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Evaluation of Crack Growth Estimation Parameters of Thick-Walled
Cylinder with Non-Idealized Circumferential Through-Wall Cracks
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Abstract The present paper provides the elastic stress intensity factors(SIFs) of thick-walled cylinder with
non-idealized circumferential through-wall cracks. For estimating these elastic SIFs, the systematic
three-dimensional(3D) elastic finite element(FE) analyses were performed. In order to consider practical shape of
thick-walled cylinder and non-idealized circumferential through-wall crack, the values of thickness of cylinder,
reference crack length and crack length ratio were systematically varied. As for loading conditions, axial tension,
global bending and internal pressure were considered. In particular, in order to calculate the SIFs of thick-walled
cylinder with non-idealized circumferential through-wall crack from those of thick-walled cylinder with idealized
circumferential through-wall crack, the correction factor representing the effect of non-idealized crack on the SIFs
were proposed in this paper. The present results can be applied to accurately evaluate the rupture probabilities of
nuclear piping considering actual crack growth behaviors.
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Fig. 1 Schematics of thick-walled cylinder with
non-idealized  circumferential  through-wall
crack under axial tension, global bending
and internal pressure

Fig. 2 Typical FE meshes employed in the present
FE analyses for thick-walled cylinder with
non-idealized  circumferential  through-wall
crack
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Table 2 Values of the shape factor F for thick-walled
cylinder with an idealized circumferential
through-wall crack under axial tension

Rt 6i/m F

0.125 1.160

0.25 1.515

2 0.3 1.735
0.4 2.369

0.5 3.385

0.125 1.181

0.25 1.571

3 0.3 1.805
0.4 2.479

0.5 3.584

0.125 1.222

0.25 1.674

5 0.3 1.933
0.4 2.658

0.5 3.847

Table 3 Values of the shape factor F for thick-walled
cylinder with an idealized circumferential
through-wall crack under global bending

R/t Oilm F

0.125 1.075

0.25 1.284

2 0.3 1.401
0.4 1.716

0.5 2.188

0.125 1.121

0.25 1.360

3 0.3 1.489
0.4 1.835

0.5 2.372

0.125 1.173

0.25 1.472

5 0.3 1.617
0.4 2.000

0.5 2.591

Table 4 Values of the shape factor F for thick-walled
cylinder with an idealized circumferential
through-wall crack under internal pressure

R/t Oilm F

0.125 1.232

0.25 1.610

2 0.3 1.843
0.4 2.517

0.5 3.596

0.125 1.214

0.25 1.615

3 0.3 1.856
0.4 2.548

0.5 3.684

0.125 1.234

0.25 1.691

5 0.3 1.952
0.4 2.684

0.5 3.886
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Fig. 3 Variation of G values along the crack front of
non-idealized circumferential  through-wall
cracked cylinder under axial tension, Rn/t=2
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Fig. 10 Variation of G values along the crack front
of non-idealized circumferential through-wall
cracked cylinder under internal pressure, R./t=3
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Table 5 Values of correction factor G of non-idealized circumferential through-wall cracked cylinder under axial

tension
Inner surface point Mid-thickness point Outer surface point
R/t O\/n 61160, 01/0, 0,/6,
1 2 3 1 2 3 1 2 3
0.125 1.000 0.568 0.503 1.000 0.756 0.684 1.000 1.095 0.994
0.25 1.000 0.345 0.259 1.000 0.610 0.517 1.000 1.254 1.116
2 0.3 1.000 0.286 0.202 1.000 0.551 0.453 1.000 1.264 1.104
0.4 1.000 0.196 0.126 1.000 0.443 0.338 1.000 1.210 1.002
0.5 1.000 0.133 0.080 1.000 0.348 0.243 1.000 1.090 0.850
0.125 1.000 0.454 0.373 1.000 0.743 0.669 1.000 1.190 1.082
0.25 1.000 0.238 0.167 1.000 0.582 0.486 1.000 1.390 1.213
3 0.3 1.000 0.192 0.130 1.000 0.525 0.422 1.000 1.394 1.186
0.4 1.000 0.130 0.086 1.000 0.421 0.311 1.000 1.314 1.061
0.5 1.000 0.090 0.058 1.000 0.326 0.221 1.000 1.159 0.881
0.125 1.000 0.296 0.220 1.000 0.705 0.625 1.000 1.369 1.224
0.25 1.000 0.147 0.105 1.000 0.534 0.429 1.000 1.549 1.304
5 0.3 1.000 0.124 0.090 1.000 0.481 0.370 1.000 1.534 1.260
0.4 1.000 0.095 0.068 1.000 0.385 0.275 1.000 1.431 1.115
0.5 1.000 0.073 0.050 1.000 0.295 0.197 1.000 1.245 0.919
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Table 6 Values of correction factor G of non-idealized circumferential through-wall cracked cylinder under global

