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/] ABSTRACT /

In this study earthquake records were collected for rock conditions that do not reflect seismic amplification by soil from global earthquake
databases such as PEER, USGS, and ESMD. The collected earthquake records were classified and analyzed based on the magnitude
and distance of earthquakes. Based on the analyzed earthquakes, the design response spectrum shape, effective ground acceleration,
and amplification ratios for each period band are presented. In addition, based on the analyzed data, the story shear force for 5F, 10F, 15F,
and 20F were derived through an analysis of the elastic time history for multi-DOF structures. The results from analyzing the rock
earthquake record show that the seismic load tends to be amplified greatly in the short period region, which is similar to results observed
from the Gyeongju and Pohang earthquakes. In addition, the results of the multi-DOF structure analysis show that existing seismic design
criteria can be underestimated and designed in the high-order mode of short- and medium-long cycle structures.
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Fig 1. Response Acceleration Spectrum

Table 1. Gyeongju and Pohang Earthquake

Event Year Station Magnitude Distance
(km)
Gyeounju 2016 MKL 58 5.9
Pohang 2017 PHA2 53 9
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Table 2. Short-Period Amplification Factor Comparison

peptn (m) | Veloaty (mfe) | 205 | ¥ 29 | 445700

360 < V, <760 - 14 14

260 < V, <360 - 15 14

=0 s V, <260 - 15 15
V., <180 - 1.9 15

360 < V, <760 12 1.2 14

20<h | 180 < V, <360 14 1.4 1.4
V, <180 17 1.9 13

Table 3. 1s-Period Amplification Factor Comparison

Deptn (m) | Velocty (mfe) | 205 | ¥ 29 | 445700

360 < V, <760 - 1.4 1.4

260 < V, <360 - 16 1.4

h=20 180 < V, <260 - 16 16
V, <180 - 32 16

360 < V, <760 1.6 1.6 20

20<h 180 < V, <360 2.0 20 20
V, <180 32 32 2.7
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Fig. 2. Korean Design Response Spectrum (KDS 41 17 00)
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Fig. 3. European Design Response Spectrum (Eurocode 8)
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Fig. 5. Acceleration Response Spectrum from 301 Rock-Earthquake
Records
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Table 4. Classification by Magnitude and Distance

. Distance EQ S S, Duration
Magnitude (km) Count © (;’)5 ©)
R<20 13 0.070 0.269 4.6
50<M<5.5 | 20<R<40 20 0.018 0.072 8.9
40=R 63 0.003 0.014 30.7
R<20 4 0.102 0.369 6.2
55<M<6.0 | 20=R<40 5 0.046 0.193 6.7
40<R 19 0.012 0.043 13.0
R<20 4 0.155 0.634 79
6.0=M<6.5 | 20=R<40 3 0.047 0.223 9.8
40=R 38 0.017 0.063 18.2
R<20 1" 0.399 1.395 9.3
6.5=M<7.0 | 20=R<40 12 0.144 0.498 226
40=R 68 0.026 0.095 29.0
R<20 7 0.391 1.629 19.2
7.0=M 20<R<40 2 0.037 0.150 27.2
40<R 32 0.038 0.098 39.8
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Fig. 7. Response Acceleration Spectrum (5.0 < 14, <5.5)

Table 5. Amplification Ratio

Median Median+One Sigma

Distance

Magnitude
9 (km) a, fo ay, oy ay, oy

R<20 3.86 | 0.59 | 0.07 | 407 | 0.60 | 0.07

50<M<55|20<R<40| 4.03 | 067 | 0.18 | 411 | 062 | 0.19

40=<R 435 | 089 | 0.16 | 463 | 0.73 | 0.15

R<20 362 | 069 | 010 | 360 | 0.62 | 0.09

55<M<6.0 | 20=<R<40 | 415 | 0.47 | 0.07 | 420 | 0.39 | 0.09

40=R 354 | 137 | 027 | 403 | 1.28 | 0.26

R<20 400 | 084 | 023 | 426 | 0.83 | 0.29

6.0<M<6.5|20<R<40 | 473 | 0.84 | 0.30 | 494 | 0.89 | 0.34

40=<R 361 | 1.71 | 040 | 419 | 1.72 | 041

R<20 350 | 156 | 029 | 3.72 | 1.80 | 0.28

6.5<M<7.0|20=<R<40 | 346 | 1.70 | 050 | 363 | 1.69 | 0.73

40=<R 368 | 1.36 | 034 | 398 | 1.52 | 0.33

R<20 417 | 125 | 049 | 465 | 118 | 0.54

70=M |20<R<40| 4.01 | 206 | 0.79 | 460 | 3.04 | 091

40=<R 259 | 206 | 0.75 | 258 | 193 | 0.73
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Table 6. Vibration Cycle of Research Model

Mode Analysis Model Simple Model
Story No Period | Freq Mass | Period | Freq Mass
(s) | (H2) | (%) (8) | (Hz) | (%)
1 0.498 | 2.01 676 | 0492 | 203 67.8
2 0.085 | 11.74 | 219 | 0.086 | 11.65 | 21.8
oF 3 0.033 | 30.48 7.2 0.035 | 28.84 71
4 0.019 | 52.97 3.0 0.021 | 47.35 27
1 1.077 | 0.93 524 | 1.010 | 0.99 52.1
10F 2 0.279 | 3.59 239 | 0.259 | 3.86 246
3 0.099 | 10.14 9.2 0.094 | 10.70 9.5
4 0.055 | 18.22 6.5 0.053 | 18.83 6.5
1 1224 | 0.82 502 | 1223 | 0.82 46.9
15F 2 0.287 | 348 230 | 0.321 312 233
3 0119 | 844 102 | 0138 | 7.23 12.2
4 0.061 | 16.50 5.6 0.072 | 13.97 55
1 1.979 | 051 453 | 1.991 0.50 49.5
oOF 2 0.535 | 1.87 235 | 0454 | 220 23.8
3 0211 | 474 103 | 0174 | 574 10.6
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Fig. 12. Input Seismic Wave
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