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Fig.1 A Dugdale cohesive crack, subjected to a remote mode-I
loading, lies at the interface of two adjacent grains with
the crack tip intersecting the grain boundary of the third
grain. N edge dislocations with Burgers vectors b emit
from the crack tip and slip to the opposite grain bound-
ary, the crack tip cohesive zone size is L the cohesive zone
starts at O’ where the crack-opening displacement is calcu-
lated (a) and Dugdale’s (rectangular) cohesive law with

cohesive strength o and critical displacement & (b)
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Fig.2 Schematic diagram of bi-axiality ratio, ¢, under conditions

of plane stress
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Fig.4 Dependence of critical crack intensity factor K,c on the
angle & made by the boundary plane and the crack

growth direction for nanocrystalline nickel
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Table 1 Nanocrystalline copper parameters
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Fig.6 Critical stress intensity factor Kc vs. coarse grain size D

in nanocrystalline copper
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Fig.7 Critical stress intensity factor K,c vs. grain size d in

nanocrystalline copper
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Effect of Grain Size on the Fracture Toughness of Bimodal Nanocrystalline Materials

Liu Yingguang, Peng Xiulei, Zhu Xiaoyan
(North China Electric Power University, Baoding 071003, China)

Abstract: To describe the fracture toughness of bimodal nanocrystalline (BNC) materials which are composed of nanocrystalline (NC)
matrix and coarse grains, we have developed a theoretical model to study the critical stress intensity factor K. (which characterizes
toughness) of BNC materials. A typical case has been considered where crack lies at the interface of two neighboring NC grains and the
crack tip intersect at the grain boundary of the coarse grain, while the cohesive zone size is assumed to be equal to the grain size d of the
NC matrix. Blunting and propagating processes of the crack is controlled by a combined effect of dislocation and cohesive zone. Edge
dislocations emit from the cohesive crack tip and make a shielding effect on the crack. It is found that the critical stress intensity factor
K, increases with the increasing of grain size d of the NC matrix as well as the coarse grain size D. Moreover, the fracture toughness is
relatively more sensitive to the coarse grain size than that of NC matrix.

Key words: bimodal nanocrystalline materials; dislocation cohesive zone; fracture toughness; grain size
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