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Abstract: With the increase in the thermal power output of recently developed nuclear power plants, the
applied forces and moments are increased in some piping systems, so that the leak-before-break (LBB)
application criteria would not be satisfied in those pipes. In this paper, we present a method for obtaining the
additive LBB margin in the pipes by considering the nonlinearity of the crack and material properties. Finite
element analysis and the moment-rotation equation of beam theory were used to calculate the nonlinearity of
the crack and material properties. Moreover crack stability analysis was performed using the method proposed
in this study. The LBB margin was increased effectively through consideration of the nonlinearity of the crack
and material properties in the pipe.
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Table 2 Temperature dependent material properties
of pipe for nonlinear analysis

Temperature Elastic Thermal
P Modulus Expansion
(©) (Pa) (m/m/K)
21.1 1.95E+11 1.53E-05
93.3 1.90E+11 1.60E-05
148.9 1.86E+11 1.66E-05
204.4 1.83E+11 1.71E-05
260 1.78E+11 1.75E-05
315.6 1.74E+11 1.76E-05
371.1 1.71E+11 1.80E-05
426.7 1.66E+11 1.82E-05
600
||—e—21.1°%C
spg L|—W93.3T SE
|| ——204.47C
o0, ||~®315.6%C
||—0—398.9°C
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Plastic Stress({MPa)
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Plastic Strain

Fig. 5 Temperature dependent plastic stress-strain
curves for a nonlinear analysis
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Fig. 6 Surgeline pipe and pipe stress calculation
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