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Strong-motion characteristics in Bay area,
California during the Loma Prieta Earthquake.

By
Shigeo Kinoshita*

Nutional Rescarch Cenler for Disaster Prevention, fapan

Abstract

Many strong meotion records were abtained in Bay area, California during
the Loma Prieta Earthquake, October 17, 1989, Using these data, we
investigated the characteristics of strong-motion at five areas : (1) Santa
Cruz mountains, (2) Santa Cruz, (3} Hollister and Watsonville, (4} Marina
district, San Fransisco, and (5) QOakland. Also, we showed the relations
between the characteristics of strong-motion and some kinds of earthquake
disasters.
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MRk s E bz, HFRERZES, BEORMEBEEMSH R L, RBHELIT- 1
(BRFAREGS, 1980 EREEHRASH, 1080 KGHRASTIRA. 1088 (HHRIX
PR, 19893 ), MR DR OREN, MEHELLE OHINAEGTESLTELILE
FEANGE, CAOOFHEERL TR THEORANAFORRICHEL T 5T LB
Sha, EMESCENT, HEMEoMERSEES 0, AREHOEHMAAL TN 5,
SuOEE LT, CDMG(California Department of Conservation, Division of Mines
and Geology ) ®2USGS (U. S, Geological Survey ) iC £ D% { DERILE AR S iz

BIBs A AR 2 vy — T, MBEECMET 2R L AENMEICHET AR L8
7oy vBRELTHEITH TS S, 4100 Loma PrietaliZTH o @mEL B3,
KADTOY =0 O » LRTHEHES LD TH S, 22T, ROANTR, RHBEOE
IBICH S L34S, Loma Prietat BTH oA BESOME L > T, HEHKEOHEKS
EDUMOHEST S,

2. HRBE

USGS (1989b )i L2 BHEEBUTD EBLTH S,

() origin time 17 04™M 15245 (Pacific day time)
(2] epicenter
latitude 37°02'N
longitude 121°63°W
(30 depth 185 km
{4) magnitude(Ms) 7.1
(5) strike N5O°W8°
6] dip 70°+ 10%south-west
{

7 direction of slip on the dipping plane 130%£15°

511 Loma Prieta B0 R EXH%E, N2 MiBEHOBRYKERT., OFNLUSCS
(198%b )L LB 6D TH 5,

SEOMEORAOHREINMESHFOLOICH S, 2K 1200km iz &4 Sam Andreas
Fault zone THRAET AHBO A2 LR, FE, vertical strike-slip MO HEZ VI B
EALDTHA, San Andreas Fault zone ZHIICKTFEM D Pacific Plate 234bf~,
F:BEE @ North American Plate il ~EHBIK X 2 S LD MBEMNRBET &, £E25
A%, Santa Cruz Mountains 3B # & 3% Loma Prieta 1B, BERANCEGHEXVATSHD
#3, Pacific Plate #5North American Plate £~ b b3 FMBR TH -7, Lipd, B2
TRT L5, BEAMOETNOR (4.3 feet ) BRHFOT DR (6.2 feet ) LHEL
THEMBDRKEL LD TH ~fo, £7, BHEOEZ & 185 km&, THECDSan Andreas
Fault zone DB TRHELHE VLD TH» 2 (EFE I 1ZkmllREEDLNS ),
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M1 D&RESTIL, Loma Prieta A4 3 F 3V HMB LA LERTELE bIT,
BHERITH - fofedd, HIREIZZ Dy M L7aREASan Andreas Fault F iz, {4
®Sargent Fault 2 5#Hl0 Zayante Fault 2 T -T2 (K3 ). HEOMEE
Frid Sargent Fault E&EHN3H5, £ X2, San Andrens Fault zone DHE R0
T g,

LDEHIC, HRBERILHEMMED R A, USGSOERIIMT ARAR IBEESATV A,
Y, Mg@EH 89 TH-n, TORTI LA2/D AT -2 >RBREAES N,
7, BHEbLoma Prieta O/NARDSHEMARN I kmBH LA, 8 olt, REOESIMES
THEESONN 2RO, BERY - -HEBREEZNUIE TV, TH4bB5, H oI, Ms
=71THELG, MkmBEONBHENEL I ~2mBEEOHEEALAFRELAYM, Th
ERTRIBAROBME G M LB o7, Loma Prieta ®/HICiiEH L71B 1.2 m,
A4 5m, RIZDIMOBHLHEBEWE L EHEERELL, 2REUBENTS 2 EHE
T3,

