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Three borehole seismic arrays have been in operation since 1997 in Sapporo City. These
are located on the NW, NE and SW parts of the city. Each seismic array consists of one
surface (uphole) sensor and one borehole sensor extending to a depth of 500 meters. The
boreholes are logged for their P- and S- wave velocities by using the suspension method. The
velocity structures are different from site to site. We use these array data to investigate the
seismic response of sedimentary layers in Sapporo City.

First we examine the velocity structures from PS logging by using the borehole
-to-surface travel times of P- and S- waves from natural earthquakes. The travel times are
well explained by the PS-logging velocity structures. We determine the polarities of the
borehole horizontal sensors by comparing the surface records with the borehole ones for
long-period Rayliegh waves from two large events.

Next we investigate effects of sedimentary layers on seismic motion at three sites.
Spectral ratios of the surface S-waves to the borehole S-waves from near-by, moderate-size
earthquakes are calculated. The spectral ratios are different from site to site, reflecting the
different velocity structures. We interpret the spectral ratios by using the 1-D multiple
reflection theory. The average Qs values for the whole sedimentary layers are estimated by
fitting the theoretical transfer function to the observed spectral ratios. The estimated Qs
values have a frequency dependency of Q=Q,f* (Q,=8~20 and n=0.4~1.5). We confirm our
estimations of Qs values though the time domain analysis.

Finally, we calculate amplification function for incident S waves at three sites, based on
the velocity structures and the estimated Qs values, and compare them with the observed
ones by the reference site technique (Takeda, 1998). The calculated amplifications at fre-
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quencies less than about 1 Hz are considerably small compared with the observed ones. This
indicates that we have to take into account more deep structure in estimation of the seismic
response of the Sapporo basin.

I. i C &

1995 FRERETRHME CRAFILUHNL L EOMEHL LEEHICH T TEE 7 DHBAHNE
#1km OFRICHHET 5, WhWBTEBROWE | H»HBALZ, 2o, [BROFIARFEOH
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EENTWE, ZZTHWTWIEDERSLEBERIIERBEBEOZNSL L RE( R 5> TW5,
ZDZEL, YA a v R, > THEI N EEBENZLELHARBERICL 2l
B> LHERT DUESH D LEZ B,

ARG IC & 2 BE O RIBRA RIS R B & & L ICEVE OJEMMEAOMEE (Q ) I Kk & (R
na, Lal, ZBREATE QEREBRITPN TRV 2, A2 arFRDPSHREN
HRr b QEZHETLIZLORETH S, 22 C, HARMEBIC L 25082 AT QEN#E 2
BIZhol, ZoOBZ, EERESGD > TWEZEFRRTHY, TOBRTLBOEEMHEE
DEERDWEE 0 B,

AR BEZ, FLRT O R T R — VBB S B W OERE BRI 5 2 5B P ER
NDBPELEE D LICHFEN, ZOWMHEICOWTERETLIETH B,

II. BB XT A

ARFFFETIRAURT O R 7 h— LBLHLA MED, NKN, STZ ##% ¢33 (Fig. 1). 2508
WA TS 500 m i EA A 2 Hz o ERBUNUER & BAF DRy Ml - 2B HIEESE
((BR) T 4 L B ME-95 STV) "B XT3, %8, MED o#ith 2 Hz 0 Y BAHZ R BERICHK
BL, BE3Hz EER COBAICL > T3, F72, TNonHFNILOFICIE 1997 £ 5 A
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Fig.1 Simplified geological map of Sapporo (after Ishida and Soya, 1980) and loca-
tions of the borehole array stations (MED, NKN, STZ). HSS is the seismic station
on the rock site; this station was used as the reference site by Takeda (1998).
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51997 48 10 A £ TIZEIA A 2 Hz BT, 1997 48 11 A & 3N ERGR R (7 4 & 8
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T2 HERECERE AV TN 24T o 72,

Im % o &

BN T 4 — )V FTHLAROMEIE, AH - M(1980), /MU - #(1965), *24(1953),
WL (1958) Kl @E I N T3, TN HDMWER %L Fig. 1icF &7z, Z0fflic b, Ei2 1970
FERICEBI NBM-RRT AR > TREDOHR (LB ERBEERSE, 1979, 1990)
ZEICHIMESN T,

