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Prediction of Strong Ground Motions for Scenario Earthquakes

Kojiro IRIKURA * and Hiroe MIYAKE *

Abstract

We propose a recipe to predict strong ground motions from scenario earthquakes which are
caused by active faults. From recent developments in waveform inversion analysis for
estimating rupture processes during large earthquakes, we have understood that strong
ground motion is relevant to slip heterogeneity rather than total moment on the fault plane.
The source model is characterized by three kinds of parameters, which we call: outer fault
parameters, inner fault parameters, and extra parameters. The outer fault parameters are
parameters characterizing the entire source area such as total fault length, fault width, and
seismic moment. The total fault length (L) is related to the grouping of active faults, i.e. the
sum of the fault segments. The fault width (W) is related to the thickness of the seismogenic
zones. The total fault area S (=LW) follows the self-similar scaling relation with the seismic
moment (M,) for moderate-size crustal earthquakes and departs from the self-similar model
for very large crustal earthquakes. The locations of the fault segments are estimated from the
geological and geomorphological surveys of the active faults and/or the monitoring of seismic
activity. The inner fault parameters are parameters characterizing fault heterogeneity inside
the fault area. Asperities are defined as regions that exhibit large slip relative to the average
slip on the fault area. The relationship between combined area of asperities and seismic
moment M, satisfies the self-similar scaling relation. The number of asperities is related to
segmentation of active faults. The rake angles of slips on the asperities should be estimated
from the geological survey and/or geodetic measurements. The extra fault parameters are
related to the propagation pattern of rupture within the source area. Rupture nucleation and
termination are related to the geometrical patterns of the active-fault segments. The recipe
proposed here is to construct the procedure for characterizing those inner, outer, and extra
parameters for scenario earthquakes. Then, we have confirmed that the scaling relations for
the inner fault parameters as well as the outer fault parameters are valid for characterizing
earthquake sources and calculating ground motions from recent large earthquakes, such as
the 1995 Kobe (Japan) earthquake, the 1999 Kocaeli (Turkey) earthquake, and the 1999 Chi-
Chi (Taiwan) earthquake. We have also examined the recipe for estimating strong ground
motion during the 1948 Fukui (Japan) earthquake. The simulated ground motions clearly
explain the damage distribution in the Fukui basin.
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Fig. 1 Framework of predicting strong ground motions for scenario earthquakes.
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(@) L of rupture area

rupture area (km2)
Somerville et al. (1999)

(b) of rupture area
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Fig. 2 Comparison between fault parameters estimated from the waveform
inversion results (Somerville et al., 1999) and those from field
investigations of surface faulting and seismologic investigations of
aftershock distribution, geodetic modeling, or teleseismic inversion
(Wells and Coppersmith, 1994) .

(a) rupture length of a surface fault earthquake, (b) rupture length
of a subsurface fault earthquake, (c) rupture width, (d) average
displacement, (e) rupture area, and (f) seismic moment.
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Fig. 3 Rupture length versus seismic moment.
Black (strike-slip, oblique-slip, and high angle dip-slip fault) and gray (low angle dip-
slip fault) circles are estimated from the waveform source inversion complied by
Somerville et al. (1999) and Miyakoshi (2001). + marks and white circles are those for
surface-fault and subsurface-fault earthquakes compiled by Wells and Coppersmith
(1994) . The solid line is an empirical relationship by Shimazaki (1986). The gray line
is an empirical relationship by Matsuda (1975).
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Fig. 4 Fault displacement versus seismic moment.

