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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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Fig. 2 Comparison between fault parameters estimated from the waveform

inversion results (Somerville ef 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, (¢) rupture width, (d) average
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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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CHEULRLZIOEIHEAORBEOREIC LD
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Fig. 5 Rupture width versus seismic moment. Marks used here are the same as in Fig. 3.
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DAEH THREMOINS L 2 AD BRI
BEGOWMEED DY ) 5, FIZIE, RERSHERE
BTORREMIIBBPICKEL bk Yok
WBLELEING,

4) WBIE BT~ A 2 FORER

BBIEW L HEE— XY b M, OBRAHE 5 12
REND, BFEA v 35—V a vtk ab0l3EH
Fl BFhBILUSAENRE) LIXKEOHE (K
ARG CTREN %, Wells and Coppersmith
(199D IZ L 2 L DOFHAREITRENS, HEE—
A b Mo 10* dyne-cm L EOHIE (277 LK
AMWRBORHEIIEL) OMBIEW IR, ED
FAXWZESLT 1I5~25km IZFEF 5T &b
b0 —77, EASHEOAHEIZR I LA
GRIBIRE 2B LWbh b, RESADHID
LNT-MBIEWIIREA v "—Tarvipdee
BREDITHTF o T 5B T EHHBRIEN,

5) WiBIE & WiBR X DR
HBRWLHBRILOBRIE6IZRINS,
BEA ORX—Ta VERICEDDOFELE (K
ThBLUBAMNE) LIKBOMH (M
J&), Wells and Coppersmith (1994) 12X 5 3
DHFEPI VAR TCREND, BP 5, HNEDE
W R OBIBIR W i, BB NS WL XiT
BRILICKFL, H2REDELOBEICHLT

BHNLC—ElL L2 PFbh b, #2T, W
BRS LROBFREUTORKRATERRT S,
. W=kL for L < W

W=W,.. for L = W,.. (8)
BiEA O N—Ta itk s Ok Wells and
Coppersmith (1994) DA ¥ O 7% TRTEDT
BEtBrz 5L, (8) O 1R Tk=0.955 &
H#RZE (o) 25188, H 2 ROV THE Wa=16.6
km CEEREIT 147 L4 b, B4 V-V s
VHERCIBZTF- S OARATERASHEBEEZERL &
Wow=17.1km & 7% 5%,

LTORKT, Wore Wilsin 6, W.. HEREREO
B, BB HoEsATHS, W=H:— H.
T, Ha & HHIIWERERBOTHRB LU LROZEX
TRUNMBE DR S 540 D> S Ptd b5 (Tto, 1999) o
BUNBEDOZR S BRI PIERE 5.8~ 5.9km/s
DEOLEREBCHEFH S (RH, 199TMS),

6) MEmE L ET— 4 2 FOBE

WMIBHAE S EHEE— AL F M, OBRIH 7
IZREN5, BHHIE Somerville ef al. (1999)
3 & U Miyakoshi (2001 FAME) CTHw S8
Bg L RE— 2 ¥ F OBZR, HILEIX Wells
and Coppersmith (1994) X A O EEBE%E R
9. EBHIY Somerville ez al. (1999) 2 X 5 B1%
K

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)

This study

Welis and Coppersmith (1994)
My>7.5x10%5 dyne-cm : Mw>6.52

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

rupture area (kme)

1024 1025 1028 1077 1028
M, (dyne-cm = 107 Nm)

7 MIBERIHBEE-2Y MOBRE.

B3 Somerville et ol. (1999) k2 60T, IREOHEBIIEERE (5 = 0.16) OHH,
ERISBOEFLFTOELZRT. HHLETRS 1L 5 Wells and Coppersmith (1994) O % ¥ o
FOF—FEHMEET— A2 P 10%dyne-cm ZBEA S KSR HUETEHRN R TRERT. HE
AV FHFET.5 % 10 dyne-cm & B hEWIEE (BEA XY a VOBROATHEHRE) &
KEWEE (BRA /75— T a v DR E Wells and Coppersmith (1994) b ¥ a7 % &%
THE) ST TEDOSNERPFERTRINS., —HHHERN (1998) 12k 2B59EE
RERT.

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).

TH b, IKEODOHEIFIX Somerville et al. (1999) ®i, EE— A7 M) 10%dyne-cm £ D HKE
B X UF Miyakoshi (2001 #\8) »7—%t v b® 2 3E T, Somerville et al. (1999) OFRITH~X
E#EE (6 =1.6) 277, THREBINEL o TwBEI bbb, L

Wells and Coppersmith (1994) IZ X % Bif@T X, BB ETED® Shimazaki (1986) D% 2 IZHE-
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B REOERELT, KDONT-REBHBEHRAT
Hbo TITIE, WBIRWI Wau IELT2 & &
OWBRESLIE20km & KEL TW 5, Wells
and Coppersmith (1994) 12Xk % S & M, DR
1%, BRTRZCEBICE) LHITAZ D,
BAT (1998) &, HARONEBEZNGE LT
b & F#RIC Shimazaki (1986) DF z IZfEV W&
IEOfFIE W=18km & L CHBHEIK L hEET—
AV FOBBRR (Hpo—E8R) 2RDOTW5S,
BRI X 2881 7.5 X 10® dyne-cm LA B
BE—A Y FOHE T Somerville ef al. (1999)
%> Miyakoshi (2001 #Af8) IC X BEBIEA v 85—
Ta v b OWETEER Wells and Coppersmith
(1994) Ta VL VW ENLKESHH S DB
IR THEEFION S VHIBEELY 52 5. 2
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Shimazaki (1986) DR L [, HEBEX®
BERDD L SDEZEDZEN DD HVIZHAFD
DHEOMIFMEIZ L 53 Dh, SHBOBEHLE
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DRl E 72 50
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WHBICRRT 2 ELHE L CRES T2
179 - DORREMLE LT, AUMBRTELS
WERIENIZRCBERESVEDLOH, 50
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ZE3NGZUNTHEBEGFIICE O Ev. 20
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WEOBY B LIIRERNICERIEEE > T
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BIENMETHLELT WD, —~HHEFHT
Ta—FE LT, BRA N —=Ya ZXBTX
D5 MO RBOR OIS, ThbH MRS
(initial stress) ¥ & U'&if&IS) (final stress)
DFMOBIZEHFHEA SN T W B, Bouchon et al.
(1998) IT & % 1995 4F LLE FLF SR LR DO FFIT T,
WEOBER IS OER L EIIEEZ LM
DR TR L LTH WIS HIREZ - T
WHEWIRERFBOLATVS, TOFEEIRD
WROLELBUFEUL LI 2EBICIRHER I E
L, ALL) EBPBBICEDIWEELSD S
EERL TS,

2) HHELMBERRET T IVOHEE

—ERBHEOFHEE—

WMEBHEBROLDLEL SNBHBERIX TS
B b BE 2L RBEEEE (0.1 ~ 10 Hz) xS
LEboThdhidedhv, ZOX) 2RAER
FIROMESZ M 5123, HBOE SRR
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RY 54, ThEbb7ARY 514 O54, Ok
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b, CITR, FEOENMBLREENBL L2
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[BESFHELOFRE] L LT ONE,
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F Lo, B~y T O RRICERT AW
BEEOBVHEEZ X (B3, ER¢) &8
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FHREIE o THESIND,, WIEEI BRI
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WErsE Y5 (RHE, 1997MS), EIBER
BEHBOFECOEFROT SIS (Tto, 1999)

(4) WEE—2AYF (M) OFFM

SO LTCHESRFER S L LHERE
WA S HBEE SELW) 2k bh 5, HIEE—
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Bt7AY FOHMBOEMERENBOmEL L,
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CEREEND, L2 T, BHESIEA v =T =
VORREEIIBEERTLILEND b
Somerville et al. (1999) X, X UDIZHEHHIC
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V54 ERET B, FELATARY T 4 Bl
HOFTEBHTEY LT EFBEREE
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Step 1 Total fault length L

I2 b <
. /\
The fault length of the possible _’,[1//.’-::,_,

earthquake is defined as the sum  _— <«

of lengths of fault segments L=ly+lo+1z

simultaneously activated.

