emission 

(δ=2.0 nm) 

 

 

 

 

 

 

 

 

 

Z 7  � 2ÃjPklm¿ÀZ�δ=2.42 nm� 

Fig.7  Schematic diagram of the second dislocation nucleation 

(δ=2.42 nm)  
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Z 8  � 2iPkno¿ÀZ�δ=2.43 nm� 

Fig.8  Schematic diagram of the second dislocation emission 

(δ=2.43 nm) 
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Z 9  � 3ijPklm¿ÀZ�δ=2.70 nm� 

Fig.9  Schematic diagram of the third dislocation nucleation 

(δ=2.70 nm) 

 

 

 

 

 

 

 

Z 10  � 4iPklm¿ÀZ�δ=2.85 nm� 

Fig.10  Schematic diagram of the fourth dislocation nucleation 

(δ=2.85 nm) 
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Z 11  � 5iPklm¿ÀZ�δ=3.00 nm� 

Fig.11  Schematic diagram of the fifth dislocation nucleation 

(δ=3.00 nm) 

 

 

 

 

 

 

 

 

 

Z 12  <=>?{ÄZ�δ=3.30 nm� 

Fig.12  Strain contour of the crack tip (δ=3.30 nm) 
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Fig.13  Movement of dislocations as displacement loading 
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Multiscale Simulation of Mode II Atomistic Crack in BCC Tungsten 

 

Du Hao, Ni Yushan 

(Fudan University, Shanghai 200433, China) 

 

Abstract: In order to have a better understanding of the fracture mechanisms of body-centered-cubic (bcc) metal, the multiscale 

quasi-continuum method (QC) was employed to analyze the nano-sized crack of bcc tungsten. The mode II crack of tungsten (W) in {110} 

planes along the [111] direction was simulated. The load-displacement curve and atom displacement images for each loading step were 

presented. The generation of partial dislocations, the nucleation and emission of perfect dislocations and the movement of dislocations in 

crack tip were observed. Simulation results show that partial dislocations will produce before perfect dislocation nucleation; each drop 

point of the load-displacement curve corresponds to the nucleation and emission of a perfect dislocation; dislocation nucleation happens 

several times along with the dislocation launching; the increasing number and rapid movement of dislocations eventually lead to mode II 

fracture. According to the simulation results, the curve of dislocation position vs displacement was presented, and the movement 

characteristics of dislocations were analyzed. The results show that all the dislocations will launch after a new dislocation nucleation, 

indicating that a new dislocation nucleation will promote dislocation movement, and dislocation movement will speed up with the increase 

in the number of dislocations. In addition, the phenomenon and mechanism of dislocation in bcc metal was analyzed according to the 

theory of crystallology and Rice’ theory of unstable stacking fault energy. Finally, the forces on and between dislocation were discussed. 

By calculating the force balance equation in microscale, the initial equilibrium position of the dislocation was forecasted, and the 

movement mechanism of dislocations near the crack tip was explained, which coincides well with the simulation results. 

Key words: multiscale quasi-continuum method; mode II crack; dislocation; stacking fault energy 
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