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ABSTRACT

After the 1993 Kushiro Oki earthquake, a dense strong motion observation was conducted in Kushiro city by the Japanese
Working Group on Effects of Surface Geology. During one and half year operation, many weak motion as well as a few
strong motion data sets were obtained. The records from the 1994 Hokkaido Toho Oki earthquake were the most valuable in
terms of acceleration level and frequency contents. This is the preliminary results on the spatial variation of ground motions
in Kushiro city. Site effects on seismic motion were examined by using the geotechnical data, microtremors, weak and strong
motion data at one site. No significant non-linear effects was found.
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INTRODUCTION

A large earthquake (Mw=7.6) occurred just beneath Kushiro city, at a depth of 107 km, east coast Hokkaido, Japan, on Jan.
15 in 1993. The earthquake shaking in Kushiro city was so severe as that liquefaction occurred at many places, the port
facilities and lifeline systems were heavily damaged in lowland. It is also noted that the maximum acceleration of 0.9 g was
observed at the Kushiro JMA observation station, however, the damage of buildings near the site was not heavy as we
expected from the acceleration level. On the other hand, the maximum accelerations at three sites located in low-land were
0.3 - 0.5 g. The Japanese Working Group on the Effects of Surface Geology on Seismic Motion (JWG-ESG), noting the
significant implications of these facts and the scarcity of strong motion observation sites, organized the temporal strong
motion array observation consists of 23 sites within a radius of 3 km in Kushiro city. During one and half years operation,
we could obtain various types of recordings. Among them, the records from the Hokkaido Toho-Oki earthquake (Mw8.2) of
October 4, 1994 were the most valuable in terms of acceleration level (0.15 - 0.5 g), frequency contents and so on (JWG-
ESG, 1995). The spatial variation of ground motion in Kushiro city is discussed using the records from the Hokkaido Toho
Oki earthquake. As a case study, amplifications of seismic motion due to sedimentary layers and non-linear behaviors of soft
soil are investigated at the site where geotechnical data are available.

SPATIAL VARIATION OF THE GROUND MOTION

Geology and Observation Sites in Kushiro city






Table 1. Station data of cooperative strong motion observation in Kushiro, Hokkaido, Japan

Inst t I lation / gintme
St No. St CooE Lati Me(h?“tiLwitudo(E) nstrimen Orun!z-t t persons
01 KTC 43° 00" 47. 07 144" 15' 51. 0" SSA-2 (ACC.) Faculty of Eng. Hiroshi Kagami
Hokkaido Univ. Nobuo Takai
02 Kos 43°00' 27.0" 1447 18° 41. 07 85A-2 (ACC.) mﬂ y of Erﬂ mh“gf'"'
03 KM 43700 39. 0" 144" 20" 51. 0" SMA IAO—& ) ll(:gtl:m ;:?:_R - Mﬁim
04 TR 43°00' 36.07 1447 21° 24. 6" PO—OS/%V{C [?:31'!‘0 o:ylnst. Naomi Sakajiri
05 Jsi 43" 00" 25. 0™ 144° 22 34. 0" W—?OI/% ) (Tb.g?'a cscolsst Kunio Vlaka-mtsu
06 TIS 43" 00" 00. 0™ 144°22°51. 77 PDAS—IMS)-I &QMMI uc_:t:v I'Iifgs(xlm Sasatani
07 SMZ ) 42°59' 49. 57 144723 18. 77 %—‘I&&}/&?‘ Shimizu Corporation "S'tugsti‘(lzm Kataoka
08 8BS 42°59' 42.57 144 20°37. 77 SMITAO-J&_) Ta&rs&ﬁtim g'”rz\ell_gh'l‘ll':-lorl
09 KNB 42" 59' 50. 0~ 144 22'13.07 CV-OO“! ) Era\& ﬁg:.y ot)agter Iwao Suetomi
10 KTA 42° 59 34. 07 144° 22" 37.07 CV-OOIPi ) Er.\go ﬁg:y o(‘%gter Iwac Suetomi
1 KTS 42°59'17. 47 1447 22" 45. 0% SNHAG—(AE ) &odttgontruct. Satoshi Jodai
12 KAl 42°59°09. 77 144" 22°57. 87 DR-M2a/VSE 11 DPRI. Kyoto Univ. Tomotaka lvt_ata
+12 (VEL.) Kojiro Irikura
" 69° ~ 723 172.0” . Res. 3 i tsu
BN RO WA s RO M R YT
14 ASH 42" 59° 06. 0 144 23' 36. 0 CV-DOIIt N ?ads‘. De:e&"_énst. Yhoghaitﬁ(’o(i Sato
15 KCH 42°58'58.77 144" 23 08.17 SMAD-2 ERI. Univ. Tokyo Kazuyoshi Kudo
- (ACC.) Minoru Sakaue
16 TOH . 42° 58' 55. 0" 144 ‘24' 31.07 SV—W%??I + &!utruct. " Eiji Kojima
17 HEU 42° 58" 42. 67 144" 24’ 04. 57 sw;—‘ 1 AeC.) ERI. Univ. Tokyo ml:ml p’dom.shi
18 KBO 42° 58 26. 4 144723 19. o~ ’ SMD—Zm ) ER!, Univ. Tokyo lmwoehru S:kmom
19 TEP 42° 58 14.2" 144°22°59. 77 SMAD-Z(Acc y ERI. Univ. Tokyo Eﬁ:;g:m ?mmmi
20 KKP 42°58' 11.47 1447 23°54. 27 SIAD-Zm > ERI, Univ. Tokyo mmxudo
—_— - oA - ; lichi Ustake
21 SSK 42°58 21.0Q 144724 32.0 S&I@G—d%/) !okyg Electrlc m}ﬂ‘mw«
22 KRK 42°58 47. 27 144°24' 47. 47 PDAS—~100, S)—3 gzmmoﬁ‘?s ;W'glsatmi
23 TYR