Step 2 Fault width W Lvs.W of rupture area

Fault width is related to total fault
length.

W=kL for L < Wmax

W=Wuax for L >= Wmax

where Wmax=Ws/sin®, Ws is the
thickness of the seismogenic zone.

W of rupture area (km)
2
l

T T ) N
100 10 102 103
L of rupture area (km)

Step 3. Seismic Moment Mo

This study
Somerville et al. (1999)

Rupture area vs. M, ==~~~

Seismic Moment is estimated 10% 4
from the empirical relation,

102

Mo vs Rupture Area (S = LW)

S =2.23x10"xMs
for Mo < 7.5x1025dyne-cm

102 o

rupture area (km?)

S =4.24x10" xM, "~ [P i W
for Mo >= 7.5x10ﬁdyne—cm M, (dyne-cm = 107 Nm)

B8 BERMLOFRS-Z0 1 EHNME AT A—-FORE.
Step 1 IBBRES L #E&, Step 2RRMBRE L LEBIEW OBMHE (RE#H), Step 342
BIEHAR (S=LW) LHMBEE—A Y F Mo OB (KS8) 2515, ZOKE, YFUF
WEROBEET— XAV 52601 5.

Fig. 8 Procedure for making a characterized source model - Part 1: OQuter 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).

FLLTOTARYFA4HBUTDOLHICEFNAE HEOBMS. B LTRKT AR 7 4 OHE S

sha, EBITHMBE— A ¥ b Mo lTxd L CHs BUEAZ |
(2) 7ARY F 4 FEROMFE THED 23 DEHICD->TVRBHELT,
Somerville ef al. (1999) TiX, 7 AXY 5 4 S.(km?=5.00 X 10 X M;*(dyne-cm) (11)
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9 (a) 7ANY T 1+ ORHEE & W B TR O MR,
(b) BAT ANRY T 1 O & B BHEOBER.
RO ERIEAETEICL > TROSNABRYBEAR, BEREOHER
KEOFHTRINE, EREBHAROBEETOEZRY.

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)
TRENLBHEHERRNERD T B, ZOBE
RN, 7TARY T4 OHBRIHBEE—A > b2
SA—% L LTHOHBEDOEFNTERT IR
TELILEEFRLTW5,

A% ¢t Somerville ef ol. (1999) 12X 5 15
DPEERE OENTIZIN 2 T, Miyakoshi (2001 %A
Bk oTar L v EN5ED 1999 4 b v
1 - Kocaeli #E° 2000 FE BRURHAEHBEL L0
WEOBITEREZMZ, 7ARY 7 4 HHEORH
S.BIXUHRKAT ANRY F 1 DS L KIBRED
BI4a # M3 L 720 Somerville ez al. (1999) &
Miyakoshi (2001 #f8) Ik oTary{ n3dh
72785 A—7 i, BEAKOERZRLTWSED
T CRARZ KIS TICHDRS Z&IZT 5.

TARY 5714 OREES. BLURKT ANRY
7 4 O SIMBEES I LT,

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

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

tEEIN, M9 (a) BIUK9 (b) IZ20BEF
RIRENDL, FNEThOERRFE () 1T 13)
AAH134, (14) A1 BEL 2 B, TN H T
Somerville et al. (1999) 12X % (9) XB XV
(1D X, (12) AP S5EIICLEHRKXERIEZFLC
% L5,

(8) TANY 7 4 DEROHETE

Miyakoshi and Kagawa (2000 #Afg) X, Somer-
ville et al. (1999) & Miyakoshi et al. (2000)
WEWHIBENZTARY T 4 OB EHEE— X
YIRHBRI LOBEREAANL (K10), S
i&, Somerville ef al. (1999) \ZX 57 ARY 74
OHTHBEZENS 2O %563 RHDZEH
72t [K10 <, [J: K[E - Whitter Narrows
Z (M.6.0), AKE-Morgan Hill 1 (M.6.2),
<& 1 KIE - Northridge #1% (M.6.7)], RELIC
FYT7ARY T 4 ORI UREOEKE -
Borah Peak #% (M.6.9)] WEZ &, FHRE
LR EEHITRL. ZOHER, TANXY
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Length vs. Number of Asperities
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1 © Whitter Narrows (Mw6.0, Mo= 1.0E+25 dyne-cm)
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10 Somerville et al. (1999) 12X 57 ARY 57 1 OMBE
R IZ# T % Kagawa and Miyakoshi (2000 FA &) A%
HLA () TARNYF A ORBEHBESOEEE (b)
TARNT 4 ORFLBEE— AV FOHE.

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.

TATHEE— XY FA¥10® dyne-cm & ) S
WEXE1DT, KELBEWMTAILYD
DB MERIC, BIBRIAN20km X/ hSnt X
B1oT, ThIPIRELLEBLETANRY T4
DRHEMT HEFHEECAONSE LS ko
Zo WERE—AY FPRHBRENIVE EIZT

ARYFALP1D2THHZ LIX, BEA v —
T a v OB B HRENTS TR
TANRY F 451D LS Twn il et
PHbo

—%, HWERESEES v \—-Ta v OERE%
BT AL, TARY F 4 IHENEOL
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11 1992 £ Landers MIEBEDHEL 7 A Y Ve T ARY 7 4 O (Wald

and Heaton, 1994 {2 & %).

FoHBHEY IBIRELCHEESRATXDSE. BT I HBE%
3OO T A MIGUTERENETR)GH. HEEHOBNEER
BEDLERENE. ETANYF L BRI RNDOKEVWEROTICM

BLTWwWS.

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

and Heaton, 1994).

TAYPOBICHHFILTHEZTWLI EFbP 5,
8l 21X 1989 42K E - Loma Prieta #1E (M.7.0),
1992 4K - Landers & (M.7.2) % 1995 4
EREHHE (M6.9 ORMERTIIESRA
PMRETANRY T4 OFIFEFEF-RL TS
(Wald et al., 1991 ; Wald and Heaton, 1994 ;
Sekiguchi et al., 2000) . T HDFERITT AN
Y54 ORFHBEORERE L HITHEMT 5K
10 DEM E TR TH 5, 1992 4F Landers HiE
OB 7 AV 3 XYSAHEOBEHEIE 111

mENL, LRICHEEZ 1M EREL-L &S
YN—Ta yTCHELNTRY 54, PFRETH
23Dt s Ay MUEL THER S A9 5
HARENS, FH X hABREMIFRZho
BT AL MEIIRENTEY, LAV ML
BOT7 AR T4 5HY, WREMOKREZ VIHET
WHIB L TEDOHTFIZT ANRY 7 4 BHE L T
HEHIAZD,

BEHMBOBHWME NS A —-FI1dK 121
BEoTHEEIND, TZTRTARY T 4 D%
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Latituds

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.

