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Evaluation of Load-Carrying Capacities for Cracked Pipes
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Abstract

During the last decade, a number of experiments and numerical analyses had been performed in
conjunction with the development of simplified analytical methods to estimate the fracture behavior of
cracked piping in nuclear power plant. However, the necessity of further investigation for the analytical
methods was issued because of the discrepancies with the experimental data. The objective of this
paper is to find out the optimum methods to evaluate the load-carrying capacities for cracked pipes. To
do this, numerous analytical and finite element analyses were carried out for various pipe and crack

geometries and materials.

These results were synthesized for crack shapes and can be used as basic

data for leak before break analyses and risk informed inspections.
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Table 1 Geometric and material characteristics of through-wall cracked pipes

e SA376 TP304 A515 Gr.60 (1) AS515 Gr.60 (2)
Identification Base Metal Weld Metal Base Metal Base Metal
E (GPa) / v 183 / 0.3 183 / 0.3 179 / 03 179 / 0.3
0y /oy (MPa) 138 / 449 324 / 466 231 / 544 231 / 544
2¢/(n_ D) (%) 37.1 6.25 37.0
D; / D, (mm) 139.7 / 168.3 665.6 / 711.0 663.8 / 711.0
t (mm) / Ruit " 143 /539 22.7 / 15.16 23.6 / 14.56
Table 2 Geometric and material characteristics of surface cracked pipes
ldentification SA376 TP304 Base Metal Al106 Gr.B Base Metal
SS (1) SS (2) SS (3) CS (1) CS (o)
_E(GPa) /v 183 / 0.3 183 / 03 182 / 03 193 / 0.3 211 /03
oy /oy (MPa) 147 / 499 147 / 499 139 / 450 212 / 467 320 / 621
2c/(n Dp) (%) / alt 25.0 / 0.50 50.2 / 0.63 51.8 / 0.66 50.8 / 0.63 50.3 / 0.68
D; / D, (inm) 154.1 / 1683 | 1534 / 1674 | 141.4 / 168.6 | 1544 / 169.3 | 1379 / 167.5
t (mm) / Raft 7.1 / 11.35 7.0 / 11.46 13.6 / 5.70 7.44 / 10.88 14.8 / 5.16
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Table 3 Predicted maximum moments using ASME
IWB method for various flow stresses

Mo, Meredicted (KN-m)
2c/(nDy) | R/t (KN-m) 0.5 0.575 38,
(ovtoy) | (ov+ou)
6 - 9543 10975 9293
6.25% 10 - 4643 5339 4521
15 3015 2845 3271 2770
5 - 3991 4296 3329
37% 10 - 2075 2233 1731
14.6 | 1206 1170 1345 1139
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Table 4 Predicted maximum moments using various
NSC methods

D M. Mpredicred - (KN-m)
(KN-m) | NSCoriginat | NSCkurihara | NSCpattelte
SS(1) 443 442 38.0 49
SS(2) 29.5 30.1 25.2 31.2
SS(3) 59.6 51.0 422 58.5
CS(1) 38.0 37.1 313 38.9
CS(2) 80.1 84.3 68.0 97.7
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Table 5 Predicted maximum moments using various
ASME IWB methods

Mee, ASMEoriginai ASMEwmodified
1D (KN-m)| _Z- Meregicted Z- Mecedicted
Factor | (kN-m) | Factor | (kN-m)
SS(1) 44.3 1 49.9 0.782 63.8
SS(2) | 295 1 34.0 0.781 43.5
SS(3) | 59.6 1 56.3 0.794 71.0
CS(1) | 38.0 | 1.272 25.2 0.938 34.1
CS(2) | 80.1 1.252 40.3 0.947 53.2
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