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In this paper, we study the seismic response of the Ashigara Valley, Odawara, Japan, by
analyzing data obtained by the strong motion accelerograph array during two moderate-size,
intermediate-depth events. A borehole array down to about 500m is also installed at the
central part of the Ashigara Valley. Accelerograms observed at the sediment sites has peak
amplitudes being 2 to 3 times larger than those at the rock sites and are characterized by
strong excitation of later phases. The nonstationary spectra show that the predominant
frequency of the later phases is about 1 Hz. We examine the nature of the later phases by
the polarization analysis and simple correlation analysis of borehole data. We find horizon-
tally and linearly polarized motions in several time windows on the band-pass-filtered
(central frequency of 1 Hz) accelerograms. In these time windows, all the borehole motions
are in phase. These facts demonstrate that most of the later phases are the basin-induced
Love waves secondarily generated at the basin edge due to incident S waves. The seismic
response of the Ashigara Valley is characterized by the body wave amplification and the
basin-induced surface waves (predominant frequency of about 1 Hz) at the sediment sites.
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REMWEGHERICE 2 2HBNEEMRE, S LRI T2y, ZoEEEINEEH
Ry cHU 7 0—XT v 7 ENLBEANOEMIE, 1985 £ Michoacan, Mexico B & % £ ¥
AHTHORBEETH 5. BiFH & 300 km LLEL BN 2 X 2 a2 TORBENRRIZ, B0k
etk 2 7 ) BB MM g A" TH - 72 (Anderson ef al., 1986), ZHBEM4ZFTHEL LT,
1986 Eic [RBHVEH MBS IC M TR (B8FF, ESG) ] 123 % IASPEI (International
Association of Seismology and Physics of the Earth’s Interior) / IAEE (International
Association for Earthquake Engineering) ARIN 7 —% > 77 N—7HHEL, ZOREizD
WO EBE BB 2 #1172 (Iwan and Tucker, 1987).

AR RAERIZ, ER7—X> 7 N—TOEBETA A L O—2TH L. ZORWNE
Bextge LT, tBBEe TN E8EToMBESE S 2 CERB Lo ER : THEIT S
7 Z } (Blind Prediction Test) #%, #@%iz 2 i Efrcbh T3 (Kudo, 1989, 1992), Z#
LT ADOBREZZ 4 L BRI TR BT 287 2B SIE, JNE (1993) Kk -T
R EHLNTN DS, ZNLDHBEBTAIT X M L 2 HEOMIC, BERFEOMBIGEC
B CLIFOm%es*# 5. Kawase and Sato (1992) 3, F1EFHT 2} THwWLRT—F
DR E ZRTETNLEREL 2 2 I v —3 9 205, RIAFRNMEBICERES L T,
WHEIC L 2RI, SBBAEEN 1 Hz n@&EBERIE (7 7)) OFEEERHL .
F 72, Higashi and Kudo (1992) i3, 1990 FFRERETHERFEHEC L 2 EWERT A L7 —
SO b, BIRFAIEREZEL PN 20BD T THENFLELHL I LT,

AHILIZ BT, EHPPRFEWEICL 2BBH T2 LicL T, BEMFHOMEBICE
IZDOWTHIRT 5. Z0%HE, FEHADAHMKIE, FICEKE (SK) THY), BRI NLEE
ENCHT BI6E L A%H 2 (Sasatani ef al., 1992), ¥, £EWMLFRICOVWTRN, Z
2T, PEHAICHT 5 EEEN 1 Hz gGEORIR WM T 5. REIC, 2o®BEOMEIZD
WTIRN, ZNLABMERKEY (7 7)) THHI L EHET 5.