- T
T T men 1992 Landers earthquake
\ v £ Sh 0 AN L& uses
N = m::“: W Homestead Valley Fault SE
®  S.CE
\'\& v MAG>20 f Camp Rock/Emerson Faalts 1 Landers/Johnson Valley Faults |
\ °  HAG> 40 o sy .
a6 o ° MAG > 50 -~ 25
- L] O KAG> &0 -‘5, 5
e N < & 78
P72 N '\‘* b 10
SN kS F 126
200N . ) y o 1’ 5 w0
'- B‘ e 3 ;’:h"m!\vme”.‘r' "\ Distance slong Strike (lan)
= ety P \
\f\fgg- N "\ Wald and Heaton (1994)
AT A e
Pt~ o
\\\\\ e s
\\\__3\} b i e N Stip e
al S .‘;g : it g
‘:_:;\\ e . :‘\ A T & ootin
s < ~ :lc’.&'-'b R men
. \\~ —
SUNNGE i
~ i TR . . . .
-116.5 . -6 M!yakOShl (200] )
ELangitude .

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 0.788

S5«=0.228 S$1=0.16S, 5:=0.065

12 ERBEEoFRE-Z02.
Step 4 BFFB YT XL FPOREBELTARYF L ORERETSH. Step 5RT7 AT T { O
BABBE—AVFPETARY T4 OBRRBOBBRBITHEET A P EBATASNY 74
DEBRPLH5EZH6N5.

Fig. 12 Procedure for making a characterized source model - Part 2: Inner fauit paramefers.
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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ASPERITY

CRACK

STRESS CHANGE

SLIP

B 18 7ARYFA4EFAN (K) L2729y 7FFN (B) LT 0E
T (L) &3 45% (T) (Boatwright, 1988 12X 3).

Fig. 13 Stress change (upper) and slip (lower) for the asperity (left)
and crack models (right) (after Boatwright, 1988).
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Case A B—Dv 72V o568
(7)) TARYF A1 DOOBE HEE—A Y
MIHTABBERE 7 AN 5 4 ORHERE
DEEEERIBIRA (Somerville et al., 1999) X
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T4 DOHEERET 5o
(4) TARY T AP 2005 HEE—X
MIXTZBIBHEE L BT AR 7 1 W
DR EZRA (Somerville et al., 1999) »*
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POBRRKT ANRY 74 AEEZFIVW/-b0) %
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Case B 8EoOtv 7 X v bk 56
(7)) T AV MREICTARY)F 1% 1 ORET
BEE KT AV N CEOHEREED 22%
ETANRY T4 OHBELRET 5o
(£) BT AV MEZTARY)F 1 % 20OBET
A& £ T A P CEOHEBAED 16%
E6%D2ODT AR T4 BRET 5o
Case A,B& 3 () & 2 ELL AT
REDPOEDFIIVFTOE AW,

(4) 7ANRY T4 TORTETEOHE

TARYFAWZBITALIEHETEX HES
GO TEFVETARYTFLETFLVD2DODET
VERWCHEi S b, METVOIRIRETELE
TRY 54 OFER BRI 13 1257305,

a B—HEI7IFy 7EFAVEZHCEIEHET
BOFE | ERBEEFOME Y 5 v 7 OFHRIE
JIETE (Eshelby, 1957) 1

Ao=T = /16 - (u D/r) (15)
TH52oNhb, TZTC, DEFHIRVE, rid”
T I DFETH 5,

Mo= ¢ DS BXU S= = P OFRIH,

A 6.=2.436M/S™ (16)
L5,

BEROEFVETEOAALT AR FA4HFLD
D4, Somerville et al. (1999) 1255 TT A
~Y 74 ORI (11) RIS ERET S &,
ZIOELLHEE— A Y ME M,=0.44M, &
5. DT AN T4 2 FrOHEI T v 71T
Bx¥#zT (16) XACHBOLIfEEZRAT S L,
T &R,

A6.=9.64 MPa amn
LREbONS.
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A 0.=(7/18) Mo/ (Rr?) (18)
tEzboNa @i, 2001), EEIZIET AN
VFAPEEROAFEDOEZIZH BN TIOHG
ROBRBUIRL Y, HIZH (2001) 32 0HEMHE
2HZ2Tw3, & S=xR?, 7ARY T4 D
M Senr®, S.=0.228, B (9 K& (11
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EDORNBETEOHEHERRLE, B2, 1
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o35 L, IDHBETEIIW 12.6Mpa LIEE SR,
WEE— AV MIZNZFh 0.358M & 0.082M,
LB, WiTH (2001) BEETAXRY 54 EF
WERELTTARY 5T 4 DIEHETEOHES
BERLi. ZhICE 5 ELEROMmMBEICHT
57 ANY 7 4 ORERBROEEIF—EL HIE, b
HETERFIC—EE %5,

d. FREHOKIIETE b ICRERET AR
Y74 EFVITERBEBROEIBETRIERS L,
Vo fEo THEREBTOIRNBRTIELLETN
PEETLHEHEG, HEANEFELLTHEY Sy
7ORTHER L CERBEBOEDIE] o KD
%o

04=2.436M/S:2 (19)
CITMe bt SSHEEREBROBEE— A b
(Mo=M, — Ms,) LT (Si=S — S.) Th 5.

/%

/R
—-D(x)

A
AN
AY

Y
{ J \\ Da (X)\[

|t hade S

‘*"“—\1
>

Bl 14 7ARYF 4 EFAOBENT Y 554,
EWEBOLEER, TORICERFOEBR TR IR
TAPBPELZEEDTRYSHHED, x) L4 b,
COWEOTANRY) 7 4 A5 BITEFHTY 1T
D, BBERDZ Ty ZEFVIENTBHTRY 57
D (x) OFHELALENS 2505,

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 Ag., the average slip at
the asperity is given as D.. D. and is taken to be
an average of D (x).

Das and Kostrov (1986) TEHZSN/-7 A~
V74 EFNVTRERBEBOIBETEI oL
SIhTHY, LOBEFFEBOEDGHOYWHRYE
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(Brune, 1970), B4 v /3= a vy o§Xy 5
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TREIDHLINVERA T ADER LD EDH D
(B z X, Bouchon et al., 1998), LH» L7455,
WEDT ARY T 4 EFVOBEERICET S
Ia2b—Ya oitEd»s, RAETE2EoLH
EINT=T ARY 5 4 Ol (FRER) bBw
THIRY REBEEAHRIEIEZ D S WASLS EAsh
B2UE 7 Kostrov B! (Kostrov, 1964) OBk %R~
T ENDYoTEL BIZE, PH-ER, 2000),
ZOZERAREar LA-BFEHEHE,SL T A
NRYFANTHRTIRFIED S WS EE 2 4%
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Epicemter]  Directivity Predictability
+* g I;Tnpredictablc
. / Predictable

15 WMEODEBEELHBHEOKRE ) -HER
HHEOBEE (hHEIED, 1998125 5).

Fig. 15 Illustrative models of fault branching
‘ and rupture propagation (after Nakata
et al., 1998).
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BRI ZONEEFET AL, TEHHZERIZIBITS
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CkreEZOLND (BUE, 1998)0 Ito (1999)
i, HEBERBOTRMSEMIIENTL LA
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BOTROHEZHRTCENNEETLLEIAZR
HEE, 22V BUEHETREDORELFHZR
DUIFBEIENTED, LHELTVA,
F-mHEIEA (1998) i, R15IZRshb L)
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BL-EE0BREOBIROBEUHICEBLT, B
BROERMGAB L UBIEER ML EETE 5T
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Kamae and Irikura, 1998}, %8, ¥ I 2 b —
VarvEanNLHEHFFRIN B EROY A
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Division of cach asperity to subfaults

(size of subfault : 1 km X | km)

Long period motion (> 1 sec)

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

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

Estimation of amplification

characteristics due to surface layers

Y

Addition of both long and short

period motions in time domain

B 16 NATYoRETHVWAEHRBHOERO7O—F v —F,

Fig. 16 Flow chart of simulating strong ground motions

using a hybrid scheme.
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NATYy FEE, 16079 —F % — FTRS
NaEHC, 1BLYRVEMFSICHL T
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BREANA—TVarOEE2EICHB I L FRIEBEE TV
DT ARY 5 4 BHEKE (a) BIXUBKT7TANYF+HRBRLHE
E— A2 FOBE%E (b) (Miyakoshi, 2001 BAEIc X 3).

