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Modeling of Earthquake Ground Motion in a Small-Scale Basin
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Abstract: Three-dimensional finite-difference simulation in a small-scale half-sphere basin with planar free-surface is
performed for an arbitrary shear-dislocation point source. A new scheme to deal with free-surface boundary condition is
presented. Then basin parameters are examined to understand main characteristics on ground-motion response in the basin.
To analyze the frequency content of ground motion in the basin, spectral amplitudes are compared with each other for
four sites inside and outside the basin. Also particle motions for those sites are examined to find which kind of wave
plays a dominant role in ground-motion response. The results show that seismic energy is concentrated on a marginal
area of the basin far from the source. This focusing effect is mainly due to constructive interference of the direct S-
wave with basin-edge induced surface waves. Also, ground-motion amplification over the deepest part of the basin is
relatively lower than that above shallow basin edge. In the small-scale basin with relatively simple bedrock interface,
therefore, the ground-motion amplification may be more related to the source azimuth or direction of the incident waves

into the basin rather than depth of it.

Keywords: small-scale basin, earthquake ground motion, free-surface boundary condition, finite-difference method

20121 4€ 309
*Corresponding author
E-mail: tskang@pknu.ac.kr

Address: 45 Yongso-ro, Nam-gu, Busan 608-737, Korea

20129 59 159 745 20124 59 21 A,

92

A v g o7 AL BEXAY

el o
A MxH 2 Te Dol A B4 Ask= olela ol
7F 2 A WM e S48 Al FFHthe Akdo] ¥

A HOlsen ef al., 1995a, b; Gao ef al., 1996; Kawase, 1996;
Hartzell et al., 1997; Pitarka et al., 1998; Graves et al., 1998;
Alex and Olsen, 1998; Kang and Baag, 2004b). ©]&{3} I3
Ao BA 9 AgAel Yoz 3t A [} x| HF
(focusing), ¥ (diffraction) ¥ A5 S-uko} EX] A Fol|A
ojatH o2 AdE HH IS B F 3AA] &
ojgt Ao = ML) olejst EREL 53] & 1EH 11
AEAZRS ] wiitel 710 Aoy w53

& e ABAYd ¢ Ao wEA @A) e

gy

32 o
o

§



ATt EA] oA <]

A 24 AR ouE AdTial & 5 I?]-(Sommervﬂle
1993). ZHAAQl EA&He] & d5sl] HsiAe B
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POV, = 0,7+ 0,7, + 0.7, + 1,
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T = (AF20)0,0, + M(0,v,+0.v,), (1)

= (A+21)0,v, + MO, v, +0.v,),
0,7 = (M2)0.v, + MO +0,v,),
0,7y, = H(0,v, +0,v,),
0,7, = H(0.v,t0,v2),
0/ = OV +0.v,) .
of AN (v, v, V= EE R, (Tes Tp T Ty Ty )T
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A4 ANREHSE, 0, & Al Y 13 A RERSE
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Fig. 1. Layout of variables and material parameters on a staggered
grid.
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Fig. 2. Layout of variables on a staggered grid for free-surface
boundary conditions.
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Center location (x,y,z) = (17.0km, 12.0km, Okm)
Radius = 3km

Half-sphere basin Vp=2.0 km/s

Vs=1.0 km/s
¥ P =1.8 glem?®

#41

3-component velocity receiver array
(41 points with 0.2km spacing)

Vp=4.0 km/s

Vs=2.0 ks - ¥
p=2.5 glem?® ‘\1/'
LY

!

Double-couple point source
pirialgp il gl e |(xy,2)=(4.0km, 4.0km, 6.0km)

Depth (k)
L

P -
“w%% C

Fig. 3. Computational domain including a half-sphere basin shape,
layout of observation points, media properties, and source
parameters.
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Fig. 4. Source time function.
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Fig. 6. Synthetic three-component velocity seismograms at each
observation point.
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Fig. 7. Characteristics of basin responses (line: v, dot: v,, dash-dot:

x)
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Fig. 8. Amplitude spectra at four observation points (line: v,, dot:
vy, dash-dot: v,).
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Fig. 9. Waveforms rotated to back-azimuth at four observation points and their particle motions.
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