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Stochastic Prediction of Strong Ground Motions in Southern Korea
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ABSTRACT

In order to estimate peak ground motions and frequency characteristics of strong ground motions in southem Korea, we employed the stochastic
simulation method with the moment magnitude( M,.) and the hypocentral distance( R). We estimated some input parameters that account for

specific properties of source and propagation processes, and applied them fo the stochastic simulation method. The stress drop(4 o) of 100-bar was
estimated considering results of research in ENA, China, and southern Korea. The attenuation parameter x was calculated by analyzing 57 seismograms
recorded from September 1996 to October 1997 and the estimation resutt of the attenuation parameter  is 0.0011240.000224 R where R is hypocenter
distance. We estimated strong ground motion relations using the stochastic simulation method with suitable input parometers(e.g. 46, », and so on).
Al last, we derived relations between hypocentral distances and ground mofions(seisrmic  attenuation equation) using results of the stochastic
prediction.
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Fig. 1 Location map of the 1998/01/18 offshore Ulsan earthquake
(%) and other small earthquakes () from September 1996
to October 1997. The stress drop ( do) is estimated using
seismic data from the offshore Ulsan earthquake and the
attenuation parameter x is from other small earthquakes.
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Fig. 2 Fourier amplitude spectra of displacements obtained from the
offshore Ulsan earthquake. Using these spectra, do of 101.2
bars and M, of 3.71 are estimated. The seismic station name
and the hypocentral distance are specified on each spectrum
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Fig. 3 Hypocentral distance dependency of the attenuation parameter

x. The linear trend of kappa value distribution in hypocentral
distance are fitted by least squares method and is presented
by thick solid line. The fitted linear function is described by x=
0.00112+0.000224R, where R represents hypocentral distance
in km
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Table 1 List of 30 earthquakes used for estimating the attenuation parameter x

Date Latitude®N) | Longitude(°E) | Depthikm) M, Date Latitude(’N) | Longitude(°E) | Depthtkm) | M,
1996/09/27 355972 129.8095 18.86 3.1 1997/06/15 37.1813 126.3523 555 30
1996/09/29 35.5892 120.8197 16.76 2.7 1997/06/15 37.1758 126.3425 6.28 32
1996/12/11 35.8097 129.7967 18.97 25 1997/06/15 37.1782 126.3385 563 2.7
1996/12/18 36.8333 129.2082 484 29 1997/06/15 37.1383 126.3333 740 24
1996/12/29 36.3903 128.0403 4.45 28 1997/06/15 37.1293 126.3417 7.76 24
1997/01/08 36.3667 128.6922 12.46 26 1997/06/16 35.6058 128.9773 142 29
1997/01/11 36,6163 128.6142 " 1477 25 1997/06/30 35.9812 127.8997 10.55 28
1997/03/17 36.5855 1209218 478 3.0 1997/07/03 36.6167 128.2467 792 24
1997/03/26 35.2897 130.1872 17.73 26 1997/08/05 37.2000 128.6213 469 32
1997/05/09 35.2940 126.3242 20.00 38 1997/08/05 36.7242 128.3007 4.49 33
1997/05/10 372123 128.6667 583 28 1997/09/17 35.5907 129.3627 10.69 3.1
1997/05/19 36.6922 128.5523 12.19 24 1997/09/26 36.3833 127.9473 214 26
1997/05/19 35.6667 126.0833 520 28 1997/10/02 34.8483 128.0588 6.09 28
1997/05/22 36.0687 127.1050 594 39 1997/10/11 359175 128.8448 1093 27
1997/06/04 36.5158 127.9833 7.80 23 1997/10/18 37.2185 128.6892 1.51 30
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Table 2 List of input parameters applied to stochastic prediction of
strong ground motions

Input parameter Value
Ry 063
F 20
14 0.707
0 2.7g/er?’
8 3.5km/sec
do 100-bar
0.00112+0.000224 R
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Fig. 4 Comparisons of Fourier amplitude spectra of accelerations
from model(smooth curves) and observed spectraljagged
curves) of the offshore Ulsan earthquake. These model am-
plitude spectra of high frequency(1-30Hz) are similar to the
observed ones
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Fig. 5 Comparisons between observed and simulated time series of
acceleration. Each observed accelerograms is converted from
the velocity seismogram of the oftshore Ulsan earthquake
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Fig. 6 The 5% damped pseudo-acceleration response spectra simulated 200 times using the stochastic method
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Fig. 7 Hypocentral distance dependence of PGA for M,=4, 5, 6, and

7. The traces indicated by the symbol star (+¢) show results
of the stochastic simulation method. Solid lines depicts curves
of attenuation equations derived from results of the stochastic
simulation method. The symbol ‘U’ represent observed data
recorded by the offshore Ulsan earthquake of M,=3.71
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Table 3 Coefficients of attenuation equations of PGA, PGV, and SA for 17 natural frequencies