bending
Inner surface point Mid-thickness point Outer surface point
R/t O\/x 0,/6; 0,/6> 0,16,
1 2 3 1 2 3 1 2 3
0.125 1.000 0.454 0.401 1.000 0.740 0.663 1.000 1.283 1.178
0.25 1.000 0.293 0.213 1.000 0.610 0.513 1.000 1.477 1.348
2 0.3 1.000 0.248 0.168 1.000 0.559 0.455 1.000 1.511 1.360
0.4 1.000 0.178 0.107 1.000 0.464 0.350 1.000 1.502 1.314
0.5 1.000 0.125 0.069 1.000 0.375 0.258 1.000 1.413 1.181
0.125 1.000 0.396 0.324 1.000 0.732 0.653 1.000 1.325 1.216
0.25 1.000 0.216 0.148 1.000 0.587 0.488 1.000 1.582 1.410
3 0.3 1.000 0.177 0.117 1.000 0.537 0.430 1.000 1.619 1.425
0.4 1.000 0.125 0.079 1.000 0.443 0.327 1.000 1.599 1.357
0.5 1.000 0.089 0.056 1.000 0.366 0.249 1.000 1.480 1.204
0.125 1.000 0.276 0.204 1.000 0.698 0.616 1.000 1.463 1.323
0.25 1.000 0.141 0.101 1.000 0.541 0.434 1.000 1.711 1.474
5 0.3 1.000 0.122 0.087 1.000 0.495 0.381 1.000 1.740 1.473
0.4 1.000 0.097 0.069 1.000 0.409 0.292 1.000 1.708 1.394
0.5 1.000 0.077 0.053 1.000 0.323 0.213 1.000 1.576 1.236

Table 7 Values of correction factor G of non-idealized circumferential through-wall cracked cylinder under
internal pressure

Inner surface point Mid-thickness point Outer surface point
R/t O/n 0\/6, 01/6, 0116,
1 2 3 1 2 3 1 2 3
0.125 1.000 0.567 0.502 1.000 0.756 0.684 1.000 1.095 0.992
0.25 1.000 0.344 0.258 1.000 0.610 0.517 1.000 1.255 1.118
2 0.3 1.000 0.285 0.202 1.000 0.551 0.453 1.000 1.265 1.103
0.4 1.000 0.195 0.125 1.000 0.443 0.338 1.000 1.209 1.004
0.5 1.000 0.133 0.079 1.000 0.348 0.244 1.000 1.093 0.849
0.125 1.000 0.454 0.373 1.000 0.743 0.670 1.000 1.190 1.080
0.25 1.000 0.238 0.167 1.000 0.583 0.487 1.000 1.388 1.207
3 0.3 1.000 0.192 0.131 1.000 0.525 0.423 1.000 1.390 1.188
0.4 1.000 0.130 0.086 1.000 0.421 0.312 1.000 1.311 1.064
0.5 1.000 0.090 0.058 1.000 0.326 0.221 1.000 1.163 0.880
0.125 1.000 0.299 0.224 1.000 0.707 0.629 1.000 1.363 1.217
0.25 1.000 0.147 0.106 1.000 0.535 0.431 1.000 1.543 1.301
5 0.3 1.000 0.124 0.090 1.000 0.481 0.372 1.000 1.532 1.262
0.4 1.000 0.095 0.069 1.000 0.385 0.276 1.000 1.426 1.113

0.5 1.000 0.073 0.050 1.000 0.295 0.197 1.000 1.249 0.922
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