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Analysis of Characteristics of Horizontal Response Spectrum of
Ground Motions from Fukuoka Earthquakes Series

Jun Kyoung Kim*

Abstract The horizontal response spectra using the observed ground motions from 15 Fukuoka earthquake series,
including main earthquake (2005/03/20; Mw=6.5), were analysed and then were compared to both the seismic design
response spectra (Regulatory Guide 1.60), applied to the domestic nuclear power plants, and the Korean Standard Design
Response Spectrum for general structures and buildings (1997). 178 horizontal ground motions, without considering
soil types, were used for normalization with respect to the peak acceleration value of each ground motion. The results
showed that response spectrum have strong dependency on epicentral distance. The results also showed that the horizontal
response spectra revealed higher values for frequency bands at two frequency bands (about 8 — 10 and 16- 20 Hz)
than Regulatory Guide 1.60. The results were also compared to the Korean Standard Building Design Spectrum for
the 3 different soil types and showed that thehorizontal response spectra revealed higher values for almost all period
bands than the Korean Standard Response Spectrum (500 yrs; Return Period; Seismic province 1; SE soil conditions).
Through the qualitative improvements and quantitative enhancement of the observed ground motions, the diversity of
the observed ground motions should be considered more significantly to improve the certainty of response spectrum.
Key words Horizontal response spectrum, Regulatory Guide 1.60, Korean building design response spectrum, Fukuoka earthquake
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Table 1. List of Seismic Stations and Earthquake Occurrence Dates

Station
Name

Geographic Location

Event Date List

Event Number

GKP1

Kyoungbook National
University

2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4)
2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7)
2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4),
2005/03/21/06/37 (ML 4.0), 2005/03/20/11/38 (ML 3.9),
2005/03/20/11/08 (ML 3.7), 2005/03/20/10/52 (ML 4.2)
2005/03/20/05/32 (ML 3.9), 2005/03/20/01/53 (ML 6.5)

Gori Nuclear Power
Plant

2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)

2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4),

2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7),
2005/03/22/06/55 (ML 4.3)

KHD

Ganghwado

2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4)
2005/03/25/12/02 (ML 3.9), 2005/03/22/06/55 (ML 4.3),
2005/03/21/14/58 (ML 4.4), 2005/03/21/06/37 (ML 4.0),
2005/03/20/11/38 (ML 3.9), 2005/03/20/10/52 (ML 4.2)
2005/03/20/01/53 (ML 6.5)

GSU

Geyoungsang National
University

2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4)
2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7)
2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4)
2005/03/21/06/37 (ML 4.0), 2005/03/20/11/38 (ML 3.9)
2005/03/20/11/08 (ML 3.7), 2005/03/20/10/52 (ML 4.2)
2005/03/20/05/32 (ML 3.9), 2005/03/20/01/53 (ML 6.5)

14

HKU

Gyowon National
University

2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4)
2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7)
2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4),
2005/03/21/06/37 (ML 4.0), 2005/03/20/10/52 (ML 4.2),
2005/03/20/01/53 (ML 6.5)

11

HSB

Hongseong

2005/04/10/11/33 (ML 4.4), 2005/03/25/12/02 (ML 3.9),
2005/03/24/14/37 (ML 3.7), 2005/03/22/06/55 (ML 4.3),
2005/03/21/14/58 (ML 4.4), 2005/03/21/06/37 (ML 4.0),
2005/03/20/11/38 (ML 3.9), 2005/03/20/11/08 (ML 3.7),
2005/03/20/10/52 (ML 4.2), 2005/03/20/05/32 (ML 3.9),
2005/03/20/01/53 (ML 6.5)

SNU

Seoul National
University

2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)

2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4),

2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4),
2005/03/20/01/53 (ML 6.5)

TIN

Daejeon

2005/05/01/16/23 (ML 4.3), 2005/04/20/00/08 (ML 4.6)
2005/04/19/21/11 (ML 4.7), 2005/04/10/11/33 (ML 4.4)
2005/03/25/12/02 (ML 3.9), 2005/03/24/14/37 (ML 3.7)
2005/03/22/06/55 (ML 4.3), 2005/03/21/14/58 (ML 4.4),
2005/03/21/06/37 (ML 4.0), 2005/03/20/11/38 (ML 3.9),
2005/03/20/11/08 (ML 3.7), 2005/03/20/10/52 (ML 4.2)
2005/03/20/05/32 (ML 3.9), 2005/03/20/01/53 (ML 6.5)

Total

89
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Fig. 1. Locations of Fukuoka Main Earthquake and 8
Seismic Stations
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Table 2. Epicentral Distances form Main Fukuoka Earthquake (2005/03/20/01/53; Mw 6.5)

Station Name KRA GSU GKP1 TIN HKU HSB SNU KHD
Eplcentz&?‘smce 188.66 239.54 272.47 382.58 402.59 441.59 498.76 551.62
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Table 3. Response spectrum values from Regulatory Guide 1.60 (5% damping)

Comp. & Control Point 33Hz 9Hz 2.5Hz 0.25Hz
Horizontal Component 1.0 2.61 3.13 2.50
Vertical Component 1.0 2.61 2.98 1.37
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Table 4. Seismic coefficient (Ca)

. Seismic Province
Soil Type
1 2
SA 0.09 0.05
SB 0.11 0.07
SC 0.13 0.08
SD 0.16 0.11
SE 0.22 0.17

Table 5. Seismic coefficient (Cv)

Seismic Province
Soil Type

1 2
SA 0.09 0.05
SB 0.11 0.07
SC 0.18 0.11
SD 0.23 0.16
SE 0.37 0.23
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Table 6. Seismic Hazard Coefficient
Recurrence Period (year) 50 100 200 500 1,000 2,400
Hazard Coefficient 0.40 0.57 0.73 1.0 1.4 2.0
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