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Application of Enhanced Reference Stress Method to Nuclear Piping
LBB Analysis under Combined Tension and Bending

Nam-Su Huh*, Yun-Jae Kim* and Young-Jin Kim*

ABSTRACT

Three dimensional, elastic-plastic finite element (FE) analyses for circumferential through-wall cracked pipes under
combined tension and bending are performed using actual tensile data of stainless steel, for two purposes. The first one
is to validate the recently-proposed enhanced reference stress (ERS) method to estimate the J-integral and COD for
circumferential through-wall cracked pipes under combined tension and bending. The second one is to compare those
results with the GE/EPRI estimations. The FE results of the J-integral and the COD, resulting from six cases of
proportional and non-proportional combined tension and bending, compare very well with those estimated from the
proposed method. Excellent agreements of the proposed method with the detailed FE results provide sufficient
confidence in the use of the proposed method to the Leak-Before-Break (LBB) analysis of through-wall cracked pipes
under combined tension and bending.

Key Words : Circumferential Through-Wall Crack (4593 27 4), Crack Opening Displacement (7 & 7l 73
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Fig. 1 Stress-strain curve and three different fitting
results for SA312 TP316 stainless steel
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Fig. 2 Circumferential through-wall cracked pipe under
combined tension and bending

Fig. 3 3-D FE mesh for the circumferential through-wall
cracked pipe
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Table 1 Summary of FE calculations for the present work

Loading 0 Pa A=M
condition A (MPa) (P ' Rm)
Proportional 0.125 - 0.5and 2.0
Loading 0.4 - 0.5 and 2.0
Non- 0.125 17.5 -
proportional
Loading 04 17.5 )

Table 2 Ramberg-Osgood curve-fitting results for SA312
TP316 stainless steel at 288°C
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Fig. 5 Comparison of FE COD values with those from
engineering estimation scheme for &/7=0.4 under
proportional loading (1=0.5)
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