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Influence of incomplete penetration of butt welding defects on
fatigue strength of welded joints

Guo Tingyin, Yang Kun, Tan Xin, Zhang Xiang
(Zhuzhou Electric Locomotive Co., Ltd., Zhuzhou 412001, Hunan, China)

Abstract: [Objective] This study aims to quantify impact of incomplete penetration defects caused by welding processes on fatigue strength of
16MnDR butt welded joints. Fatigue performance differences between welded joints with incomplete penetration defects and no defects were
investigated. [Methods] Fatigue tests were conducted on both types of butt welded joints with an electromagnetic resonance high-frequency
fatigue testing machine under a stress ratio (R=0.5). The probabilistic fatigue strength at 107 cycles for welded joints with incomplete
penetration and no defects was compared. Additionally, failure analysis of fracture under SEM was performed to identify fatigue crack initiation
points and causes of fatigue strength reduction. [Results] Fatigue test results revealed that fatigue strength of butt welded joints with incomplete
penetration defects was only 17% that of butt welded joints with no defects. Failure analysis showed that fatigue cracks in butt welded joints
with incomplete penetration originated from incomplete penetration fusion zone of root, where geometric stress concentration and initial defects
formed during welding were the main reasons for fatigue strength reduction. [Conclusion] Based on finite element analysis results and fatigue
test data, crack propagation threshold for butt welded joints with incomplete penetration under a stress ratio (R=0.5), considering residual
welding stress effects, was estimated. A relationship between fatigue limit strength and size of initial incomplete penetration defects was

established. The study provides important insights for optimizing welding processes and improving fatigue strength of welded joints.
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Tab.1 Composition of 16MnDR (wt.%)

C Si Mn S P

<0.20 0.15~0.50 1.20 ~ 1.60 <0.012 <0.025
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Tab.2 Mechanical properties of 16MnDR
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Tab. 3 Composition of welding wire (wt.%)

C Si Mn S P

0.06~0.14 050~0.80 090~130 <0.025 <0.025
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Fig. 1 Welding parameters of specimen. (a) groove dimensions and
spacing of welded joint; (b) pass arrangement of welded

joint

x4 BEIZSH
Tab. 4 Welding parameters

= I Bt d/mm BB /A

BB E U/V JEAEEIE v/(mms ™) P A E/(kJ-mm™")

1 MAG 1.2 160 ~ 170
2 MAG 1.2 240 ~ 250
3 MAG 1.2 250 ~ 260

17 ~18 45~5.0 0.54 ~ 0.68
26 ~27 3.5~4.0 1.56 ~1.93
27 ~28 35~4.0 1.69 ~2.08
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joints with no defect
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Fig. 7 Stress range versus fatigue life (S-N) curve
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Fig. 8 Schematic diagram of fatigue specimen failure. (a) specimen

with no defect; (b) specimen with incomplete penetration
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Fig. 9 Representative case of fracture observation with porosity
defects. (a) SEM image of bubble defects; (b) EDS spectrum
of bubbles
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