Marks used here are the same as in Fig.3. The solid line is the empirical relationship by
Somerville et al. (1999) and the dotted line is for asperity showing two times the
average-displacement. The gray line is the empirical relationship by Matsuda (1975) for

the mode of surface displacement.
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NTHEFEICKRE L, RARMEBLM&EE LT %)’(’
RREDIZHGZOND Z LW bhI b, B (1975)
THWTWE F— %1%, MEWEOEMOAFEME
MWETH 5D RIEWEOFEHEMN D —EHREL T
BY, REVHIEIZOWTIIHEREIC X 2 E0
T= D%, NECHEIZOWTIZ A DR
BrRg OB EALT — ¥ BE L) F— 5 DI D
AR OND ZAAIET 5 H K 2% Somerville et
al. (1999) % Wells and Coppersmith (1994)
EHFICRLLZDOEHADOMBOREICL DD
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Fig. 5 Rupture width versus seismic moment. Marks used here are the same as in Fig. 3.

NEI D, GEHOREDPULEL ENRTWE, HA
DHNEITHREMOBND & 25D /FHI %2 i
WRMOWRIEDL DY 9 Do BIZIE, HEHEHERE
J&TOMBELENMIZBHIIKE 55 & DM
MLEL EN5,

4) WBIEEHEE— X > FOBEE

WrkElE W & HigEE— X >~ b M, DERDE 5 12
REND, BIFA ON—=Ya V2L bDI3ENY
Fl (B9 b KO mASRE) ZIREoME (K
FAMWIE) TREN5S, Wells and Coppersmith
(1994) 12 X 2 LDV FHENTREN S, HBEE—
A Y+ Mo %% 10* dyne-cm PA EDO#IE (7275 LK
P RE O K HFE L BR <) OWIEIE W id, #iED
FAZZEEFT 15 ~25km [ZIFE 5 Z &o5bh
bo 7, KAMKEORMBEIZNLLD L KRE
GWIRBIEE B Z e Dbh b KBS HID
LNWIBIEWIZEEAS v N—=Ya v iR
RNEDIZPF 5TV DH D & DSELBREEN,

5) WifEmE &R & DRE

WEIRW & Wi R S LOMRPK 6 IIRENS,
WA YN—=T a VHERICE 2 b o BRI (B
TNBLOEAMWRE) & IREOAEN (A58 b
J&), Wells and Coppersmith (1994) 2 X % %
DAPNSVEHIEITREN L, HHh 5, WEDTE
Wi RE R O WTRE IR W Id, HEBEIVNES w & X
JERS LICHHEIL, H2HBEU LRI LT

ML C—ElELebZePbrb, 2T, W
JEES EROMARE DT OB TEIAT 5,
W=kL for L < Wi
W=W.x for L = W, (8)

Coppersmith (1994) DA ¥ 7 % FTRTEDT
Wl 235 L, (8) O 11X Tk=0.955,
#fR# () 791.88, %2 X2V TIE W..=16.6
km CHEMERZAEIT 147 £ % b, B4 N —T s
VRERICE BT DA THMABNEZ R &
Waw=17.1km & 7% 5,

FEoORXT, WousWosin 0, W.: HEFEEED
JEE, gWiEmouEslifaTchdsb, W=H— H,
T, He & HOIZHWEBEROTHRB LU EBROBES
THUNTE DB S 554 0> 5 esd S5 (Tto, 1999) o
N RO S R H A P %k E 5.8 ~ 5.9 km/s
DD LREBWHESDH S (EH, 1997MS),

6) WiBmEE BT — X > FOBR

Wi R S EHBE— X ¥ b M, DR 7
IZREND, BIENL Somerville et al. (1999)
# X U" Miyakoshi (2001 FAME) THw &7z lifE
MR & R E— X ¥ N ORMR, HILENE Wells
and Coppersmith (1994) I X % D BFRZE R
9, BT Somerville et al. (1999) 2 X 5 W%
X

S(km*=2.23 x 10" x M,**(dyne-cm) 9)
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Fig. 6 Rupture width versus rupture length.
The thick broken line shows the empirical relationship obtained in this study.
The shadow ranges o (standard deviation). The thin solid lines show a factor of
2 and 1/2 for the average.

— Somerville et al. (1999)
— - —-- Takemura (1998)
= wm ws This study
> Wells and Coppersmith (1994)
My>7.5x102% dyne-cm : Mw>6.52

e Somerville et al. (1999)
Miyakoshi (2001)
low angle dip-slip fault

rupture area (km?)

