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/] ABSTRACT /

In Korea, most nuclear power plants were designed based on the design response spectrum of Regulatory Guide 1.60 of the NRC. However,
in the case of earthquakes occurring in the country, the characteristics of seismic motions in Korea and the design response spectrum
differed. The seismic motion in Korea had a higher spectral acceleration in the high-frequency range compared to the design response
spectrum. The seismic capacity may be reduced when evaluating the seismic performance of the equipment with high-frequency
earthquakes compared with what is evaluated by the design response spectrum for the equipment with a high natural frequency. Therefore,
EPRI proposed the inelastic energy absorption factor for the equipment anchorage. In this study, the seismic performance of welding
anchorage was evaluated by considering domestic seismic characteristics and EPRI's inelastic energy absorption factor. In order to reflect
the characteristics of domestic earthquakes, the uniform hazard response spectrum (UHRS) of Uljin was used. Moreover, the seismic
performance of the equipment was evaluated with a design response spectrum of R.G.1.60 and a uniform hazard response spectrum
(UHRS) as seismic inputs. As a result, it was confirmed that the seismic performance of the weld anchorage could be increased when the
inelastic energy absorption factor is used. Also, a comparative analysis was performed on the seismic capacity of the anchorage of
equipment by the welding and the extended bolt.

Key words: Weld, High frequency earthquake, Inelastic energy adsorption factor, Seismic performance, Seismic fragility, Seismic risk
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Step 1 : Compute flelastic frequency - in the direction of interest) and B(elastic
damping) of the equipment

| Step 2 : Compute Felstrength factor) of the equipment anchorage ‘

I

| Step 3 : Compute 8 (yield displacement of the system) ‘

I

Step 4 : Compute &;,(inelastic displacement capacity of the system), using
8y linelastic displacement capacity of the weld)

I

| Step 5 : Compute u(ductility of the system) ‘

I

| Step 6 : Compute the ratio of fysecant frequency) to f(elastic frequency) ‘

| Step 7 : Compute the ratio of f,(effective frequency) to flelastic frequency) ‘

I

| Step 8 : Compute B, (hysteresis damping of the system) ‘

I

| Step 9 : Compute B, (effective damping of the system) ‘

}

| Step 10 : Compute F,(inelastic energy absorption factor) ‘

Fig. 1. Calculation of inelastic energy absorption factor
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Table 1. Result for Each Direction

# H[151%) | January 2023

CASE 2A CASE 4A
Variables
Transverse Longitudinal Vertical Transverse Longitudinal Vertical
Yield Displacement (mm) 445 0.26 0.09 4.03 0.37 0.14
Inelastic Displacement (mm) 0.53 0.29 0.34 0.52 0.31 0.34
Ductility Ratio 1.12 2.07 4.89 1.13 1.83 3.54
Secant Frequency (Hz) 9.50 13.9 233 9.40 14.8 24.0
Effective Frequency (Hz) 9.80 18.2 30.0 9.80 18.4 30.0
Hysteretic Damping 0.01 0.05 0.1 0.01 0.04 0.10
Effective Damping 0.05 0.05 0.1 0.05 0.06 0.10
Inelastic Energy Absorption Factor 1.06 1.60 1.62 1.10 1.54 1.44
Total Inelastic Energy Absorption Factor 1.127 1.196
Table 2. Parameter for seismic fragility (CASE 1A) Table 3. Parameter for seismic fragility (CASE 2A)
. Median . Median
Variables tactor Br By Variables tactor Br By
Strength Factor 3.733 0.000 0.190 Strength Factor 3.733 0.000 0.190
Inelastic Energy Absorption Factor 1.000 0.000 0.000 Inelastic Energy Absorption Factor 1.127 0.026 0.181
Qualification Method Factor 1.000 0.000 0.000 Qualification Method Factor 1.000 0.000 0.000
Spectral Shape Factor 1.000 0.000 0.000 Spectral Shape Factor 1.000 0.000 0.000
Damping Factor 1.000 0.000 0.120 Damping Factor 1.000 0.000 0.120
Modeling Factor 1.000 0.000 0.000 Modeling Factor 1.000 0.000 0.000
Mode Combination Factor 1.000 0.000 0.000 Mode Combination Factor 1.000 0.000 0.000
Earthquake Component Combination 1.000 0.071 0.000 Earthquake Component Combination 1.000 0.071 0.000
Structure Response Factor 1.000 0.180 0.240 Structure Response Factor 1.000 0.180 0.240
Total 3.733 0.193 0.329 Total 4.207 0.195 0.375
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Fig. 4. Seismic fragility of cabinet (CASE 1A) Fig. 5. Seismic fragility of cabinet (CASE 2A)
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Table 5. Parameter for seismic fragility (CASE 4A)

Variables Nflzgtli: Br By Variables ’\1232: Br By
Strength Factor 2.661 0.000 0.190 Strength Factor 2.661 0.000 0.190
Inelastic Energy Absorption Factor 1.000 0.000 0.000 Inelastic Energy Absorption Factor 1.196 0.026 0.238
Qualification Method Factor 1.000 0.000 0.000 Qualification Method Factor 1.000 0.000 0.000
Spectral Shape Factor 1.000 0.000 0.000 Spectral Shape Factor 1.000 0.000 0.000
Damping Factor 1.000 0.000 0.120 Damping Factor 1.000 0.000 0.120
Modeling Factor 1.000 0.000 0.000 Modeling Factor 1.000 0.000 0.000
Mode Combination Factor 1.000 0.000 0.000 Mode Combination Factor 1.000 0.000 0.000
Earthquake Component Combination 1.000 0.104 0.000 Earthquake Component Combination 1.000 0.104 0.000
Structure Response Factor 1.000 0.180 0.240 Structure Response Factor 1.000 0.180 0.240
Total 2.661 0.208 0.329 Total 3.171 0.210 0.406
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Fig. 6. Seismic fragility of cabinet (CASE 3A)
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Table 6. Seismic capacity of cabinet (Weld)

Case A, HCLPF F,

1A 0.747 ¢ 0.315g 1.000

2A 0.861g 0.328¢ 1.127

3A 0.713g 0.294 g 1.000

4A 0.871g 0.326 g 1.196
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Table 7. Seismic capacity of cabinet (Extended Bolt) [11]

CASE A, HCLPF F, Br By
1B 0.542g | 02029 1.000 0.193 0.404
2B 0.581g | 0.198g 1.071 0.195 0.457
3B 0.539g | 0.19%g 1.000 0.208 0.405
4B 0.657g | 0213g 1.220 0.210 0.472

Table 8. Rate of Change (ROC) of 4

i
e | e | M Roc
Weld 1A&2A 0.747 & 0.861 15.26 %
Weld 3A &4A 0.713 & 0.871 22.16 %
Extended bolt 1B&2B 0.542 & 0.581 7.20 %
Extended bolt 3B &4B 0.539 & 0.657 21.90 %
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