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Two-dimensional weight function of stress intensity factors for
external circumferential surface cracks in cylinders
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Architecture & Ocean Engineering, Dalian University of Technology, Dalian, 116024, China)

Abstract: External circumferential surface crack was one of the common defects in submarine pipes and risers. For the sake of
accurate and efficient calculation of stress intensity factors (SIFs), a two-dimensional weight function for external circumferential
surface cracks in cylinders under arbitrary complex stress fields was proposed. Three-dimensional finite element analysis was
utilized to calculate the SIFs for external circumferential surface cracks in cylinders under uniform stress loading, covering the
thickness-to-radius ratio 7/R; of 0.02 ~ 0.2, crack shape ratio a/c of 0.2 ~ 1.0, and crack depth ratio a/T of 0.1 ~ 0.8. The two-
dimensional weight functions for the deepest and surface points of surface cracks were derived. The results of the weight function
method and the finite element method were compared to verify the accuracy of the weight function by calculating the SIF under
high-order stress loads. The maximum relative error of the two methods was 9. 5%. Moreover, the SIFs of external circumferential
surface cracks under girth-welded residual stress was calculated. The relative error between the weight function and the finite
element results was less than 5%. The results showed that the developed two-dimensional weight function can provide a foundation

for the fatigue life prediction of submarine pipes and risers with external circumferential surface cracks.

Highlights: (1) A two-dimensional weight function for external circumferential surface cracks in cylinders was proposed.
(2) The weight function could be used to calculate the SIFs for external circumferential surface cracks in cylinders
under arbitrary loads.
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FFEM Fref FFEM Fref
0.5 0.2 1.092 1.094 -0.18 0.866 0.876 -1.14
0.5 0.4 1.166 1.173 —0.60 0.947 0.965 -1.87
0.5 0.6 1.258 1.273 -1.18 1.081 1.120 -3.48
0.5 0.8 1.315 1.342 -2.01 1.248 1.309 —4.66
1.0 0.2 1.044 1.039 0.48 1.104 1.174 -5.96
1.0 0.4 1.069 1.061 0.75 1.158 1.229 -5.78
1.0 0.6 1.095 1.083 1.11 1.233 1.320 -6.59
1.0 0.8 1.112 1.091 1.92 1.323 1.432 -4.12
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Table 2 Boundary correction factors calculated by finite element models for 7/R=0.2
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Fig. 8 Comparison between the results of deepest point calculated by weight function and finite element for 7/R; = 0.2.
(@) a/lT=0.1; (b) a/T=0.2; (c) a/T=0.4; (d) a/T=0.6; () a/T=0.8
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Fig. 9 Comparison between the results of surface point calculated by weight function and finite element for 7/R; = 0.2.
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Table 3 Comparison of the results of deepest point calculated by weight function and finite element for residual stress
distribution for 7/R=0.05

ELA G| 2N HEOREE NIUEIEH FH RS HFUE TE R F AL R B S R
alc a/T Frem Fwr (%)
0.25 0.2 1.1403 1.1371 -0.28
0.25 0.4 1.2807 1.2814 0.05
0.25 0.6 1.3512 1.3474 -0.28
0.25 0.8 1.2694 1.2555 - 1.10
0.50 0.2 1.0913 1.0898 -0.14
0.50 0.4 1.1416 1.1430 0.12
0.50 0.6 1.0897 1.0887 -0.09
0.50 0.8 0.9421 0.9267 - 1.63
1.00 0.2 1.0425 1.0423 -0.02
1.00 0.4 1.0369 1.0391 0.21
1.00 0.6 0.8994 0.9049 0.61
1.00 0.8 0.7124 0.7230 1.49

x4 EREEAOHERENSHG TRRSNABEREFRITERTT
Table 4 Comparison of the results of deepest point calculated by weight function and finite element for residual stress
distribution for 7/R;=0.1

HyogpR I UK NI IER T BRocs PG TE R F AL R, R
alc a/T Frem Fwr (%)
0.25 0.2 1.1358 1.1348 -0.09
0.25 0.4 1.2654 1.2656 0.02
0.25 0.6 1.3230 1.3289 0.45
0.25 0.8 1.2547 1.2678 1.04
0.50 0.2 1.0901 1.0896 -0.05
0.50 0.4 1.1395 1.1400 0.04
0.50 0.6 1.0878 1.0887 0.08
0.50 0.8 0.9488 0.9468 -0.21
1.00 0.2 1.0431 1.0427 —0.04
1.00 0.4 1.0379 1.0401 0.21
1.00 0.6 0.9022 0.9076 0.60

1.00 0.8 0.7184 0.7279 1.33
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Table 5 Comparison of the results of surface point calculated by weight function and finite element for residual stress
distribution for 7/R;=0.05

B 2N HOERE HBFHBIEH T BRocSs FUE TE R AL R S W
alc alT Frem Fyr (%)
0.25 0.2 0.7025 0.6679 —4.93
0.25 0.4 0.7782 0.7466 —4.06
0.25 0.6 0.9051 0.9108 0.63
0.25 0.8 1.0188 0.9971 -2.13
0.50 0.2 0.8568 0.8532 —0.42
0.50 0.4 0.9424 0.9221 -2.15
0.50 0.6 1.0727 1.0331 -3.69
0.50 0.8 1.2068 1.2082 0.12
1.00 0.2 1.0948 1.0946 -0.02
1.00 0.4 1.1419 1.1406 -0.11
1.00 0.6 1.2093 1.2114 0.17
1.00 0.8 1.2663 1.2809 1.15
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Table 6 Comparison of the results of surface point calculated by weight function and finite element for residual stress
distribution for 7/R;=0.1

WATAR L BRI ST A T BT S T AR 1
alc aT Fren Fyr 5(%)
0.25 0.2 0.6795 0.6766 —0.43
0.25 0.4 0.7177 0.6948 -3.19
0.25 0.6 0.7768 0.8029 3.36
0.25 0.8 0.8096 0.8165 0.85
0.50 0.2 0.8557 0.8639 0.96
0.50 0.4 0.9413 0.9543 1.38
0.50 0.6 1.0698 1.0645 —=0.50
0.50 0.8 1.2003 1.1754 -2.07
1.00 0.2 1.0932 1.0929 —0.03
1.00 0.4 1.1512 1.1513 0.01
1.00 0.6 1.2217 1.2236 0.16
1.00 0.8 1.2782 1.2872 0.70
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