Bl Somerville et al. (1999) 2k - THE % 2/3I1CEAEL
TELNFARKXERT. EVWEAERTFRIIBUIHREF Y
Sab—-3arALRBEINLRABRRETLPHILEMTRS
ha.

(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 Ilocation of the assumed
source model for the 1948 Pukui
earthquake. Two asperities (No.1 and
No.2} on the fault plane are taken.
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—872—



(BE7~15km), 24X} (12 X 12km?)
PRIBBTHRLBEEOERLMIBOET (5
E3~15km) IZHAHE L, BT, SHAAE
75 EREL

Z DEFET NI 5 A BORE BT OB 8
TR 19 IR EN 5 WiRH O EERIZ KX
GREREL D OBRBNIENY, RKTH 227
em/s (ERER (9,4)), &8 EORBER)ORIHE
3% 35 cm/s £ 2o TV b, WIBEZSH S & W8
PATRDOBRRKEEOH ALK 20 (a) &K 20
(b) IZREND, WIBHEXRSVEUTAKEVD
LD S BANOWBEEOBARDRICLE DD
THbo ROEBEHIFKX VORGP RILOWE
FATRS (K20 (b)) EoTwd, O LI
W T IR BT 5 B oEE s
WBTEATHIIC o TWwA I EIZHIE L TWw 5,
N7 MVERINEEEEORKXMEOEH >
AE20 (o), FHUEEHNE 20 (d) ZFhFhR
SN b, [18 DR 302D FIRII R ORK
FIEEED 80 ~ 100 em/s D ¥ & — ZIFFHHE L,
SRR B CITITERE 6 Mk & Bl & M- I E
T 5 _
CCTHESNEEGHORKFEEOK X WHE
(Bl Z13 80 c/s PLE) I3EHFHFOITIZEIR
WIEA o THEY, 1995 FEREREHHIEORICAE
U7z [BEDOF] O L5 REBHEMBICET LW
RoBEETIREITEN LV, i, BHHLED
BEMBREVWEREOTIZH 72720, FEIC
JRWEE TIRIEO K X VBB ER ST Z720
EEZbNE, TOZLRHFETFHMEZITH 2D
BREBEOEFVLL AR, BET5EENES:
WY B HERO 3 RKITHEOINBIEELRZ L
ZRLTWA,

VI. b ¥V I

BMEHTECEBMERZ TV - BEEOR
WA v =T 3 ZICE BHB XY 54 OBt
RWRPBRAED LT OEREL, H—WhEErH
Wz Y OG5 OFEIF D REIC e o T X
7z (71 21X Someville et al., 1999), = DR,
BRI, RBOFEHEMND X ) ZERNKE NS

A=FITMAT, $RDGHORYEE % R
MWTE /S5 A—F MBE—2A Y MCELTH
CANZBERICH B Z PRSI L Lk
BOBEH SNTRRKOMERBEIMI.2 TH L7
W, IDKRELGHBE~OBEROTEEIRAINT
WY, WS EENRD - 2,

EHEE/ CS X — %28 LT, Wells and
Coppersmith (1994) 2k h a4 LV E 7z
T3 (RESM, EHRIERLNZENT— 5
POWEENTZLD) EMZT, BB/NT A—%
KETHA5—Y) Y THIOBHRS AR, TOD
R, M T52B25X9 2 KRERBET,
Wells and Coppersmith (1994) 2 X % ¥iJ&THEH&
I% Somerville et al. (1999) DB A & HEE—
AV MOV TORERR (S c M) ITHRTHR
IS B Phbhol. £/, WEBIR
PEFIT S L) BRXIVIHECHBEES M
WHI§ 5 X9127% % (Shimazaki, 1986) Z & 4%
bhole LoTM8 77 ADOHEIZODWTHIE
HREPOHEE—A Y M 2HEETHEEIZEED
BRICESC IO X2 EETLILAPEL X
ns,

BEHTFHOLDORBFEILOFR XX, D
TOXHIFELDHHIENTESL, BREFHTFHO
T2ODORBETFNVIIERMKE/ T A -5, HH
BB T A —%, BLITEFEOMDINT A —F{Z
XYIERNICEZ NG, BB/ ST A —
FELC, WHMBHAAICI Y FFICEET 26k
HOBCHBELZ AV FOBRMPOHMEES, #
BREOFERSHER»LWBIR, IEESHh, RS
LiROBHOHBHE T L CHBEREBE
F—X Y MOBRBHBEE,OHBEE— AV M
EEND, WBOEREEAMIINE - -
HFRHRE, SOCRNEREZE»OHEEST
%o BARKGWIB /ST XA — %1%, BB LD XY
RERZEFMETHIDT, HEE—RAV |
ET AR T4 AROBH, RKTARY T 41
B, 7ARY 74 A%k CICET 5 8BRNERY
LT ARYF 4 OHBEBLUZZTCORIETE
B Zo6h5,

Zo0 k) EBRERFRELOF RS OB,

~— 873 —



1995 E R EEREHHMBORBEOE T VLB LT
FRIZEDWREBN ) — VERE, BLUN
A7)y F7)—VBEEEEHCCAER S NZHE
BEBNEGHE K —HTHIETRIEINT

%7- (Kamae and Irikura, 1998 ; Kamae ef al.,
1998) . & 512 1948 ERHAMBOBEH 2 HET
51D DBROEFMEBRZOFETEZI N, M
A7)y FEZRWTEE SN-MmBHORKE
EREBERRESALERITONE LD
birol: (AE - &L, 1999).

AR TREL TV LMEHTFHOOD L ¥
Yid, YFIFTHEFHEE L EITH#AIToT
LRILEAPHLZEZBELA-bDTH LA,
ERICHEERICHE—DEFT NV 2L ICIZEEES
BEDVEV. LYVEEEOBVEREHTHZTY
2, TARY 74 OMEORE, MERLERED
BERROHE, HRHENE L IRENRBIZBT
BT RYBOBEKRE Vo MESOWMIEL S HY
EThHY, ZORDINIIHEF L MEFZOWED
BEDPAFHARTH 5o

E

(BF) Mo BBUERIEFF OEE PR EFNEERI
BEIBAT X — 5 O R HRMES F L. B
FEFEMEFET OERLBEERICIERZ LTHEE,
BEAHERZEETI LA, SCICELTEHFELIT.
L BAMEI GRS ARERERICL S HEKER
ROF-DOBEBBH TRy —EFVICET L% B
LR E R R R M4 - RSN R R
(2) GRESFS 11792026) 12X AWEO—EE LTTD
1 el ) s I

X ®

Aki, K. (1968): Seismic displacement near a fault.
J. Geophys. Res., 103, 24271-24282.

Boatwright, J. (1988): The seismic radiation from
composite models of faulting. Bull. Seism. Soc.
Am., 78, 489-508.

Bouchon, M., Sekiguchi, H., Irikura, K. and Iwata,
T. (1998): Some characteristics of the stress field
of the 1995 Hyogo-ken Nanbu (Kobe) earthquake.
J. Geophys. Res., 103, 24271-24282.

