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Development of reliability assessment model for seismic loading that
considers fatigue damage

Z4 B¥ (Masayuki Kamaya) *2 At FEJe (Takao Nakamura) *3

B HIURRoBGEIHERE, BT HEE ST v FoREFR L V) v 2o T H
w%né.ﬁﬁ%fu,ﬁ#%7wﬁ%m;6Hﬂ%m%%ﬁLtE%%%ﬁm%?»%ﬁ%L
7. ETNVCIE, T, EHFHILOBREELRET 2IEFHEEE (UF) 2EHRAROTHEICE
Wez7z, ZLC, REZEOCHEWEICL 2ESREEREZ P L. REIC %ML#%“T
®EEH LI, ﬂ&ﬁikié%%ﬁ?%ﬁmbf vm%rw%MEmﬂE%mm RER IR
W L7282 A, HEGHERIEFHRGEICEEAEEEZZT W b ol. I,
BUE ORERE X, ARSI A LS %’éﬁh&wif RENF ORI A O T =R & 1Y
MEELZ L ZHKT 5.

F—T—F AR A 7V, MESER, TR (UF), SRV, Sk

Abstract Failure probability of static components is used for assessing plant safety or
resilience index of nuclear power plants. In this study, a failure probability assessment model
was developed that considers the effect of material degradation caused by low-cycle fatigue.
Crack initiation due to fatigue damage was assumed and its depth was determined from the
magnitude of fatigue damage. Then, crack growth was predicted for seismic loads consisting
of a main earthquake and aftershocks. Finally, the failure probability was calculated for the
seismic load of various magnitudes. The model was successfully applied to a pipe of the residual
heat removal system of a pressurized water reactor power plant. It was shown that the failure
probability was hardly affected by the degree of fatigue damage. Although the crack depth
had little influence on the fracture strength of the cracked pipe, an increase in the number of
aftershocks could increase the probability of leakage.

Keywords Low-cycle Fatigue, Crack growth, Usage Factor (UF), Reliability Analysis, Static Components
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Fig. 1 Schematic diagram for the reliability assessment model considering degradation of static components.
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Fig. 2 Fatigue life predicted by probability fracture
mechanics analysis and fatigue test.
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Fig. 3 Fatigue life distribution obtained by probability
fracture mechanics analysis.
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Fig. 4 Schematic drawing representing the meaning of
safety margin in the design fatigue curve and
correlation with crack depth.
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Fig. 5 Fatigue life prediction for actual components.
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Fig. 9 Change in crack depth distribution parameters.
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Fig. 10 Crack depth distribution before and after
seismic loading.
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seismic loading.
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