ABFANE T EEEE M TM 7T o XKBENRErBEINTE ) (A1, 1988), Zhic
L BB RIRD 7202 H RIFFHORBREZALPICTEI EBEREER 5,

In. 7 - g

RARTEE L, MRNRERICAIE L, MEEEICEL2-HO0% 4 km, 8472 12 km 0 HEF
BThH 5 (Fig. 1(@). FEHOF.CBEZBEDNFHRNTE ), ZORBICHBEEGIE  HMBL T
5. %7, EAPENZ, RMZ KRR, BHEFERAL, 2L R E R L > TE
N BEEZ kL T3,

RATIZ I, RERFEHEBEN RO RMTEEARET VA BRAMW TR LN T - AW, B
FEICBW T FERNOMER L & 2 0B 0MRER XILEDBEIRIC T 4 ¥ F VADOINEES
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Fig.1. (a) Map showing locations of digital strong motion ac-
celerograph array in the Ashigara Valley used in this study.
At CNT a borehole array is also installed at depths of 0, 10,
30, 100 and 467m. (b) Location map of the Ashigara Valley
and epicenters of two intermediate-depth events used in this
stydy.

Table 1. List of earthquakes used in this study.

Origin Time Lat. (N) Long. (E) Depth M Region
June 05, 1990 22:42 35°33' 13912 123km 5.5 NW Kanagawa
June 27, 1990 06:54 35°00° 139°07 148km 54 Sagami Bay

B TVvAPREINT3 (Kudo et al., 1988). Fig. 1 (a3, 4 EEFICHW B SHS5
FRL7Z2LDTH S, BAVBERARERIN 1 km TH 5, CNT BHALEIZ BV Tk SMAD—16(84
BBAERT), MOBER SIC BV Tik SMAD~ 3 (BAABMER) IEES AL TWE, Zhb
DFTBIIER> L 25Hz £ T7 7 v P afEsiRSL, 723 100Hz %> 7)) > 7L 0T
W3, F72, CNTHASICBW T, #F (0 m), 10m, 30m, 100m, 467 m NELEIIZED
BINTSBETVABULITHON TS, BTRRE LI, ZOHETVAICL BT~
BMBEOMEE2RANDDICERELEZE® 12727,

BT V2RI, BHPEHOLS EEHTREL L 2 DORRREME (6.05,71990,
6.727,,1990) TH 3, Table. lizz b niEEH %, Fig 1M FNLDERGHERT.
INHLOMELCNT 2 TCHOEBREBIIELLLM30km T, FNLIFEED /455 1/6TH
D, BAFENTIZIZHETH>» bEREV AT L2 2085, 2, BREORS LHWZHR
BEDODFHEHEER 5L, ZHHDBAS~DEFEL & DHERFIES & MEBE%ITITITE—
THY, T, EETBUENLEEIrZNEZ 22 COMEREEZRT I LE2ERL T3,
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1. SRR RO

ZZTIREBRETBRR I NS B L LS, KRN TOREORHM T EHEANCH S22
¥ 5. Fig. 213, BN AKEBBRAMEEDHHZR L LNTH B, FEHNTHOBAER,
ERETOBAELID LFHEL T 225 3BIEREVI ENDbY S, FHNLEZETOH
RGP % Fig. 31T, HHR TS LRL-MIZEESHEERT. FEHNDO CNT THSER
KiRMRIZ, S8 LD AKD THOENL ) bRAFII LIRS AT 5, ZoMIRICMZ ¢, CNT
DELkIT, SHITEC RELBBENFAEICL > THEOT LN, ZL T, ©LAZNEKE
PRAEREZ S5 2 588055, 72, B, 6 /06 HENES, NSESDSKIEEIZ EW
BADEFUT TH S (ZNIHBEN A = X LBRLIZZETH S, 8L 2 Fig. 8 25M)
2, ZOBBEORBIIEE TITHELVv., D%, BREOMENDRSIZ, AHSEOIRREIC
ST LOHBIL T,

