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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
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(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.

BHEEA (3000 m,/s) EidREISERE L,
BB, INSOMBEWEK, HEEHER, DT
ISR B R G CHI TS 2 T 2 B IcE
BIEHRE LTRES R 3,

3. MERERICLIMTREDOHKT

MWTIHEERAEST 2 h5EE LTid, MirdkmeE
RECPKHEEHBEFENEZ SNBEH, thdo
FEERICE > TEONIHTHER, £< DB,
PROEREICBA T 2 6D TH B, MIEEH Ak X 1
BEGZ 5 SHHEEHELZIET s0I1T1d, &
FEENHI SRR - T W B, 72, T D D
FEE, Bt coOBAEIZIRE < O E L

Do

Bll, SBORBAWE T 2 Hike LT, ABD
HEESPRR - MRER L -TERI s 1
513 2FIH U - BEE MEBEEE) 14
HahTwa (FH - fh, 1990 ; FH, 1998),
TORER, MBI ESEN3RmBEONY, 73
O HNAHRE s A ORIGRER L,
:n%ﬁ%ﬁtfsﬁﬁﬁmﬂT%ﬁ%mﬁ?a
EWHBDTHB, TITIE, BENEEREIC
$L%%%ﬁﬁ?ﬁijtﬁBT:a>gﬁﬁﬁﬁﬁ1<ﬁ%ffabﬁ£iﬁffﬁﬁ D
WTHhAN3E,

3.1 &f
WEOT VBRI A N E LTI, BREBEH
ROERET, »vo, k37 B Wi B £ —

NI | -El ectronic Library Service



Japan Society for Natural Disaster Science

330 WS - - [ o PE -/ - 2 ALIRETIRIC B 5 BRI TS RE & RRDBRR
MED STZ
mfs mis . mis
B — . ‘20:)0‘ . |3000 . IZOIOO' : ‘3000 o I yloloo' Tznlco‘ 3000
200+ 200~
m m
400 400}~
—Vp
—— Vs
600 600 600
SNK HNB UGL
m/s mis mfs
OO 1000 2000 3000 00 1000 2000 3000 00 1000 2000 3000
LI S e T LS s S B B T T T T
i | "
- 100
200~ 200}~ ——Vp
Vs
m m
400 400+
600 600

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. b Microtremor observation sites (open NAHEEOWELHREE S LERLT VWS, 20D
squares).

Table 1 Sites where array observations of
microtremors were carried out and the
array sizes (a radius of the outer circle; see

Fig. 6).
TL—%4t+ | Bf BEl | 794X
I~Fg | 1999% (m)
MED2 58248 | 12:45-14:20 600
MEDY SA24H8 | 15:00-16:35 600
SA208 | 13:30-15:30 2000
ISK2 5A238 ] 10:30-12:30 2000
SNK 5A2 18| 11:00-13:00 2000
Fig. 6 Array configuration for the spatial TH SA2z38 14:00-15:30 600
. . . SHA21H]| 15:00-17:00 2000
autocorrelation coefficient method (SPAC HNB 5R228 ] 14001530 600
method). Seven seismometers are located 58228 | 10:30-12:30 2000

at solid circles.
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Fig.7 An example of observed microtremors (ground velocity time history) at ISK2 site.
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Fig.8 Power spectra of microtremors at seven
stations (ISK2 site). The time window for
spectral analysis is about 82 sec.
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Fig. 9 Phase velocity dispersions of Rayleigh
waves at six array sites determined by
array observation of microtremors.
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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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S-wave velocity structures at six sites estimated by the microtremor exploration method.
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LicEdr - T, BB REOBA AL SIbo B8R
BANEANTH 5B,

2R EEEZSNBZEBASA (HSS, YMT,
TUN) T, BEREUCEASHEEERT, Thic
LT, B¥)l|omRtEs (UGL, HKD) Tl
265 oIkt B ERIBASKRZ L 5D,
BATHTHEISEELTVWS, 7L, o
BRROHTHREREEFEICK 2 513 & DMHEH
Hbo, 1, FHENORLKRICB VT, HARIED
HIEoT, FENTVBEEHEKDOEVITHE
Do TNEREICHEHMEST 20T, Fig.13 12
SNK & SST o Kz %R 9 SNK O¥icE
WTid, SSTITHAT & 0 {ERE RS BE T
b B, HBEICITI W ISH & MED @i 1t SNK &
Tk Yy, FERREO THI, NKN, HNB D
JEId SST EUTWVW B, 51T, SETRARIEE
12 BEIRAS & BRI & > TRAIRIE S 75 2 55
REND B, FIRRISIESERED, BRSEK DS
WA, KH « A (1998) itk > THRENAT W
%o