101 AL LR LR | o
102¢ 1025 1026 1027 1028
M, (dyne-cm = 107 Nm)

7 WiBHEEEBEET— XV DG,

1T Somerville et al. (1999) 12X A3 DT, KEBEOFEHIIEERE (5 = 0.16) DI,
ERERBOBETOMEERT. HAH TR E NS Wells and Coppersmith (1994) O 7 ¥ 1
FOF—FIIMBE— X FH 10%dyne-cm 2B ARKEBHETRMN L TN ERT. MR
T— A Y MHT.5 X 10® dyne-cm & DA EWHE (RBFEA »N—Ya Y OFROATHIE) &
RKEVWEE (BFEA v N—=T 3 »O#iFE &L Wells and Coppersmith (1994) @ % ¥ 10 7 % &%
THYRE) AT TRD LMD HMTRENS, — ST RN (1998) 12 & 5 FERA B #%
XERT.

Fig. 7 Rupture area versus seismic moment.
The thick broken line shows the empirical relationship obtained in this study. The shadow
ranges o (standard deviation). The thin solid lines show a factor of 2 and 1/2 for the
average. The chain line shows the empirical relationship by Takemura (1998).

Thbo KDL Somerville ef al. (1999) fEIE, WEE— 22 M 10%dyne-cm £ ) K&
B & UF Miyakoshi (2001 #Af) 77—t v D ZHWE T, Somerville et al. (1999) DT~
HHRE (0 =1.6) ZRT, THRBENEL o TWB I ENbh b, HiE

Wells and Coppersmith (1994) (2 X 4 &1 1%, WiEfEAS Shimazaki (1986) D# 2 IZHE-
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THrBIRAEAI 3 A (7.5 X 10* dyne-cm LA
L OMEE—RA Y POHEE) ITDOVTS e M”28
B RO ERELT, RdOLNRBENEBRAT
BB, TITIE, WEIEW D Wau IS L2 & &
OWBEESLIEZ20km & IKE L TWw 5, Wells
and Coppersmith (1994) 12X % S & M, DR
&, BT AR CEBRICE) LH)ICA XD,
RAT (1998) 13, HAOWNEMEZ NS E LT
L & [FARIC Shimazaki (1986) D# z IZHE\ Wi &
TEOMAIE W=13km & L CHB TR & HiEE—
A v bOBFRR (Bho—HEH 2ROTWD,
BAZ & 28885703 7.5 X 10% dyne-cm Bl LD #
BEE— AV MOMETIE Somerville et al. (1999)
% Miyakoshi (2001 #Af5) 12 X 2B A » /v —
Y a v b DR EHIFE R Wells and Coppersmith
(1994) TI VIS4 NV ENTREHAH S DOWiE
ARICHRTHFIN SV HEHEZ 5 2 5, &
OHRMEIWMBRILMWEE—XVMCHETS
Shimazaki (1986) DR & FHE, WiEks <
ExRDDEXDERDENDDHHWVITHAEL
OHEOMIBIEIZ L 5B DD, SHOMEILE
L3NG, TP S 2ozt & RN
(1998) ORI L HHFEE— A ¥ MM BRR
WHRTH 2ERERE(HEE SN, BEVA K
DFM & 72 B,

VI BEEIFAOLIE

T 1T HRE S ERI R OETH 5 R 7
DFHEmRETE LD, #HEPRoTHRUEZNMS
X% “BEHTHOLIE OEZ2RET S,

1) ACBEETILESOHEFSBRUERLED

2H7?