Surface cracks
showing direction SAN ANDREAS FAULT
of movement

Direction of
plate
movement

68

Fault

§, rupture -
th o
TN R

this earthquake

B2 Loma PrietaMific&i 2 San Andreas BiBOHEESERT
BRI (USGS, 1%89b)

Fig.2 Schematic diagram showing infeered motion on
San Andreas fault during Loma Prieta earthquake.
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Aftershock Area

Altuvium

B3 Bay artea &R Ei

Fig.3 Bay area and aftershock zone
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3.1 Santa Cruz Mountains

LB —EEICAE S San Andreas Fault Wit S TH ©, Sl L7 Zayante Fault &
Sargent Fault OEIHESED L T rupture area 2B LTHWE (B3 ), REHEO
FEHALLEPDERS 40km, B5kmTH 3, 2TENLKBEERE, NEShEEDR
1 DOREER LTV, £0ld, HENRVEMBRHEEC LAV -+ LTERAx A
LETEMEEOREREHFBRICAZILTH S, CDMG DMEER (19894, blizkn
i, (EARELTHEE) / (BAKENMEE ) A, Pacific Plate il T0.40.-0.47(Santa
Cruz}, 0.60-0.54(Capitora) RU 0.66.70,39( Watosonville)®DkHiz, RIFKREZAM
BELENULOEEZRLTVZ, EROMBEHEICH T 28E S, 185 km®D San Andreas
Fault zone 2, Pacific Platefli T& % Santa Cruz flicE&PbB L TWhaA, HE\a
MBRIHET, L7 - LTORESKREBELEAEIENHIT LR, BBETHHEREN
BRCMELTHU LN TEHSH S, Loma PrietattBRINEDLULLTHIEL TV S,
foril, BRESHE IHNBRFAMEMBLRET 21D, TOEBRLNKTILESS
%5, Saratoga #» 5 Boulder Creek, Scotte Valley ## - T Santa Cruz ~E 3 Rt,
I OHEIL, Santa Cruzfilhi ol $lE 28 ¢, Saratogaflid@br++— FEEOD
kDA Z I,

0

R

= B d <20 km
:; - o® ...’ e

< | . o

x

s [ g

l 1.1 14t 1 I H L .1 1 0
10° | 10" 10°
Distance d (km)
4 BARKREIMERE & £BH L oo RIEEE d DR

Fig.4 Peak horizontal accelerations plotted as a function
of closest distanced from recording station to
surface projection of fault(shown in Fig, 3).
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1983 Fr= 57087, Smp.= 1@@Hz, N= 2@B!, T= 2B.B1(s:
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sac H3@ 47373 1@/17,88:02:02. 00 lgall
B
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$ip H@B SBBES 1g~17,02:28:22. 88 [gall
2 oo S e
-sia
1939 Fr= 58135, Sme.=.1@@Hz, N= 28@1, T= 2@.@I(s)
ap HS® 358133 19-17,28:28:20. 00 fgall
e
L o=412
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B5—2 /ILEREEER (L Gilroy#*1, 1 Saratoga, F : Santa Cruz)
Fig.5—2 Accelerograms (Top: Gilroy#1, Center : Saratoga,
and Bottom @ Santa Cruz }
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Fig.6 =1 Zero—damped velocity response spectra (Corralitos)
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Fig.6—2 Zero—damped velocity response spectra (Gilroy#1,

Saratoga and Santa Cruz}.
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3T, TOMBORELRFET 2420, RANEECEFEIHE TOREERIL >V TA
THED, COMGRUUSGS OHBELEFLESVTHERL & AKEM S F OB
M4 n, Bld (km)iE, N3ORBEHEL2L2SO0REEHTHS., BERATOR
RAEMEEYSA ] kA S—FEBEESCZERBLMONABETHD, Mg~T0H
BTH0LTgEEICNSLEINTVS ( Campbell, 1985), 4T, d<10kmT 05
~06g &, San Andreas Fault i@ bt corralitos T 064g M 2T 53,
WERICLTE, BERETEESELT05~07g BEORIKENEET, F0EHE T IMA
REBUBRELNAD, UL, L00kmEETITOERMEL, rock site DB KKEMSEE
iwxt LT, Joyner and Boore (1988 DEBR &—H T 5 (USGS, 1988b), £/, &
AKEHE L, San Andreas Fault iZ# - T Salatoga, Corralitos BT Gilroy(#1)
T, &%, 41, 59Kk U 40w/ s TH5B, LEd-T, BERTEREHLT50~60m/ s TH
=l Bbn3,

