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A Shape of the Response Spectrum for Evaluation of the Ultimate
Seismic Capacity of Structures and Equipment including
High-frequency Earthquake Characteristics
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/] ABSTRACT /

In 2016, an earthquake occurred at Gyeongju, Korea. At the Wolsong site, the observed peak ground acceleration was lower than the
operating basis earthquake (OBE) level of Wolsong nuclear power plant. However, the measured spectral acceleration value exceeded
the spectral acceleration of the operating-basis earthquake (OBE) level in some sections of the response spectrum, resulting in a manual
shutdown of the nuclear power plant. Analysis of the response spectra shape of the Gyeongju earthquake motion showed that the
high-frequency components are stronger than the response spectra shape used in nuclear power plant design. Therefore, the seismic
performance evaluation of structures and equipment of nuclear power plants should be made to reflect the characteristics of site-specific
earthquakes. In general, the floor response spectrum shape at the installation site or the generalized response spectrum shape is used for
the seismic performance evaluation of structures and equipment. In this study, a generalized response spectrum shape is proposed for
seismic performance evaluation of structures and equipment for nuclear power plants. The proposed response spectrum shape reflects
the characteristics of earthquake motion in Korea through earthquake hazard analysis, and it can be applied to structures and equipment
at various locations.

Key words: Seismic performance evaluation, Ultimate seismic capacity, Response spectrum shape, Nuclear power plant, Seismic
verifications, High-frequency earthquake
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Fig. 1. Seismic source models for probabilistic seismic hazard

analyses [8]
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Table 1. Material properties of each building [14]

o
o

Modulus of
) Strength . Shear Modulus of . , . Weight Density
Structure Material (MPa) Elasticity Elasticity (MPa) Poisson's Ratio (kg/ma)
(MPa)
- Reinforced Concrete 37.92 29159.10 12463.24 0.17 2402.77
Reactor Building -
Post-tensioned Concrete 37.92 29159.10 12463.24 0.17 2402.77
- Structural Steel 344.74 199948.13 779979.25 0.3 7849.05
Other Building
Reinforced Concrete 27.58 26434.71 11294.96 0.17 2402.77
Table 2. Damping ratio [14] 10
Structure Damping
Post-tensioned Containment Shell 5%
Containment Internal Reinforced Concrete Structures 7% _ 10y
o
Reinforced Concrete Structures 7% E
Steel Structure 7% ‘r"E
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Table 3. Suggested response spectrum shape - A

Direction A B C D E F
freq. (Hz)| 1.0 3.0 45 35.0 60.0 | 100.0
HOR.
acc.(g) | 05 15 55 55 1.0 1.0
VER freq. (Hz)| 1.0 8.0 12.0 40.0 80.0 | 100.0
" | acc.(g) | 04 2.0 6.0 6.0 1.0 1.0
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Fig. 13. Suggested response spectrum shape B

Table 4. Suggested response spectrum shape - B

Direction A B C D E F
HOR. freq. (Hz) 1.0 3.0 6.0 14.0 | 60.0 | 100.0
acc. (9) 0.35 1.0 3.0 3.0 1.0 1.0
VER freq. (Hz) 1.0 6.0 140 | 380 | 70.0 | 100.0
acc. (9) 0.3 1.0 238 28 1.0 1.0
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