TIN5 % iR % A L ClEE il &
19 72 0DRREMtEE LT, AUMBRTELS
WEFHEEIZIZFCERETVELOD, HHW
A% & BRI OHIEO W E R R S KD
WROBRET NV TFHUWEELRZ LR EL SH
bo ZORMBIZOWTIZ [HAMESN] & LTH
RO L S ORI 2 Matiy s
%R INTELD, WEHEERD O ZREH
AN NTEBE FANE 20 % v, 20

REDHMIEIZDOWTIE, WE - HEEB X U
EFEOW I BT MR R % I, BAEDLRE
WAL T WD, BIF (2000) 1%, WiEHICHE-
723 R A ORAERE R A I, EHEICBT S
WEOMD B U ITRERIICERIIEEE > TV
RO, ETHDOX0OHMATH LA LOFHT
BT ENTRTHLELTWE, —HHEFWT
Tu—FE LT, BEFEA N—=TVa ilLbTX
DA HWEOR OIS, DL WIS
(initial stress) B & VML 7J) (final stress)
DFMOWFE A FHAA SN TV B, Bouchon et al.
(1998) 1T X % 1995 4 ST L pa IR L D FFAT T,
WO RIZIS I OEH U 72 SR R E 7% b
DU TR E LTEVIBHIREZ - T
WAHEWIRRPESN TS, TOFHEIIRD
WEOLEDIFURU &) REIBRIZISHEF D E
U, MUL) RERSHBICELTRENEH S Z
LERLTW A,

2) $SMAEETBRIEE T L OEE

— R EOFHRE—

HoF2 S ERIK D 72D ML NS MR IE T
AN 2 IR E WG (0.1 ~ 10 Hz) 1)
L2bDTRINE R bV, TD XD REER
HIRORER) 2 SN 51213, MEOR S RIELR
&, WiEEB O R EE Y d b T EMRNNETE
NG A—F LRI, BEMETH CORYE LT
RY 5, Tbb 7T AR F 4 D5, DX
GWIBTHAN OB 85 X —F B L Y EEL R
bo TIZTIE, FEEDOTHNIE X ERERE & Lok
EOMBHFMO =D DOBFEETNDOG 2 HH
[EFEEELOFRE] L LTELddbh,

BN A — 1%, BEHNITE ST 2 —5 (I
g SN B MBEOREWEOME, Eh, S,
A, R, IE, HMEE— A M), MEEE
NG A= (Bl BEENLMBEDOT AR T4
ONE - KEE 8, 7TARY 714 - FREHO
W TR & DR T R, 3D E R B R
BB L f.), TOMOWEIST X —% (R
MR, BHEEERER LR L) D320 b6h b,
ENEFNDOINTG A =525 2 5 FHEPLUTITR
ENbo BB, fuu TIMHEEERIPAXRZ PIVOFER
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W RR ST I T H %o

3) B8 (outer) WIB/NT X —4

(1) EEMEORE

Lo, EE~ Yy 705 FRICEE T 51
REHEOBECVEEE 2 v b (RS, ER¢) 24
ET Ho EHMBIIE T X —FIZK8IIREND
FhE o THE SN D, BrEBHEFE R
BEOETZ XY MIERE &L, TRH5DOET X
VEEIV=EUYTLT1IOOMBEELART, B
& DR 0 1 ZWTRE TR D 5\ ITETE 2 BT S
AR T O SFHEREC X 2 W T RSS2 5 HEE
Y (-

