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The 34th Symposium of Earthquake Ground Motion (2006)
Introduction

e .- ¥
Hiroshi KAWASE

At the beginning of the new decade of our continuous 30 years activity of the Committee of Earthquake Ground Motion, we
have started a series of discussion on how to apply the results of our earthquake ground motion research to the seismic

design. To make it clear what we have achieved and how we can transfer our state-of-the-art knowledge to broader range of

users, we need to cover various issues of strong motion prediction and design ground motion specifications based on it. It

should include, but not limited to, source studies, path attenuation, site effects, soil-structure interactions, and code

provisions. After 4 years of activities finally we have decided to publish “Guidelines on How to Make Design Ground

Motions” and therefore this year we will discuss issues related to the ideal form of the guidelines. We expect to share our

up-to-date information with researchers, engineers, and practitioners for wider acceptance of strong motion prediction

technique in order to achieve better anti-seismic design of buildings.
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Estimation of scenario earthquakes for design earthquake ground motions

HNABH—*
Kenichi KATO

The seismic regulation issued in the Revised Building Standard Law in 2000 allow us to use the site-specific and
source-specific strong ground motions for the purpose of seismic design. This is a drastic revision because an
advanced knowledge on strong motion seismology can be adopted in the practice of seismic design. This paper
presents how to estimate scenario earthquakes. The process is the first step for evaluating the site-specific and

source-specific strong ground motions.
earthquakes.
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1995 ELERBEHMBLUEL, K-NET 2 ORE
ERBHIUEIREBENRERE R T ABL&E R~
CEBIND3IE YR, TOKRE. A—BAA
TEHELNETHBREE TH-o THL,BRMEBSEER
B.OHMBRAMNSRELNT, HBBBEICEVNET
BLENBRERELLTHLMN LR, TETR,

ZOFELT . R1IEF2ICFRTIHMBIZONT,
WK - KFEITO 95 BEE S CBA & L7 s B
B, BICETOHEESICLIIEERERFEEE 3(a)
~K 3T, BUEELRE XS kA (h=0.05)
EFRIQOKTT, INORBFEEFEEROT 4 Y
VoM L — PN TEALE L 2004/9/5 D M7.1 O HE
E(Ev1), 2004/10/23 {Z %4 Lz M6.8 D H1 I8 | F &
HIFE(Ev2). B X 18 2005/8/16 I EREHO K EES
L= bhEEROIL—-FOERTEE L MI2O
HEBETH S, 3(a)~K 3(b)ix Evl @ F &t dh
DA —NEEZTRLTH D,

MEERRBICEBR TS & NEBBFRANTRAELE
Ev2 O EEBMAERBIZEVD, EEEF O % ¥E
FICAB ~TROBEBRHE TR, BEREHFA

REEhBRRHE

TU— FHERMR

M1 BRIBTEETLIHEOTER

* BEBNEBIRE

Kobori Research Complex, Kajima Co.

EIME AT MBS >R 4 (20060 0S5



TRHEIN-REELEEINRD IGERART ML
ERLHE. TORBHEOEBEIE Ev2 BEDL KEL
IpoTWA,

Evli 2 EV3Dv/=F2— FigEE L BRK
EHLIFBRELMCMEDRVWA . BEBEZXT b
BRESERR->TWS, T¥2bb, EvIZMEE L
NABBBIZDENL OO0, B S~6 W EECL
TEBRAYHORASZ FA L Evd 2 EEB LS
27225, Bl - QOHDERIZI L, BF¥XE
MR THRALZHME Evl 2, HE IS TAUD
TR E2CHE L TESLEEEFICEDL DB, f
MEIE Low-Q TH D, EAMRSZEEI R
5, —H. . BRAPRSIEEETH HMAMEICLDY
BhE XN HIMERNEDERSBE L TEEEH~
BEERaby #MERBOREWERLERDS LAY
EyrIalb—va IR LTWE, BB, =7
ZF a— FOERELWEvV] & Ev3 DA~ b L
BIEXEY S~6 WMETIEEE L 22012, K
BFv/=Fa—FORERHRN 5~6HTHDZ
FIZERLTWS,

BEARLEESIC BB IR HESRE I
BOFIATRBERERORBELZT I BRY
A AL TRATAHBOL T U T AHBEL . &L

BOBRBERKBRITLY A MEERIERT D Z &M
BEETHD, ZTOFIEZ2ELDTRA4IEITT,
KoEfMoORhARY T VA HMBIIESHER
FARICAEY L ERMAICESELRITT NN,
TUV—FER AT TRAMBERET D, BOHEIRK
TRAENZ LI HEBEBSIMEFHIEREBRN
BUERBINIBEBRHUFELHBETVICE S

39:I

331I

-

3 Lo _ ¢
35 I N ',' > . ;}
PG
33'; N

- -— -
33 134" 135 136 137 138 139 140 141 142" 14

K2 KFETBEHINEIBMBEOBRAME

F£1 HE - KFETBAINEZIHMEOE T

" B A X et B|ARMEE (Gal)
E \ : 3 M al i >
o Tl i s e RROE (Km) (Km) | (Km) |BE[ NS ] EW [ UD
1 | 2004] 9] 5]18] 7{33°01.7’N }136°48.0E LEERT 38| 7.1 401 401 1.6 -3.5 4.7 1.5
2004} 10} 23{17|56137°17.3N }138°52.2°E B R chilith 13| 6.8 195f 195 3.6/ -36.2 47.0] -10.1
3 |2005| 8|16{11]46[/38°09.0N [142°16.7E B P 42} 7.2 355 354f 3.4| -30.0f -23.4{ -10.5
3’OrEv1 ) M eGan —— - —  Ev1:2004#C{R4 & M7.1)
00 — — —  Ev2:2004%7B i (M6.8)
a0l ' CHREBERE PR M. 1) Ev3: 2005 EHLR A M7.2)
400 2004/10/23 MAX=38.18{Gal) ; = . ——rrrr . S—
O_JEV2 *: . N 100 RFS h-00s |
-4410[ FEE R (M6 8) £
40,0 - 2005/08118 MAX=30.05(Gal) —
Ev3 "' : <
0o o danenial § 10 kb
400 EHE G E M. 2) X
00 200 400 60.0 800 100.0 120.0 1400 160.0 180.0 200.0 —2
(a) 03 B oL
1.0 20040905 MAX=0.93(crvs) Q}
0.0 Ev1 +2 A
B L
.::g 20041023 MAX=3.87(cnvs) g Ok
0.0 4
P 001 | »
C PR B EY | Lo sl Lo vy
00 0.01 0.1 1 10
4ol JEHA (s)
0.0 200 400 60.0 80.0 100.0 1200 140.0 160.0 180.0 200.0
(SE0), (c) BMUELHEISE R 7 IV (NS)

(b) HEEE

B 3 B KFETEA s MEE

06 sE34EHAREE) S > R L4 (2006)

EERBLBEUERISEARAXZ L



FERSHD, WTHLOFRHRICLEFRELEFRMNH Y,
R MBHLFIMT 2B ERIBMFELT AT VR
B EWIRTZLENEETH D (B 2 iXMEE.

