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1. Introduction

The peak ground acceleration (PGA), velocity (PGV),
displacement (PGD), or other spectral intensities such
as acceleration (Sa), displacement (Sq), are commonly
selected for the seismic performance analysis of
infrastructures. However, a number of studies pointed
out that the aforementioned parameters might not
always the best selections for seismic responses and
damage analysis of civil structures [1-9]. The
interrelation between earthquake intensity measures
(IM) and building structures responses were
investigated numerously, whereas it is rarely conducted
in nuclear power plant (NPP) components. In this study,
we perform a series of time-history analyses considering
high-frequency ground motions to identify the best
intensity measures for seismic responses of NPP
components. A typical NPP structure in Korea is
utilized for numerical analyses, in which three
components including containment building, auxiliary
building, and internal structures are modeled. Seismic
responses of these components are observed in terms of
the maximum drift and floor spectral acceleration. A
series of Pearson’s correlation coefficients are
calculated to realize the correlation between each of 23
seismic intensity measures and NPP structure responses.

2. Methods and Results
2.1 NPP components model

The NPP APR1400 which built in Korea was selected
for a numerical example. The lumped mass stick model
in OpenSees [10] is used for modelling the structure.
Fig. 1 shows the finite element model of the NPP
components in OpenSees. It should be noted that, the
base of structure was assumed to be fixed at the ground
surface.

2.2 Ground motion intensity measures

Twenty-three  seismic intensity ~measures are
calculated for every ground motion record using
SeismoSignal tool [11]. We used a group of 20 high-
frequency ground motions which recorded in earthquake
events in US and Korea for correlation analyses. All the
ground motions are imposed to the model only in the
horizontal directions.
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2.3 Seismic responses of NPP components

For this study, the seismic responses of NPP
components were obtained in terms of the maximum
drift ratio and floor spectral acceleration at each
component. Fig. 2 shows a representative example of
time-history displacements and spectral accelerations of
components.
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Fig. 2. Displacement (up) and spectral acceleration (down) of
components under the 2016 Gyeongju earthquake (USN
station, horizontal direction)
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2.4 Calculated correlation coefficient

A series of Pearson’s coefficients are calculated to
measure the correlation between seismic responses of
the NPP components and every 23 earthquake IMs. The
equation of the correlation coefficient is referred in Ang
and Tang [12]. Fig 3 shows the representative results of
the calculated correlation coefficients. It can be found
that specific energy density (SED) has the strongest
correlation, followed by characteristic intensity (lc),
root-mean-square of velocity (Vims), and Arias intensity
(la). The poorest correlation IMs are the ratio of
PGV/PGA, predominant period (Tp), mean period (Tm),
and cumulative absolute velocity (CAV). Additionally,
PGA, PGV, PGD, and S, have medium correlation with
components responses. This trend is observed for all
three structure components.
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Fig. 3. Correlation between drift ratio (up) and floor spectral

acceleration (down) and earthquake 1Ms.
3. Conclusions

The numerical model of NPP components with time-
history analyses was performed using OpenSees taking
into account high-frequency ground motions. A series of
correlation coefficients were obtained to identify the
best earthquake intensity measures for seismic responses
of NPP components. The numerical simulation results
demonstrate that the best indicators are specific energy
density (SED), characteristic intensity (I¢), root-mean-
square of velocity (Vims), and Arias intensity (l). The
poor correlated parameters are the ratio of PGV/PGA,
predominant period (Tp), mean period (Tm), and
cumulative absolute velocity (CAV).
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