Fibiz b ud, AURBCIREEZRPER L LT, BUTEHFRE=Rr 5H T TR
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P TOKINERE & KIIBB Y FEL 21U % R L T3,

FE=ZREI T2 LREL» L L 5FANE - ERE, ‘keawasr sk o8 /7RE, WEERay
L DYRE, WERVINLFEPLLDLREA L% 5, Fig. 1 oM CIE& 7 IRBLUTIR
R 7L > THOABRIN, MRICERNL TV, KILHH TH 5 BEMOFHE=RITK
BEcZ L, AE, KURBEZFRET 5, Thr s - e, EIRERE, SRS,
BAERIE, T4V MEE, KRE» L% 5/ MERIIE, s e BEEE, Hakilsg,
TAHA Mo 2B, RIVEE~TA Y4 VEXIEE i - Bar o 2 HEL X
ORI - ZA4 - FIL - AW E2BRT2LIUEEr L b, CTNLBEZRORENER
i, AFEHFEOBNEHURNOTICSH > THRHEETH 5,

BRI Tld bR ttt, i ORBY»FEL T b, (K OBRI CIEXZ S AIlIC &
5 KIUBBEED L TN L DM EE > T\ 5, —FRMAI TR FRA LB 55T
5.

AR THC B EOMER, BHERCR—) > 7aT7H 7Y FOPFEICE - TRXL
nTvw5 (Fig. 2), z#uc k2 &, MED TRREZROEFFHILES» S GL-424m F THEL,
% D _EANIZ BUR OB, PO AT 5. NKN TldfUES & BTSRRI, b
HOHERYHBIET 2. STZ Tid, FLED & dtfal, R0 ERpI#EL, TNLREBE X
ISR - T b (FLIRTH, 19974, b, o).

IV. #RBEREAMUOKRE

AR O R T K — VERLE T, B O E OB B D KFRS OB TN L I,
WEIN T 5 (FLIRT, 1997a,b,c). L2 L, UTIRBRNEHFETZOHMERELIZEZ A,
ZFOWMEMBEICKELBRENH B LA L 72,
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Fig.2 Simplified geological column and PS logging data of borehole stations
(modified from Sapporo city, 1997 a, b, c).
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e L 7 HHRMBERT & FALE KD HHFHBEH AL —E » F 270 THTWIE, HRHEFRC
UM HERIZ-0 TN THREINTWSL I L2k 5,
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b EH 2 EA R 2 Hz 0FEFH 20 ¢, REBIKRG D S/N DR WEEIZID LS, Z
CTIR19THE 12 AS BN L F v v B TRELHMEMs=7.6) &, 19949 H218E
BEHE Ms=7.7) 12 &k 5 Rayliegh iti#fa # BT Ic W, TNLDOMEBER M » K&, BRI
B DRI nzize, BERY2HHz oEFC b 20b 5§ S/N o L Witsks 3o L
72, %72, #EHIC Rayliegh 2 W0 T, STk X2 HWa3EE L&Y, AHEBICOWTHEE
T BUEI L\,

2. HUMERR

H 5F ey MBI & HBBIEIC OV CHERHHE 2 ML L 20> Fov2 7 4 VY —H
F(10-30 ) £ £nAd—E v b % Fig. 3I2RT., FOBRETHLHEREH L b ET A —
By MRFIRFAL &9 R EZHASTW D, TNEFNEBHUIFRL > TWE I tdbh b,
IHA—t oy F 2R KEBAEOMEES L PRETO TN E T ERE % Table 1128
7.

ZOBRDEEN L DO D2, BEMEORGICH L TRS N2 HALE B EEER 21T
W, AhaF v MR EABOMB LT 0EREZ04— v b 2B L 2L DA Fig. 4 Th
5, ZORRTIRREMBHPOMEBEEI TIZIZRILFEOR LA —E Y F 2HWTWwWbZ &b,
BONLHEEPEBRTELINTHILIEERLTVEENVZ S,

FLIRT (1997 a, b, o) DA L BT 5 &, BH S MED TR EOKR L 1ZIZ—8T 5 75
NKN & STZ Tid B - 2 HfiiERL T3, K7 w— VHEF O FALIT B X L7 3B BIC &
PREVULETH LI LD D,

V. PSREBROIRE

ZITEH, RTHR—NVTHOPSKEZLZD LICLTELN2 Pl LU S BuRERHED, EBIC
BRENERMEIC L ZHBRT—F L ENRE—HT 5, 2 RETT 5.