42°58° 42,27 144° 23 31. 8" ﬁ&:i?E e#h{,kg‘a , gz;ﬂtute Tokiharu Ohta

Extensive microtremors measurements were carried out at several ten sites including strong motion observation sites by the
research group on microtremors (Seo, 1994). The peak frequency at JMA was about 5 Hz. However, the distribution of peak
frequencies in terrace region were complex. In the low-land region, the change of the peak frequency is systematic, due to
the change of thickness of alluvium. The peak frequency in the east side of low-land is 1 to 2 Hz and it tends to lower
frequency than 1Hz to the west.

Ground Motions from the 1994 Hokkaido Toho Oki Earthquake

The Hokkaido Toho Oki earthquake was prominent in terms of magnitudes (Mw=8.2) as well as the wealth of high
frequency motion. Source parameters determined by Kikuchi and Kanamori (1994) are: location of initial break = (43.48°

N: 147.40"E), source depth = 56 km ( in the oceanic lithosphere), seismic moment = 2.6x10*'Nm (Mw=8. 2), source area =
120x60km>, the average slip = 5.6 m, and the stress drop = 11Mpa. The distances from the initial break and the west wedge
of the aftershock area to Kushiro city were approximately 250 km and 150 km, respectively. The peak ground accelerations

(PGA) recovered in the north-east Japan were significantly higher than those expected by empirical attenuation relations of
PGA (e.g. Fukushima and Tanaka, 1990).
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Fig. 3. Acceleration time histories of 5 sites in Kushiro city observed during the 1994 Hokkaido Toho Oki earthquake.



Figure 3 shows the acceleration records recovered in Kushiro city during the Hokkaido Toho Oki earthquake. The
differences of distance and azimuth among the sites in Kushiro city are negligibly small, so that the differences found in the
records are due mainly to the local geology. Figure 4 shows PGA with respect to the distance from the JMA station. The
high accelerations are found at the JMA site and its vicinities (terrace region) rather than those in low-land region. The PGA
in low-land region decreases with distance from the JMA site, while their distribution in terrace region is complex. This
tendency was also found during the 1993 Kushiro Oki earthquake.

Fourier spectra of the recorded ground motion during the 1994 Hokkaido Toho Oki earthquake are shown in Fig. 5.
Columns from left to right in the figure correspond to the spectra of north-south, east-west and up-down components,
respectively. A rough grouping of spectral shapes using the close sites each together has been made and they correspond to 5
rows in the figure. Some features are pointed out. Spectra at terrace region predominate at high frequency, however, the peak
frequencies deviate site by site. The low-land spectra are rather stable and the peak frequency tends to lower frequency, say,
1 Hz. These correlate qualitatively with the geological data as shown in Fig. 2. In the computation, Fourier spectra were
smoothed by Parzen window with bandwidth of 0.4 Hz and the velocity records were differentiated into acceleration. At two
sites of velocity instruments, records have small clipping, however, no special treatment was done.
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Fig. 4. Distribution of peak accelerations
as a reference of the JMA station.