(2 WEEE L) 872 bORXOKGT

TRGE

WHE - I - EHEREICEOXHET S,
WAL 7 A Y MO TwbiEaE, FRICHE
By 2 mMEEEoBm VLS A Y FOEXORKREE L
95 (X8 D Step 1)s

(8) Wrkgig (W) @ MRFBAEROE S IZHR
WRBIRIZ IR LX) KBRS OBEE L
T 8) ArdifEshsd (X8 D Step 2), HiFE
FEA TR O S BRAE & R S BRI I 5 R A
12 & o THD b NI NLEE ORI 2 b HEE
SNnb (Tto, 1999) . B WU/NBEDEIR T
Ao ts S & S 3o P URE, S HE
Wk 2 SE g 5 (BH, 1997TMS), E IR
RS EOFIEIC D RO 5D (Tto, 1999) .
(4) HWEE—2X> b (M) OFHM
COXICLTHEEINMBERS L LIWIEBIE
W 2 5 WIEHRE S (GLW) 2Rk 5 b, HRE—
AV b Mo lERIRWE O mEAE & ORISR (X
8 D Step 3, (9) XBM) Xhkdohd, 727
L, A7z & 912 S-M BfRER$ (9) i
BHBRRAPHHLEZ OND. MM T5EBR S
IO kMEAMET S L X1 Wells and Co-
ppersmith (1994) (ZX 9 2 ¥ 84 b &7z S-M,
BRA % E 2 MM ER T A LEN D B,
BBOBEL T A 7 PHBFEREICH S HEIE, #
Bl A POHBOBM A RIFEMIEOREAE L,
Q) XEHTEARDOEMEE—X ¥ b M, 2 HE
Th, lHADET XAV FAOHEE— XV DI

DFIE, TRTOEZ7 XY M TEYR BT =
BT b, FHEMEEZ —ELTLNTH
%oTL %, FHIEIIBTEZ —E LT 5T
(10) RN 5,

Mo /S Y= —%E (10)
ZZTC, Mok SiFiFHOES XV FOMEE—
A MNEWBHIETH 5,

4) WBWIEOREN

—IREY (inner) WiB/No X — 42—

(1) TAXRY T4 DET ML

WO TR) 5 ERDLERA N —T g
Y ONTTCIE, BET 5 WEHERIE —HICKE
CEREEND, L72h o T REIEA YN =2 3
CORMBEEEIBERTILEND b
Somerville et al. (1999) &, X LD ITHMTH I
AE SN WBHEEOFEE TR & D, 2R
HEMEH OO L] F T OFE TR &8
Do @ 0.3 LT 7% 51 X2 DAT £ 721350 % NHICHI B
L, EBROBESORE S 2 ER L (K225
M7 TORIFEA 83—V 3 v & A BB
X, SOERIMES>THRDOLNTDDTH5B,) L
T, OB EEREICHIST 5 EE 2 b,
T AN T W ERIER L oSN T, P
DEICHRTRELTRY 272 HBTH %0
ZITE, TR EVEHIBEET TOFIE TR
DWEEHHIETER L RFRERE 7T AN
FAEERT DL, TARY T4 2RGBEEHRT
50X, SHEETIHEOTRYVEFTNVERS
BT AR)F 4 ZHOTESIERT 5720TH
5o T, TN EFHIEEHEAROEE T &
DIS5FEU LI S RESRIMBEREZTT
EURICKEREREOT7 AR 74 ZEHKT 5o
ZLT, Z0FDfT BL1H) H5\VIidH (#E1
F) Ao TEH L7237 X)) AR A0
WY BO 152U, 22 TT AR
V74 BGEIT D HEILIZT AN T 4 HHIB
DT F 72135 T L 727X ) AR A
DFHTROFED 125 L VNS WHFLZD
17, Flae 7 AR 7 4 HEAOHIBRT L2 &I12&
N, WRIZT AR T4 2 HithT 5. RO
Hrit A2 20 E W8 OB R IFAFE D /85 2 —

— 860 —



Step 1 Total fault length L

lZ 13 /
. /‘—\
The fault length of the possible ’h/_/
— >
earthquake is defined as the sum T e
of lengths of fault segments L=litl+ls
simultaneously activated.
Step 2 Fault width W L vs.W of rupture area
— 2 1
Fault width is related to total fault 3 "
length. 8
W=kL for L < Wmax g 101 A L
W=Wmax for L >= Wmax §-
where Wmax=Ws/sin®, Ws is the 5
thickness of the seismogenic zone. = 00 ‘ '
100 10! 102 108
L of rupture area (km)
Step 3. Seismic Moment Mo Rupture area vs. M, ~===- sy o
Seismic Moment is estimated 1o
from the empirical relation,
£ o !
Mo vs Rupture Area (S = LW) F
-15 2/3 ;
S =2.23x10 "xMo 2 102 4 -
for Mo < 7.5x1025dyne—cm £
_ -11 172 10! T T T
S = 424)(10 Xl\/[o25 1024 1025 1026 1027 1028
for Mo >= 7.5x10 dyne-cm M, (dyne-cm = 107 Nm)

