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Crack Opening Displacement Estimation for Engineering Leak-Before-Break
Analyses of Pressurized Nuclear Piping
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Abstract

This study presents methods to estimate elastic-plastic crack opening displacement (COD) for
circumferential through-wall cracked pipes for the Leak-Before-Break (LBB) analysis of pressurized piping.
Proposed methods are based not only on the GE/EPRI approach but also on the reference stress approach. For
each approach, two different estimation schemes are given, one for the case when full stress-strain data are
available, and the other for the case when only yield and ultimate tensile strengths are available. For the
GE/EPRI approach, a robust way of determining the Ramberg-Osgood (R-O) parameters is proposed, not only
for the case when detailed information on full stress-strain data is available but also for the case when only
yield and ultimate tensile strengths are available. The COD estimates according to the GE/EPRI approach,
using the R-O parameters determined from the proposed R-O fitting procedures, generally compare well with
the published pipe test data. For the reference stress approach, the COD estimates according to the method
based on both full stress-strain data and limited tensile properties are in good agreement with pipe test data. In
conclusion, experimental validation given in the present study provides sufficient confidence in the use of the
proposed method to practical LBB analyses even though when information on material’s tensile properties is
limited.
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Fig. 1 Circumferential through-wall cracked pipes under
axial tension and under bending
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Table 1 Summary of pipe test data

. . D,(=2R,) t Temp.
Loading Test 1.D. Material (mm) (mm) R/t r C) Source
GE/1/B TP304 114.3 8.636 6.12 0.25 20 Ref. (19)
GE/3/B TP304 114.3 8.636 6.12 0.5 20 Ref. (19)
JAERI/TT/01 TP304 165.2 10.8 7.15 0.167 20 Ref. (19)
JAERVTT/102 TP304 320 18.2 8.29 0.5 20 Ref. (19)
Bending | NRC/4111/1 A333Gr6 114.3 8.89 5.93 0.37 288 Ref. (19)
1.2-7 A106 G1.B 168 14 5.5 0.36 288 Ref. (18)
4.3-1 STS 49 763.52 38.18 9.5 0.166 300 Ref. (18)
3.3-1 STS 410 166 14.5 5.22 0.166 300 Ref. (18)
1.1.1.26 TP316L 106.2 8.3 5.9 0.244 21 Ref. (18)
Tension GE/1/T TP304 114.3 8.636 6.12 0.125 20 Ref. (19)
GE/3/90/T TP304 114.3 8.636 6.12 0.25 20 Ref. (19)
Pressure 4121-1 TP304 168.1 12.9 6.02 0.386 288 Ref. (18)
Table 2 Summary of the material tensile data
Test LD. E G2 oy GE/EPRI Reference Stress
(GPa) (MPa) (MPa) 1 n ny ny ny
For all GE tests 206.9 3124 659 1.32 7.09 5.81 4.72 4.97
JAERI/TT/01 195.1 239.3 431.6 1.63 6.91 6.93 5.71 5.94
JAERI/TT/102 195.1 271 4524 1.44 7.95 7.65 6.41 6.57
NRC/4111/1 179.3 197.9 494.4 1.81 5.10 4.93 4.11 4.20
1.2-7 192.2 320 621 1.20 6.76 6.35 5.30 5.45
4.3-1 192.2 244 578 1.58 5.19 5.18 4.27 442
3.3-1 192.2 221 493 1.74 5.38 5.49 4.49 4.69
1.1.1.26 157.5 254 532 1.24 6.89 5.85 4.83 5.00
4121-1 179.3 139 450 2.58 4.50 4.01 3.38 3.39
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