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Abstract :

The welding process is often accompanied by the generation of defects such as porosity, slag inclusion, undercut, which
can easily lead to the generation and expansion of fatigue cracks under fatigue loading. Using finite element software
ABAQUS combined with fracture mechanics analysis software FRANC3D, a finite element model of the butt weld
joint with porosity defects was established, and a crack was introduced at the location of maximum stress concentration.
The numerical simulation of the cracked model was carried out based on the M-integral of fracture mechanics, and the
stress intensity factors at the crack tip were obtained under different initial crack lengths and weld widths. The analysis
results show that the stress intensity factor at the crack tip is sensitive to the change of the initial crack length and
increases with the increase of the length, while the stress intensity factor at the two ends of the crack shows the opposite
trend. The increase of the weld width can significantly reduce the stress intensity factor, and this trend gradually slows
down with the increase of the weld width. On this basis, the fatigue life prediction model of butt joints with porosity
defects was established by using the fracture mechanics Paris formula. The accuracy of the model was verified through

the test, and the results showed that, except for some specimens, the error between the predicted and test results was

less than 20% . The fatigue life of the butt joints with porosity defects could be predicted accurately.
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Table 1 Chemical composition of steel and wire %
FEE Ry C Mn Si P S Cr Cu Ni Nb \% Mo
Q355B 0.160 1.410 0.210 0.013 0.018 0.200 0.320 0.221 0.012 — —
ER50-6 0.090 1.620 0.860 0.015 0.012 0.020 0.120 0.010 — 0.010 0.020
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Table 2 Mechanical properties of steel and wire
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RS s MPa sy TEA
Q3558 355 =470 =22 >34
ER50-6 460 =420 =22 =27
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Fig. 4 Damage section of butt joint fatigue test
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Fig. 3 Loading setup and fixed specimen
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Fig. 9 Results of three stress intensity factors
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