LHTOWRTGOREE BEBEHEBR Tl L 728 % Fig. 4 IRY, RUTARL 7227 FIUVIZER
REEP LBOLNTZLNTH S, FHNLERETHRNY FADEDII - 28&IZ, Bk
#11 Hz TOIRBOKEZIZH 5, FENTHH 1 Hz TORBHOKE 1L, 28 ETHEZNOH
Bz - Twd, BUSIIRE L, ORI, & HECBRLCRons, L&
LCRBE, FHENOBIMAEN S b TKYM @ 1 Hz THORER, MoBBADZNLY) LR
hEL Lo Twa, i, Fig Y@IRnTWHEBOE R AICBERLILIDEEZ LS,

June 05, 1990 June 27, 1990

SAGAMI BAY SAGAM! BAY

O ROCK SITE
@ SEDIMENT SITE

O ROCK SITE
@ SEDIMENT SITE

Fig. 2. Peak horizontal accelerations (in cm/s/s) in the Ashigara
Valley from two intermediate-depth events. Peak ampli-
tudes at the sediment sites are 2 to 3 times larger than those
at the rock sites for both events.
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Fig.3. An example of observed accelerograms at the sediment site (CNT) and the rock site (AKD)
from two intermediate-depth events.
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B HEBEE 2 HELRS, L) ZRVHBICL AMBRR TIEESEYFERT S
EFRENBNT, EROFEHNTHOEBE ORI EFEEOEMBEOHEI L LE2 L
15 (Bard and Bouchon, 1980 ; Sasatani et al., 1992). LT iz BV Tid, ZD#EEEOH
BIZOWTEL W £4T).

V. FHEATORBRNEE

HEMA N TR I NI BREOWE L, Z2{n%a, BT VABRUMT—5 %A/ FK X
X7 VBN, HEWELY T I RN LHEIN TS (Bl2iX, Frankel ef al, 1991 ;
Higashi and Kudo, 1992 ; Kinoshita et al., 1992 ; Furumura and Sasatani, 1995). Z .5 D
iz, EBEOZCHNLHEAFBL 230 TH 5, 4, 1 Hz oBBHICEBL T, 2o
ZEER I DWW TIN5, Fig 613, WO Mian 3&HE (CNT, SKW, NSK)
BT, B0EES 1 Hz o8> P27 4 WS —BE2RHEZ A2 TEXRZLDTH B, KL
HBOUKEREIBEWICRL-TEY), BEESEZRC THEZ ORBEEL BEWIIHES®5 2
CIIRETH B, ZOFEENO—DIZ, BRISHOERE B 1 km) »EOERICHLTKETES
Z &izH %, Higashi and Kudo (1992) 3, FBWHEIC L 3 B EE TV 4 77— DfEfd L
BRAHERE/ TS,

U LT thir b, BREOME2FAszHicblbhn T — 212 FK A7 + Vi
MEEET2Z LI, BYUTERLY, ZfRb2LDE LT, AFRICBVWTIE, HEENR
TfESTE CNT TOSRET V 4 T— 7B b, BEEROBEICOWTERNLZ, 2 2Ti3, i

June 05, 1990

A
vvvvv

Fig. 6. Band-pass-filtered (central frequency of 1 Hz) accelero-
grams at CNT, SKW and NSK during the 6/05/90 event.
These traces are less coherent except direct S wave portion.
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6 /05 MENT— Z BT 2T RICOVTRN B,

WEEDREFENICIE, Vidale (1986) DHEE MWz, T3, MEEHLELHRLEZOL
NV B BEEICEOBIMESICERL, IRTHICHTHELZHCLNTHSL, 20
B3, UTo, o5 2 -5 i3 s,

AZIMUTH = si 8 Z8) 5 1m0 F L.