CASE STUDY OF SITE RESPONSE AT SMZ
Geotechnical data

Although over two hundred boring data have been compiled by Hokkaido Socicty of Architects and Building Engineers
(1982), only a few P- and S-wave logging data are available in Kushiro area. SMZ is the only site in low-land region that
these data are available to use. Figure 6 shows the S- and P-wave velocity structure and the standard penetration test (N-
values). The top surface is artificial fill and sand layer extends to a depth of 29 m. The layer consists of stlt is found at depth
between 29 m and 48 m. The basement layer, Urahoro formation consists of sand stone is underlyed. Figure 7 shows the
theoretical amplification factor computed using the S-wave velocity profiles for 1-D wave propagation. Peak frequencies of
1.4 and 4.2 Hz are expected.

Weak motion

It will be preferable to use weak motion data rather than strong motion one to compare the above computation and the
observation. Figure 8 shows the averaged Fourier spectra of weak motion data. Nine records with amplitudes of several
cm/s/s (roughly correspond to velocity of 0.1 - 0.3 cm/s) and magnitude of the events greater than 5 were selected. The time
window of 10.24 sec was used for the analysis. At first, normalization of root mean square of amplitudes was performed and
then they were averaged. Therefore, effect of large amplitude records is not significant. Finally, the raw spectrum was
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Fig. 5. Comparisons of Fourier amplitude spectra. Columns from left to right correspond to north-south, east-west
and up-down components, respectively.
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Fig. 6. S- and P-wave velocity profiles and the results of
standard penetration tests at a low-land site SMZ.

smoothed by the Parzen window with bandwidth of 0.4 Hz. The peak frequencies of the averaged weak motion are 1.2 and 4
Hz and they correlate well with the computation. From the microtremors measurements, a peak frequency of about 1.2 Hz
was also found. From these facts, the underground structure model is valid for the weak motion, or no amplitude dependency
for the peak frequency is expected in an amplitude level of 10 cm/s (microtremors) to 10™ cm/s (weak motion). In low-land
region, underground structure is rather simple that ground response of other sites will be estimated using this S-wave
velocity model and geological data.

Strong motion

Integrated velocity seismograms at SMZ from the Hokkaido Toho Oki earthquake are shown in Fig. 9. Considering the shear
strain estimated from the ratio of peak ground velocity (~ 20 cm/s) due to the Hokkaido Toho Oki earthquake to the S-wave
velocity of the surface layer (~125 m/s) at SMZ, it is a good example to investigate non-linear behaviors of soil during
* strong shaking. An attention has been made to a change of peak frequencies of spectra for two time windows: before and
after parts of large amplitudes. Figure 10 shows the Fourier spectra of the two selected parts (shown in Fig. 9) of the ground
motion. From the figure, peak frequency is 1.0 Hz for all case. This peak frequency is smaller than the result of weak motion
so that one might expect non-linear effects. However, no change of peak frequencies before and after large amplitudes
suggests less effects of non-linear behavior of soil. In addition, the borehole data at BRI dominated in 1 Hz (Kitagawa et al.,
1995), therefore, a large amplitude of 1 Hz from the Hokkaido Toho Oki earthquake was plausibly not originated from the
non-linear effects of soils.
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Fig. 10. Comparison of spectra of two
time windows: before and after parts
of large amplitudes.

SUMMARY

The dense strong motion observation in Kushiro city was operated in a short period of 1.5 years, however, the records
permitted us to characterize the ground motions in Kushiro city : shallow surface sediments mostly contributed to the
variation of peak acceleration and spectral shape in higher frequency than 0.5 Hz, that is, the ground motions in the terrace
region were dominated in a high (2-5 Hz) frequency, and those in the low-land showed large amplifications at around 1 Hz.
These different frequency responses of sites produced the large variation of peak acceleration in Kushiro city. A cooperative
observation by many organization has an advantage to make observation densely, however, it has a disadvantage of
differences in frequency characteristics or resolutions of instruments.
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