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Seismic Response Amplification Factors of Nuclear Power Plants for

Seismic Performance Evaluation of Structures and Equipment due to
High-frequency Earthquakes
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/] ABSTRACT /

Analysis of the 2016 Gyeongju earthquake and the 2017 Pohang earthquake showed the characteristics of a typical high-frequency
earthquake with many high-frequency components, short time strong motion duration, and large peak ground acceleration relative to the
magnitude of the earthquake. Domestic nuclear power plants were designed and evaluated based on NRC's Regulatory Guide 1.60 design
response spectrum, which had a great deal of energy in the low-frequency range. Therefore, nuclear power plants should carry out seismic
verification and seismic performance evaluation of systems, structures, and components by reflecting the domestic characteristics of
earthquakes. In this study, high-frequency amplification factors that can be used for seismic verification and seismic performance
evaluation of nuclear power plant systems, structures, and equipment were analyzed. In order to analyze the high-frequency amplification
factor, five sets of seismic time history were generated, which were matched with the uniform hazard response spectrum to reflect the
characteristics of domestic earthquake motion. The nuclear power plant was subjected to seismic analysis for the construction of the
Korean standard nuclear power plant, OPR1000, which is a reactor building, an auxiliary building assembly, a component cooling water
heat exchanger building, and an essential service water building. Based on the results of the seismic analysis, a high-frequency
amplification factor was derived upon the calculation of the floor response spectrum of the important locations of nuclear power plants. The
high-frequency amplification factor can be effectively used for the seismic verification and seismic performance evaluation of electric
equipment which are sensitive to high-frequency earthquakes.

Key words: High-frequency earthquake, Seismic performance evaluation, Nuclear power plant, Floor response spectrum, Amplification
factor, High-frequency amplification factor
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Fig. 1. Uniform hazard response spectrum (1E-4)
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Fig. 2. Input earthquake time history
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Fig. 3. Average response spectrum of generated acceleration time history

(a) Reactor containment building
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Fig. 4. Finite element model of nuclear power plant [2]
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Table 1. Material properties of each building [17]

Modulus of . , | Weight
. Strength . Poisson’s .
Structure| Material (MPa) Elasticity Ratio Density
(MPa) (kg/m?)
Reinforced | 0705 | 2918010 | 047 | 240277
Reactor Concrete
Buildin _tensi
9 |Posttension | 705 | 2915040 | 047 | 240277
ed Concrete
Stuctural | 0474 | 19004813 | 03 | 7849.05
Other Steel
Buildin: i
9 | Reinforeed |7 5 | 26434.71 017 | 240277
Concrete
Table 2. Damping ratio [17]
Structure Damping
Post-tensioned Containment Shell 5%
Containment Internal Reinforced Concrete Structures 7%
Reinforced Concrete Structures 7%
Steel Structure 7%
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Fig. 5. Floor response spectrums of nuclear power plant structures
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