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Abstract

Response spectra at various damping ratios are required for the seismic design of safety-related structures and
equipment in nuclear power plants. Recent studies on damping correction factors have considered ground motion
duration and earthquake magnitude, but the practical use is limited when such detail information is unavailable. This
study quantifies the damping- and frequency-dependent characteristics of response spectra using recorded ground
motions and proposes a damping correction factor for estimating multi-damping response spectra from a 5%-damped
spectrum without detail information. The proposed equation shows high goodness-of-fit to mean damping correction
factor data and stable performance in repeated holdout validation, while reflecting frequency dependence and
high-frequency convergence not adequately considered in domestic and international design standards. The results can
be used as physics-based prior information for future machine-learning-based prediction of floor response spectra.
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Table 1. Classification and count of recorded ground
motions

Category Range Number of data | Ratio (%)
Earthquake| 5.0 < M<60 927 4.4
magnitude | 6.0 <M<7.0 970 36.0

M) 70<M 798 29.6
Distance to R<50 762 28.3
rupture 50 < R<100 866 32.1
(R, km) 100 <R 1,067 396
Site Vs < 360 1,072 39.8

condition | 360 < Vs < 760 1,085 40.2
(ngo, m's) 760 < Vs 538 20.0
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Fig. 1. Mean damping correction factors for target
damping ratios
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Table 2. Standard deviations of damping correction factors

Frequency Damping ratio
(Hz2) 1% 2% 7% 10%
05 0.280 0.157 0.049 0.093
1.0 0.297 0.160 0.046 0.081
25 0.310 0.164 0.045 0.078
50 0.313 0.168 0.048 0.086
100 0.343 0.180 0.052 0.097
20.0 0.267 0.135 0.038 0.070
330 0.119 0.060 0.016 0.030
50.0 0.018 0.008 0.002 0.004
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Table 6. Stability validation results of the proposed
equation

Validation case R? RMSE Mean bias
Train 0.9964 + 00130 £ 00012 £
Record- 0.0001 0.0002 0.0000
level Test 0.9959 + 00138 £ 00013 £
0.0004 0.0006 0.0010
Train 0.9%1 = 00144 £ 00015+
Event- 0.0003 0.0005 0.0001
level Test 0.9926 + 0.01% + 00023 £
0.0034 0.0044 0.0045
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Table 7. RMSE by damping ratio and frequency range in
event-level validation

Damping Frequency range (Hz)
ratio (%) 0525 | 25-100 | 10.0-33.0 | 33.0-50.0
1 00535+ | 00303+ | 00338+ | 0.0098
0.0102 00154 00238 0.0031
5 00199+ | 00169+ | 00164+ | 0.0056
0.0033 0.0065 00104 00018
3 00102+ | 00097+ | 00096+ | 0.0032*
0.0023 0.0029 0.0055 0.0011
4 00045+ | 0044+ | 00045+ | 0.0014 =
0.0010 0.0011 0.0024 0.0005
7 00065+ | 00068+ | 0.0077+ | 0.0021 =
0.0014 0.0021 0.0039 0.0007
10 00124+ | 00144+ | 00170+ | 0.0043 =
0.0025 0.0064 0.0084 00014
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