Brune, J.N. (1970): Tectonic stress and the spectra
of seismic shear waves from earthquakes. J.
Geophys. Res., 75, 4997-5009.

WO—B . kS - EREEE - BH E (2001): B
BIF—HTYEETFAPSEESN AN LN
V& ERBRNBERARBCL ZRBEHTFHOLDOOR
FWTB DT F b, BARBEZSMEERRLE, 545,
51-62.

Das, S. and Kostrov, B.V. (1986): Fracture of a
single asperity on a finite fault: A model for weak
earthquakes? In Das, S., Boatwright, J. and
Scholz, C.H. eds.: Earthquake source mechanics.
AGU, Washington, D.C., 91-96.

Eshelby, J.D. (1957): The determination of the
elastic field of an ellipsoidal inclusion, and relat-
ed problems. Proc. Roy. Soc., A241, 376-396.

Hartzell, S.H. and Heaton T.H. (1983); Inversion of
strong ground motion and teleseismic waveform
data for the fault rupture history of the 1979
Imperial Valley earthquake. Bull. Seism. Soc.
Am., 73, 1553-1583.

JeEESAERNEES (1951): RIMBEREFRER
& RSP, 287p.

HEREA (1998): 0 e —HEFEEIHTHHRE—
&2, 50, 273-281.

AR - ST %S0 8- ASZFKER (2001): 2000
FEENERSHEORETFVOFWE. HAMES
LHEETHRE 2001 E£HFIRE, AT4.

Trikura, K. (1986): Prediction of strong acceleration
motions using empirical Green's function. Proc.
7th Japan Earthq. Eng. Symp., 151-156.

ABZKER - £ % (1999): 1948 FREHHEDOME
B—A 7 v FEICK 3 EBEERERORHE—
BE 2, 52, 129-150.

ABZRER - ZEHLE (2000): BEHTHOLZDOR
BEROEUILOFHRSE. XHBEAREMAR
(No.08248111) FFEwEmIZ (A) RIEBIZ Al &
& [EWBOERETMN& R TiHll, 128-145.

Tto, K. (1999): Seismogenic layer, reflective lower
crust, surface heat flow and large inland-
earthquakes. Tectonophysics, 306, 423-433.

Iwata, T., Sekiguchi, H. and Pitarka, A. (2000):
Source and site effects on strong ground motions
in near-source area during the 1999 Chi-Chi,
Taiwan, earthquake. EOS, Trans. AGU, 82, 882.

Kamae, K. and Irikura, K. (1998): Source model of
the 1995 Hyogo-ken Nanbu earthquake and
simulation of near-source ground motion. Bull.
Seism. Soc. Am., 88, 400—412.

Kamae, K. and Irikura, K. (2000): Simulation of
broad-band strong ground motions from recent
large inland earthquakes. EOS, Trans. AGU, 81,
149.

Kamae, K., Irikura, K. and Pitarka, A. (1998): A
Technique for simulating strong ground motion
using hybrid Green's function. Bull. Seism. Soc.
Am., 88, 357-367.

B {EE - UTFHEE (1998): KELBMBL /M2l
BERZ 0 REd,. BE, 68, T02-709.

Kanamori, H. and Anderson, D.L. (1975): Theoreti-

— 874 —



cal basis of some empirical relations in seismol-
ogy. Bull. Seism. Soc. Am., 65, 1073-1095.

JIE 16 (1998): EHLEEMER O THEC X 518
&7 A &Y RE— 1995 4E R IR B ki
TORSHEORMEIFES— 810 B ARETE S
YRYDBNRINT 4 AA v a VERE, 29-34.

WHIEE - PAF 8- W E-RR £ 8 29
F— (1999): 1948 ERHMB OB/ ST A —
y—— 1 BB RESOMN— M2, 52, 121~
128.

Kostrov. B.V.(1964): Self-similar problems of propa-
gation of shear cracks. J. Appl. Math. Mech., 28,
1077-1087.

BHEE (1975): HEMESRBAET L2 HBEOHE L
HizowtT, #iE2, 28, 269-284.

Miyakoshi, K., Kagawa, T., Sekiguchi, H., Iwata, T.
and Irikura, K. (2000): Source characterization of
inland earthquakes in Japan using source inver-
sion results. Proc. 12th World Conf. Earthq. Eng.,
Auckland, New-Zealand, 8p. (CD-ROM).

FAFEEE-ER B (2000): MIBEEAESS I 21—
Y a vy DzOOE Y RERBEEOELR. 1R 2,58,
1-10.

FH W BRIBE - SRR -0 RE (1998): iF
WL &2 SENBD 5 0h ? —EB OSIRTEE
LRI . HFHERE, 107, 512-528.

B OAK-w B BEREFE (1998): HESHOH
HEBYHEL OB HETHR0E, 44B.

BOFT - HHME (2001): BEFERNERT 2B
EEERET— 2000 £ BRULERLE— AAHES
KRR TR 2001 EERFELRSE, AT,

Sekiguchi, H. and Iwata, T. (submitted): Rupture
process of the 1999 Kocaeli, Turkey, earthquake
using strong motion waveforms. Bull. Seism. Soe.

Sekiguchi, H., Irikura, K. and Iwata, T. (2000):
Fault geometry at the rupture termination of the
1995 Hyogo-ken Nanbu earthquake. Bull. Seism.
Soc. Am., 90, 974-1002.

Shimazaki, K. (1986): Small and large earthquake:
The effects of thickness of seismogenic layer and

the free surface. In Das, S., Boatwright, J. and
Scholz, C.H. eds.: Earthquake source mechanics.
AGU, Washington, D.C., 209-2186.

BIFFE (2000): MRBIZED XS IR ETH, Bz,
70, 51-57.

Somerville, P.G., Irikura, K., Graves, R., Sawada,
S., Wald, D., Abrahamson, N., Iwasaki, Y., Kaga-
wa, T., Smith, N. and Kowada, A. (1999):
Characterizing crustal earthquake slip models
for the prediction of strong ground motion. Seism.
Res. Leit., 70, 59-80.

KETH (1997MS): ATHET— % OFFTIC L 2%
EBHAOMBHIE DM, TR AEAEEEYL R
kR R WHEF ISR .

HAHEZ (1990): HAFES X U5 0 FDHIRICE =
LHERWREDOS I/ =F 2~ FEHMBE— 2 ¥ OB
HE 2, 43, 257-265.

HKATHEZ (1998): HAFIBIC B 2 MBAHBED 2
=1y 7H—HENBOEEL L UHIEREOEE
—EERBEHRLEORLEBE— WR 2, 51, 211-228.

Takemura, M., Tkeura, T. and Sato, R. (1990):
Scaling relations for source parameters and
magnitude of earthquakes in the Izu Peninsula
region, Japan. Sci. Rep. Tohoku Univ., 32, T7-89.

Wald D.J. and Heaton, T.H. (1994): Spatial and
temporal distribution of slip of the 1992 Landers,
California earthquake. Bull. Seism. Soc. Am., 84,
668-691.

Wald, D.J., Helmberger, D.V. and Heaton, T.H.
(1991): Rupture model of the 1989 Loma Prieta
earthquake from the inversion of strong motion
and broadband teleseismic data. Bull. Seism. Soc.
Am., 81, 1540-1572.

Wells, D.L.. and Coppersmith, K.J. (1994): New
empirical relationships among magnitude, rup-
ture length, rupture width, rupture area, and
surface displacement. Bull. Seism. Soc. Am., 84,
974-1002.