DIP = SREHHRNMEE,
Ps ={RmEn#ES (POLARIZATION STRENGTH).
Pe =#HMErE4s (ELLIPTICAL POLARIZATION) ; E&ZH#E %W Twv»

534, Pe=1, ERBERHVWTW 5548, Pe=0Th 5.
RS B8 2 BT, MBI & Lit vT 2 —% L DB3RIE Table2 Dk H ik 5. RE#E
WRRLZDREZFBLC, MBENS (1 72 #MET LI ENTE S,

Y, SBFEE 1 Hz okBicEB L ¢ F0BE 1 Hz DXy Foxx 74 LF—%BL
7= SeERIC X L TR AT % 47 - 72, Fig. 712 CNT TR &Y. LERIC 3R DUF, KT
AZIMUTH, DIP, Ps, Pe BB s L TRLTH S, 72720, KIS L L 2EZESH
&0 LHIDRIEN /N S L HANFERIE, HF ) BRI T, BRERTOBTOLLL, 0k
BN LT 572012, SEHTORRICOWVWTRETT 5. WM W TEL v
Z A—%ix, AZIMUTH~N73E, DIP~ 0, Ps~ 1, Pe~0.2 TH» 5. Z» AZIMUTH iz, Fig.
BIZRT L )Ic, WMEN A Y =X oMb b FHI& NS CNT THOSENEHFHAL (NT0E) i3z
—HL T2, PedSELIZ0 &% - Tl (72770, Pe~0.2 347 ) EHRRANZET) A%,
ZDEGDRAENFER I, IITHRETHL LNSEAFIC L 2BHICLCMBELTEBY, B
MR DOEEEI IO LN Ei2h b, T2, UBOBITIZBWT, Pe~0.2 b2z Ll
TaL-oTERMREMEALZT I EICT 5.

BREHTICBW T, £37 A— I3 E L ICERICEMLL Twads, B#BLIRS L,
MP-TL,(i=1 2, 3)&ELAHIL, KEBERTETHOERBWAI EHLHTNEL, 22,
DIP~ 0, Pe~0.2 - I HHE2HL T3, Table2 #2W{T5&, TN LDWEEIMELTT
EHDWESHEICHELTEY, #RFN AZIMUTH cEAZKHE (L =NW-SE, L,=
NNE-SSW, L;=NE-SW)IZBEBEL (V52 #EBH®KL Tw5a, —4, WP TCLiLl 2o

Table 2. Relation between seismic wave type and polarization parameters.

Wave Type DIP Pe AZIMUTH vs.
Propagation direction
P >0 ~0 parallel
SV >0 ~0 parallel
SH ~0 ~0 perpendicular
Love ~{0 ~0 perpendicular
Rayleigh ~0 >0 parallel

AZIMUTH and DIP indicate the strike and dip of the direction of maximum poraliza-
tion. Pe indicates the elliptical component of polarization.
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Fig.7. Polarization analysis of the band-pass-filtered (central frequency of 1
Hz) accelerograms at CNT (0m). AZIMUTH and DIP indicate the strike
and dip of the direction of maximum polarization. Ps and Pe indicate the
polarization strength and elliptical component of polarization. From this
analysis, wave types in the time windows with labels S, Li and C are
estimated as follows : S=direct S wave, Li=almost pure Love or SH
waves, and C=overlap of two Love or SH waves with different phase
angles.

50/06/05 CNT A=30.4km, Az=181.5"

0.6184 N
S

1.0 24,00 34.00
TIME IN SEC

14.00  24.00 ' 34.00
TIME IN SEC

(a) , (b)

Fig. 8. (a) Focal mechanism solution for the 6/05/90 event. (b)
Synthetic velocity seismograms (horizontal components) at
CNT calculated based on the' mechanism solution shown in
(a). Numbers ahead each trace indicate the relative maxi-
mum amplitude. The direction of the synthetic S motion is
nearly the same as AZIMUTH in the time window S in Fig.
7.
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i, KFEICHRTETEOREIEZHDHTNEL, »2DIP~0icdbhrdrbbY, Pe>0.6 &
UoTn3NT, IN2MBLI7THESBWVIEISHELRRZE LW, L2AHT, HNRL -
72 2 DDBEHFRHCBRRKICERZE L 284, REZXZNTRIEREROETH->ThH, Fhb
PEL - TRERE L TRAREZRT Z EmbsN T3 (FI2IF, Gal'perin, 1984), k- T,
Clel728mi3, MHHNRL 722207 7HEDHBWIZ SHENFEL - 28R TH 5 LHERT
&5,