X 8 BEHUACOTFHRE-Z0 1 BEHIWE/NT A —F DRE.
Step 1 X fER S L 2583, Step 2 ZWEES L L WEIEW OBLR CKEH), Step 313
Wrig g (S=LW) EHBE— X ¥ F Mo OB (KM 2522, COKE, ¥YFUA
WROMBEE— AV IHH5Z5N5.

Fig. 8 Procedure for making a characterized source model - Part 1: Outer fault parameters.
Step 1: Define total fault length. Step 2 : Estimate fault width in relation to the total
fault length (thick broken line). Step 3 : Estimate total seismic moment in relation to
the total fault area (thick broken line).

FELTOTARYFABUTOLHITETFT VAL HFEOBF S. B L PIRKT AR 7 4 O S A

ENhb, EBHITHRE— A ¥ b Mol U Ty $oma s b
(2) 7 AN F 4 FHIH O T X AI2/3 DEFZD - TS E LT,
Somerville et al. (1999) Tix, 7 AR F 41 S.(km*)=5.00 X 10" X M,**(dyne-cm) (11)
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9 (a) 7ANRY T 1 OB & W IE R o B #%.
(b) KT AR T 4 DR & WiEHiE O MR,
R D SHIEATRIZ L o TRD SN RERWBRNA, EiEFEEOMPIL
IKEDFEBMTREND., ERTIEBOBLETOMEZRT.

Fig. 9 Left: combined asperity area versus rupture area (thick broken

line) .

Right: area of largest asperity versus rupture area (thick brok-

en line) .

Shadow zone shows a range of standard deviation. The
thin lines show a factor of 2 and 1/2 for the average.

Si(km?) =3.64 X 107" X M,*(dyne-cm) (12)
TREND R BRREZ RO TV D, Z OB
Kk, TAR) 74 OEFHDOMEE— 2 ¥ F &S
FA—FE L TCHCHUBEOET N TET I LS
TEAHILEERLTWVAS,

ANF5E Tld Somerville et al. (1999) 12X % 15
D BEHLFE DOFFNTIZIN 2 T, Miyakoshi (2001 FA
BIZE o T VI8 NV ENTHHED 1999 4E b )V
I - Kocaeli #17% %> 2000 4F B HUR 75 #RH17E 7 & >
WEOENFERZMA, 7 AXY T 4 HHEOBH
S.BLURKT AR T 4 O S & WiEHED
B 4% % M 5 L 720 Somerville et al. (1999) &
Miyakoshi (2001 FAE) 2k ->Ta v i rsh
72 g A—=21F, BIFFAKEOHEINEZRLTWS0
TIITIEMEZXFETICMY IR 2 L1275,

TANRY) T 4 OREHES. BLPTHRKT AN
7 4 O SHIWTETERE S 123 L C,

S.(km?) =0.215 S (km?) (13)

S (km?) =0.150 S (km?) (14)

LEIN, M9 (a) BLUKI9 (b) IZZFDHRK
K2R END, FNZFNOEERZE () 13 (13)
A A1.84, (14) XA 1L7BL % %, 2 b
Somerville et al. (1999) I2X % (9) B L
(11) KX, (12) X2 oHE»Nn LKL ZIEZE T
iz s 5,