WMEBHORBHESERICOVTATAHLS, WEE, Corralitos, Saratoga, Gilroy
(#1)ERUSanta Cruz ODXTERIRBHETH 2, HAATOREZ, Gilroy ($1 ) E&
U Santa Cruz #5Pre~-Tertiary, Corralitos#iTertiary B Saratoga #ASAlluvium
LENTLE, BAERSTROFERBFEFELZT AN P LERGIRT, £8 Foa~xs
P THBGilroy (# 1) & Santa Cruz DERTIE, Gilroy (#1 ) T25Hz,
Santa Cruz T3 ~8Hz LANI P VDARHALB L EBOME SN S, 2FELTHE
HRENUFERTH 2, Saratoga DEBRI R <27 b, Alluviam ED $® (CDMG,
1989 ¢ ) L RBANVWERTH S, REV LERETHRINALHINERTSH S, Corra—
litos DERGEDTELING, BREHENOERR <7 A3, 05~TH:OHBRTESL
TB80~100gal SOEHIL NI ELIZTHA S,

3.2 Santa Cruz

Santa CruzidRBEOBEH 20kmic @ L, San Lorentz)l|® porous 1SHEHEE Fic%
FELANTHSE (H3RUR T ), Santa Cruz TOMBWEIL San Lorentz IRV % D
BEINBICE 3 5 BRILIZESHEE & Pacific Garden Mall KB 2B EVMORETE 5,
Pacific Garden Mall OWHFRFHICHM L {HBRER I AA L THEESE MNP L ST
LAORIELLE-TOWAR(FEE] ), COMETELHFTE, EFRAKBT oLy H
EOBEYMORETHZ (FE2 ), LeLusd, HEMSREIcHE L, ERi
DFBIHRATNEEEEBL NI M1, Lad-»T, Pacific Garden Mall ¥ L, i
SSHIBIT L AMBHEBIC L - THELLEELZZONRYTH A S,

wEE, BRARKRERS ( 1980 ) OFEBE M Pacific Garden MalliZETIHAT
T tERBEBOBATR 2PAVERBEHZEBL TV I, Thi2, BERDHEELGE
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Santa Cruz

B7 Santa Cruz o # &k
Fig.7 Area damaged in Santa Cruz.

o

EE 1 Santa Cruz
Photo 1 Santa Cruz
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BEHR?2 Santa Cruz
Photo 2 Santa Cruz

WMEW ( SHMEE 100m./ s THEE25m ) b, HELK OO ( SEEEA/NS W ) L TH D,
Lo Lfihs, Pacific Garden Mall @ JEfillif Santa Cruz Mountains i€ 273435 B
M (BEH3 ) THO, Mission St. & Rt. 1750 BE AL (BT ) CHRASHUCSHE O )E
DIBEIRICEIL L TCWVWA (BEH4 ) AfidPacific Garden Mall &t 1 kmPINDOREE T
HbH, ThodDT &3, Pacific Garden Mall #%4%r San Lorentz JI[H A BIF)7L 5
A TH AT LERBL TV S, 2@&MICRNE, BI3IRTL ST, Santa Cruz B
DnHBE AR OMEME LICSDES A L.

Cofikkic ik, CDMG® USGS D @itdkiEash Ty (X3 o®mEiiE, UC
Santa CruziCi#@EEI /6D T, Pre—Tertiary L TH5B ), LMLAA L, Santa
Cruz Hfllo Capitola ®iEfEide (K8 )id, M3Ao6¥ 5L Sic, HHAEIHE o)
AHAZDICHL TS, MBitRENKLBEFEEHOhCs vE—Fv2aDRkEapFLIR
1AM - RIC D 2R ETB AR LTS, hHEEICHE L 54, Capitola
DKFEAILFROFREEEIREA <2 b (9 )IR0.8~3Hz T200gal-sZHEATW
5, M9IcRoNE320—27id, M8DOEEMLSbHANNS, THbL, Z~X7 b -
E— 7 id@m D SER AR E S bicB D, Ay EFSELTHw5, E IO I
ARG by =, HIBHSHME S SIHEWMUEABLIC OO TEL 20, BEKTHE
WiE T &1,
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EHR3 Santa Cruz
Photo 3 Santa Cruz

EHE 4 Santa Cruz
Photo 4 Santa Cruz
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19689 Frn= 47125, =2mp.= 100Hz, W= 2801, 1= z&.4ls)
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Fig.9 Zero-~damped velocity response specira ( Capitora ),
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33 Hollister & Watsonuille

