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Abstract The vulnerability analysis is a vital part of the seismic probabilistic risk assessment of nuclear power plants.
However, due to the complexity of nuclear power structures and the larger calculation scale, the vulnerability analysis of
NPP equipment is very time consuming when considering soil-structure interaction (SSI). In order to develop an efficient
vulnerability analysis method, this paper adopts a partition calculation method applied to NPP SSI analysis, and
establishes an artificial neural network (ANN) using limited SSI analysis results to substitute the FEM process. Based on
the regression method with log-normal assumption and Monte Carlo method to analyze the equipment vulnerability. The
ANN numerical simulation includes the following contents. (1) Establish the best ANN model through cross-validation to

substitute the FEM process, and the most relevant ground motion parameters are selected as the ANN input based on the
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semi-partial correlation coefficient. (2) Quantification and investigation of the ANN prediction uncertainty. It includes the
aleatory uncertainty caused by the simplification of the seismic inputs and the epistemic uncertainty from the limited size
of the training data. (3) Computation of fragility curves with Monte Carlo method and the regression method with log-
normal assumption based on the prediction data of ANN model. This paper explores the impact on fragility curves
induced by different seismic intensity measures and uncertainty of soil material. Meanwhile, the results verify the basic

rationality of the lognormal assumption and provide a possible direction for the vulnerability analysis of NPP equipment.

Key words vulnerability analysis, artificial neural network, Monte Carlo method, forecast uncertainty, probabilistic

soil-structure interaction
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Table 1 Uncertainties in material parameters of NPP

Type Distribution E/GPa cCVv
NAB log-norm 24.7 0.2
NSB log-norm 329 0.2
SCv log-norm 210.0 0.2

*2 TEMBIHEN

Table 2 Uncertainties in material parameters of soil

Layer H/m Distribution Vs/(m-s™!) CcV
L1 20 log-norm 560 0.2
L2 20 log-norm 673 0.2
L3 20 log-norm 794 0.2
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Table 3  Seismic intensity measures

IMs Definition R Ry,
PGA max |a(?)| 0.73 0.18
PGV max [v(7)| 0.29 -0.13
PGD max |d(?)| 0.36 0.07
Ip T (hotal o 0.49 -0.03
% fo a(ndr
CAV fofmm (ol dt 0.38 0.03
PSay,y max(PS a(T)) 0.58 -0.03
Ip argmax(PS a(T)) -0.26 0.16
ASA 33 . .
S. L PSa(f)df 0.85 0.33

Note: R and Rgp represent the correlation coefficient and semi-partial correla=

tion coefficient, respectively
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