(8) 7ANY) T 4 OEBOHE
Miyakoshi and Kagawa (2000 FAfZ) %, Somer-
ville et al. (1999) & Miyakoshi et al. (2000)
WCE DB EINZT AR T 4 O L HEE— X
YARMBRS EOMREHARZ (K100, 75
1%, Somerville et al. (1999) (2L 2T AXRY 7 4
DHTHIBEREDS 2 ON 5% H/NERDDEEEN
7% (K10 <, [ : K[E - Whitter Narrows
E (M6.0), &KE-Morgan Hill #7E (M.6.2),
< ¢ K[E - Northridge #1E (M.6.7)], RE LI
EDTARY T4 M2 UKo BKRE -
Borah Peak #15% (M.6.9)] HE% &%, HiRE
L7z REZRHTR L. COME, 7ANRY
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Length vs. Number of Asperities
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M 10 Somerville et al. (1999) IZ& %7 AR 7 4 O
R 12 3 O &% Kagawa and Miyakoshi (2000 A1) 2v#
L7 (a) 7TARY T4 OEBEWBESOMBRE (b)
TANRY T 4 O L BEE— A2 P OB,

Fig. 10 (a) Number of asperities versus total fault length.
(b) Number of asperities versus the total seismic
moment.
The number of asperities are originally esti-
mated by Somerville et al. (1999) and revised
by Kagawa and Miyakoshi (2000) by removing
too small asperities.

T AITHIEE— A ¥ FAY10* dyne-cm & ) d/hE
WEEIZ1DT, REL LB LMMTALI LD
5o RIS, BRI 20km L ) /h3nk X
12T, ZNLDDBRELRDBETARY T4
DEAFEINT HMEAAFHEICALNSL L HI1Th -
o HIRE— XY PRWIBREI VNI WEEIZT

ARYFADPR1DOTHDH I LI, BiFEA N —
Va v OB B RN T A TR WD
TARY) T 4512 Ll ST Wil getk
Wb,

—75, WHEREREERS v N—Ya v OfEE
FHCHB T AL, TARYF 4 IIHEEO L

— 863 —



SE

Homestead Valley Fault

f Camp Rock/Emerson Faults
L

60 55 50 45 40
Distance along Strike (kmy)

1

Depth (km)
~
=

12.5

I Landers/Johnson Velley Faults |

25 5

M o11
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Fig. 11 The relationship between the location of asperties and observed
surface displacement for the 1992 Landers earthquake (after Wald

and Heaton, 1994).

A MOBIZHBIL TR THWAE I LD bh b,
) 21F 1989 4EK[H « Loma Prieta #15E (M.7.0),
1992 4K [E - Landers HiiE (M,7.2) =° 1995 4
T LR B E (M.6.9) DFITHERTIE L7 2

PIMBET AR T4 OBIFIFIF-H LTS
(Wald et al., 1991 ; Wald and Heaton, 1994 ;

Sekiguchi et al., 2000) T 5 DFEFRIZT AR
V74 OBPWEORILERE L & H Iy 5K
10 DI & A TH % 1992 4 Landers HiE
DWiE X 7 A ¥ b &5 54 ORI 1112

REND, EXICHEEE IMERELEEA
YN—=Ta yTROLNZTRY G4, BRE TR
3Dt 7 X v MGE L THIT S 723 XD 45
FHARENL, FHll SN2 EBEMIEZENZho
AV MEIIRENTEY, £EF7 AV ML
BT AR) T4 058D, MBEEMOKE WIGHET
ZHIS LCEOHTFIZT AR 7 4 AfEfE L Tw
HENIIAR B,

RIS OMENEE ST 2 — 5 1EK 1212
HoTHEENDL, ZZTETARY T 4 D%

— 864 —



Latitude

Step 4 Number of asperities

Each fault segment has one or two asperities. The asperities in the entire fault rupture
are related to the fault segments from the waveform inversion of the source processes,
e.g. the 1992 Landers earthquake.

:
%o oo 1992 Landers earthquake
A USGS
= oo W Homestead Valley Fault SE
. S.CE.
HAG > 30 ™" Carop Rock/Emerson Faults 1 anders/Johnson Valley Faults |
MAG > 4.0
HAG > 50 ]
MAG > 8.0

Siip ()
ot

Depth (km)

on»a

50 45 40 35 30 25 20 15 10
Distance along Strike (¥km)

Wald and Heaton (1994)

~ula,5 : -118 I‘/I}yakoshl (2001)
Longitude

Step 5. Area of combined asperities

The area of each asperity is given following the empirical relationship by Somerville et
al. (1999).

