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Estimation of Deep Subsurface Structures and Observation of
Strong Ground Motions in Sapporo Urban Districts
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Abstract

Sapporo urban districts are located on a deep sedimentary basin in the western part
of the Ishikari depression, Hokkaido. It is important for evaluation of the seismic
response of Sapporo urban districts to know the deep subsurface structures. We have
summarized various data relating to the subsurface structures; a few deep boring data
to a depth of about 4000 m and several PS-logging data to a depth of about 500 m. We
have estimated S-wave velocity structures under the northern part of Sapporo urban
districts by using the microtremor exploration method. The basement layer has an
S-wave velocity of about 3000 m s at a depth of about 3000 m. We have carried out
strong motion observations at 15 sites in Sapporo urban districts in order to evaluate
directly the seismic response. Here we show a preliminary result of the spatial
variation of site amplifications in the districts using strong motion records from an
intermediate-depth earthquake. We evaluate the spatial variation of site amplifications
as a function of periods based on band-pass filtered records with various pass-bands.
At the northern part, long-period seismic waves with a period of about 5 sec are
strongly amplified, while at the central part, short-period seismic waves with a period
of about 1 sec are strongly amplified. Finally we have examined the effect of the
estimated deep subsurface structure on seismic motion based on observed S-waves.
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Simplified geological map of Sapporo urban districts in the western part of the Ishikari depression
(after Ishida et al. 1980). Deep boring sites (circles) and strong motion observation sites (solid

squares) are also shown. Geological section along A-B line is shown in Fig. 2. Map inset shows the
study area and the epicenter of an intermediate-depth earthquake used in this study.
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Fig. 2 Geological section along A-B line in Fig. 1 (after Japan National Oil Corporation (JNOC), 1995).
S-wave velocity structure at SNK estimated by the microtremor exploration method is also shown.
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Fig. 3 Soil columns at SNK, HNB and UGL (after Osada, 1999).
The locations of these sites are shown in Fig. 1.
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Fig.4 P- and S-wave velocity structures estimated from P-S logging at MED, NKN, STZ, HNB, and UGL.
The locations of these sites are shown in Fig. 1. We have no data at depths of 200 to 300 m at HNB.
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Fig. 6 Array configuration for the spatial
autocorrelation coefficient method (SPAC
method). Seven seismometers are located
at solid circles.
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Table 1 Sites where array observations of
microtremors were carried out and the

array sizes (a radius of the outer circle;

see Fig. 6).
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Fig.7 An example of observed microtremors (ground velocity time history) at ISK2 site.
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Fig. 10 Phase velocity dispersion of Rayleigh waves (left) and estimated S-wave velocity structure (right)
at SNK site. Circles and a continuous line on the left panel show the observations and the
computed dispersion for the S-wave velocity structure. Dashed lines on the right panel show
search limits in GA inversion of phase velocities.
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Fig. 12 Velocity seismograms (NS components) observed at 14 stations in Sapporo urban districts.
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Fig. 13 Comparison of velocity seismograms

observed at SNK and SST sites. Note the
different frequency contents of seismic
waves between them.
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Fig. 14 An example of band-pass filtered velocity seismograms (NS components).

TR & BT, BXOmEO R RS b
O S, RO EWF A &5 FREBH N
BB L 72 0.5 Hz & 0 & < il 13
MIED—HLTWE, Thi3, TOREKKHCE
i B W= O REEDS, MEEA LI K B T
HETH ECHBEINTVWA I EAEKRL TV S,
—75, WIbIcRE e ERAE U LFKIG, £ 1Hz
OHIRW OIIEA S L HIAShTLRWI &
H 5, SNK TlIFHEEN 7K 1 Hz HIEK 0IE
MARZWE, #c, TIH, HNB TREEARE L
TW5, N, TORBERIHRLcEsSET
ORETEM FEES TR E BRI >TVWE T E, &
B0V, 2 ¢ 3WICHIBEDINE X 2 LBl 1
FHIBRICEENTVWA T EERELTVWS, T
DOMEIZAHOMELE L,

6. B YIC
ARFHSCUE, ALIRES IS0 45 10 2 BEERHI T il o
HE7E & SREEREN RN O TR s i s > Wl

NEbDTH D, UTIT, BonflRa e
FEH D,

1) ALERERTEILE I B W, MEEATEIC XD
BESH 3km F TOSHME G ZHEE L 7o, 3
SH)3km TD S W3 Skm, s TH 5
EDb -1,

2) WEEE AR LT, HLIRETHRIc kT 5
HIFRRINE D ZE A B 2 HEE L foo © O ZEMA T O
Ny = d, MR OREEEIC X > TRE G
B T LIS o foo ARERHONER $iERI < T
e JE RO = R PR R TR &S (g S T
W3,

3) MEHEEEIC X - THEE S e S Pk S
DM, PRI X 2 BIIECEE (S )
R U TRET L7, BRI I8 1 MR H
R OWEIEZ, BBURMEE S nIcHETRT
BT EbhoT,

AT BT, ZEESH T RS O HEE S AL
WS oJLEIcEonTH 0, F1, WEBHIC
EOHBISEORIT S 1 floAaTh %, 51,



RS ERY: J. JSNDS 20-3 (2001)

339

NS Component

Original 0.1-0.2 Hz

0.2-0.5Hz

0.5-1.0 Hz 1.0-2.0 Hz

SRRy
e

an e

QOVQ

oN
N

AR
RIS

S

[ = of Eﬂ,% LY .
EW Component
Original 0.1-0.2 Hz 0.2-0.5 Hz 0.5-1.0 Hz 1.0-2.0 Hz
(8 8 (L (4
. /‘ D) )
°* 0% [07e%s [ 0" [0 0% 0'

- * . - [ ]
\'>/\h' '. ‘e \>\§ -. \2/\;}'

& & o
) el ® ‘,/Q L k/:\% o \—41\2 L
‘ : f | I
UD Compenent
Criginat 0.1-0.2 Hz 0.20.5 Hz 0.5-1.0 Hz 1.0-20Hz

(8 (8 (N (8
. .. . L3
- . [ ] \‘L\q . L] -
JHssé & !
Ok . .

Fig. 156 Spatial variation of site amplifications (solid circles) for original velocity seismograms (on the
left) and band-pass filtered velocity seismograms (pass-bands: 0.1-0.2 Hz, 0.2-0.5 Hz, 0.5-1.0 Hz,
1.0-2.0 Hz). The site amplification is defined as the maximum amplitude ratio of each trace to the
HSS trace. Size of the solid circle is described in proportion to the site amplification.
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Fig. 17 Left: Epicenter of the Jan. 12, 1998 intermediate-depth event (solid circle). MED and HSS sites are
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Fig. 19 Upper panel: Comparison between synthetic (upper) and observed (middle) S-wave seismograms.
The synthetic S-waves are calculated based on the S-wave velocity structures shown in Fig. 11
(MED9, SNK, TIH and HNB). We assume observed S-waves (lower) at HSS as the incident motion
at the base of each site. Lower panel: Comparison between S-wave spectra for synthetic (dashed
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