1. fi#tr
BATICIXZENENDBRUS TP W SEDER 2 HIICHANS Z L DTE 2 26 ENHMED
T—F AV, FBRAATEGS N WEEE L S, W, EROWAE T 7Y > 7B

Table 1. Estimated polarities of the borehole horizontal
sensors. The reported values in Sapporo City (1997 a,
b, ¢) are shown within parentheses.

Station X Y
MED N264°E (N268°E) N354°E (N358°E)
NKN N326°E (N286°E) N056°E (N 16°E)
STZ NO30E (N 4°E) N120'E (N 94°E)




RT w—NVHEET T v A SREOBITIC & 2RI BT 2 BB OEILE 49

1997 Dec. 5 Kamchatka Earthquake
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Fig.3 Comparison between the surface (uphole) and borehole records from the 1997
Kamchatka earthquake (Ms=7.6). Bandpass filtered (10-30 sec) waveforms and
their particle motions are shown. The polarities of borehole horizontal sensors
are not corrected.
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1999 Sep. 21 Taiwan Earthquake
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Fig.4 Comparison between the surface and borehole records from the 1999 Taiwan
earthquake (Ms=7.7). Bandpass filtered (10-30 sec) waveforms and their particle
motions are shown. The polarities of borehole horizontal sensors are corrected.
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B TEY, B HKERR RN o2, F72, ASAICERL B/ BiR
BRHL7oy PLAETHEIRBWT, ZRLNDID 3T 21— F~DEFEHIRRLNEW, Zh
12, WEROHECBORELZXRL T 5, FEN S BT 2BAMEOBERRFEZIIRATO0.05
BThHab, 7)) ZRE(00 Hz) L 5ARY) BEAFZ 5 &, ZOBEBREIZAME» 45
THETHEINTWEZERRLTWD,

MED » P #,S¥ & STZ D SWTIIRBIC L 2R LB L bEREDENST 7Y T
BRRLE D L/HEL, NKNDOPHETIIH 7)Y 7HBED D ETRECEETH 5, EHEE
BPHEIZOWTR2H 7 7HRI N L/AEL, SEICODWTEAY 7))  7HBL Y b
MENEETHL. #->TC, MEDD P, S, NKNOP#H, STZOSENBREBENE
BBRECHENTHLLEFZ LD,

NKN S & STZ 0 P EDOBRAERIRBOBRE L HF ) —KL v, HERER L BHE
BEOMIC 8 ~10%DEYDH ), BEENERREY HIcEXH D, R, 5 —500m £ THMIZE
BEDEADT, FOREELFHEMCARDL Z LEATRETH 5.

Urlonz ehb, PSHBBICL2FED, BT LI HRMEDEE  BEC—RLEVWINL S
3300, BBULRELLETH L Z Lovbh o7z,

VI #HEE DB RIGERY

ZOETIIAIRTHE R T m— BRI BT 2 EBBESEZ b 2, MTEENHMEREICS L
ZHBEHAND, SLICQBELHEEL, PSHBIC L 2 EMRE L BEMIER b &, HEREIC
& BB IMEREE — KU S ERHERIC L - THET 5.

l. 1RTSERHER
KT R— VR % 2 RIRRHEOFI R TR, LI LIF—KITATFEREMEE L UEL T 3.
BENKRGHBIIAKFEFECIZLTART, ALAZRITHEEEZ L TWENT, —KILET NI
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Fig.5 Observed travel times between borehole and surface (uphole) sensors. Upper: travel times versus back
azimuths. Lower : travel times versus D/h (D=epicentral distance and h=focal depth) which is related to
incident angle of seismic wave. Anticipated travel times based on PS logging data are also shown.
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ZDRFUD 5T T e BEZRIE T 2B L2 RBL 2 E—RE L ) Z itk b, Ly
L, 2Oz % 0BEEBOTRWELS-2 5 (J1#E, 1993).
Aki and Richards (1980) iz & 5 &, BHEAHOESHER & BRHFERD 5

of _
52— Af (n

G B HERREBL 22T QBB ZICKBELEBNu b e b8 LN a7
MvTH S, AZERDITIIT, WMEES , BB o, horizontal slowness p IZHHFT 5.
YR R oFE SH i