Hollister ZWatsonuille BV FAMBEEHFLEEL B TH S (K3 ), Hic
Hollister i San Andreas Fault 48 San Fransiscofl¢ San Andreas Fault &
Oakland 1> Calaveras Fault-Hayward Fault 94 28 s 0, MELEs=
Behid, HEBMEOEEICHNVETIALTHS ( The World's Earthquake Capital
DML H B ),

Hollister fiiic % 1 2 MBALH A USCS OBEIZ 38, CDMGOWEIC I HiSH 5,
ZDH5b, | MM San Andreas Fault B O Mesozoic granitic rocks H#Izan,
HERFICHAMOIMILERL T3, BREEHSSBVFHL L 30 kmBEOER TS D,
Hollister DMEHEN T 2 E8H oD HMBE L NADCHEMREV., FHbsE, KERK
DORRMEIE, granitic rocks M T 0.06g, WMBHE T2, 0.29RT0.38g TH L,
BLES~EBOWBETH S, TOEE, RXEOMEEFOBEEYIELZTSL L,

Hollister DWBHHICE T 2 BBEH OB/ L COMCOEH L OATAL D, B 10KKE
HicaE, Bl CKPEESERDOERTEEICERXI P AERT, HIKR OB LSk,
1 Hz 20002 05~20Hz TR~y b Abigil, WHBEK 0miHYt 3B HED
REHRERLTOVE, Thid, PREEHCAIBO2HECBVTHRABTE S, &T,
0O~20H DHEBEEL, 038g OBAMEETH L LOKERDE, BAEE 62 s
BRUOBAREN 0wt A TWVS ( CDMG, 1989d) . 7, ERSHEOBT~8ELS
Rayleigh W ST MEEL, 4 ~5 DDA THERLTVL S,

1888 Fn= 47324 Smp.= 18BHz, N= 2801, T= 28.8!(s)
— H3I® 47524 1817 ,02:00: 80, B2 lgall
@ 4
179
Lap— UF 47524 18717 ,00:06:20. 0@ {gal
~lap~
88— HBE 47524 1817 .00:00:80. 28 [gall
,_—WWWNW\WW]\[\/\/\A«MWW
-38e-
i L 1 —
2 ig 28

B 10 mEmiEs (Hollister)
Fig.10 Accelerograms(Hollister)
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10 10° 10’

Frequency (Hz)

B11 FEEEEEINE X <XZ7 b (Hollister)

Fig 11 Zero—damped velocity response

spectra ( Hollister )
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EH6 Watosonville
Photo 6 Watosonville

Hollister TogmE st 2, RaEOEHNOANELLBOIOLEDTH L, L LEHS,
FEOWERL ], C. Penney EVBROBESFHAT, 40 #HLl EOFRERETE U 12 5#EH»
L@ rocked off (HHEb )icbEEoThd, Thid, 4BLULEOBMGELLE L &
IENMTHLIHHICLEEDTHADH, KEOMEREICHBEIMELLEVEVDNSH
BRAZONARKDEZODLEHNLE D, MEHBEVOTHD, LB, WEDOS { (THARK
HTHUO, Hollister CHR TN v 27 5 —A2H0THEL TV 80BRILLEBE s
TWwa (USGS, 1989d), CDMG® Hollister ®itékiz, TN AT, M EEE
BHMICERINETHLHIBEVORBEU LRI T LIDICERTSHS S,

Hollister £ D EHEKICIT V" Wastonville idHollister [El&kic R e RRZzL 721
ThbH. Hollister KO AKXt Watsonville @ down town D#EDE { 1, 1900 FA
MRS LLHEORLV LYy HEDOEY (BH6 ) Ths, COMTIE, Pajaro
river M3 2R TE ORI REIN TS ( Astaneh et al., 1989)
Watsonville ol 45 (2 Hollister ®F N TV AD, EFHT066g&D M4
HLTW3,

3.4 Marina district (San Fransisco )
Marina district (&, 1906 4 San Fransisco KHED#, San Fransisco D Hi
WML CIbNI TEED O EAE N THEBT TH 5. TS hOMME TARHEER

LS DRBEROERETA LD,
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]
0 1 km Lombard St
L |

B 12 Marina#X &ETER 4
Fig.12 Artificial filled area in Marina district,

1989 Tn= SBEZ2E. Smp.= l@@Mz, N= 2D@81, T= 22.0I(s>

e H3B 58222 18717, 08:82: 90 20 tgall
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Fig.13 Accelerograms(Presidio}
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10° =
102 &
v B T
3 - e
St L
g E ) Tokyo Bay
2 F -
T F
%1005
= L Presidio
107 L R RSN T N N
10" 10° 10 10

Frequency (Hz)

B4 FHEEREEZ~NZ b ( Presidio)
Fig.14 Zero~damped velocity response spectra{Presidio).