2005), £Z T, ETHEBRAOFETAVTESY
THEBLSAEZEEBL BELLHEBENRFT LY
UT AN T2 EERART PAEKEL LF
HHREBIL.MBETARERT S, TOHBE. BRE
MFECIIRRLKRKEERDIBAT.BE. B
BRIA—FIODRELEITI , 20T RA %KY
EEEMBPERSARE,IOMNTEALTZAKN B
MZ B EERBFITAELEEHICWBETAVICESL
FHETLIPRATERVWERIFORE. AL IET
A VI T AT 4 RV AEWR I, 1996 b K

MRAETHS ROARITFHES TV AHMBIZHEE L,

TORIEOWTERE®RICE~RS,
3. VFUFHBORE

-1 BEOHRE
BRETFTEMARRE > AT, BMELOER
BOFERSL BMELIEOEFIRELZRILE
BEOEEMBLHEL BEHOMAER P ITH
ANRFREINDIMBLRET S,

DFIFHER

BEOHBIZSOWNWTIE, FEUROHBOKE T
(w7 =Fa—F BRAB, BREISE) » &8
Lic,. WhowdBEI X o SBFEBRAETHD, B
AORFEHMRHMBI I n 7L LT BHHEBIZ O
TREXEREFOFEEICESWTFEE (2003) ©
BELI88SFEN L 1925 FFTREL LTEESHA
DERICESOIFER (1982) o F s, 1926
FUBIZODWTHRKBETOMBEABRKCE O
BHd, b, HEBEEFENEHRREEIEE V¥
— 25 CD-ROM TABBRXNTRY | 1923 FLUED
HMBIZOWTHEBRERT VHILVENRAFARET
HH, MEFAEFRHEESRITOIINITIBADOHETE
BEMENCEI DB AT L EEFE2REL
FTHEZRBICYV ANy 7LT0nS . E5FTiI20
UZMDOEEMBLHE L, FHEE (2003) 1T
DSNWTHERAEBEET I ONREHTH S,
BERFEP VT IIAHMBICLIIMBRWNELE
ZH5ETC BB TFTEHAVBEILIFOBREORE %
BBLEPTIEERER L 2D, Miyazawa and
Mori (2006)1% 1586 4 H 5 2004 CRAE L HBOE
Eo/zEZI LT . S CHAIK-ERXEE %
SRty 7 LTERALE HBEULMO
HVWHEBEBOBFRFERIFENBEVED FOFHD:

FEFIVF R

| REMAAITRETINEONE |

BEADECTHHBON

H
i
H
H

l L.y

TFHIABENDHBE
FH, AR

| AEEBRE N I—rafng | | ASTANE |

3L\, FOTCREINTRTEE

v

ARMREIRERL

\ BRMT IS0 BEILE

j “FRERICUY FTh

B EVYTFaHL?

Y FAEERARIINE
€S xa(rm@E3)

HiBET L&D BENETH

v

BB/ SA—%

DEEL BB FEOERERET

\ 4

BRERETILELMIEHLT
BENICEET IHED
(2B — 2 DMinimum Requirement DELR)
WLh S HERL S R)

B RS RRICH

%Eﬁﬁfi/ﬁ‘zlii’.éﬁw. Mo 3B i)

) 4

BRETRA N ERE
(DXBLDEDHBEREZ TORE KR
@ARKREHELI LT, REELNREE R >TH)

4 TFUAMBEFYT ) AMBOMAITE S RIE AN B BT E

B AT RB S >R A Q008) O7



CHEMBEASELAVTEESHEELLLLTYH,
BESAMOEHEMELERBIBL , 20~y TIIBE
DHERAEOLIZESHTEBY BREEHL A LT
RODORKHETHD, 5(A i EH 400 £
BRBEEZRLTBY) BELALALMOKFEERT
BE 6 LLEERBLTWS, 5BE SV — Mg
REBLDNWIHMBOLEZHELEBRTHE BH
POAMOKFEMIR SO ZERUEREE
EFRLTEBY , ZoMi L - b ERMEIZL S
EERXENTHD, —F. S5O En s o
HE., ECANEMBRAHMEBEORERRETHLY ., &8
EOHENRAEL TS, 5(D)FL 1900 ELIE D

FERETHD, 1923 FEBEEHE L 1995 F ZEIREE
HMEOCNBE TEE TOHEEABENA TS, BEIE
E2ERTHD L, 22D I0%NDOHIL CTHEHEIZEE S
BWULE H30%0OHIE TCEE6HULEZRBKBL T
V% (Miyazawa and Mori, 2006), BEAF X Z TH
HEOCHELORBRBEELETH S,

3-2 AEMFBAME
(a) BEHBICXDHE

NEEHBANMEO EHEEHMBIT 1000 FLL ET
HLOBEEBE VA, 1995 FRERETHMEO LD
O LEOBHE T CRAELEBERIERLEE

45N

- 130
- 135€
L 30w
a5yt

40N

35 N ol "'!:

30N

|® D R

|- 40N

L35N

'/ 1901 —20(?0

1
w w 3 3
8 8 m ™
A —— T —— 5 5 N—c 7|
M.M. Vi Vil Vili X X XI Xi
[gal] 100 1000

5 1586~2004 FICEHB I NEEHERXBEE DA (Miyazawa and Mori, 2006)

08 ®E34EMBEE S > K7 A (2006



BRETDH NEMBRNTEATIHELHET S
L TEMBILIZHE) L I2AUAOHE) 2
FFONDEER, 2002), TEREEHMERNE
BL.EHBLLTRERMEINTHWEAR - REIE
HOTHCI-TRELTZ, BRI, NETER
HMEARELELBECBRKE AR EITET S -
LRI - THEREBHBLAEC HBOKYIELIZ
LoT . ENODREEL, MEDOER L L THFIC
BENb0THo, £ TCRTHA (1975) 12X 5
RBEALZAVNIWE . BEHBEOR ST Y &2 5 #

BRAEERMCTFRT LI ENTETHE, X5,

ZTOWBOEHEMEESL BEOCEHBELFL
KHARZZEenTENRE, thBHESCME T, #HE
DRERERBOR O ER A O Y) A KA HE e &
RBH(HER, 2002), Ut koic, BEBICERET
DHMBIZOVWTR . WMBRIRLT AV EBRL DN
A= EREL.FBETAVLEERENZ+EA
LTHBDZ TR T 2EHRAITOHNATEY EA
BlLbEHE NSO B W AT, HBAEF SR
AE. 2002),

VI AMBARET AR . EEXRICE S
T.BERFEHRRBIOEWRBEOETLHETS =
EDbEDS, BEEXRE LTI, EHEBHES
(9D LD THRWEADEWE) . 0@ - 2K
20022 X % TEWMBHMT CF A<y 7, BF
BEMER(1/25008%2Fons, £ 98 WBIW
DWTIR HEFAEHRELRARLSTERLELL
MEhTwWs, 2EFEENMEES RN (EE
BIFRAEFREMICIIBIROESIRRLEREINT
WL EXERINREMRFABENRBE L & — 13508
T—HBN_—2% Web LTABLTEY., *v b Lk
TENBERERBET D LENTWETH B,

ULOBRBIHEROBERTHY WHEEFT LA R
ETHICRBRMBE2ETALTILERS S, -

T ERWBLHREBHBIIEE bbb LV ED,

EOMEEHE 6 IZTT(BE, 1997), B O R4
RTHO2MTOWMBLBEWNE. th iR IzEL
TATLICVEVSHEHBIFB EEZESATY
50

(b) FHRBICLDMEHEORTE

EHBIC I SHMBHEAHETTE2E X HiX 2 &
DH5, 1 DEBEHEBOE S Lkkm), -3 1EH®
TEBNCHED FHHREMEEMEMNE Dm)h 5
BRBRREAVWC S =Fa—FMa#TTEHE
THoH, BRKXE LT, UFomAaX (1975) NAE
WHERNRDSH/EEBE,

logL=0.6M-29 (1)
logD =0.6M -4.0 (2)

MOBEZLFL LT . BAKBEEHE» BB 2/
LTHBRAEAHET I FERS 2 . HEBH L L E
BlIAIEANE - Z£, 2002), BXULIEICESH
TEBEIN-HBHEFREERDIC L 2N EH
BAHBOBRBE TR, ZoF#R A RAESATY
5, BB L LT Somerville e al. (1999)iZ & % DL
ToXABRAVWLRS,