£(2) expliw (px—t)]Z[ jfy] @)

YETENTE S,
RO DEIL, B 2o, #HBEL L1HDBEE z ML,

_[ 1 1 J[exp[iwn(()z—sz)]

f—[ lwun — iwun expl — iwy (2 — 2rep) ] ][ %; J

3)

:[ expliwn (2~ 2zres) ] expl — w2 (2 = 27e/) ] ][ le
twun explien (2—zres) ] fwun expl—iwn (2= 20, ] | w,

=Fw
EELZEHTE D, Z I T, n i3 vertical slowness, g 1ZMIHEER, w i3 € T, w, iz downgoing,
w, it upgoing N DIRIEE H & b7,
Vo3 b ricERIND,
P(z,2) =[ coslwn (z—2)] _ wwsinfwy (z—2)] ] n

—wpy sinfwn (2—2)] coslwn (z—2)

7 5 Propagator Matrix Z v, (DRXZzH-T Lo iz,
£(2) =P (z,2)1(z) (5)

LLBEREELZEDTED, DFEN, BE b 2L IOWT —Hofrbb)—Fnfz
KHBZ EHWTES,
PoWg LT,

f(zz) :P(zz,zl)f(21>
:P(Zz,zl)P (21,20)f(2)

WKL TES,
BENRL L 2DODEHFRE z DFFERTEL TV 58, 2 BETEM X IGINTERZ» 5,
BREOZOEENDLETAE, 24,27 T
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f(z*) =1£(z") (7)

FELZEWTEL, ZNEROG) S, KELEERECBNTEnBFOEZ 2,0 f(2,) %25 1
BHoBEE 2,0 £(z) &

£(2,) =P (2,,25-1)1(23_))
=P (2,,25-1)f(27-1)
=P(zn,zZ—I)P(Z;-1 25 (25 ,)
) (8)
=P (2,,25-1)P(27.1,2525) P (27, 28)

=P (2,,2)1(2)

THRUMMINT 52 &5 TE 5,
PEED, z.8tf, 2,2 BRHXEL T2, ()0 H 2120500, U2 un7— )%
e LT,

U(Zn,@) :PuU(Zo,Cﬂ) (9)

FESZEWTEL, Thbb, 2O PLRRTR—NVENSETCHRB I NS I L ho SH iz
B BAzEBEE, &5 \Wid (H) A7 FtidRT.

BE D IEBE DMWY # F o4, BEE ¢ £, damping factor 2~1/2Q # ¢, EFERAIHY:
Bur=u(1—2in) b EEHRZ 52 LIk Y, JEMMEDME % Propagator Matrix IZ#lAR T 2 &
AT E B (KIE, 1994).

FEER 227 b VH % BT 5 BRIC 13, horizontal slowness % K& 5 7285, ABADILETH 5,
L L, B0 & R Tl Vs 25B v 1280z, BRERD 5 AS L T 2 MBR O WML
EHEE LRETE S, 22T, BETIE SH EOSBEAS (p=0,7=1/Vs) #EL H
WERB O 2T, FNEME - HFOHBHEIO SRR Fvths L 72,

2. BURRERICER o h 348

Fig. 62 1997 fFlc F@mifhE CHRAE L 2 HEIC L 2 R L PO RKRGr ™Y, TNER
B, RIPICREITRLZ L S i, SEXTH» L AH L, R TRH L THUTHIZKE > TH7<
BEYFRTRNG, Zn&Hic, KT R— VHEFHHRER A CERI S N HESL, ANKEE
RS LN D EHL S nRFEOWME BRI E b, 72, Fig. 6 » NKN T3, —500m T
DECEk L WL T, MR TOHOEBICRERERRS DLW &m0 ), i — R THEE
DHBEZTTNDZ L0 pH 2 5.

