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Stochastic seismic response analysis method considering the
uncertainty of structural parameters in nuclear power plants
based on cubature formula
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(1. Guangzhou Municipal Engineering Group Ltd., Guangzhou 510060, P. R. China; 2. School of Civil Engineering
and Transportation, South China University of Technology, Guangzhou 510641, P. R. China; 3. College of
Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, P. R. China)

Abstract: The safety of nuclear power plants (NPPs) in the event of an earthquake is of great significance to the
development of nuclear energy. In order to study the influence of structural parameter uncertainty on the random
seismic response of NPPs, a random response analysis method considering structural parameter uncertainty is

proposed based on cubature formula. By utilising the random vibration theory, the expression of response power
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spectrum considering structural parameters is derived. The proposed method is verified by a single degree of
freedom model. The findings indicate that the consideration of structural parameter uncertainty exerts a
substantial influence on the response power spectrum. The power spectrum value of structural response is more
dispersed in the frequency range due to the randomness of its parameters. The root mean square of response
obtained by cubature formula is closer to the results of Monte Carlo simulation (MCS) and is larger than the
results without considering the parameter uncertainty. A finite element model of an NPP is established, and the
random seismic response considering the uncertain material parameters of the NPP structure is calculated based
on cubature formula. The results show that the maximum response of the structure will be underestimated and
its reliability will be overestimated in the absence of consideration for the uncertainty of structural parameters.

Keywords: nuclear power plant; random vibration; random seismic response; structural parameter uncertainty ;
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Table 3 Estimation points and weights in standard

normal space
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Table 4 Mean square deviation of the SDOF

displacement response
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