422 N2 RIRRT 4 IvE —iFFEDORH

tioEHBAE I VBB ICHERET 3 201,
Butterworth B /N v Koz 7 4 V& — %@L 12
WIEEER LTz ZhEND N RN Y ¥,
0.1~0.2 Hz, 0.2~05 Hz, 05~1.0 Hz, 1.0~2.0
Hz TH B, Ny FNXRT7 4 V5 —%2FLLRE
DPlE Fig 14 1TR T, THSOREOHER, &
RTOHBETLHRDOZ <7 b VEEOHEEZFED L
TW3,

TITE, B, T hogREIcB VT
WRNY R EICEEORRRBEZREL, £h
O EICNRNY R EICRENRIED RS 5
A7 (AT « THE, 1998), # DR % Fig.15
Rt —HLEER, 2V YV FAEFICOVWTORE
B Z2LT, #0H42BFNEFND/CRNY R
T BERTH D, HOKE &3, SEEIHS
HSS izxd 2 RIBHICHA LTIV TH 3,

9, KEHICO>WT RNV FTEDONE%E
N3, Fig.13 TSNK & SST & CitsRic e %
NBW ORI ITE DD BT EERLID,
CNERBL T, EERSHER 3EREL TK
EHIBSNTE D, SRABEMER 3 FHhR
HTRECHBIEEINTWA Z E050H 3, Bz,
ANV R 1~2Hz TORRFT ORI, 5

Table 2 Strong motion observation sites.
iR Y- INSRER AFET Ey MK IR@BAR RENE ERINIALARSHA
HKD EmHERY 19978 1R
VS PDAS100 Kk 16
YSD BmETHERY 19975 78
KNN LSB00OWD GPS 24 BEEAHERY 19984 67
VSE-11/12
SST PDAS100 K& 16 SICHEIN 1996%F 58
TUN GPS ozt ERA LR 19985 98
JEP-6A3 LSBO0OWD 24
YMT K& HEZRRANLE 19964 9R
SNK sD-112:3, 0 16 SRS 1998% 78
$D-112-35P atol-2001
HNB 24 BEACHEIRY 19995 18
UGL SD-203G Datol-100 16 EmARIHEIRY 19965 18
MED RACHERY 1997 58
JEP-6A3,
NKN ME-955TV LT-8500 GPS 22 - FBPUACHETRED 19974 48
STZ BOIEKILRR AR 19974 58
HSS STS-1, VSE-311 Q680 MEEACAKLRG 1996 % 9 A (Freesia®)
THI KNETSS 24 TS EmICHRY 19967 68
ISH A e ) (K-NET™)

*Fukuyama et al. (1996); ¥*Kinoshita(1998);
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02:59:45
SNKN [———~*ﬂmMWWMﬁhwwmmanmwwmwwwmvammp Meoxe1 demls
ISH N-S [ ——«MNWWWM/WNNM 1.1cm/s
22
MED2 N Moy 1.4cnvs
2. 2[‘
SSTN M.m i 1.9cm/s
bid s T" ¥
22|:
THIN-S ‘«WWMWW’“ 1.7cm/s
2. 21’
TUN N -0.28cm/s |
22
NKN2 N 1.6cmvs
2.2[‘
YSON L LAl 0.78cny/s
Aialil e} 4
22
HNB ch.1 I -2.2cmvs
2,2(
HKD N A 0.62cmys
UGL Nocog s -0.72cmys
2 2[‘
YMTN 0.3cm/s
22
STZ2 N 1.6cmyv's
2.2"
HSS NS 0.32cnvs
f T T T T T T T ]
0 1 2 3 4 5

Minute

Fig. 12 Velocity seismograms (NS components) observed at 14 stations in Sapporo urban districts.

