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ABSTRACT 

The analysis of various heterogeneous material structures (composites, welded joints, etc.) should 
include the effects of residual stresses. In recent papers, the concept of material forces [1,2] was 
used to investigate the effect of inhomogeneities. It was shown [3-7] that material inhomogeneities 
in the direction of the crack extension induce an additional crack driving force term, referred to as 
the material inhomogeneity term, Cinh. The effective crack driving force, Jtip, is then given by: 

inhfartip CJJ += , where Jfar is far-field J-integral. For engineering applications, it is important to 
predict whether the effect of residual stresses is significant or it can be neglected. This effect was 
analysed in [7] for elastic material and CTE inhomogeneity, and here we present results for elastic 
and elastic-plastic materials and coupled inhomogeneities (CTE and E). 
For this analysis we used FE model of pre-cracked CT specimen made of bimaterial with a sharp 
interface (Fig. 1a). The model was cooled and then loaded mechanically. FEA was carried out using 
ABAQUS (www.simulia.com). Cinh was obtained using post-processing procedure based on the 
concept of configurational forces. 
The influence of inhomogeneities is more prominent when the crack tip is closer to the interface. 
Material inhomogeneity term, Cinh, is negative (shielding) if a crack grows towards stiffer and/or 
higher-strength material. CTE ratio less than 1 decreases the values of Cinh, thus improving the 
fracture resistance (Fig. 1b). Smaller CTE ratio also has favourable effect for elastic-plastic 
bimaterial – the plots are similar to Fig. 1b, but Cinh vs. Jfar curves approach some saturation values. 



 

Obtained results can be used for optimization of fracture behaviour of inhomogeneous structures 
with sharp interfaces. For instance, it is possible to modify material combinations in a multimaterial 
structure intentionally to increase its fracture resistance. 
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Fig. 1: a) FE model; b) bimaterials with/without resid. stresses with coupled inhomogeneity in CTE and E 
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