S(km*) =2.23x107" x M > (dyne - cm) (3)

ZITSHERWBEE., MixtiBE— X b
ERL, 77 =Fa—FEMDLLEBRXAMLT
HEIND, BB, REBLVEICESSRABEHF
TR/ =2Fa—RRRFTA—FLLTAWS
Bz iy,

SERDIBIZ . MBEI LIIMEHES XS
KHEMMBR NG, WBIE WIIHBRABORE S
MRAHIEREBAHs L v#HEETEN S, HI—Hs i
WERFEAEBOE Ws I IE$T 5, LidthEDOHFHRH»
LHOBERRINZIEOD, WsidHiE T &I R
RLEZOT AULHBRS ThHho THHBHRBIRR
LR MBRABOEI BRI ITELT
BN HBORIDANBEZLRL, R FD
NEMBABBLY R E L EESZLOMNIHED
EAEBAEHRLER0, 19902 H 77T, =
DRERICELD & BE 15km BHBRER O T it
HERRREZFH>TH B,

HOBREBREORIVANEHBAHEBEOR S W
BiE WITHEBRLERBOE Ws # BT W= Ws/sin0
ERED, OINBEOERALZRL. BThWE
(0=0)ix W=Ws L 225, ¥WEOHEITEAAK X
STHBERED D, MEEMES bET S, 6
BN WVERAEWBIZE, SHRKREL D7D, (3)

a0 T o B

e

Ko HRMEBUEEBIRKEOBE (B1H,1997)

BUME R WE S >R L (20060 09



NIV HBEBRENKELS 2D, BRI, HERES
DERPOBERAZRET AL REL VD ¥
WBIZ DWW TI02 B LI r—2oWEEs
NERETOORBERTHAMBEREFRHLESR
. 2002),

—F, BEOPISVWEMBOETFALICLEE
BHLETH D, Wells and Coppersmith (1994)i H# R
FTRELEENEMBANBBEOHB AT A —F %
BELTRY) HXHBENBORS L ERWEOE
SOREENSITYT, BREFER ENEY, oF
DHEBERAENIDMIVHEBER . BERFBOLE NHIK
HMEMBL L THERSI DT TRV . FORF 5T
i, EWEWE*»ZT0EEEFT AT S L, BE
WEE B/ NI T2HEN A LICEENLE
Th b,

(c) FRBEMOREA

VFHFYVAHMBORELORELRBEERIERED
INn—7 -k 72 MMe) OMBETHS(ET -
FH., 2003), BB SV —Abeid. #HK Eiz
TRENT-EWRBRSY HBZEZTHAMICELD
LEETHD.5km B2 THHT 5EMWE LIRS
WWEBLRVWEWIR IWERTINE TOEEMR
B, 1990)X b, BRDOEMBZ 7 Vv—{L L&
BEBHI K 100 ICELDOLATWVAMHHA,
1990),

FWREBORMNL  VFHEECLD L EEMBHOE
WBILILTORENELRABIBHELEZLTWS
b TRRL BI7AVMELEM T ECHINTH
HMONSDHBEZRELTWAH S Z W, L&) —
FEBEROFEZR 11 CFRT(MERATHFRHELE
AE. 1996), HZMBR L. 8 1200 £/ E»
LHAMRETCORBMTMSBEDFEEN S, BER
HMEBELLTIRTEDOER -RE - EROMEN -
DESCHETHAEMENEREIAL TV, 21
BRI AT EOFRFERE S A v F ML
BFBLEZBELRDLN S,

IN—THLEEERBMBHOERNMET S Z
CEBMELEBEL MBREOEZ F X 22104
PNDH, | DEBRBRRXNELEZHEALTERAOHE
F—AVNEHEETEIETATHY Mzt 7 A
YIFOHBE—ALCIFIOMEEZBZETATH S,
EFLoDETANBEETAPRERIETEL T,
SHOMFET —~Th 5,

ABOBBRIITHEBLALI >, NEMBNHE
IZCREHBUATRATIHNEL DD, Hl X,
1997 FERBRIEETIIHRICARLBHB IR
DONRVHBTHENEELTWVWS, Zhbit

10 $34EHBEE S > KT A (2006)

35°20"

3500 |

[=]

(km)

-
(=]

Depth

20

30 P |

| S N |

(b) B IHBOERE Z L O RHEE
X7 EE#HyT TEAINTHOHEL

B LD REM (1to,1990)

103 prmmmmerrerrre—emeryrrrry
T b o stike Sty ;7
X [ O Reverse / ]
£ - 4 Normal /’OO 1
o
@ 00 f 53 EQs D’g o .
5 § ,% ]
o [ &5 1
5 - ol ]
-~ | 7/,
g o ]
2 °
@ 0} )ﬁgm& 5
< //Oﬁ *®o
2 /
ol [/

g i ol it gl iy

1 10 100 103

Subsurface Rupture Length (km)

8 HiERME
(Wells

Wk & &L RFEETE R & O BKR
and Coppersmith, 1994)



BEABEELESVWHEEBICHEEN, ¥ F U F

APRETAILELVRELAMBETH D, MEE M
QRONHITIEBER - EWBXBEMNITLIZ ENEER
BEOHNBEHBAOHEIZ S VWTELNLEEBRE
BCBIA2BEUTETNEL. . ZOBOMBOME
LNV ERRILTWNS,

3-3 FJUL—+HERME
WNEEMBANEICL N, L — PERMEBEOLY

width of maln fauit zons
N (Historle, Intra- plate)
7
4
6
5
5—
6
4
2
3
| 8
2
2 ]
1
311011 ]12
]
(o] | 2 3 4q S km

Fig. 1. Frequency distribution of widths of the main fault
zone appearing in historical intra-plate earthquakes.
1: Southern Izu in 1974, 2: Mikawa in 1945, 3: Northern
Tzu in 1930, 4: E! Asnam in 1980, 5:San Fernando in 1971,
6: Dixie Valley in 1954, 7: Fairview Peak in 1954, 8:
Tottori in 1943, 9: Tango in 1927, 10: Riku-u in 1896,
11: Nobi in 1891, 12: Pleasant Valley in 1915.

9 EBRBMEEIRETD SkmA—LD
;5 — & (%2 H,1990)

oH) 1995

’ <o 1900 LUK MIS
A
- nn
KB — LR
Y wszemawe
)

- \:qu:m] e
1

ax
BE [(ARaMl) —\, RUEAN
BENAY N\ RO 5
— N\ \m.mumlu
gL} S\

THR LA =) SR
N \ ’\X TRAWE 580
L]
't‘ B —% H2zABAY

Q 20wm
———

#AUL-BEREAKEBROMRE VL RAERA

EEBHEIBIZ0~200FEBELEVORFEHTH D,
FORE. BEH 100 FETHBHICLI2LEN. £
NUMOAERBRRREXBCESSBEXAAT
HThY., WA A=V a Wl idxkdt -
00D BEA L R"—Ta vy (FI 2 E8H -, 2004)
LIV RBREFBROERIPIEALTLDS,
IThOOBREELEICL. I L— MEAMBI
BUL7RA_RYUTF 4 BHBYVRLEEL TWDAREHS
BEVERNDNoTER, ZZTT AT 4 &

X 10 EEEBHE (& H,1990)