MR & b TORE DR BTG DB TS 2o, WHED S BEARFFHND AT V5
B A7 P LOFEDBICHE L R OBEBHOBE LRIz, BEHHLORERERLH
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Fig.6 An example of observed records. Upper three traces are surface records and lower
three traces, borehole records. Arrow indicate upgoing and downgoing S waves.
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Fig.7 Epicentral distribution of earthquakes used in this study
(after JMA and ISV, Hokkaido Univ.).

BEORDES T, SENARI FNEHELZDERUBKRNTA > FYTART FUEREHEL,
INE/AXZARIINELRZ, F)LCSEDRRT FAHS ) 4 XART P D 2FEDLL Eo
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ROz 27 PR ERTEC L5 Fig. § ThH 5, 0.5 Hz P L D {EWEHIEE TIZ X
X7 P NVEOES S, L, AWl BENe =g 2 — FANE L, BEREDOWEH
NI ML 722 &%, WEHOBERRICZEICL>T, +aLy IFNbiled -T2
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ENTNDARZ P NHEHE TS &, WADBIRIENVEELEY. 22T, TNLOFR
REBERZBRT 5720, KOLNLZART P VEONKTREHEL, FHR~7 F LGS
7z (Fig. 9). M FHZHEL 22D, Hr DRI F VLD QFH R~ F LD F LS
DEELPI o, EERER 2 RBET, /A XOBRERRENRERIZH L,

BoNIFH AT PV, BRIEENEEDENZ KL TERVEL2ICES ., KEH
12 RC, MED CTIMEBHEM A & BEEMA £ TiTizFEs, NKN Tk 1~2Hz { bwicb— 7 237
2W#, STZ TirALD ) AR LIS,



RT R —VHERT L A SCEOFATIC & 2HLIRIC BT 5 M E D WEIGE

102 l/l 5;
| W '
| |
Ll
e e U |
8 AN
S 7T |
© :
- [y
100 i :
-1
10
100 101

Frequency(Hz)

Fig.8 Fourier spectral ratios of surface S waves to borehole S
waves at NKN in the reliable frequency range.
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Fig.9 Logarithmically averaged spectral ratios (solid lines) and their standard
deviations (shadow zones).
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3. Q&

B L7z & 5z, —KTLERFERICE W CREREI MBS ICE2 2B 2E2 5B
BLWTEEN T A—F12i%, BE, BE, BEIrd3. Zhbn) b, HEHOBR ST
BEBED PSREDERP LW LPIC L 2T d, —F, BE, BERRMN T A—F Lk
Twb, 22T, BELCOWUL, —RELEBBICRLNIBENEENEZRHERCS 2
LRBINE L, AMENGE, WEL EDEREECRLLELBRBRNICEZ 52 T+ T
»Hab.

BROEWFIHBMBOMBEE 2508 T 2 LTEEL T A -5 THBH, REETRIALNT
Wi, KREITE, —RTGESERFERICEDE, RBNATCRAINL-SEDQER Q=
Qf ERENDIBUBKEREZ L DEL T, X7 XA—2(Q,n) DEERITL -7,

BRIZARZ P AIE 528 CRRI2DDERMUT—F TR FETHE L. 2771, &K
R Z DL /e DB R INBFBF A L= Y I Lz, RAa—Y > ZRILSNMRICE:, 0.5
Hz ® Parzen 74 > RO TEI Lo, RAA—P > 7 LT —2 %4 &ic&EB 2 % 1818
L, BHECIE Fig. 9 D27 b VOB % R4 72,

B PNWHOHE TR, EEBEL LTPSKRBICL 20220 F $HW, BEICIZNL
W (1997 a, b, ) DEZE AL 2. 7 QEICIZHED 5P BRI S CORTEERKIZ L LT
F—EZ 2252, ZoOBELD LICHERAI PVERHEL, BBZ=7 kel
Bl 72 (Fig. 10). HEafE L BREDOLE? 5, QERANEEI L->TRELY, BBUhBEE:
EDIRBRLTWE LI ICRZ 2, AEEEKFEOESVIIBUSECRLS LI THS.

