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/] ABSTRACT /

The vertical design spectrum for Korea, which is known to belong to an intra-plate region, is developed from the ground motion records of
the earthquakes occurred in Korea and overseas intra-plate regions. From the statistical analysis of the vertical response spectra, a mean
plus one standard deviation spectrum in lognormal distribution is obtained. Regression analysis is performed on this curve to determine the
shape of spectrum including transition periods. The developed design spectrum is valid for the estimation both spectral acceleration and
displacement. The ratio of vertical to horizontal response spectrum for each record is calculated. Statistical analysis of the ratios rendered
the vertical to horizontal ratio (V/H ratio). Subsequently the ratio between the peak vertical ground acceleration to the horizontal one is

obtained.
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Fig. 1. Vertical design spectrum in USNRC Regulation Guide 1.6[3]
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Fig. 2. Vertical design spectrum in NEHRP[5]
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Fig. 3. Vertical design spectrum in Eurocode 8[4]
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Table 2. List of domestic earthquake records[22]

Name YEAR M/D HR/MN Magnitude EpiD(km) Station name
. 85.44 HUK
Hong island Earthquake 2003 0322 2038 4.9
164.15 MOP
199.20 BUS
. 199.10 CHJ
Offshore Uljin Earthquake 2004 0529 1914 52
164.44 DAG
168.22 DGY
7.52 DGY
144.77 BON
152.31 CEA
69.37 CHC
105.43 CHJ
104.51 CWO
112.72 ICN
Odaesan Earthquake 2007 0120 2056 438
162.69 MUS
180.14 PHA
149.48 SEO
68.39 SKC
149.31 SWO
70.07 TBA
56.75 WJU
Offshore Sinan Earthquake 2013 0420 2321 49 187.02 GBI
101.48 GBI
Seogyeongnyeolbi island Earthquake 2014 0401 0448 5.1 147.00 DEI
116.29 BAR
18 14
16 12
14
10
12
10 8
8 6
6
a
4
2 2
0 , 1
4550 5055 556.0 6.06.5 6.57.0 7.0-7.5 7.58.0 0-40 40-80  80-120  120-160  160-200
(a) Mw (b) Distance(km)

Fig. 4. Distribution of domestic earthquake records: (a) Frequency histogram w.r.t. magnitude, (b) Frequency histogram w.r.t. distance
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Table 3. List of overseas intra-plate earthquake records

Location Name YEAR M/D HR/MN Magnitude EpiD(km) Station name
108.10 ANL-768 Power Plant
Borah Peak, ID-01 1983 1028 1406 6.88 8615 TRA642 ETR Reactor Bldg
) 6.80 Site 1
Nahanni, Canada 1985 1223 6.76 2235 Site 3
154.92 Quebec
America 37.77 Chicoutimi-Nord
Saguenay, Canada 1988 59 62.31 St-Andre-du-Lac-St-Jean
93.99 Les Eboulements
. 67.70 Carlo (temp)
Denali, Alaska 2002 1103 7.9 6185 R109 (temp)
Mineral, Virginia 2011 0823 5.8 53.80 CWA
82.71 OLF
Europe Roermond, Netherlands 1992 0413 0120 53 103.49 WBS
Gazli, USSR 1976 0517 6.8 12.82 Karakyr
20.63 Dayhook
Tabas, Iran 1978 0916 7.35 55 24 Tabas
Manjil, Iran 1990 0620 7.37 40.43 Abbar
19.66 Chatrood
Iran 95.85 Bardsir
94.24 Sirch
Zarand, Iran 2005 0222 0225 6.4 53.28 Deh-Loulou
23.62 Qadrooni Dam
22.98 Shirinrood Dam
61.38 Davaran
India Koynanagar, India 1967 6.5 10.80 KNI
18 10
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Fig. 5. Distribution of overseas intra-plate earthquake records: (a) Frequency histogram w.r.t. magnitude, (b) Frequency histogram w.r.t. distance
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Fig. 6. Regional distribution of overseas intra-plate earthquake records
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Fig. 7. Distribution of domestic and overseas intra-plate earthquake records: (a) Frequency histogram w.r.t. magnitude, (b) Frequency
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Table 4. Comparison of the PGA, / PGA ratios

V/H Ratio
Short period Long period

This Study 0.77 0.77

Eurocode 8(Type 1) 09 0.9

Eurocode 8(Type 2) 0.45 0.45

USNRC 1 2/3

ASCE 4-98 1 2/3

NEHRP 0.7 12
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Table 6. Parameters for vertical design spectrum

Transition Period (second)

To Ts T
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2.8 0.06 0.3 3
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Table 7. Comparison of parameters of mean + 1.00 spectrum with
those of design spectra for various overseas intra-plate

regions
Transition Period (second)
a To Ts 7.
This Study 28 0.06 0.3 S
Eurocode 8 3.0 0.05 0.15 1
USNRC - 0.1 0.285 1
NEHRP 2.67 0.05 0.15 2
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Fig. 21. Comparison of mean + 1.0 spectrum with the design
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Table 8. Comparison of parameters of mean + 1.00 spectrum with
those of the design spectra for 1997 design code
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