Al X #Bx ®HF FB R

&8 Hakuba Omachi MESL" Olaye Chino MG
—— ——

AD
84121,
7627

2000/

- LT e
0N - BEREREHIAOAE | FEMOEDE

11 ARAJI-BEREREWEROBMELFSE MEREFRMEELRT, 1996)

FIME AT EE S >R D 4,(2006) 11



R WEBE L CTHEEG LR BIET IHEELEKT
5, ZEMHREHICEY, kHF - MQUINDOEREER
120" Y, 1994 FE=fREZnHMHMBEOT ANY F
A4 1968 E+HHRHBEBOT ASNY F 4D 1 O
WELELOTHAILEBTENTNS, EhiT,
HBVWHEBOEELGEFEATAIZ LicL b, 2B
THETOIRHMBIZOWT TEOEKICBNTT
NV EBEREERRXENI L, DFY TARY T 4D

1968/05/16 S a 1994/12/28

1

aftershocks Q e i aftershocks
(:) Lt}

1968/05/16
1994/12/28

42°

41°

40°)

ag° B e
141° 142° 143° 144° 145°

12 1968 F+EphHiE & 1994 E =X 5 0
HHEBOE—A L FMERESHFLAB
S Gk - L, 2001)

REEORE or 3

& BT~y
1968

<D
1989

HLORE _
et FARYT4—

A B C

1968

1989 —

@ 1994 -

X 13 K#MEOBRBEHMOEX HICETIHAR
(R - ft. 2003)

12 #34EmaBE > >R L (2006)

FBECHBAMEN 2 Z EXBHL2ICRY 225 B,
IHhiCdh, ROBERL I NETLAERS
AP OLBRTEZLIOERY . ToOEAKEZX
13ICRT(HRE - #1. 2003), ERITKRBED b KH#
BOWBHEZHETLTWEED, UROREF TR
1968 48, 1989 4, 1994 £ 3 HE ORLHE I 25 H M
WERZ->THz, UL, FILWIRAFICLED &
IOBRBIZ 3 oDOTARYF o b, 1968
ELBHRHETIE 3 DOT7 AR F 4 B2 THE
L7z, 1989 4, 1994 FoOHMBETIHENENL 1 D
DT ARY T s BPEELEZICBELRWEHEIN
TW3, ZTOFREZ, KEBIZODWTEHHEZ |
DOHEMNELTRAZOTHRL  ELIINBELTT
ARV TF 4 EHEAELTRZZENLIDERENT
HHBILEERLTNS,
BEBREZa AL L, TE-BARBHETRE
L V- ERMBOTRARNYF 4wy THE
BLERESH 14 2T (PRHKEZHE. 2005),
FTARV T A 3B OVEBELEETZEE2NE. 2O
BOBHCESHW T T VLT 2BETE DAEN
BHd, FEL,. TAXIYF s OFEEBIZOWVTIER

i /

40k

K14 FTB:  BABEOT AR F 4~
(FRBKSFHE. 2005)

™ 20km 10km ‘



HARZAREL BHBEOVFTIVIFOREPLETH D,

3-5 RS THHE

1993 EHIEPHMBMISNIFTEHARAEKREES
L—FAATZTR)OESH 100km THEAE L, W
BEE LGIVHBESEE TIX.900em/s> 28 X 5
BERARNEEBRALEZER FEIEBRICEE>T
%, 1885 END 1993 FIC KA LIEM6 L L, B
70km DLROMBOB RS A EZK 15 IC- T (R -
flL, 1996), BELFEVHBORAER IIEBE»D
RS S bICEEBF O NEREBICH O H
HE NMH»OHKFNBIZBLSAFAEARPLT
bbb, BREMERBOLNLTWES,

KEESL—- M BIRZ74 )V EVESL— D
ASTHTRELEHBICOVWT . FHROKEET
JERAELCERGLA - ftt, 2003)%2 K 16 12777,
IR BERELALE S L FDODRT THNTH
ELEHBEFIOONE. ERTHLEET V7 I8
EREE 2~19, 2EFRE 2~999)ThHH . RMKIC
BELESL—-FERMBIODLEES v 7 8300
SWEBIEHA . 74V B SL—FDRT TR
HMEBEFO AT, BIREIDN 50km L ELSRDHZ
LY, FOHEET I IL4GEHE 20~199, £
FE 1000~9999)E TRkELL o TWB, WTIho
FL— b TCREALEATTAMEL MNP ICHERT
AL NEMBEAMEBORET VIR THE
WSV, REEEHEIATTHBEN I NETH
ELTWhEWNWZE BLUREHMBEABOLATWS
ZELHH ATTAMBEE VT Y A HMBICERT
AHIMIIMBESNS L BEbR 3,

RB.ATFTAMBORKE L T. BEDOS L —

FERAHMBICK R TEHASNMBEHOBES BV
LREFonB D@ X, Nk - i, 1999 ; #H
M-, 2004), AHEEAPORNFEEEDIZ OV
TRHYTVAHEBEORENLETH D,

4. BhYlic

VFVAMBOEZ FEFTOREF T HER
ML EELDREFHT HFEAORBIZOWVWTYH
BB L RAADHEBEEG: VWO >BAMD R,
VU AHBICMEL K407 0 —ZRTES
FUAHBLEETHS, 2%V, 2E—BICHEA
THREKBOHMBH L XAV THY FOE®RIIT &
LTUTFTO2mARETFLND,

K 4 oOEf7a—TY VA EHRATEEETH
STH  VFIVATHEELEUANAOHBRIEET D
TELBV B, VTV AEBYICHBRREL
ELTH . BHROBBHIMEHFEIRER LD D
O, FTRERICYEZY - ZFThoEibs & TFHE
ENB, LEB-T, 20X ) BEFMERD
FENZEHOILDIE BEERIOSHWVOHEE
LRAVIETRH EZEZ TR RELDOSIFETH D,

BE208%ELTRH.ZREYFIAEHED RN
HE VWO IBRE2FELIZSVHBICHET S
HEHL XAV THL NEMBHNTRETOIHMED
SHL BREENPISHREBHEAHBE I TR I
BIENBLELTORBE2RI LW, 20X A T7D
HMBIIFZ CERAT20OTRINBEL JFKEAE
TOHMBEREKTABERH D,

HROBHERIZY TREDHBE ETRART bV
WL FVAMBICHETE EFAT MVEHR
WTEREROMBHEELZBEHEL. ALKV F U 4

AT T NHE (1885~ 1993 &E)D

BRoM (RH -, 1996)

OXFE PLROCERDEDC vy Dl 7 T T 1Dl =

OATH PLAK VKB EWE  |——————vf |
6lA7 1V iEPL T s

el X12iC. S == 52 A
5 : I ERRN T R é

NE=S A I :

P NG I e T

P L /A A T'68 + i
3 e (- AS K AACLIE O A O

B o al BEERA\ @dyemmn
i sy 194 ZHRIE D7

AR, ) N U LS |
1 -4 ; ¢<> T ©7812/6 ;<>\
6.0 6.5 7.0 7.5 8.0 8.5

M

J
M6 XRTFT7AHBEITDO., AYDHEET 7
(WLHE - fth, 2003)

BUEHBRE S >Ry L2008 13



BIZESYAS PEE2BET D LI D BF
AEAEOHEEEENEKTHI I ENETNDHEE
B#BHOELEL TS,

[(ME] XBTOHSUREHCLITDHEEZEMS
TN,

(BEXHR]

FRBFK S (2005). AAMEE - TREIEEIDHE
BRHMBIETIEMBEESEE 7H).

BINEE  HREFEE- BHEF (2005). 2004 £
FEEFENOMBOBREH VI 2L —a v
(FD2)-#HERBERETIRANBES .
AAMELSHEETHE. B0sS.

fREREARE B THEE NERZ.FH H
(2003), H¥HMBHET R OBEMEL L KME
DOFRETH —=EmcRTIAREOERP T
Dz —, HE 2. 56, 213-229.

mEFE - XAHEZ - MEH— (2003). AARFIET
RAETHAT THNHBOEIRBERS O BE®K
HEEELNL, BABREZSRSFHREBEERE
A, 137-138.

mEE - KK - B —2004), REBTEHICE
ST74 VB FNTRAETEIRAT T
AHMBORRBERY ORERE —biEE - K
E#HEORS THRMBL DHE -, BARER
SEBERRLE. 586, 53-61.

