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Enhanced Reference Stress Method for LBB Analysis
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Abstract

This paper proposes the enhanced reference stress (ERS) method to estimate the elastic-plastic J-
integral and crack tip opening displacement (COD) for circumferential through-wall cracked pipes. To
validate the proposed COD estimation equations, the results from published pipe test data are compared
with the proposed ones. Furthermore, the J-integral and CODs predicted using the proposed method are
also compared with those of based on three dimensional elastic-plastic finite element analyses. The results
show good agreement with pipe test data and the 3-D FE data. The present results provide confidence in
applying the proposed ERS method to the Leak-before-Break analysis.
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Fig. 1 Circumferential through-wall cracked pipes under axial tension and under bending
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Table1 Material propertiesfor the analyses

Table 2 Ramberg-Osgood curve-fitting results

TP304 TP316 TP316 TP304 TP316 TP316
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E a n a n a n
204 190 206
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Table 3 Summary of pipetest data

. . D, t Temp.
Loading Test No. Material (mm) (mm) R/t a/p C)
GE/1/B 304 SS 114.3 8.6 6.12 0.25 20
Pure GE/3/B 304 SS 114.3 8.6 6.12 0.5 20
Bending NRC/4111/1 | A333Gr. 6 114.3 8.9 5.93 0.37 288
4.3-1* STS-49 763.5 38.2 9.5 0.166 300
3.3-1* STS410 166.0 145 5.22 0.166 300
Tension GE/3/90/T 304 SS 114.3 8.6 6.12 0.25 20
Pressure 4121-1* 304 SS 168.1 129 6.02 0.386 288
* These data are extracted from (ref. 14). All other data are from (ref. 3).
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