KT16f5cbET 5, chiexd LT, LTET
BRI CTRAR b EDHEIEERT A, £ DZEH
DD — Y BKEBE IRELSEL->TWVB,
NZNY R 1 ~2Hz O EFEicBwTR, KE
R ONKKREBWIBERI L0,

Fi, RRIRIBE R 3 IS OB & & Rt
DFHENH B 2RI, £ T, Fig.16 i
S EEHSIT D W T DERIRIED ZER M OKED)
DH) %R, TOXE Fig.1b & x2th~3 &, &

BRIy — v OMENEETH 5, T
W CTOBREFRBMER OWEIED, BRI
EB536DTHEEEEKRLTWVWS, —7F, /¥R

NYF1~2HzicBOVT, SEHFHRBTREL

Bigs sl L 3METHETH 5,

5. &
HESNIHTHEIEICE A 2 2E8%,
HRGEISCE SV TR T A T L 3EETH %,
I, HITEEOHEERBICSEAD > TWVWA, S
BORERE DR U EORENICEE L, SREAKD S
Kot 2InEE R o0fBELSFETd 5
A, 2000), T, DR ESEESHKI, EF
D1 RTHEERM L ZEEEZRLTVWE EED
EZRESVWTWVWE, 2T TR, BEMEEEICK
THEESNEEICE S SHEORE 2B S
N7z SHEELKL, HEShIHEEOZYH Lo
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May 13, 1999 SNK

N \AWJ A

Max=0.88 cm/s

Rl T

Max=-0.45 cm/s
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May 13, 1999 SST

19
NS

Max=1.9 cm/s

g,

EW Max=-1.5 cmy/s
1.9
L up Max=-0.41 cm/s
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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.

WTHETT %0 198, FLIREHIH A~ D AR S Ik &
LT, hFttoEE Fick 32 HSS TEHAISh
7o SHEZTNERE L TR ZITIE S,

5.1 ETOPPERMEBICLINE

T 9, FLIRESTHISRE FCRAE L PP BHEHE
I & BECERAETICH OV S, Fig 17 ElcFDER
LEIRSE, o ICBRSEOMERT, o
BE, BREHEBROBS 2 EET5E, S
DERBEAFOIRENSK DL > TW05 EEZL b5,
B L OBIRIA HSS woxt L Tl Eoo MED T
&, SN FERIEWIEESN TV S T &350
%, HSS Toickk (EHERHROMREEE L T,
BARNICi3Z DRIBE LT LIS ©) 2EBA

DABEEBREL, WEREELTHE S N EE
(MED9 ; Fig.11) o9 3% 1 Rind REA
5 OFERERAE Fig. 18 IT/RT, HEICB VLTI,
HRED Q % 100 (FH « A, 2000) &{KE L
TW3, FHRIIEE, EESERMIcEETIE,
g, AAHE SERIBIEZ > LB LTVWE &
BAELD, IR, HEShAEESLIZ Y ZY
THBIEERLTVS, BANRNS, TOHE
Tk BEdERiE, i 2@llEALATRIES S TL
I AN

5.2 EHMIPPERMEBICKINE

VT, 42F THIRE O E B O ETIC
WSS AR B, CDIES, BRFEE L EE
DS HEZT (Fig. 1), S HEAFLIRER IR I
BMEAF Lz REVALL, LML, SHIkIC
RE, ARBICKREDERIZNLIEEKRE
<idiEw (Haskell, 1960), T OMiIEDE A, #l
IRE TR 6 RTZ OBRPZIFTERICHZDT,
Blls 07 SO NSHEAMBZD % & SH k% &
HDLTWB, £I T, HESHED NS kD %ERE
& UTHET 21775 9,
WEHEELRIC K » THERH THEESHE SN T
W3 MED, SNK, TIH, HNB iz B} 3 31 & E
BRI & OB % Fig 19 1IcR T, TEHE
& BIEERICTh B, 72, MO S5
flOZx~7 PV RENTWV S, MED TOEE
B3, Fig.18 K[EIRkIC, BB A > £ < 3H
LTW3, U8R, mEDZ~Z b FIE—HL
TW5, SNK TORTHEEIEI, BREE SMET
BN, WIBBHI2HEIEREL L >TWV S,
BEDR R bEENBE, FFEKRETH 1Hz
OHIEREPAECHEIEBENTWBEZ &, 20%
HORRBSH B EEL NS, —F, TIHDHE
B, BRI THEc, BRllshTw
AN I MOBROHBEAHEEL TViEn, &
DEFRF, TNCHIET 2RBEH TOmE D = ~
7 b vERANEIHATH %, L L, 05Hz &
D HEABRATE, MEDZARY7 M VITKER
ZREIBV, COFREBIE BB ORMGR
HNB Oitgic 4Tk % 3,
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0.43[
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0.43
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043
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0.43]
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043
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0.43

HKD N A A A 0.11cmis
0.43£
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2

SNK N ot -0.53cns
1

ISHN-8 B e ST -0.61cmis
2 .

