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Stress intensity factors of X80 gas pipeline with
composite defects in girth weld based on elastic
finite element analysis

LI Ji-hong, DONG Yu—fan, GOU Chuan—dong, CAO Xin—lei, ZHANG Min

(School of Materials Science and Engineering, Xi’an University of Technology, Xi’an 710048, China)

Abstract: The stress analysis of girth weld of X80 pipeline with "misalignment and crack" under working
conditions was implemented. Combined with the elastic finite element method, the three—dimensional finite
element analysis of the pipeline with composite defect of "misalignment and internal surface crack" and "mis-
alignment and embedded crack" was carried out, in which the effects of crack size, axial stress, thickness,
misalignment and crack location on the stress intensity factor were calculated. Based on these, the crack size
correction factor was introduced and the engineering calculation formula of stress intensity factor (SIF) was
put forward. Comparison of the finite element analysis with the theoretical derivation shows that the error is
less than 3%, and the error between the stress intensity factor calculation formula result and the finite ele-
ment result is less than 5%, which indicates its correctness and accuracy.
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Fig.1 Weld groove and crack location
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Tab.1 Parameters of '"'misalignment+crack' composite defect model
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Fig.2 Contour integral diagram Fig.3 Singular element
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Tab.2 Verification of FEM results
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Fig.8 Equivalent stress field of weldment with defects
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Fig.9 Weld stress of cracks at different locations
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Tab.3 Comparison of K; between FEM and analytical results for embedded cracks

2alt ale FEM K, {8 (MPa+Vm) A KA (MPa-vm ) R
0.2 28.96 29.56 2.03%
0.2 0.4 26.78 26.32 1.75%
0.6 24.15 23.84 1.30%
0.2 45.61 44.31 2.93%
0.4 0.4 42.65 42.16 1.16%
0.6 37.12 36.64 1.31%
0.2 74.12 72.65 2.02%
0.6 0.4 63.69 62.31 2.21%
0.6 56.23 55.12 2.01%
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