Pl E, KEBC AT ETENRIES & b T3 WG & BRI RABITRERDER 21T -
7ehs, ZOMOBGOFERIZZNIEEFS TiI T, UL, 2 OUENDENELXSL L, HBHK
DFRe L REAEEZ T EHE LW itk o T3, L L, LROEABTEROBRIZ, 2%
CEHBMBo—I (Fig. 7 TL L 728D) # k%7 7ES BV SHETH B LT
LTwa, 2L T, £B8NcR T, ETELN IKFHNF KR b2ickELRBEZEL TS
b, BRBEDOKEDDT TWhDDBWESHEP LBRINTWEI EEZBRL TS,

RE&Z, Fig. 5 IcRENBEZES BNEDRICHENLBELRRFICOWTRET 5. ZDWEE
BHR1AHz DERBREEEAL TWEDT, FLEEK1.4Hz DY FRR 74 NI —%BL
T2ELSRIC DWW RN 21T - 72 (Fig. 9). E#ES ¥4z DIP~ 0, Pe~0,2 T, ZNRMEF
fird 1 Hz DA LIZIRTFE L TH 5, TOFEMRICR LS NERE, ETE#Y» D % ) K& LRk
BEFH, Pe~0.4 L\ I HBAREHMORMELZEFL T\ 5, Table2 2R 5 &, ZDWEBILV A
)W THBURRESKRTH ), ZOBBEHETITIREE L > T b, ZDOMOES DFRIT
L\, Fig 725k, Pe~0.2 & 7% 3 REAHENICAL (o T 5,

RIFEFTDRERD &, Fig. 7T CL, &R 2 BGETG ML 7 7HS 5 IESH THEZ &
ERLI. UL, ZOBTr oL, N6 T77ETHL» SHETH 20 2BETHZ &iF

90/06/05 CNT Om  14Hz

1 1 1 1 1 L 1 H Il L 1 L L 1
[ [ u
AAAA AaAAAA AAAA AAANA
4 | L
L1 ]
N | [ L
! E
Al n AAAAA R L
907 AZIMHTH rE
0 N

ELLIPTICAL POLARIZATI R I
Pe 151
L]

0 0 1 0 5 0 5 40 45 0 5 L] 3 0 1 )

Fig.9. Polarization analysis of the band-pass-filtered (central frequency of 1.4
Hz) accelerograms at CNT (0m). The notations are the same as in Fig. 7.
S=direct S wave and R=Rayleigh waves,
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TERWV, ZZT, INLDED I A TERFET B0, C(NTBRAKTHORETAVT—F %
BT 5. #BFn8HE, Kawase andSato (1992) 2 I v—3i g vERict-TEH5 260
5. #5643, Fig 10 o ERICRE Wiz RAFFEE O K% €70 (N60E M) (<88 E T A4
LEMERH 1 Hz o SH #% (Ricker wavelet) # ASL, &% FEM THEL. =D
Pail—yarORER, bULLNOAWET =B oNLRIUCE D TRV, BHAES
8 (LM, Zsiz CNT B sUcHHY T 5) TOMEMEIC BT 2 I0ENRAEEZRL 20
PTRTH2, SERFCEET L, EAE (AFHEK) LZ20BHBERE? LD, HBBA
THEZERFFLRBZ LD TE S, ZhbnBid, ETHANDERDI:DIZ, FRETZD
FAIE T T 5, —7, EIRIDOBEZIF 10 B LIEIC Bl 2 BBFIE, A S ¥d & R L -
THRINLKEE (778 THY, TOBBIIIRBMWICWOEN TS, ZLT, BE LIS
RIBILRDT 50°, FRILCBWTENMMICTNRE L, Th60RFELL LIZLT, BENY
A TORERAT).