ABEFERES - ZF30E (2002), FHIOEDHDEE
DOEF AL, AFI#EK B4, 37. 62-79.

Ito, K (1990), Regional variations of the cutoff depth
of seismicity in the crust and their relation to heat
flow and large inland- earthquakes, J. Phys. Earth,
38, 223-250.

HAMIL (2002), [TEWBEHE & Ty 75y
YRHME ORSFOMEBE-EREATHEES
FlELT—, KEOHR., B 33%, BERRE
LHES. ppl13-125.

MERLA - RHEZ - FEXER (2004), BEAS
YR—=Va VBRI L5EE NS JERMED
ERMMBERAER,. ME2., 57. 153-170.

JNEER — - RATHEZ - ARFE (1999). RRER
MEBEOHAAHMBHOFER S & £ O HillE -
BAMEEBIESBRN -, AABREFSWH
&R ITE., 521, 33-40.

Mg — . FEHBRE. RANEZ. HFEXSE LBRE
—., H—3 (2004), BRERAZFRICHFETE 2L
AEMBANBICL2HEBEH L L —HEZF
MABCLIHBEOSEH L RBEAURERICES
S EBVR_LVORE -, BABEBLEERXE
Ak, E 45, 46-86.

M — (2005). SXEAASHEEH - HK & EH
~., BABEZ2EI VRV T L, BEHYOKRS

14 $34EHBT/E S > F 20 A (2006)

MESFEFEORRIEE - RAMAOFHE.

TRNF—h, BEA BEMATE OB — | 142-155.
BRE—E (1996). BV 7+ V=T OHEHE L K

BERERME., B, Vol 66, 2, 93-97.

EWBHES (1991), FRBAOEEE., R X
FHIRS.

Mook - #HEE (2003), BEWBEYEET L E AW
FRERBMELET AR T A OHE —RE
BFRLVIEOLDOFENEY L—— #IE
REBBOLODORBH FH~RAF—FT I
BW+oma., E2EIUOFITVLRIE.
131-134.

REE (1975). BEHB»ORBAETOIMBEORE
EABICoWT, R, B 28, 28, pp269-283.

A B Z(1990), & RHUBBEIC X 5 A RS & O i
BoOHK., MBHFRFTRH. 65, 289-319.

Miyazawa, M. and J. Mori (2006), Recorded maximum
seismic intensity maps in Japan from 1586 to 2004,
Seismol. Res. Lett. 77, 154 -158.

THE. 5REX [R] (2002). FEMEHEMT V5
Nyl RRRXFHES.

KHHETF, FHERE, LPEF (2001). =FEMHIZ
BII2BRKHMBORBRBROLKFR —
1968 S+ HIE & 1994 FZREIE 2 P IR
DB —. HE 2, 54, 267-280.

Somerville, P., K. Irikura, R. Graves, S. Sawada, D.
Wald, N. Abrahamson, Y. Iwasaki, T. Kagawa, N.
Smith, and A. Kowada (1999). Characterizing
Crustal Earthquake Slip Models for the Prediction
of Strong Ground Motion, Seismol. Res. Let., 70,
59-80.

B E (1997). HR & idfld, t & B, 45,
55-60.

BAHEZ - MES— - ARFEE (1996), LROER
MBI UCERMBORAENR, HE., HEE
AAREESENBESE. 3. pp269-274.

FHEE (1982). HAMEOM6.0 L EDHEE X
VHEMBOR : 1885 F£-1980 ., BH R,
57, 401-463.

FHEERR (2003), BFRBEAFEEHRRLRE
[416]-2001. HE KF¥FHER=R.

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

HEFEFRHEEARLT (1996). L&) —FHFEHEE
REVBROBESR L FMizo>VT.

HBHEFEHEARL (1997), BARAOHM EBIEE —
BEMBENO R MR OKEHE—. 391pp.

HEBEAEFEHEART (2002), KA — HMEHEE
BETREH (EE. $8) OMBLABEL LR
BREMH I DWW T,



BRETILDEZRA
PROCEDURE IN CONSTRUCTING SOURCE MODEL FOR SCENARIO EARTHQUAKES

ARmE”?
Tomotaka IWATA

¥ BRI
Yoshiaki SHIBA

In this article we describe a methodology for construction of seismic source model to evaluate input ground

motions based on the concept of “recipe”, which is the procedure to simulate broadband strong motions systematically

and stably with a few parameters. The important ideas to model spatio-temporal rupture heterogeneity for prediction of
strong motions are displayed, and the procedure of “characterizing” such a complex source process is introduced. For

the characterized source model, the size of asperity, the amplitude level of acceleration source spectrum, and stress
parameters on the asperity and background area are key parameters which control the generation of broadband strong
motions. We show how to determine these parameters following “recipe”. We further discuss the way to decide the

uncertain parameters for the crustal earthquakes by using information obtained from geological investigations. We
could point out that there are some inconsistencies between key parameters for very large earthquakes because of the
lack of information. Furthermore, we also discuss the improvement of the present characterized source model with
recent in-detail source rupture analysis and further investigation by dynamic fault rupture modeling.

1. [FL®HIC
AHHBEEFFMFEOBELL VD T—< B
T, BREETFVOBEICHET AMEIX, #HTERBD
BB THD I &0 bEEN2BRFLESOFHR®ITZE
RARETH B Z L, TEERMBORERENES,
F—Z DI L BROWMA2BRBRETHD =
LREMND, T TIEBICERST S LFEORPFR
£ L L THEY S TV 5B R o HiR IS & a2
CLHB L TEB~OBERANEN, WEEHENR
WESFBIBE-TWEIH2bHD. Z0D, Hi
ZITTEHER BT A ANMBEORKE T, H
BHE L BIREREO A E T A—4 L LT-EEHERE
KREAVWEHFESRBRETHLEREVZD. LALR
B, MBRSKVBHREBOSETAMN TV L L
THRRENZZ LIZALMATHBZEND), 25 L
YRR AR L (RBIRT TV R IEEL,
HBEEORAENLEBOLERE, S OHICKRBHETO
HWIEE CEA—BLTRERATHZ LT, RBRBHTRL
FUOAN BB FEEORMKAZBRLRDIETH
5.
HEBHBEFOSTF T, 1970 £ 5 80 FR
AT T, FIKETORBEHEICRT 2 RRER
F—FOEME, BROSMBTFiE (BRA 13—
Tay, FlziE?) oRE-BimcLY, BEERHRE
OWBE LIk T 5EANT XY ORFZERM 53 A
KrLWESNTEZ. FORKER, WER LELOTAN

D RWHIT—RTIIRL, FLVWAYEREZAETSZ
EBRBALTRY, IO LIEMITREREENHLT,
FEE TR MmO 2SO I3+ 5 0F
NS ST, FICRIRNTE IO R EE )R
BRI KRELS X INBRY, ASHEREFMIC
X2 DX S RARHEZBBEHBERREOREBEREE X
RRBRETNVOEARLBRARTHHZ LITE D
EFTHRV. AR TIX, RES TR HREE
FEBIIBVWTEBRES A AV R EEYE
ATHZLDBBLEERARIIOVWTERTH L LD
2, T v e LN 2 548B8 TR FiEO P ORIR
T ERFIEOMB RPN 2B IR, Elokik
CRENZBELRROBREZIZOVWTRRZIBRRS.
728, TBEET NVERWZAABERERE) 2BV
TOYF ) FAHBORKE LALBOREIZBE T HME
(ZHIXIERERER 2 AW - BRBHOFEICBWVTD
VERMERTH D) &, HROKRIE - FMICBET 2
FEIZ oW TIE, ZhEhBIE TR bNh 5.

