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Abstract: In practice, earthquakes typically involve a mainshock followed by a series of aftershocks, and their occurrence is highly
unpredictable. The mainshock damages the structure, and the aftershocks worsen the response and damage of the structure. How-
ever, no studies have investigated the effects of stochastic seismic sequences on AP1000 nuclear power plants. This paper proposes
an analytical framework for studying the dynamic response and reliability of AP1000 nuclear power plants under stochastic main af-
tershocks. Stochastic main aftershock sequences are generated using the physical stochastic function model of ground motions, nar-
row-band harmonic group superposition method, and Copula function. The dynamic response of the AP1000 nuclear power plant is
analyzed by using ABAQUS software. The direct probability integration method (DPIM) is used to obtain the probability density
function of the maximum displacement response in the horizontal direction of the shielded building, and its dynamic reliability is cal-
culated. The results show that the acceleration and relative displacement of the top of the shielded building and the steel contain-
ment vessel have increased to varying degrees after the aftershock, compared with experiencing the mainshock only. Additionally,
the damage area between the water tanks and the vents has expanded. The aftershocks could cause further damage to the nuclear
power plant. The dynamic response of nuclear power plants exhibits a high degree of randomness due to the stochastic ground mo-

tions. Aftershocks can reduce the reliability of nuclear power plants to varying degrees under different thresholds.
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Fig.1 The research framework of this paper
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Tab.1 Probability distribution and statistics of random

variable

RECET P P HRECEE P b
A, Lognormal 2.85 1.26 Lognormal 4.54 1.30
r  Lognormal 0.76 1.23 Lognormal 2.17 1.72
a  Lognormal 1.37 0.54 Lognormal 1.83 0.64
b Lognormal 1.92 0.56 Lognormal 1.95 0.57
¢ Weibull 1.31 1.27  Weibull 1.71 1.68
d Weibull 1.43 1.60  Weibull 1.54 1.85
Weibull 0.49 2.58  Weibull 0.49 2.58
I Weibull  12.23 1.22  Weibull  12.23 1.22
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Tab.2 The optimal Copula functions and parameter
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Fig.3 Standard deviations of stochastic ground motions
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Tab.3 Material parameters for concrete and reinforcement
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Tab. 4 First six order modal information of the model

PR JE1 31/ s B /He
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4 By 0.1817 5.5023
5B 0.1727 5.7917
6 i 0.1485 6.7361
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Tab. 6 Average maximum acceleration at the top of SB

7 I ER/g ERE/g  WKRBIE/ %
X5 1] 0.6405 0.6631 3.53
Y Jr 1k 0.2824 0.2906 2.90
Z 75 1) 0.7310 0.7581 3.71
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Tab.7 Average maximum acceleration at the top of SCV

J7 I E®E/g ERE/g  WKRBRE/%
X5 1] 0.5942 0.6070 2.15
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Z75 ] 0.6546 0.6812 4.06
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Tab.8 Average maximum relative displacement at the

top of SCV
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