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The multi-axle fatigue analysis of welded joints based on
notch stress method

LIU Xu, ZHANG Kailin, LIU Bin, YAO Yuan
(Traction Power State Key Laboratory, Southwest Jiaotong University, Chengdu 610031, P.R.China)

Abstract: As the existing fatigue assessment curves of welded joints are only applicable to uniaxial load, we
analyzed the multi-axial fatigue of welded joints on the basis of notch stress method. Firstly, through the
combination of the nominal stress data in the multi-axial fatigue test of welded joints and the notch stress
concentration factor calculated by finite element method, the notch stresses of 5 kinds of welded joints in different
directions were obtained. Secondly, equivalent notch stresses were respectively calculated according to 3 kinds of
multi-axial fatigue criteria, i.e. Von Mises, IIW (International Institute of Welding) and EESH (equivalent
effective stress hypothesis), and they were unified into the same coordinate system. Finally, the fatigue life curves
that were applicable to the assessment of the multi-axial notch fatigue were fitted out with the least square
method. Compared with the uniaxial curve recommended by IIW, the multi-axial fatigue curves have lower
inclination and higher fatigue class. The fatigue strength value within the mid-circle range from 10° to 10° circles is
obviously reduced when multi-axial is loaded, while the influence on the high circle fatigue range from 10° to 10’
circles is relatively limited.
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Fig.1 Principles of fatigue assessment using the notch stress approach
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Fig.2 The notch fatigue lifecurves with uniaxial loading
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Fig.3 Proportional loading and non-proportional loading
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Fig.5 Welded joint specimens with multi-axial fatigue test
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Tabel 1 The geometry parameters and test condition of welded joints
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for calculating notch stress concentration factor
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Tabel 2 The notch stress concentration factors of welded joints
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Table 3 The parameters of multiaxial notch S-N curves
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