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Coupling analysis of welding residual stress
redistribution and crack propagation
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Abstracts: Welding residual stress has a significant impact on the fatigue life of a welding structure. Mean-
while, welding residual stress is not invariable, but will be redistributed with crack propagation. Therefore,
the coupling study of welding residual stress redistribution and crack propagation is very important to predict
the fatigue life of a welded structure accurately. Based on thermal elastic—plastic finite element method and
extended finite element method (XFEM), a fatigue life analysis method considering the coupling of residual
stress redistribution and crack propagation was proposed in this paper. Taking the tensile fatigue sample of
TC4 titanium alloy as an example, the redistribution of the welding residual stress along with crack propaga-
tion was studied with the extended finite element method. The welding residual stress distribution in front of
the crack tip during crack propagation and the fatigue crack propagation a—N curve under the redistribution
of weld residual stress were calculated by cyclic iteration. The calculation results show that the welding resid-
ual stress at the crack tip increases firstly and then decreases with the crack propagation. Compared with the
results based on constant value of the residual stress, the extended finite element fatigue life analysis method

considering the redistribution of the residual stress is more accurate to predict the fatigue lives of welding
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structures.
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