BREICE->TQEFrRLDZ I3 TEFHZ 5N 55, BREIHELHF S500m i Lk wn
T, WEZTEDQEZ KDL Z LIZRETH 2. ZZTlE, FL SHFBAUEE CRAL QMEE

Observed (0.5Hz smoothed)
- - - Q=20

JR—p Y14

Q=100

MED NKN STZ

Spectral ratio

1° 1ot 1d° 10" 1d° 10"

Frequency(Hz) Frequency(Hz) Frequency(Hz)

Fig. 10 Comparison between the observed spectral ratios and the theoretical ones
calculated assuming various constant Q values. These spectra are smoothed.
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LT, Q& n % TR TRz (Table 2).

BoN72QiER L Ll L2EEIcE 5 AR FULLEBAIZRNS PV HERET S &, BB
0.7 Hz {54 & 5 Hz AHE & TREJENZERERENICIE > T 5 (Fig. 11). BERAR7
FVEOIUDBBEINZNE D L REVDIZ, BAEIINETFHE L2 &b, WEDEE- T
Wi bEEZLNS, PEnkjiz, Bon2QEZL EICLBEICLZERA I ML
BB AR7 P EBBURMREL T2,

Table 2. Estimated @, and 7.

Station @ n
MED 20 0.8
NKN 30 0.4
STZ 8 1.5
-------- Observed
——Calcurated
@ MED - NKN & STZ

Spectral ratio

- - -
16 16 16
o X 1° 10! 3

10 10
Frequency(Hz) Frequency(Hz) Frequency(Hz)

Fig. 11 Comparison between the observed spectral ratios and the theoretical ones
calculated using parameters shown in Table 2.

3

VI

PSRRI & 27 BT L - T L N7z—KRTTHEE L, BITICEL THWRKENIE S

BHED s B 21T, —500m THOBB S WA b L IcHBETORT 2 AR L, EEOBIER & I
L7 (Fig. 12). S i3 227 b VEHECHERE & BAMEY & ¢ —B0 3 LIROBRSE 7 v
bR T B TR T A N — R LT, ARET L BT R BT 3 &, W
BBOR—KL, —KTEBE LTE2 2SI k- THENTE T s, 2L, SREROD
FBRIBIUNE e BUEIICH B = &0, (BB T RS BT O — Bt
B Wi v 28D 5.
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MED
Synthetic

MMWWW

Obs.(0m)

0.01cm/s LNW
Obs.(-500m
\/\/»\/\/\/\N e WA A Ve

MV\fA/\/\A

01 23 465 May 13, 1999
Sec.

Fig.12 Comparison between the observed and synthetic records at
surface. The synthetic records are calculated using the borehole
records and the estimated Q values. These are the high-cut
filtered records.

AR DBAIRESBR B HAVNE T 5 0i3, BRERESO—BH R TV L
BETZEEZ LN, B FNVHOBBREEI2EIEHY, ZHRU2HH L) EHR 2
7P NHEREL DT, ZORENRBOZIBENGENE W2 5, BEEEM R —3
LZeWwERIE, ABRA TR LB 500 m I2 LAMERHRRE S LT 2\ o) THIB R A
s, ZOBRSEHENBEDM» H ARSI EL TWRIEbFI LN,

IR TB72 Q EZMOFFRRER & BT % (Fig. 13). AME LB TE2 L5, HEmMm 77
ADRT R —NVHBEFHC & 2T ORERE W OB Th 5. ARIC S 5 QEIR BBt
DFRIC & BRER LFRDEEZ R L T b, ABFFRIC & 2R3, Fig. 13128\ THENE £ -
THAFL T3, 2L, E—0HEEMNOELDT, MMOMBEMMOBR B 2L &L
W, BN P73 bz tid+aEibnsg,

Kobayashi et al.(1992) I3 2 150 m O KT h—uic L 2 8E» 55 o 72 Q% L & iz,
Vs & QEZHEUHTOREHE T LICRIBLTWA, Iz d SICHRBRSED QEL ) #FE
L2y m» Fig. 14 TH 5. ALRBRIADOME 2 EEL T, SN P — ML BHOFEEERL 5
HL72. MED ® NKN T? Qi3 )V — ¥t %2FE 2 iz &L EDENRRNEWEE & 5. MED %
NKN O#BiZEiIc Vb EBVEERTH ), OO QEINIWEHE & - T LR
%k, Kobayashietal o7 NIz L 2R L £ < &5, STZ nHEIZIZITHTH M, Kobayashi
etal IC L BT BETNDEEFAFMNTH 5, 72721, BEEKFEEIE T NDBFE & A5
RICEBIDEIIRL), EWEARE T8I 5 3B b\, STZ Th n DiELM & K
EVZ EHHEEDY, FDREICOWTOFMIITHTH 5.



