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Fatigue Life Evaluation Based on Welding Residual Stress
Relaxation and Notch Strain Approach for Cruciform Welded Joint
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Abstract

The fatigue strength of welded joint is influenced by the welding residual stress which is relaxed depending
on local stress distributed in vicinity of stress raisers, eg. under cut, overlap and blow hole. To evauate its
fatigue life the geometry of the stress raisers and the welding residual stress should be taken into account.
The several methods based on notch strain approach have been proposed in order to consider the two factors
above mentioned. These methods, however, have shown considerable differences between analytical and
experimental results. It is due to the fact that the amount of the relaxed welding residual stress evaluated by
the cyclic stress-strain relationship do not correspond with that occurred in reality. In this paper the residua
stress relaxation model based on experimental results was used in order to reduce the discrepancy of the
estimated amount of the relaxed welding residual stress. Under an assumption of the superimposition of the
relaxed welding residua stress and the local stress, a modified notch strain approach was proposed and
verified to the cruciform welded joint.
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Fig. 3 Configuration of cruciform weld joint
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Fig. 4 Probability of weld toe radius and flank
angle for cruciform welded joint

Table 1 P and 8 in Piiow, Psow and Pyiow

P, 10% Psos Pu,10%
o (mm)| 087 2.19 3.54
8 (0| 295 36.9 445

Table 2 K; and K¢ by using FEM and Person's
eguation, respectively

CHG) p (mm) Kt Ks

295 3.54 1.752 1.682
36.9 2.19 2.049 1.906
44.5 0.87 2.747 2.252
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Table 3 Fatigue properties for SM490B

Yield strength, o y(MPa) 352

Ultimate tensile strength, o ((MPa) 514

Cyclic strain hardening coefficient, K'(MPa)| 644

Cyclic strain hardening exponent, n' 0.104

Fatigue strength coefficient, o { 462

Fatigue strength exponent, b -0.044

Fatigue ductility coefficient, € ¢ 0.252 . Fig. 8

Fatigue ductility exponent, c -0.510

, Ki=2.252(6 =44.5°,
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