Case 1. One asperity area : The Case 2. Two asperities in a fault-segment:
asperity area is specified to be 22% of The area of the largest asperity and that of
the segment area. the second one are specified to 16% and

6% of the segment area, respectively.

single asperity multi asperities

0.065

0.788 0.78S

Sa=0.228 S1=0.16S, Ss=0.065
M 12 RO T E-Z0 2.

Step 4 IZWIEL 7 A Y P OEIIZT AR T4 OBERET D, Step 517 A 74 O
FEVHBEE— AV FETARYF A ORTEEOMBRBLIUOHEE— AV FERKT AR F 4

OMEIrLHEZLENS.

Fig. 12 Procedure for making a characterized source model - Part 2: Inner fauit parameters.
Step 4 : Estimate the number of asperities. Step 5: Estimate the area of combined
asperities. Two cases are assumed, one is an asperity for each segment and the other is two
asperities for each segment. The asperity sizes are given from two relationships, combined
asperity areas versus the fault-segment the area and area of the largest asperity versus the
fault-segment area.
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STRESS CHANGE

SLIP

Bl 18 7TAXRVFAETFTN () L2y 77NV (F) T 20B
T (k) &3y 54 (T) (Boatwright, 1988 124 %).

Fig. 13 Stress change (upper) and slip (lower) for the asperity (left)
and crack models (right) (after Boatwright, 1988).
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Fig. 14 Schematic slip distribution for a single
asperity model.

D (x) and D, (x) are slip distribution for a circular
crack model and a single asperity model (radius
of the total rupture area R and that of the
asperity r), respectively. When stress drop at the
asperity is assumed to be Aos., the average slip at
the asperity is given as D.. D. and is taken to be
an average of D (x).
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Fig. 15 Illustrative models of fault branching
and rupture propagation (after Nakata
et al., 1998).
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Division of each asperity to subfaults

(size of subfault : 1 km X 1 km)

|

Long period motion (> 1 sec)

3-D F.D.M. simulation for each subfault

Short period motion (< 1 sec)
Boore (1983) and Irikura (1986)

Estimation of amplification

characteristics due to surface layers

1

Addition of both long and short

period motions in time domain

X 16

NAT VR EEHOZREH OGO 7T —F v —F.

Fig. 16 Flow chart of simulating strong ground motions

using a hybrid scheme.
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(a)

Combined Area of
Asperities (km”2)

(b)

Area of Largest
Asperity(km”"2)

Fig. 17
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BEA vN=V a VOERZIEICHB S NSRBIV
DT AR T 4 BEE (a) BEXUORKT AR 7 4 ik L #E
E— 2 bPOBEFKE (b) (Miyakoshi, 2001 FAEIZ & 3).

B Somerville et al. (1999) 2 X »> THEE % 2/3 IZFEE L
THSAERBRERT. ECRERFSICBT2MEDR >
32l—YarhbHESNBEEREFTVAHLATRS
ns.

(a) Relationship between combined area of asperities and
seismic moment based on slip distributions. (b) Relation-
ship between area of the largest asperity and seismic
moment based on slip distributions estimated by the
waveform inversion. (after Miyakoshi, 2001 personal
communications)

The solid lines show a least-square fit under the const-
raint of self-similarity (slope=2/3) by Somervillle et al.
(1999). The combined asperity area and the largest
asperity area are plotted by white circles determined from
comparison between the synthetic and observed waveforms
in the broad-band frequency range analyses.
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Fig. 18 Map showing the percentage of col-
lapsed frame-houses (The Special Com-
mittee for the Damage Survey of the
Hokuriku Earthquake, 1951 ; Takemura,
1998) and location of the assumed
source model for the 1948 Fukui
earthquake. Two asperities (No.1 and
No.2) on the fault plane are taken.
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(after Irikura and Kamae, 1999)
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