Fig. 11 i3, $8E 7 L 4 THRAIR MBS T, £ LB 3)AEICIERTH 5, Kawase and

3700m
1 2100m |
1300m |
! !
3 7 Ve=55mis R7
_Vs=110mis s' V,=220~350 m/ss, AV:=176~200 ms )/
7 A ] ] V=750 m/s
. V,=500 m/s / Transmitting
& boundary
3 V, =750 m/s
V,=1000 m/s
Viscous boundary
i S8=CNT ik Lol
time(sec)
0 2 4 6 8 10 12 14 16 18 20
2 * 7
1} A /A 1
i A A )
0 —=0m:s8.— 7 i &é&ﬁ/& /A\/A\VA_/\ W
-1 [-100m 58100 - \ IJ ...........................................................
-2 _—zomn ” i,
-300m ‘A'
- 400 m
- 500 m

n A 1 L L i 1

Fig. 10. Upper : Assumed two-dimensional basin model of the Ashigara Valley
used for the finite element analysis. Lower : Horizontal (antiplane)
responses along a vertical plane at station S8 (=CNT) to a vertically
incident SH wave with a 1.0 Hz Ricker wavelet. Up-going and down-going
SH waves can be seen clearly in the earlier part, while in-phase motion is
observed in the later part where horizontally propagating Love waves are
dominant. (after Kawase and Sato, 1992)



A

PRRFWEIC L 2 RNTFHOMBIRE

Borehole Array June 05, 1990  ONT

EwW AA M AMARAAR
A AP A AN AAMAAM AP N A AR AAAANN o]
e A S e A A AARAIAA N N A A AA A NN A P o]

A~

30 [ A A A A AR A A A Sl et A A Nt AP e it s ]
100
m

ub WMWWAWWAAM«MMWWMMM“

Fig. 11. Observed accelerograms by the borehole array at CNT
during the 6/05/90 event.
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12. Upper : Band-pass-filtered (central frequency of 1 Hz) accelerograms at
CNT (0m) during the 6/05/90 event. Lower : Band-pass-filtered (central
frequency of 1 Hz) accelerograms at 0 to 100m depth for selected time
windows. Tick marks are drawn to measure the phase difference between
accelerograms at 0 to 100m depth. In the time window S, the trace at 100m
has different phase from upper three traces, while in the time windows L,
and L,, all the motions are in phase.
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sato (1992) DEHEMEIC L 2 &, Bl 1 Hz 05 7HOBHIZEAEE 200m % TLAKAT
WEWOT, BRA 467 m DN bR 2, SEESICEET B &, BHLRBEE LS
FoLEbIEENAE 2, RBMEIC L MIBMRE -2 L B3 L4 b (i
fis, 1995). %7, WEMEBHOBRBICEET 2L, BE 0m F CRERSOUEHBOHEEs
) BnZ L5 b, RIERIT & RS, FOBWE 1 Hz DN FRR7 4 VT —%BL2E
FICOWTIT 21T > 72, Fig. 12128WTC, 0 m T IFAEEHE & bic, BIN B &
i, KFEY 2 A DR TRIBOKE WEHDESESBERIECERTH B, SERTOTEIT, B
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Fig. 13. Polarization analysis of the band-pass-filtered (central frequency of 1.0
Hz) accelerograms at SKW. The notations are the same as in Fig. 7. S=
direct S wave and L=probably pure Love waves.
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Fig. 14. (a) Iso-depth contours of the soft alluvial layers in the Ashigara Valley
(ESG Subcommittee, 1987). (b) Soil profile and P and S wave velocity
profile at CNT (S8) and the level of accelerograph installed (small tri-
angles).
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