(20014 11 B 2 B4, 2001411 B 16 HSHW)

—875—



WitE208 B5F

28N
P

R, EELESICT AHPIRES
(52 6 )

FRERE - EEEE DR PEMED
EEDHFORNERE

¥r18%F1287H
PR XEBEHE



HERE - EREORMEMEDEESMEFDRTERE

WBETIL—E

krEDETIVE

WA TR T BN

WRHHETE

REHARORRCH BT

EROHEF®

(BB & BIEETE & DI I
CBNE BE-RA-TATHEHES

- RERH e

- KIRAE  LETHE
N ./




2 BBEDOETIVIE



1) MEINRET BEREDHL

METH SREIF 2R E L, FOMEBPRIChHBMED S B THAREBOIZTEEWNE & HIE
DF) FEIED (2000) VD WEXT=Fa—F M7 (EE L A 20km) LAEE T2 HE
T 5,

WEORE L&, WEOIRE CEREATIEE L 35, Tk, WBORR L&A, 1
EHEEERO TEMFM F 22287 5,

GE) AERIIBWT, RIZFa1—FWE [KEFIITZF 21— FZEMKT 3.

2) ERBDAZIR GELED
M LBEN B TV BIcH Tz b, BENEZ TE 5T DROBEREEC 28 LEMT %,
IERDETFRUTOEED,

BDOSE 1 WEEO ML —X%Z, HERS T DBOBS TIEEL, ZNTNhORD
CICWIE 2 DTS B

E@: FROBITE->T. RELEMEDERE TS,

ERAE . DBEILEMES LIERAZRET 5, ERAOREIIRDE

O BIFFEEISENVEINTWSEDE, 90EL T3,

@ 4asEIVEALEDNSN, LEHOLELZZEDIE. 60EET 5,

@ 45 EXVEALEDLNZLDIE, 30ELET S,

@ 45 FERiREEDNZED, HEZVIFERADRIELZE O, 458 LT 5,

iz Uy WIRHERYEIC DWW T, BIFHIADMEAHNEN TN EDICDWVTIE, ZFOfiix
HAva (EEWrmEwEs. ETWEE. TEEsE s tEsid 70 ),

BB © X 4km H B0 THIEESE (Vs=3,000m/s) +2km | DWVT NHDHE
WhEET S,

%E@Tﬁ#"ﬁ . 11_‘)»‘,,’;4%} E IIEL%%EE LTHXJIJ‘;“@_%)O

BRRBOOIE: Wi Lk e Timh SEPAEZEE L TEHT 3, 2720, WiERIEHEK 30km
EFTBH0K1),

BEThERMBOBROMLR | MINMEO bmicylED tnz—BEE 5,

BIEEARELIBESDNE . DEILHENZELIZGEICIE, TORERTE-T
Wiz X UTEMY %,

TRAFEREEE, BEEARZE, A ED, 2000, BARMESOITIGEENE L EBEORE, ENEMZE, 19,33-54.
HIGE A ST HEE AR AR BRI LA B WEO TEIRHME] © IR L 7 BT ARy 288 U7,
SNEYIEAT, BEEE, 2001, FESHMEE CEEETE & Oxfin, HUEE 2,54,47-61.

2-1



% 1
TR IEIL RO 80km &9 %

B ‘ | <1 30km
i — — 15 20
@ 3 |
it Hi
(m) jin

i | I | @ mynm @
| e Em)
‘ ‘ | CRESNHIE (EAY
CHES I (EHY)

103

10 3 10 4 105 106
WiEE < (m)

2.2.1 HEDORT LHERDER
A (1998) 4 & Wells and Coppersmith(1994)5 7— % 1) A + X O YERK.

ORI SEBIENLANEDTE 20~30km FEEELEZ BN,

4 BRHEZ, 1998, HAFIRICH AHERAHIED A —1) ¥ JRI|  ~HIBTE O 8 K UHEHIE ©» OfEE, #h
E2, 51, 211-218.

5 Wells, D. L., and K. J. Coppersmith ,1994, New empirical relationship among magnitude, rupture length,
rupture width, rupture area, and surface displacement, Bull. Seismol. Soc. Am., 84, 974-1002.

2-2



T X T
/f B IE
A A /
il " A
HEDL L 72 W DM b L— R | )
Ly Wi T
M EMGE L il
LFL—2A
IR | 5L rebirions - L—32 il i LM b L
A % ' A A A
N > N 1
4km F7=1& ¢ Wl Lt DTt dkm FFzid oy 4 WIEESROME
HIFEERAE+2km HiFER AR +2km
il
B NITE A
( MEFEERETIR (o I N (O MBERFEERETIR ) BRA AN

a) WWIHOAXIZEBMTNWIORT  b) KT NWh LD 575 % Wil DY &
ETFIUELIGA
X2.2.2 KEDEEADEZK

e
z @i“‘}gmam .
-, ';ii-"}"-f!ﬁxanum;:
(O L A
| T
B 2.2.3 HEIEDHDSHEHRE B 2.2.4 HEEELETNEBONAD
NaHEFOF (LHEES) SIEMEINSHEFTOM (TEiER)



3) MMEBDERWIZ/INS A—2

O WMDESERTZF a—RRUE—AV YT ZFa—F (%2)
SWBOEXLGkm eIV ZF 2 —F M OBREH%RIN (FyEL, 1975 6)

logl, = 06M — 29

P EB— AV IR T ZF a— RFMw eI ZF 2 — FMOEIRI (oA 2004 7 )
Mw = 0.88M + 0.54

CBEE L E—AY NS =F 21— FOBIGR
M, =088 (%2'—9} 0.54

O HEE—AY | EWEBOmEL XL MR
E—AYVMRITZFa— ReHEE— AV MOBFRK
log Mo = 1.5Mw+9.1

HIFEE— A > b Mo & WiEMHHE Skm?) R UK E T2 & D) DRIRIN
Mo = uDS
g R

O SIS A—&
- WBREROEEIS 1835 A—21F 3MPa £ 9 %,

O EUMIHOR YA MU (%3)
BB HE LEWBES ST, €/ AY b ET 5, kL, BENEN0 L DO
T CELE NIB A1 MBS D 57 OWEE 2 D087 A Y McAHT
o

O N & B KB O
BRI, £ 5 A b T LIC 2kmx 2km BIEO/NITE T 5.

OB EE R U fmax
B EEEE Vekm/)d, IO SEH Uiz, 72720, SIEEE Vs id 3.5km/s & Lz,
Vr = 0.72Vs

fmax (&, EEREBEIHMEN SHTEINZ{E, 6Hz & Lz,

6 HNFHBREE, 1975, TEMTED SFHAET ZHEBOHK L BHICDOWT, HIE 2, 28, 269-283.
TrhoRB s, 2004, 55 12 B [EHEE FHUEWNKREMRAER) B2 -2 HEY—F2 75
J—TEREE

2-4



S -t

Eifrgm
Y @AY EIL[E G P AWLENE NV ANBROT TSIV > S EwmEHF!
MN<IN “2N 216 <IN “RIDVC2IERRSEIM @
YEOI M —TLTLH2{AX—FI2N] —TLZL2LEE L€TH