2. BHALEREEIETI2BEETILOESR

BIRET NVOBENRBREFEDRITITABRENS,
BRETNVE AW AN EEREHESBEGFORE
BEREXICESW - HREFFME L R LTED X
IRFRBHDONE VI RIZHONWTHERD, £F
JRAIAC, BIRET VIZ X - TiHili X h 5 iR,
BIRNEE Eo3 <Y KB E TH o THIERED

*1 ()& /1 RAFFERT
*2 I ARER KA TR

Central Research Institute of Electric Power Industry.
Disaster Prevention Research Institute, Kyoto University.

EME AT BE) S >R 420060 15



1 BBUFZELBRETVZAVSGFEZORESE

FEONE
BRICEIBRETIVICE IS
o Bt ﬂﬂmﬂﬂnmnnmnnnmnwmﬂ,___
EROBHEMES | _ I

RALCEEZYVENICERTE LW ORANSD.

BEFOERRERD, MBS RIANER Y ST 2
—Z L Lo2b, FRIETH 5 HIRE O K MEHBE (K
KIRE-CEMRER L) L oY BR AR
ENTVRVDIZX LT, BRET ML DFER,
BROBEAERZHEEL-LOTHH-D, EHR
B 2 BELESR (Bl TR SV RY O
ApY) &, BURETVLIZE > TESICHAT
Bz LT &b

Riz, BRETAVEZRW-HERZ, BREEOZ
FIRZRIENR Y L RERIIN LB IRIEZEET 5 2
LWBTED. ZhHDOHRIT, HFIIBREOYA X
RT3 BEEEANGE < 7o\ WV EBIREEE O S REN M
TiE, Wbw 3 JABRROEUSBEiET 5720, R
T&RW\WZ77248—Lird. DBRETIE, 1995 Fk
ERERHETO [BEOEY) OHBERR, 2REE
BMoEmE SV ZAOBRERT, BRETNMICED
HEBFMOEEMERKD THEEIND LI ITk-
Tz b, £EDHDOK-NET, KiK-netizft&Z3Ih s
2ENZEBEABOEKEIC LV, RERBEHTE
DIRRIZRAE LT=NEERLR (1997 BB B RILEH
E(M6.7), 2000 4 BHURELHEMT.3), 2004 57
BRPEERM6.8)7%2 L) iR R (2003 £+
P HEFR(MS.0), 2004 FEEHRRMHBMT7.4)72 L)
TIRAHMBOFMABRTT ANRRRIN, BIFGE
BORHERICHTHMABED b,

&bz, MEHRE, »rVITHEEEREICBV
THEBEHOBMBITE B 22 5BAITIX, AN
L LTHRRIER B UNEL 2D, BRIIEEOAIE

FrAEIIWT R ORIBRGRE ORAICKE SRESN D,

BIRET VI X 2 REGEHEFiE T, dRHMEO
BIR L2V Aicxbis Uiz @8 2 tE 285
ZENTED. EROBRAKEASAVADOHEBESR, @i
BEROBRTHINBAHBT CRRAINDI = v U%)
BY, H0TRCRAMREE ORKER LI, BR
ETNEBETE A THEETT VERWZEFF
MEIC L > TREEINS.

— 5T, BRET/VICX D HBEEEEMEORIER
LT, BEOBEARTA—FOEERET DL
ERbHY, MEENPEDNDZ L, BrD/T7 A—

16 $E3dEHATRm—) S > R 4 (2006)

¥ DBREREEIC L > TIIRMEIIZHE LN D A RER
DEBRUENMETTB L, RERETFOLRD. K 1
ICHEEERERE AV RN FIEL, BRET NV
EFRW-HERN 2 FIE (BB - SFH7 Y — B
¥iE) DICRBINDERBOFELZET) ©, F
BEOBAD LRI EZRT. TEORRMFIE
WZE BT 7u—F T, BMIBOERIPCEEKRL
FA—=FITBML YD, SihEIRERY D X i
WrRE DZERIMI 7R IEN Y ZBREIC AN ERLARE
Ehdil, BRETNAVERAWEFEORFZIY
ANT-EHREABREIN TS, —F, BRE
FNERWZHETH, BRTIIHBEET AN HR
BRI EH XN DD TIX RS, BRARESE L [BR
B ) BESHEESNTVELEIE T A —F BEE
T5. wWFhicLTh, FIAFEL LTIBRRET NV
FROWEFELBBRACL A2 FEORANLREZX S
DOEWVBIUOmMEORFTLEFEZERL TH Z
LIZEETHA.

3. BRETIERDOLVE
3.1 BEMLGERA

&% OBEEXRMBOBRT —F 2 MrT5Z L1
ToTHEEINEZBREET NV EE ELOT V45
HETN) X, FA—OMBETHRIVELRBETD LS
Z o3 EAHMBO TR EORBER T — A ERD
T, TOEETIXHRBEENTFRINDS T ) AH
BOBRBHTRL, T ) T HBEMRE LIZAS
HBEEEMICH NS Z I TERY. FRIEWIE
¥RV =BIZIE, BEROHEA X MIBWT
WESN-BEETNALOT—FtEy b, KM
WHEBRELBOREMEFE2MH T L XALE
Thd. FEETMEOBRTHHINWIAT (B
BT A—4) 13, TEMICEBERBRE)OE R
(FRWEFFE, FERRE, (HERER ) 10 R
52350 THIVNERDY, ZhbOREEE
ROBRWELINZETABLELINDS. T4
bbb, EBICAVWS I LEZRHICBEVW-RIRET NV
DM EEDL D ITHRT H00, ETEEL RS,
XHIZYRDOZ L hh, BIRET VOERIEEIT
BRHEFEOBREAANTHS. BRETNVE
AVW-aRBFRICE VT, A | PRELTOE
BAEREBICHVC O A ERER L LTI, BRKRT
ITRRBRE) - HEA T ) — U BEEOBREHTH Y,
RFEOE A% SFAICE V- BIRE T VERIEZ 1§
L -RBEITRETHS.
WEHMME B & LI-BIRET LV OERIZEBW
TiE, BEOMERHRKE (1 EBTR~KIC, Z
noi3teLsd IV F ) AMBEBORE] ORBFIZET



Distance Down Dip (km)

°

£(38

Distance Down Dip (km)

R EE

Im o9 147 ullu 267 218 271 196

Dl

) Kb it

T1T
tvvin-;hpm]m 318{248 1200 148 8
o 10 20 30 40
Distance Along Strike (km)

21 RAOTAYSHFIMET SHELFIED
AAE

%), MiBORX Lig, FHTRVEOL S RERK
NRIA=FIMZT, TR BORHEHEEZRTM
R RT A—F ORENEELRERERD. T
BAEH LY LA KE WVEBRIZT AXRY T 4
LIETN DA, X TIET ARY T 4 B OERE
EFRLREL, BENEORYENEZ, ARED
TARY T 4 & NN OE R BRI L.
FBOIIERA 3=V a URERIZESL T AR
VT 4 DHEREZRDT, RRIHBRTRAELE

LR OHBAHBOBIRE T V2 MatRYICEBRE L.

M 1 ICBIEOT Y 5 ORKELFIEICET 2K
MZRT. #5037 FEfbr—iz X - Thi
ENT-NEMFZAEBEO T ARY T 494 X,
AR T HL S TR BB KFE 2 "9 —7, 10Hz
BEF CORBEKEE Y S 0/LAFRARDORK
BT A EERREFKNS, ZOT7 A2 T ¢ EiK
ITIRE—ET 5 Z LB EEOHE CHRR SN,
WrEE EDT R SMHICESHTHE LI - RBIR
EFNANLHENICEELFHEE S /A RAREH O
FRICETHD Z LM RENT.