San FransiscolCll, BEL OREFBHBEI TV AH, EHEMarina district i
FEINA DA 2k, Marina district SBATHBHMNZEBEE AT A Telegraph
Hill, Pacific Height XU Rincon Hill & Z#1HEM T £ B A4D, LAcOiLEd
HMarina district DB E2RBAIOIINRETH:S, LA LA S, Marina district
OHEHZHBLOCHED HHERMUSCSORERA A LB LNTVS ( USGS, 1989b),
USGS T, ME#EEMarina district @3 A (K 120A, BRUOCHA) TRER
MET->TVE, TOHRICLnE, BUHMA (ARQ) TOMESHE, IOHBOERRTSH
% Franciscan @ sandstone FOOME ( CA ) TOHBEI Ll 2 £4 54, dune sands
EOME (BR) TOMBHEBEIRAMETS L, DI EIE, Marina district ORI
#3 2.5 kmicH 3 dune sands FOEES Presidio DRER A Marina distric OBEEH A A
ADTRIMTE B LATRBLTY 5, COMGDP resid i o DECERETE & KRS LEROIEMEEE D
BEAxy bk, By RI3RURKI4ACRT. KERASDRA~Z Vi IHZ BB -2 £ 5
5, RPEOHEFAEBERTROA A X HUMAMNUMEHBIZILE AR b ag—VERL
Thd, EREVFFREEROBHEEN M Marina GreenTiT - HHHEBR T, o
DHEGHMIZ 12 HTH -0 (BEAFTEAR S, 1980 ), Lid-T, Presidio Dk
SMearina district OBEEHL P+ A2OFBERLETHL L,

Marina district @MBE#HTFOEC IHEORKICHABELTWS, £2 T, HuHD
BRILEOR G LAHMBHOM T 2B REREE A XY b« bNABLGATALD, BHEBOD
Lo BT 2w, TEEHAFMME (1887) K0 2 HABEMH O @R v~
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BEE7 Marina district, San Fransisco
Photo 7 Marina district, San Fransisco

BHE8 Marina district, San Fransisco
Photo 8 Marina district, San Fransisco
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Fig.15 Accelerograms {(Qakland—2-story office bidg.)
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16 hoEEiceE ( Oakland —Quter harbor wharf )
Fig.16 Accelerograms (QOakland —Outer harbor whar{ ).
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103
Ogkland - 2 - story office bldg.
% 107
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"
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10"'1 } P 1t erent ] Pt rItll | I 1§11l
16 10° 10’ 10

Frequency (Hz)

®17 XESEEFELZEA~<7 b Oakland-2-story office bldg.)

Fig.17 Zero-damped velocity response spectra {Qakland—-2-story
office bldg.).
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18 FEEBEEIEE R~ b (Oakland—Quter harber wharf)

Fig.18 Zero-damped velocity response spectra (Qakland-
Outer harbar wharf ),
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BE9 1-880 freeway, Oakland,
Photo ¢ 1 -880 freeway, Oakland.

EHE 10 1-880 freeway, Oakland.
Photo 10 1-880 freeway, Oakland.
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EJvTi~rs ), ARBHIRLBRKUE LD IBRNEEBER 15m/ s 2 ETH -7,
Presidic OB AFEMBIE, KE2RAIT2VTIZRT 13 s TH B, BHEAIL, Bay
area THFIALLAMBOML CHBEAT WA 2#E ( Qakland —Cuter Harbor Wharf
Fef Treasure lsland ) OEBHARLABRKEEAZIVWTA 0 s EHA TV S,
BAEEICELTERZE, RAECHALEEL T o BYRBARRILELDEKEST
BotrbEBAB. ANT N LRALDSVWTEAE, RUOLHSUBERETHE, EREE
SO BRI L ~ov SR LT, Presidio DRBREABUTAREL, SRR TS O
D ERE-TVEH, JHZz T T70gal « sDLNAEBATHWEIT T E+TDH5. &8,
Marina districtid, 1987 ETEERAMHETHREEIHBA MR LS B HE R
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EIC BB Th 7. 19064EMDSan Fransisco MED®, BREHIZBay floorbm
FHMEBmud AR OB AT E 5, 191550 Sen Fransisco EfTH#/zPan—American
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