MED2 N L N 0.780mvs

i ko

T
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| i

il

THIN-S __‘H"W___ 1.1emis
il

TUNN 0.18cnmvs
2

NKN2 N -0.82cnvs
2

YSON L . 0.450m/s
2

HNB ch.1 b -2cmv's

b

2

HKO N L 0.28¢nvs
2

UGLNOOOE . yemputm 0.25¢m/s
. .

YMT N L -0.087cvs
2

sTZ2N L_»M -0.550m/s
2

HSS NS L 0.12crvs

i - T )
o] 1 4 5

2 3
Time (Minute)

Fig. 14 An example of band-pass filtered velocity seismograms (NS components).

FTEEE S BHETE, BLUBREDO R T b
DD S, MO ENEZ & D, FEBHITHEE
WBAfR L 72 06 Hz & b & KRB E < 3iliE i
DIEYD—HL TV, Thid, TORKREECE
i B HIERBE OYEIEAS, WEREEL I & BRI T
BET)» EFLHRINTVAI EEEKRLTVA,
—F, Bl RERERAAURERE, $1Hz
OHIRE OEIES > L HHRAIh TV W &K
» B, SNK TIETE & 1745 1 Hz MBI O HIE
DR EZB\E, Hic, TIH, HNB TRBESARR L
TWb, INiE, CORBBICHG LIRS ET
OHEFEM TG EEE IRE-TWBE T &, &
B0, 2 ¢ 3IRTHEDOIRE L3 EPBEIS
HIERICEENTVAIEEZRELTVAE, &
ORFEIIASHROFEE Lz,

6. BHUYUIC
A i, FLIRERHIRIC BT 3 RERH T & D
HE & MEFHEHN O F RGBSR > W TR

NIcbDTH A, LITIT, BonrEREGH I
FLDHB,
1) LIRSS c s W T, MEREEICLD
BREKI3km F TOSHEEHEEZHTE L /oo &
SHI3km TO SHHE R 3km, s THBZ &
Mbirot,
2) MBS EEIC LT, fLIgEHRick T 3
HBINE DEMEEEZHE L 72, £ DZEMEFH D
Ny =3, WREORBEICK - TRELRER
B ENDIr o to, BRABEMER 3HEELC T,
SR BR3P T R ECHIESI T
Wb,
3) MEHEEEIC X -~ THEES N/ S Bl s
DIFLYEE, PPOREFEMEIC & B BRECEE (S )
BRI UTRE L, BRI (A1 B2 L) #
EROWERE, BBURfEEI N BETHIFAT
XL ENbD T, '
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oI ONTE Y, F 72, BEHRIC
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Fig. 15 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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NS Component (S-Phase)
Original 0.1-0.2 Hz 0.2-0.5Hz 0.5-1.0 Hz 1.0-2.0 Hz
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Fig. 16 Spatial variation of site amplifications (solid circles) for original S-waves (on the left) and
band-pass filtered S-waves (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 S-wave amplitude ratio of each trace to the HSS trace. Size of the
solid circle is described in proportion to the site amplification.

Jan. 12, 1998
., NS 01-12-98  00:25:57.00
‘ 60

LTOTOTOOI OUTTON . TOUOTO.TOUOOT.SOOUOTS . VOOV OO SOUPOR OO IOV o
43.5N 140.7E N
H=200km, M4.6 0.05 Unit=cm/sec
g MED Max=0.05
MED a=61km )
HSS A=74km W
0.05
( HSS Max=0.01
U YA “‘V
e s

el

Fig. 17 Left: Epicenter of the Jan. 12, 1998 intermediate-depth event (solid circle). MED and HSS sites are
also shown (solid squares). Right: An example of observed velocity seismograms at MED and HSS.

P and S indicate P- and S-wave arrivals.
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Synthetic Max=0.044cm/s Synthetic Max=-0.035cm/s

A

Observed(MED2 N) Max=0.054cm/s Observed(MED2 E) Max=-0.036cm/s

Input (HSS NS) Max=0.011cm/s input (HSS EW) Max=0.010cm/s

time(s) time(s)

Fig. 18 Comparison between synthetic (upper) and observed (middle) S-wave seismograms. The
synthetic S-waves are calculated based on the S-wave velocity structure shown in Fig. 11 (MED9).
We assume observed S-waves (lower) at HSS as the incident motion at the base of MED site.

MED SNK TIH HNB
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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
(MEDS9, 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
line) and observed (solid line) seismograms. The time window for S-wave spectral analysis is about
b sec.
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