N —T£-4 2185 N | —F£-4208%

9 ¥ 8 9 1
e : ) o v
| {

’ L
)
L
M | —= =g A —T
|
M | —= == A —T

e ; FS'0 + N80 = MV |

0 S T I

| |
= Y - euly



%2 HWEE—AV WMo LEBORE (L) RUEHE(S) &£DREE
£2.3.1 MEE—AVMEHERTDBEGEN
NIRRT
Shimazaki | log L =0.2811log Mo —5.98 (Mo < 7.5X10% dyn * cm)
(1986) log L=0.524 log Mo — 12.44
(7.5%X10% dyn * cm = Mo=1X102dyn * cm)
LY log L=1/31log Mo — 7.28 (Mo < 7.5X 102 dyn * cm)
(1998) logL=1/2log Mo — 11.82 (7.5X10% dyn * cm= Mo= 2X102"dyn * cm)
Fujii & Mo= AoWL2/(aL+f)
Matsu’ura (a=0.014, =1.0)
(2000) (Mo=< 1X1028dyn * cm)
£ 2.3.2 MEE—XAYFEEHEEEORRI
Ewd| log L= 2/3 log Mo — 14.74 (Mo < 7.5X 102 dyn * cm)
(1998) log S=1/2log Mo—10.71 (7.5X102%dyn * cm =Mo 2X10%27dyn * cm)
Irikura S =4.59X1011 Mol/2
et al.(2004) | Mo = 1X1028dyn * cm)
Wells & Log(S) = —3.49+0.91 * Mw (4.8 <Mw < 7.9)
Coppersmith
(1994)
AB =% |S=223101 Mo (Mo < 1026 dyn * cm)
(2001) S =4.24 1011 Mo”2 (Mo = 1026 dyn * cm)
8.0
s
A
|78
I A\
N
‘ N s -\\‘::" 5{.5; /\_ b AMES ‘
B AL L N AN
0o NS SN 3k \ oA ‘)\\? A EH ORI
% AAN L | m e GRS |
-.S 6.8 = \ % Q\Vl | A shimazaki 1
| v \///\ ? ® Fujii&kMatsu’ ura |
W 6.6 - e AR 1 \\ g . B Irikuraetal. |
6.4 ‘\‘_ }
| 62 |
5.0 ‘
o IR E RN E N E MR = 0 E E
3 4 k¥ B O Y KO 4o B8R |
O Eo B R0 K i3 |
X LS e = ' 3

{232 EXTHEENLE— AV IIIZF2—F
2-6




1000 - —

E—AUIRYTZFa—F
6.0 6.5 7.0 7.5 —
s B EH1998)IkBHT—2

—HFF(1998)

———Shimazaki(1996)

@® Fujii and Matsu'uralZ& 5

E F—4
E Fujii and Matau'ura(2000)
il
g Wells and
Coppersmith(1994)
1
1.00E+24 1.00E+25 1.00E+26 1.00E+27 1.00E+28
#EE—A>Mdyne-cm=10"Nm)
2.3.3 HEE—XAV MBRTOBER EIEOMIEDLLE)
Mw 7.0 7.5
= i
I
o
= AR
+U —_— HE=
iy 100
i — T EA (1998)
U5

—— : Shimazaki (1986)

—— " Fujii & Matsu" ura(2000)

*Wells & Coppersmith

—
~

10 ,
1.00E+26 1.00E+27

#hEE—*Y Mdynercm=10"Nm)

2.3.4 WEE— AV MEFBREDRER (KRHER EBFOHREDLEE)




6.0 6.5 7.0 7.5 = .
10000 =———r—r—rrmtm : : B HAH(1998)<LBT—%
— H#1(1998)
1000
@ Wells and Coppersmith
2&BT—%
N_E —Wells and
@ 100 Coppersmith(1994)
e ——Irikura et.al.(2004)
10 i : -
] Q
| | [
, L | |
1.00E+24 1.00E+25 1.00E+26 1.00E+27 1.00E+28
#EE— A2 Mdyne - em=10"Nm)
X2.3.5 MEE—AY FEEHE@DREORER EIEDHIEDLLE)
Mw 7.0 7.5
! g
§ e W AEES
// 8
/j;ﬁy//<://9 W EBET
1000 7 m_~h
< O i - A it —— B (1998)
= ~ A P Well h
= [ ‘Wells & Coppersmit
o o (Prr e (1994) PP
/! B s
b=l ~ =g ——: Irikura et al. (2004)
L. e
> <BE>
[% ———: Shimazaki (1986)
tFujii & Matsu” ura(2000)
100
1.00E+26 1.00E+27

2.3.6 WEE—AYFEMBEREDOER (RRFEREBFDHZEDLER)

#BE— A~ Mdyne-om=10"Nrm)



%3 EIRMED R T A kol ofl

EFEMEZABILIWEZE > T, /A T B, EL, EFEIENT & DO Tk
UENIGAICE, HERMEOIRELN S Z OWiEE 2 DD F A MMen#d 5,

nroy

Y e

K  FIERRRAS
W TARY T4 FFFE T A b D
TSR A

R sn'E
S

135.6 135.7 135.8 135.9 136.0

IAREWE ORI E 2 HSR & L
T BT AY Mot Lk,

16 RELER 1 mmal

- BREBKAKERCARDUNES LGN
@ Gb0

KA. 4RSS ;
WA WERB D 110 1 A | EERAK; e T
[T AT

(2.3.8 REEAMEREHEFDLI XY bR



135.6 135.7 135.8 135.9 136.0

T R BRI (L IE 9 B A5 oD b
RGBSR E LT, BT AV T Ui,

|
s e Bt

®2.3.9 %BMIEFEDLI A b3l

Iy L

[ > ‘ ‘
iy

34.4 ‘ 1
L

6z 1364 1866

IR L2 E LT, 2T AV

ki3 Uiz,

2.3.10 #5|ILHEIEHDEY A2 bt
2-10



4) AN T L DERE
D TARYF ol BETAY FOBRLRICOEORET S (%4),

T AN T A NEN S B LT B,

®)

©

T AR T D L. BIRETEZEC L TNEO i 5 25IHE TS (%5 ).

@ TARY T 4 OFESFFEOEL, WEIED S0%EE LTS (%X6),

B TARYF 4 OEMEEYL T AY FERICH LT 205k D DRAETHE[EL 2B X5 T AN
V71 RAET B NERRET S OKT),

® 7ARY T4 DTG Da BB OFEZEMD 2 5L 95 (% 8),

@ TARYT 4 DRE—AY F Noald, 7 AXY T OTHFE Sa & FIHZEN Da KO RHEMD 5

KDB,
Moa= p DaSa
[Tk =S

® TARYTF 4 W BLE. MAOT AR F 4 DE—A2 k Noai &, TNFNDT
AR T OTERE Sai O 3/2 FOEZRTIRY 71 5,

Moai=Moa * Sai%¥?2 ¥, Sai¥?

X4

T AR T4 &, BAEEAREREHCH 2 L ENTVBHT LD, BADEEIAE
WIEFTABEREICHIIB L TV ARAICIEF I T AN T4 BB T ENLEE LV, &
ENIZFDXSEHANMELNTVWENT &S, FE T A FOFLERNICO & DEET
Do

FD BTAYRETARY T O/NERBOERMAROBOEAE T, 7ARY T4 BERACET
AV FORLE R LEWVEEIE. BERIICHE2EOFLH S BT T AXRY 7«
MBS 2 AT 5T,

B2 FETHESIC OV TR, WAL NS R YIETH O HITUACRINOETI D ARTERE T
HAAEER L DB LD, ALEHYTAY FOTARY 74 ZAMNICT S Lz,

2-11



X5

ARV T4 O Liinld, BIRETEZ LU L T Wi O _Eigh 5 25 H L9 %,

« bl 1Tt &9 %

WIBANDTRODBRE—AY FORiZEE LS Mai et al. (2005)8 DT —EZX—R 9% & L
i, 7AXRY T« DR 2 Uz (8 - 8, 2006) 10, ZOFGREZNS, WiEOHEE M
WKITRDEODNHZH 5 L, MR LimhD % EEXE TIEINDENNENW s (K
2.4.1), (€> T, WIBETIVO L 1 JIEXEREEE L. 7AXRY T ¢ &9 2EREED i
&, WBETIV LD S 2FEH & 9%, TORRT AR T4 O Lhid, WiE L S EERO
10~17%IcfiiEd B T & &%,