£9 £} & £4

£ 3 £ &,

£5 £ &5 &3
0.1250737E+02 0.4874629E+00 -0.2040726E-01 0.1737204E-01
PGA -0.1928185E-02 0.2251016E-03 -0.6378615E-04 0.6967121E-04
-0.5795112E+00 0.1138817E+00 -0.1162326E-01 ~0.3646674E-02
0.7789091E+01 0.9951892E+00 0.6154327E-02 0.1879802E-01
PGV ~0.1438029E-02 0.3451011E-03 0.2012708E-05 0.5240958E-04
—-(0.1520985E+00 0.1126463E+00 -0.2305941E-01 -0.3356242E-02
0.6748878E+01 0.2338012E+01 ~(.6346500E-01 -0.7885718E-01
0.2Hz -0.6739686E-03 0.1588440E-03 0.4959807E-04 0.8969257E-05
0.1573299E-01 0.4329293E-01 -0.5438613E-01 ~0.1811300E-02
0.8570785E+01 0.1988713E+01 -0.3460281E+00 -0.1060035E+00
0.5Hz -0.1020099E-02 0.1655902E-03 0.3172894E-04 -0.1811364E-04
-0.5191000E-02 -0.1211347E-01 -0.1608667E-01 0.1661280E-01
0.9671624E+01 0.1499344E+01 ~-0.3644449E+00 =-0.2773117E-01
1Hz -0.1415998E02 0.2881096E-03 -0.4374041E-04 ~0.6945151E-04
-0.4075062E-01 -0.2460636E-01 0.1240709E-01 0.2004933E-01
0.1010845E+02 0.1177525E+01 -0.2589597E+00 0.3796346E-01
1.5Hz -0.1822406E-02 0.1996771E-03 0.4401315E-05 -0.3307164E-04
-0.5015443E-01 0.3010483E-02 0.5349041E-02 0.9949567E-02
0.1044486E+02 0.9862914E+00 ~0.2249107E+00 0.5453894E-01
2Hz ~-0.2089994E-02 0.1771030E-03 -0.2890120E-04 -0.3634473E-04
-0.7449483E-01 0.2197406E-01 0.1124348E-01 0.7173960E-02
0.1129348E+02 0.7542715E+00 -0.1212122E+00 0.3864998E-01
5HZ -0.3752774E02 0.2174637E-03 -0.2620464E-04 -0.1122502E-04
-0.1224307e+00 0.4852117E-01 0.9174080E-02 0.5765749E-04
0.1203651E+02 0.6994448E+00 -0.8729106E-01 0.2693829E-01
10Hz -0.5181430E-02 0.4523458E-03 -0.9517054E-04 0.1183106E-06
~-0.2277337E+00 0.5360536E-01 0.7104984E02 -0.3338512E-02
0.1273133E+02 0.7211926E+00 -0.1060212E+00 0.9376594E-02
15Hz ~0.4891834E-02 0.6691358E-03 -0.2312276E-03 0.1039735E-04
-0.4034467E+00 0.4179534E-01 0.1573228E-01 -0.6931448E-04
0.1327677E+02 0.7183055E+00 -0.9757102E-01 -0.2127865E-02
20Hz -0.4033404E-02 0.7191665E-03 -0.2633597E-03 0.1008616E-04
~.5670292E+00 0.4196827E-01 0.1442712E-01 0.2569584E-02
0.1369225E+02 0.7101845E+00 ~0.1099341E+00 -0.1989956E-01
25Hz -0.3130929E-02 0.775739%E-03 -0.3122398E-03 -0.3272674E-04
-0.7019140E+00 0.4086220E-01 0.1865621E-01 0.8626813E-02
0.1397627E+02 0.6931092E+00 -0.1044502E+00 -0.3057737E-01
30Hz -0.2361991E-02 0.7552491E-03 ~0.2922865E-03 ~-0.4473776E-04
-0.8021511E+00 0.4576871E-01 0.1612178E-01 0.1142420E-01
0.1408802E+02 0.6881877E+00 ~0.1077472E+00 ~0.4042628E-01
33.3Hz -0.1996845E-02 0.7553017E-03 -0.2883635E-03 -(0.5838245E-04
~0.8450261E+00 0.4666365E-01 0.1629080E-01 0.1406417E-01
0.1419453E+02 0.6217579E+00 -0.6343699E-01 ~0.1979969E-01
40Hz 0138830402 0.6137653E-03 -0.2126977E-03 -0.1891667E-04
-0.9020459E+00 0.6704552E-01 0.3816445E-02 0.8166676E-02
0.1419907E+02 0.5743998E+00 -0.4927236E-01 -0.1152787E-01
Hz —-0.8422372E-03 0.4792472E-03 -0.1525942E-03 0.1394863E-04
-0.9369055E+00 0.8335114E-01 -0.2275068E~-02 0.4925720E-02
0.1389090E+02 0.5020468E+00 -0.2180853E-01 0.7728362E-02
66.6Hz -0.6497159E-03 0.3062205E-03 -0.6481423E-04 0.6089736E-04
-0.8955081E+00 0.1061274E+00 -0.1219753E-01 -0.1032077E-02
0.1351537E+02 0.4934793E+00 -0.2215986E-01 0.7716247E-02
80Hz -0.8420019-03 0.2564498E-03 -0.5001147E-04 0.6699587E-04
-0.8189346E+00 0.1104468E+00 -0.1302738E-01 -0.1323833E-02
0.1248950E+02 0.5191206E+00 -0.4119159E-01 0.6135283E-02
100Hz -0.1958068E-02 0.3182504E-03 -0.8564197E-04 0.4281308E-04
-0.5751957E+00 0.1024854E+00 -(.7594097E-02 0.3678573E-03
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Fig. 8 Comparisons of attenuation relations from (a) southern Korea derived in this study and (b) ENA by Toro et al.(1997). Near the epicenter,
PGA of southern Korea is predicted larger than that of ENA, due to the higher x, value of southen Korea than that of ENA
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