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ABSTRACT

Since the Northridge earthquake (1994) and Kobe earthquake (1995), the concept of performance-based design has been
actively introduced to design major structures and buildings. Recently, the seismic design code was established for fire
protection facilities. Therefore, the important fire protection facilities should be designed and constructed according to the
seismic design code. Accordingly, uniform hazard spectra (UHS), with annual exceedance probabilities, corresponding to the
performance level, such as operational, immediate occupancy, life safety, and collapse prevention, are required for
performance-based design. Using the method of probabilistic seismic hazard analysis (PSHA), the uniform hazard spectra for
5 major cities in Korea with a recurrence period of 500, 1,000, and 2,500 years corresponding to frequencies of (0.5, 1.0,
2.0, 5.0, 10.0)Hz and PGA, were analyzed. The expert panel was comprised of 10 members in seismology and tectonics. The
ground motion prediction equations and several seismo tectonic models suggested by 10 expert panel members in seismology
and tectonics were used as the input data for uniform hazard spectrum analysis. According to sensitivity analysis, the parameter
of spectral ground motion prediction equations has a greater impact on the seismic hazard than seismotectonic models. The
resulting uniform hazard spectra showed maximum values of the seismic hazard at a frequency of 10Hz and also showed the
shape characteristics, which are similar to previous studies and related technical guides for nuclear facilities.

Keywords : Ground motion prediction equation, Performance-based design, Probabilistic seismic hazard analysis,
Seismotectonic model, Uniform hazard spectra
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Figure 1. Sensitivity of maximum seismic hazard values for five
seismotectonic models (C5, C4, C3, Cl, & A7) at the given
GMPE model #10 and at 0.5, 1, 2, 5, 10 Hz & PGA.
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Figure 2. Sensitivity of maximum seismic hazard values for five
seismotectonic models (C5, C4, C3, Cl, & A7) at the given
GMPE model #114 and at 0.5, 1, 2, 5, 10 Hz & PGA.

Table 1. Ground Motion Prediction Equations for Sensitivity Analysis
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Reference
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Abrahamson and Silva, Summary of the Abrahamson & Silva NGA Ground-Motion
Relations, Earthquake Spectra, 24(1), 67-97, 2008.

Campbell, K. W. Prediction of strong ground motion using the hybrid empirical method and
#10 its use in the development of ground motion (attenuation) relations in eastern North
America. Bulletin of the Seismological Society of America, 93, 1012-1033, 2003.

Lee, A study on the characteristic of strong ground motions in southern Korea.

#104
0 KINS/HR-422. Daejeon: Korea Institute of Nuclear Safety; 2002.
4106 Jo and Baag, Estimation of Spectrum Decay Parameter kappa and Stochastic Prediction of
Strong Ground Motions in Southeastern Korea. EESK J. 7(6), 59-70, 2003.
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Figure 3. Sensitivity of maximum seismic hazard values (10 Hz)
for 5 seismotectonic models (C5, C4, C3, Cl, & A7) at the
given GMPE model #10 and at #4, #8, #10, #21, #24, #26, #104,
#106, & #114.
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Table 2. An Example of Input Parameters for PSHA for Expert Panel #2

Sour(c\i,e“;;‘]’t )type S%EEE Era (Weight) Period (yr) | A value | B value | Mu | Muin | GMPE (Weight)

C3 (0.4) SI | Chosun Dynasty(0.5) | 1392-1810 | 3.04 0.62 65 | 35
SI | Instrumental(0.5) 1905-2013 | 5.22 112 65 | 35
S2 | Chosun Dynasty(0.5) | 1392-1810 | 5.48 1.01 65 | 35 | Atkinson & Silva
S2 | Instrumental(0.5) 19052013 | 448 0.74 65 | 35 (2000)(0.3)
S3 | Chosun Dynasty (0.5) | 1392-1810 | 4.60 0.84 65 | 35 Jo & Baag
S3 | Instrumental(0.5) 19052013 | 5.87 135 65 | 35 (2003)(0.4)
S4 | Chosun Dynasty(0.5) | 1392-1810 | 6.03 1.01 65 | 35 '
sS4 Instrumental(0.5) 1905-2013 | 4.43 0.76 65 | 35 B"Ozo‘f‘l)‘(*glg“s"n

C1 (0.6) SI | Chosun Dynasty(0.5) | 1392-1810 | 6.01 0.97 65 | 35
SI | Instrumental(0.5) 1905-2013 | 4.83 0.72 65 | 35

“7 Seoul UHS “7| Daejeon UHS

1 2500, 1000 & 500 yrs RP

Figure 7. Uniform hazard spectrum for RP (500, 1,000 and 2,500

yrs) at Seoul.
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Figure 8. Uniform hazard spectrum for RP (500, 1,000 and 2,500

Table 3. Seismic Hazard at Seoul, Daejeon, and Daegu (unit ; %g)
City Seoul Dacejeon Daegu
Remarks
Hz\RP 2,500 1,000 500 2,500 1,000 500 2,500 1,000 500
PGA 174 11.5 83 18.5 12.5 8.8 20.6 13.0 9.4
10.0 34.8 22.1 16.1 36.5 23.7 18.3 37.0 23.6 17.8
5.0 27.9 17.7 14.3 27.9 19.7 15.2 30.3 19.6 15.0
2.0 16.5 114 9.2 18.6 12.8 10.1 18.6 12.5 10.0
1.0 11.3 7.1 6.8 134 9.1 7.5 13.1 9.0 7.3
0.5 9.7 5.3 6.2 12.0 7.6 5.6 11.0 7.3 5.5
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Figure 9. Uniform hazard spectrum for RP (500, 1,000 and 2,500
yrs) at Daegu.
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7} 0.088 g, 0.125 g, 2 0.185 go]il al| A& 7] zHzho
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Table 4. Seismic Hazard at Busan and Gwangju (unit;%g)
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Figure 10. Uniform hazard spectrum for RP (500, 1,000 and
2,500 yrs) at Busan.
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Figure 11. Uniform hazard spectrum for RP (500, 1,000 and
2,500 yrs) at Gwangju.
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Figure 11> F5 2|99 FAsi= A EHo|m PGA
A2l &= Table 40l 4] AAIE HEebzro] 5004, 1,000, 2
2,500 0] st PGAX= 747} 0.09 g, 0.118 g & 0.18 go]ch.

2,500 M@zl siFet= PGAE 7|22 o A
o] A =7t A o2 7p 21 Bl A,
T 9 AEY $AE HolFa Qi E3F 2,500 AEF
710 dFst= 10 HzE 7|22 2 T 49 PGASF Th2
FARS] A XA =7 A o7 T a1 oA, 3, o
A g AL £AE HolFa 9k PGA ¥ 10 Hz 2%

City Busan Gwangju
HZz\RP 2,500 1,000 500 2,500 1,000 500 Remarks
PGA 19.5 13.5 9.3 18.0 11.8 9.0

10.0 373 24.0 14.3 36.9 23.5 17.8

5.0 31.8 204 16.0 30.6 20.0 15.5

2.0 19.7 14.0 10.6 18.9 12.9 10.1

1.0 13.6 9.5 7.8 13.1 9.0 7.4

0.5 12.1 82 6.4 112 8.0 6.1
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