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[Chopra & Rao (2011)]
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[Das and Tarafder (2009)]

[Pineau and Pardoen (2007), 
Besson (2010),

Benzerga and Leblond (2010)]
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Dimple-type Transgranular Fracture 
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Polycrystal
with 

intragranular
voids

Voided
single crystal

hardening

� Crystal plasticity at finite strains

� FCC crystal
� Plasticity: dislocation motion
� Slip planes
� Slip directions
� 12 slip systems
� Schmid tensor 

� Schmid’s law:
Plastic slip is initiated when the 
resolved shear stress � � on a slip 
plane reaches a critical value � �

�
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� Kinematics:

� Flow rule:

� Hardening rule

� Dislocation density

Deformation gradient:

Plastic strain rate:

with

[Kubin (2008)] 

Yield function:

Plastic slip rate:

Multiplication Annihilation
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Force
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Voided 
single crystal

Homogeneous 
distribution of  voids

RVE

� Initial void volume fraction

� Periodic boundary conditions

� Axisymmetric loading

� Constant stress triaxiality

� Different crystal orientations
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[Ling et al. (2016)]
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� Stronger effect of crystal 
orientation at T=3

� In agreement with Yerra et al. 
(2010) for BCC

� Why? 

[Ling et al. (2016)]
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Loading ratio
3,3
1,3
0,66

f0~5,3 10-3
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Decreasing
size of voids
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Gradient terms
Additional DOFs in 

FEM
Number of the 

additional DOFs 
Examples of references

�($ � �$� 12 DOFs
(FCC)

(Gurtin, 2002)
(Gurtin et al., 2007)
(Borg, 2007)

(() �() 9 DOFs (Shu et Fleck, 1999)

Curl�*+ *+ 9 DOFs
(Cordero et al., 2010)
(Aslan et al., 2011)
(Cordero et al., 2012)

($ + $+ 1 DOF
(Wulfinghoff et Böhlke, 2012)
(Wulfinghoff et Böhlke, 2013)
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Aifantis-type model: numerically efficient   �	&���	
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$+ : microslip variable


