A B, %41 {LBIRE 7 )\ (Characterized source
model)] &FEIENTWBET ML, BEDX S 2R
BERTREINZLOTHD"Y. BHE(BEETT
LTI, BRETNVORYERZERT 57D
BRNRFGA—F (BEOBRIR AT A—F) IT7 AR
V7 4 EkomEK (1 @E~KEEE) L&T7T AN
TADYHAXBIMLE, SHIKTARYIT4L¢HK
BEEROME (TRYBELZIEDESH) OATH

D, ETMEOFHENE L @I h, EEIZ
BHTBH00NN—FKVETIF5Z LICERLTY
%, IDITARYV T4 ZERLEERBLIZZ LT,
BREOBREA v A—Var, BLXUOEFEAREDS
XA, BRENBZEEHEOERY 7HBIcoET 5
ERILZBIRoTWAZLLELEBALTRY, B
BETAERVEEEORBH FRIO R X — A2
B ANRSLTWERE R TWS., EEBRET NV
OBEOHMLIZ, HBHEECHRBEY OREIC
BT 2RBEHFELFT BT H2B/NEH D0, e
{LBRET WXT ARV T 4 B2ETMET B Z & T,
BER ISR L 2 OB L IRE Y B E
THIENTER Y, WBHKEZEX23 LTH
ELBRBHHFELZET-OOBREO (RYEH %
o TR,
BHELBRIRT T VOB T A —# 1%, X
Lo THIBABIKGEHA TR L WA Z LR Sh
TWa. Thbb, 7ARY T 2 OLEEEN R
F—RAY FNTRE—=) T &N, TARY T 4 D
HBOLHBBERKELS RBICLEN->THX 55
BRHEINTWD. IR 20, Zhicky,
BFEETNMERICE T 2HMBRRRIF T A —FRE
EHR—ADOFBICRB IR LN TES.
UEDES7%, EFVOEMIE (8l &, X
FA—EBREIZBITBARATS—Y ZRIOFALE NS
ExHERY ELOTREINZON [HESHTFH
Ly e ™) s, MEBHTFRL VIR, BRO
EFMED AR BT, V) FHIBORESCHBE
CEEROET NV, HREFEORRET, HES
FRICBET 2R A2 MALBERLI-LOTHD
B, BELLRBRETNVORANEERTL—7 AV
—D—DOTh5H I LIIFEVRV. EREITRL
ElE, XEH A ERAEMEREAR (LT Tk
HA) OMBEHTFRIMRER 0P =7 PEIZHHE
BAICERASHh, 250 ) AR L CER
BEBNB L LI, BHFOMERRZTY AN
R LRI EFEERB Z b T&7~. UTF
TiX, VU EIIRBITABIRET VERFED BEH
RFMIZHONT, EIZHEROERHIE SV THEIZ
BT 5.

32. REEBRbLEDOBRES
BEOFA DG, (EEFMREOFEMIZ OV TIIIES,
HBHVIIBEEDOIRYNCEY, 2 TIdHATR
RINTVWABLIVEDOEARN 2B HIZEREYT
T L 5.
BRETNVOERICHER T A—H1X, Kt
DFEHEXERI-LITVZ, RBERICDIES. LY

SE3AE AR MBS > R 4 (20060 17



PIZBITAINLDONRT A= DOFRERRIT, BB
SFUTOIRBRIIIHAIND.

1. HERGFOBTERIOEBRINIKD D

. HWEHERHRICESERETD

3. 1RR20EERWT, A=Y v TRIRCHRT
FTPLEBEHRTD

1 IIEBROBHBERRIZ1ND D B/IFNNT A—H
(REBCIE RV, & RN AR F e, IR
WA FAOERRLSLARY), 2 ITEEER
ENLRDONDEBEL £, B, TV AR
FoR5 A—ZRHEYTS. BEBREGRIT Z
OHLIZ L BET BT A=Y F 4 DIIERT Y &,
5D WEIRERERORE L LITBWTEERE
#WrH5x%. 3 0Ar—V r7RlF, BEROBIES
5 A— A TIWEEL KEEWY, YT BDD
BTRAD L 5 IcEIT B

L W D
v a W

P LAXFENXFRIENENRRDAN PO
RGA—=FTHDHILERT. HERET—A L IMIT

EEIZ L OMFuULWDTH DH 5 (UIEE ORESE),

(WRDOFEITE— AL D 13 RIZHHIT S, L
=D TEIRRFIRENE X b, L W, D,
MDA DDNRTA—=EDIH 1 OPRESND T L
T, BYDO3IONEBMIZREEIND.

7= LB OREITIE, BNEDORI M
RENPLOHEESNIHBEREROEE (BRKTH
20km) 2 UT, BEIBIZ EBRW, . 85X b5,
C O HDNEEAMBTIIA Y —Y U TRIBET
A3V TCHEENLETHD. #HEEADLIETH,
L=W,o & BB EES (LW, BEfiEkm)EM,
(dyne-cm)DRHCUL FOR TR — Y » JRIZE X
T3,

=223-107% .M, 7,
§=42410""-M,",

L<W_,
L=W,_,.

2

T bbbt/ B TIEMML, WEDTARTr—Y v 7
ENBHDICR LT, KWETIEILEDDHTAT—Y
vrZENRS. M2 QR TRENIMEET—A b
LirREEOBRERTT 5.

— 5, WEHBR/ T A—FDAr—Y T,
IEE BB A7 bLVOERYERIZET SiRIE L

18 SE34EtERE S > K7 A (2006)

108

3

rupture area (kmv)
2

2

10" . : :
10" 10' 10'® 107 102 10%
M, (Nm = 107 dyne-cm)

2 HEBE—A MM, & MEEH(rupture area)
ORAR"®. HhORBIEXMILD. FR
HIXMOILVRESATWS. FREL
PIGBIED EBBW, 2 BA 5 EAHOMEEN
FT B EMNRENTNS. GE, L<10W,u
THEEHLNBUELT S (EPOHORR),
ChizTRyBDHEAFIL, HEBE—AH
CHBENBMMICHALEBHEZLITHET
623)-

STagENe SlmE SNIE XN
Moment Magnitude Mw
1028 Sy eerm I A B
(a)

-
R
r
\

AY
A
A}
\‘\
e

P

-

-
o
u
\
\
AY
AY
A
\
"

A [dyne-cr/s?]
q \
<N
\\9*; \\\‘D
\)Q
Q

-t
R
s
-y
\
bl

[ MO[dyne cm]
102?02"1021 1022’1023102‘102510261027102”1029103o

B3 HERE—A2MMEGABLRILAOER
0] RES

AL (UFCRECERBIL VLT D) ARHI
i TRHERT A—F | ITBMTS. RBABHIZZ
NETOMBOBRELENLRD LI, HEE—A
¥ MM,D 173 iz wH4 5z kﬁ)&ﬁm IZR&ENT

5. 3 ICHEE— AL M EERAILLVOR
ﬁm&%%%T?.TZA)T4%W%kﬁELt
LED¥RP L FOIEIETRAGHE, UTIZFATH
Ko INT AR T L ETFNLVOER RO I &



§

Combined Area of SMGA [km?)

10 w7 e we 1 !:" 100

Seismic Moment [Nm}

B4 2S5 TRHR (HPnO@LA) H&UAER
BAEE (Hhond) OHBE—ALE
S BE 4 Ak $EI(SMGA)D EBRAES. B
PORBIEIXBIILDHBT AR 7 4 TR
LHBE—A D FOBRE. ABRIIRAC
HLTPRARYFADIEHRTRE 5 &&
Li-LEDRGRRXERT.

