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A Study of the Strong Ground Motion from Intermediate-Depth Earthquakes

By Tsutomu SASATANI
Department of Geophysics, Faculty of Science, Hokkaido University
( Received November 22, 1986 )

More detailed knowledge of long- period ground motions is becoming increasingly important, in
view of the recent increase of large structures such as high-rise buildings, oil tanks, and suspension
bridges. In the present paper, effects of local site geology on the long-period ground motions are
studied based on analyses of strong-motion records from intermediate-depth earthquakes. Since the
deep events generate no strong surface waves, these effects can be more easily derived from the
observed records. Synthetic seismograms calculated for the assumed plane-layered earth model and
the source parameters estimated from a study of teleseismic body waves are compared with observed
seismograms. The comparison is made for JMA strong-motion seismograms at seven stations with
various site conditions in southern part of Hokkaido, from two intermediate-depth earthquakes, the
1974 Iburi-Oki and 1981 western Hidaka earthquakes. = At stations except Obihiro and Urakawa, the
duration and amplitude behavior of the observed strong-motion are approximately explained by the
simple source and earth models. Strong-motion records at Obihiro show a long duration of the coda
waves and those at Urakawa, anomalously large amplitudes, respectively. Obihiro is located in
Tokachi plain with a thick layer of low velocity sediments. Simple calculations of the seismic
response of a basin structure down to a depth of 2km in Tokachi plain, estimated from the observation
of long-period microtremors, indicate that the long duration of the coda waves at Obihiro is due to
local surface waves generated by the nonplanar interface. The anomalously large amplitudes at
Urakawa may be due to the large-scale anomalous upper mantle structure beneath Hokkaido.
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Fig. 1. Epicenter of the Iburi-Oki earthquake
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Table 1. Source parameters of the Iburi-Oki earthquake of Novem-

ber 9, 1974
Focal depth
Fault plane strike
dip angle
rake angle

Source process time
Seismic -moment

122 km
228
75°
—127
3 sec
6.3x10%® dyne-cm -

T T T T
0 8 10
b A 0 T T T
a ¢ - kmls
A 1974 - afem?
-+ : 1981 L
L 44°N B
50 —
N R4 £ L
oSapporo Obihiqqﬂ;,._.,»"".-'-" % i
Tomakomai ° o
I age i
100 |—
km
L Vp
i P 1 Fig. 3. Crust-upper mantle model
140° 142° 144° 146°E assumed in the wave calcula-

Fig. 2. JMA stations used in the present study. The solid tion.

triangle indicates the epicenter of the 1974 Iburi-Oki earth-
quake, the cross, that of the 1981 western Hidaka earth-
quake.
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Fig. 4. Comparison of JMA strong-motion seismograms with synthetic seismograms calculated for the
source parameters in Table 1. The numbers attached to each seismogram indicate peak to peak
amplitudes in centimeters.
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_ Fig. 4. Continued.
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GEOLOGICAL MAP OF HOKKAIDO
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Fig.5. Simplified geological map of the southern part of Hokkaido (after Geological Survey of Hokkaido,
1980). The white region indicates Holocene deposits and the dotted region, Terrace deposits, respec-
tively.
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Fig. 6. S-wave velocity models estimated for sedimentary = VT'
layers by using long-period microtremors. (a)Shimootofuke BEAENZ L s, B KIE
in Tokachi plain and (b)Hokkaido University campus in WED 0 — 3, BEded & B AR
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BLDTiE e, ZbE, STTRE T 0 5 AT L 723K » b Rk e s IS 12 & - T TRRBvIC A
ENLDEFEZ LN, I—FWDIRIRD K E LIS HHFFENICFEL, £213, EHIZEEILK
% L OHERGRIL & VO BB AR 2L TV B, SOMREHOME Y, BT I 4 AT 51T 5 R
IO T L A BB L BB R—) v 7&R L &b, Fig 8 ORRCHEE X N TV 2 (18- W, 1986).
HeAgRErh oy S HOREL 1 km/sec 208, o 2113 3 ~3.5km/sec Th b, 22T, a—FEDREE %



RREFEREC L 5 REAMBEDNOHTE 69

Obihiro Jan. 23, 1981
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Fig. 7. Comparison of JMA strong-motion seismograms with synthetic seismograms calculated for the
crustal models with sedimentary layers shown in Fig. 6. (a)Obihiro in Tokachi plain and (b)Sapporo
in Ishikari plain. The comparison is made for the 1981 western Hidaka earthquake.
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Fig. 9. Geological configulation of a soft basin.
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Fig. 8. (a)Sites of seismic arrays in Tokachi plain where long-period microtremors were observed. (b)
A cross-section along a profile A-A’ in (a) on which under-ground structures are estimated for S-wave
velocity (after MaTsusHIMA and OkADA, 1986).
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Fig. 10. Response of a soft basin to a vertically incident SH -wave (left) and flat-layer responses calculated
assuming, at each point, that the basin structure is a horizontal layer having a constant thickness equal
to that directly beneath the point (right). The traces represent the displacement at surface receivers,
spaced from 0 to 10 km from the basin center. The right bottom trace would be the surface
displacement signal without the basin (one cycle sine wave with a period of 4 sec).
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Fig. 11. Upper : Observed seismograms at Obihiro from the 1981 western Hidaka earthquake. Middle :
Lower : Response of a soft basin to a vertically incident
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Synthetic seismograms shown in Fig. 7(a).
SH-wave shown in Fig. 10 (x=1 km and x=4 km).

Urakawa Hiroo
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Fig. 12. Comparison of JMA strong-motion seismograms with synthetic seismograms for the 1975
Urakawa-Oki earthquake. The source parameters used in the calculation were determined by

MivaMURA and SASATANI (1986).
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