K7 R—NVHIBH TV A EEENRITIC X 2HLIRIC BIT 2 BB OB E 61

200
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Fig. 13 Comparison of Qs values estimated in this study
with those by other studies. TMK, IWK, SZJ,
HYM are taken from Takemura et al. (1993),
CKR, from Fukushima et al.(1992), and CNT, from
Saito et al. (1995).

58 E TOBTCHRLNIEEE L LI, BMIERME (ASEIC T 3 & COIBERYE) 2518
L, 7vv b L72(Fig. 15). 34 & 3§, HEMED S HEHEEIZ 100~200 m/s, B E 500 m fHiEo
FHEEIL 800~1000 m/s TH 5., FHEL 2BESEEMEC 2BAEEICRTWL L,

*MED TR EDREHTL 255 52 RL T 5,

- NKN Tid, 145 2Hz T 10 i NKE 2 HiEEL2 AL T,

- STZ TR EREM O BEEL MO BH SIS EFEEIT K E W,

v REEOED LD,

I xEH (1998) » HSS (Fig. 1, WHritas EoBR8) 2 58I L 2 SBRHSIcB T 28
B2~7 P HEgT 5 &, 1Hz U EDRERRG T3, 2NEFNOBREDZ~7 Vit
L L~ L Twd, LL, FOKREZIEODWTIIRL > T3, TH (1998) il BE
EEETLDLDOTHEMIZHEIZ TE WD, £RICEFERTHRY P hh& v, Z iU,
500m £ ) b BRVEEENHEGRESHELTWHEFEZLNS, HHEEOZELIVEL(H
B L201Cb, LVEBOBENHErZEIN5.
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Fig. 14 Qs values estimated in this study and those
calculated by the method of Kobayashi et al.
(1992). Their method estimates Qs values using the
S-wave velocity and the soil types. Thin solid lines
are for sand and dashes lines are for silt-clay.

= Calcurated

MED NKN STZ
1# & f
10' 10' 10
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2 A
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Fig.15 Amplification functions of sedimentary layers with respect to incident S-
waves at a depth of 500m. These are calculated for the velocity structures and
the estimated Qs values.
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Vil. % A &

BT, R7R—NVBRHSICBT) 2 RERENOR LML TAND 26, i L RO O ER
N 2 AT - 72, ZOFR, PSBIBIC L 2 REREEIL, LT L BRAMBOERE—KT 2T T
BEWinn, BBUKRBATHLZ EFah -7, & 5ic, HBMEH DOKFERD D HLAOK
ExFEMAHBOLV A ) —EEH T 72,

Riz, HMRMEF L HPMEFTOREDL SH, BRIAXY P VHEHEL 208 EHAN:. 8
P27 P LVHIBBESEIEY, 2O PSRIGIC & 2 EEE CANNTH L. 2512,
QE2—RITCLERHFEHRE L L ITHEL 2, 2R, BHART P EERART PV
# 0.5Hz~THz DM TIIIZ—HEI LB EHTER, T2 THLNZ QEIR, foffFMEE
HET5L, ALBENRI D QELIEELFFOY, BEBEKEEIKECRLEIDLESL
iz, 25, P 500m OREEL LMBTHOEEZzH#EL 225, SREEMICOWTIER
R—HH B, BRER CBUWERZ2—BERDLI LD TER, 12, BonEErd LIS,
AFHBIC A 5 BIRRE & BFE L 72, BlIC & 2 BER M 2 T RE (1998) L T 5 &, &
R @b —2d 255, EREREEAOERR &RV NG biv, ZHUTREEED
WBEEZ b, AMEHFE OHBMEMOMBEFELZFANL 2HICE, LVRBRVEELFHZ S
WBEDH B,

B OB AsEKTRPREEI AR A LB > - DG EREER L BB EIC
T DNEIC S VEHEEE > Tnzidni, BLUERSECELEY. b, KROEH
D—EPIE, P10, 11 FEIRERFHRE (R (B) (2) EHT 10480090 . #F5EREE,
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