0

frequency

|
|

2.4.1 TP AN) T4 DFRETAHRDAM
feaiih - HEAHE
ot - 7 AR T ONE

| (WrfE e TR )

8 Mai et al. (2005): Hypocenter Locations in Finite-Source Rupture Models, BSSA, Vol. 95, No. 3, pp.
965-980.

9 & DT —% (TN EHEMRHTHEA) OMHTIIPHOREIC KBTS DEZMA B TDIC,
Somerville(199NITH-> T RV I VT #fE LTz,

10 AR - RS, 2006, 7 AU T ¢ ORHMY, HARME 2SG5TREE (2006 FEMERER),
DO11.

2-12

BN



X 6

T AR T 1 OFEEFAONES, WEIED 50%2E & T 5,

—_—
7 AN T 1 Ol
TR D 50%FEE

Mai et al. (2005) 8 DT —ZN—2% & LI F L T-HER (EH - #H, 2006) 1075, KiEOD
BEEHMICTRDEDOiZERAE L, TARY T ¢ (TR EDLIRIIKE WEE) Sk E
IRD BO%NTEETH B e hd (K2.4.2),

72 trm N=72 N=28 N=27 N=17
4:along dip n=72 ’ ix_n=28 ‘q:ya n=27 ‘ | & =17 \
1 50% 3 | | %9 50%

]

| 1 50%
‘ < [ | ‘ |
\ ‘ ‘

A

¥
04 0. 0 04 08 0 0.4 0.8 o 04 o
BR 2k RARZNDERNGE RN RS IT RARBNMNDENGE
DGE

2.4.2 BIBEMDFEDH (MEBEAIIETARDIF)
T AR T4 OB, ARZENHDKIEIED 1/3 LLFDEWIEE. mAEMHKEIED 2/3
LLEDEEVEE. BREADWIEIED 1/3~2/3 DFIRAHEDZED 3 XA SIS TE 5,
WINDGEESE T AN T 1 DRI 50% TH %,
T WrfE OB E A OAiE (W OfE THg )
e« EMA TSR & o TEWB LD E o (Mg 2R THgE
TRVKAR - ZNZENOHGD 5T,
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X7

VAR T 4 OEBEREL AV FEBEICH LT 200k DPPREDRMEEDEIT A
NV T 1 ZROET B/ NTE 2 T 5

Somerville et al. (199911 |c X % & 7 AR T ¢ O HIBHEFED 22% TH %, Mai et al.
(2005) 8 DT —ANR—=R7%d LIcE LOIFER (BEHE - BH, 2006) 0lcks &, 7AXRY T«

CEEZEN D 1.5 L EDOZEN 2 & D) OmiEE, WiEREmED 20~30%Ic 255 (K
2.4.3)s

X 2.4.3 T7AN)TAEBERODEH
Wil 0 7 AR T RS WB TS
b B

11 Somerville et al. ,1999, Characterizing Crustal Earthquake Slip Models for the Prediction of
Strong Ground, Seism. Res. Letters, Volume 70, 1.
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X 8
T AN Tt OFYGZERIIWIEDFEEMD 2 5L %,

Somerville et al. (1999) IC X% &7 AR T 4 DITANO EFMEDOFIT RO ED 25 TH
%, Maietal. (2005) 8 DT —ZN—27% & LIcE L HIAU (HH - K, 2006) 10I1C K% &,
T AR T 4 TOFEELUNIMERIRDOFIEEMND 2 {EFRETH S (K 2.4.4.),

( : ‘ N=72

X 2.4.4 77AXNYT 1 DFHE
R 0 77 AR T ¢ DAL/ Wi FEZENT
e - IR AR
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Manighetti et al. (2005)12 I K5 &, 7ARY T EMEOE LS5 DImIciF> THMHd 5T
EMZW, o TR T AV b2 1 DERELEHBICENTE, EWFHEAZ E0RdihzE Lic,
YAV R RFEITD, TNTNOET AL MO EDDTANY T4 2L, Zhic&b, O
TNOWBICEBWTERETETDELEZ 2@ULEDOT7T AR F 2Bl ek, ZhiEnfhlk
WrEDEE5MNIFRE T & ExD,

10— 1lc, EHTWiEGOWEET VX DR LIEE#SED S HZ/RL, K1 0—2Ic
LRI DL < 88 ¥ Manighetti et al. (2005)Ic X R Tl T NIzT XD BEOSH (KFEt
T—2) LD ERT,

HFELENE (m)
0 05 1 15 2

20000

30000

BERE(m)

- 40000 |

50000

60000

135° 15 135° 30’ 135° 45’
I - @

-0.5 u.n u.s 1.0 19

HRREENE (m)

34° 30

2.4.5 LEHIMETOWMEETIVKYEE LIHRBRESDHER
e WEETOVRL, W PEORL A WTERRIS IR © TR LB 01

12 Manighetti et al. (2005): Evidence for self-similar, triangular slip distributions on earthquakes:
Implications for earthquake and fault mechanics, JGR, Vol. 110, B05302.
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D/Daver

TRSO & 100

65%
3

Manighetti et al. (2005) I
X5 METEHHE NIz
D Gfat7T—2)

15 2

HBARZETHE (m)

0 05 1

} 5%% A —— /\ ;
- Bed //\v/ \\ | HT R OB E TV
Hl — | N I 5 U T B
° 8 8 8 8 8 8 o1 flio

FEAE(m)

2.4.6 Manighetti et al. DF L& TERVDMEROZMED
AL LR OB ET IV & VEE LR ES D HRR DL,

HETOZMZRZ E EBEEMNIR> TV 5B, TOX KD _ERTHTER OF %2~
L. cheEFFELTOWENWT EDN NS,

2-17



5) EREHOMEE— AV FFILDOWT

O HEBEEHOHEET—A2 b Mob &, MIELAEDHEET—A2 N Mo 57 AXRY T 4D
MWEE—A2 s Moa Z5|W\WTK 3,

Mob = Mo—Moa

\S)

@ TEREEOTESZNE Db ik, HREBOMEET— A2 b Mob "SR KDRD S,
Db = Mob,/ (u - Sh)

JTI 2

Sb 155 ORT

@ BEREHOFGICI ST A=2IE 7 ARV T ¢ OFHILIPSTA—=2D 0215 LT %,

6) BIRRIERICDOWVT

BIERRIARIE, B EOBRR KD IR ACDZWNWE T ADEBENRKELXB LT AR
U7 4 O McE T 2 Ruigics T &ds (%9),

* REERAGAR et 7 ARV T ORI A

%9
Mai et al. (2005) OFEEtT—Zlc kB e, TARY T 013, BIR GHEREL) 0iElch s
(K 2.6.1), LA > T, BEEPIRAAIE, 7 AR T 21T 21 5iliHic 5 <,

S

Shortest distance to LARGE-SLIP asperity

;
@ 0.8 :::n : ::: =/ ) 2.6.1
s i = 008 BRET AN T« ETOIER
2 o6} 1 (Mai et al. , 2005)
g, _ RIZFa—FKETT AR 7
g A A BRIV & TAINIBET %,
Sozf y v Vg : 0L - AR (L L7z B

oy v Ialrdbibe | BT bvssracy

4 4.5 5 6.0 6 64 7 1.5 8 8.5

Shortest distance to VERY-LARGE-SLIP asperity
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