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ABSTRACT 

Nonuniform and localized deformation near a blunting crack tip in FCC single crystals under pure 
Mode I loading conditions is investigated using finite element method. To model a cracked specimen 
subjected to Mode I loading, a large semi-circular region of radius R0 with a notch of radius a0 (R0 >> 
a0) is considered so that conditions of small scale yielding are satisfied. A size-dependent higher-
order gradient crystal plasticity theory accounting for finite strains [1] is adopted to characterize the 
material. A conventional crystal plasticity model [2] is also employed for comparison purposes. 
Idealized plane strain deformation is considered utilizing a planar 3-effective slip model in which any 
out of plane action from one crystallographic slip system is assumed to be cancelled by geometrically 
symmetric other slip systems [3].   

In case of employing the conventional crystal plasticity model without any length scale effect, 
severely localized deformation accompanying shear band development appears near the blunting 
crack tip. With introduction of an intrinsic material length scale effect that is related to higher-order 
slip gradients, formation of severely localized shear bands inside the material near the crack tip is 
suppressed, but at the crack tip surface a peculiar nonuniform deformation still remains, which might 
suggest crack propagation. It is observed that the crack tip opening displacement (CTOD) is not 
significantly affected by the length scale effect.  
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