8th. World Congress on Computational Mechanics (WCCMB8)

5th. European Congress on Computational Methods in Applied Sciences and Engineering (ECCOMAS 2008)
June 30 — July 5, 2008

Venice, Italy

THE EFFECT OF RESIDUAL STRESSES ON ELASTIC AND ELASTIC-
PLASTIC BIMATERIALS WITH INITIAL CRACK PERPENDICULAR TO
THE INTERFACE

* Bojan |I. Medjol, Marko P. Rakinl, Otmar Kolednik2'5, Narendra K. Simha* and Franz Dieter

Fischer>®
! Faculty of Technology and ~ ? Erich Schmid Institute of ® Institute of Mechanics,
Metallurgy, Karnegijeva 4, Materials Science, Austrian ~ Montanuniversitat Leoben, A-
11000 Belgrade, Serbia Academy of Science, A-8700 8700 Leoben, Austria
* bojanmedjo@gmail.com Leoben, Austria mechanik@unileoben.ac.at
marko@tmf.bg.ac.yu kolednik@unileoben.ac.at

* University of Minnesota, > Materials Center Leoben, A-
MMC 289, Minneapolis, MN 8700 Leoben, Austria
55455, USA

Key Words: bimaterial, residual stresses, crack driving force, inhomogeneity

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, Cin. The effective crack driving force, Jgp, is then given by:

Jip = Jar +Cinns Where Jor 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). Ci,, 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, Ciy,, is negative (shielding) if a crack grows towards stiffer and/or
higher-strength material. CTE ratio less than 1 decreases the values of Ciy, 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 Ci,, VS. Jiar 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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