Hans.

M, =(16/7)-r*-R-Ac,

: 3)
A=4rx-r-Ac,-f8

ZZTRIIAEKBEERE L L ZOMB2EDE
7, fISHEEETHS. QORIIEHDOTARY F
ABHB T — AT HIIRFIRETH 505, HEKED
PR RE Y RBERE DT A7 b HHOKEFWVE
AKEBRICERTIBICIITEENLETHS.

33. BRE (FL—HRER) HROBE
HEAHBOBS LERE N7 A — 2R EOFNIT
EANICHNEMELFRETHS. L, NE#RE
DOHEEIFIATE EWNERER R L OME ¥
eERIT, BEAMBRORBFEET T ARETIRELN
2V, —HFTHIRREE KB OE S IXBARB K
BHEL, HERREOEIEER) L HEFESR
LEFOBRBEEBOMNBLZMADZENTES, 7
L— N OEGIEAIAREER Do TWNHTD, R
SRR EDOENLT AR T LIBT3 TRVED
ERERETHZLELAETHD. X HIZ, RIER

ELTcA Ry FOBRBRENE> TNDIHEHEL,

EHEET NV LEDERBHTHIT T NVE2EOKRIEN
HBHER THARY, EFAEEO LTORAL
ZARS

34. ASTRHBROBE
A7 7T NHEBEOEBIRET VOERFIRIE, EAD

ISR EBICHE L . EL, A7 THRHEII
RABENEEIIEL, ThETICHERFICES
KERRTRYBJFHETANRELNZERNDOAL X
R i, 1993 SR #hHbR(MT.5)%° 2003 £ E 3k IR thith
BMILDEETHY, HH2T—¥0ERIILT
Lb -+ idn 220V oinBlikTehs. K&,
2Z 7RIS L — MEFHBCNER & i
LTRMEEHMBEDBRB SN TWAZ L NHEE
BRI 2 M BIET S EEX LN, BYRRREE
FTNORRBIZIBHEORETH . BETIE, #HEd
4B EN A IR (SMGA)D B MK L2 X 5 7
NHIBIZOWTROIMELED LN TELH S,
HALRIBETNLVOBIRNRT A —Z ERRTH-D0
FH LR LAHREINE. M4 ICRXT7 TR
DBBENVERR L BT — A FOBMERE, HiEH
BAHEBEOES L SbTRTO.

4. REh-BRLSEORE
4.1. WS A—-SDOKE

BRET NV ERVWEANTHBEIOREFEL &
DEBIZHLEZICHATEX X917 57201013,
FREVB OOHW TRET DILEDHDH/NT A—
VNIV RNZEREFT LW, T &iE, E¥
OEH L VI AL EBRERNL, BRENRTA—
FDOELHEFILLZ TFRBBEIOE L DX DERE
KEHICLEHEETHA.

BATO LY ETRIICRET DLEDH LB
FA=FL,32EOPETIR2EHEETIRTH
5. ZOHH LIZBT A7 A%, T TI2BEE
ORI L 0 R BB E - I3BHRALREL LN
TWADT, BAMIZIIZNhOE2BBLTRETH
HEW, RBSEOBREE LT, JVEEOR VA
BE TR E LB 5 - gt ot i B4 5 5F
REEDTVLERSHD. —FT, 20873
—DRFA—FDSL, MRMNBREBECRT ST
ZRY T 4 OALBEPLEBOERICOVTIE, HEER
BT LU FRESICE S HERENEOEM Y
HPBEERFERELEZD. LrLERs, Zihidd
KR DT RVBEREE}ET D00, BT ANY
F LITOWTOFERIZIXZ A0 Ly, —F,
BAEHENBVERLEEL TWS LEZ LN DIEE
RHECIE, BEOAXV NOBTHELZERTS
TLRBIENDL I AL L LHEENDLWHETHD
LEZONDD, TRTOVFTVAHETIODLD
RETFNNRG A—=ZNREZLNE DT TIIR. B
BRI EDOALBIZ OV TIE, MEEZRNHER CIE
W8 DAY TERE D> O REE B bR R A HEE T 5 HIEONS
BEINTWS. @5 XBOTRENTZ, BED

EIME A RES SR Ty LA (20060 19



Al _Z%
* k’/
//?
A2 -, T %
*1§5<ifc:
<«

% %
B3 PAY

%

Hs mRSBORNILSBERGR (BP0
%) B UHEEESR & OBFRY

DBV LD WX FmEK ETo) RRERL
AEBIUBEREFmE OBMRER~T. LLZIO
FiElL, BERBRESOHREIIIERREREE
fltcEx . FAEERHE T, MEHEHICX
DEFERERB 2PN D LETORERMEIZDONT
X, BERA I T AERIIFE LB LNV,
UEDRELY, RECEBEHEOH DT A—FITD
WTiE, BBy —AEEEL TERIN-EED
BRETADPLEEAREL IRV, BohFER
ICESE TN LML - T, Bl AT
BHAEETHIENEETHS.

42. ERMBES @
BNEITRHRAZED I, A 1 ek LV EAY O
HEEEHE D OHESINERBRTANY o OFSLTF
NE>IE, 10HZERE £ TOLEIRIZR T HMEE £ R
fif35(Strong Motion Generation Area: SMGA) & B4 44
EEOIENEREINZIET, FEEBRBRT T
& L THEBRE PRICA N HEBEFMICAV NS X
IR ot Lo LA LERTIE, SRR
WICRELSEETHT AR T 4« OFMHAEFIRIZOW
T, XMV EHEARADOHENTRETOBNEH S.
TROLIXEMYTIIRB T 0 OBFHEIEER 25
TARYF 4 EFFADERTI LIz, 7 A
V74 L ERBEBROICIETEEZRD S, Zhixt
LHEARDFEDCIL, EREML~vAh b AR OBIE
BBROT AN T A HRERELTT AR T o

20 FMEMBE/E S > H T A (2006)

HREIGHBRETREZEL LTS,

SE Y XY DOFIERT AV T 4 EHES,OHE
EF—A 2 MMIZHT 5 B CHEUEICESHNTND
DL, HANIERELNVAOM KT 5 A
CAREE IR L TV 5 2 &2 5. LLEDBIRRIT,
KRIZL->T—BMICREINh B,

(4)

TITANET AU T 4 OFEBRML L, AISEE
B, viiiBECEBEE THD. TS, SIFENER
Mgkl 7 ARY 7T 4 DEmEERT. S, S0
MDD 2/3 FZHFTIIE, R EL D AEMD 173 F
WCHBIT S, E6ICA~A,2IRETH E, XB'YEH
AKOFENIEREEEES. L, K2ITREh
L9517, EXMETHBERYSSEMTS X525
ExE2 DL, MBABSOMIZHT AEE BEAL
L, SRV~ VA0 BEHEM2#RTHET X
RY T 4 S, N REBNCKREL 25, HIZSES,D
HEMNEICEIT D E, A0 CHEUAIDBERET D
ZhiThB. BHEHEL T AV T 4 mES, D
BRI 2 DL 5 R THLNIRZR-> TWBHHITT
<. TAXRY 7 4 Wi L BEREAOH SRR
BIZLORVWEWHBREERHS®. 200FF
Men b L LA BRIEE, K2 EX3IEHDED
622> TWBDT, 7 A 7 ¢ [,
ISAHBRTE, ERAYMLUIoVWTOERMEIZS
THEFZEREL TS LENE, EHRAOFMIZ
BRAT A EIZEDETABESEORIENRE &

LTHBZ EERATEL.

—%, ERYIMES L ERAYMEESOERBEIRD
BRIz TYH, ZhE T OhORENRLZEN
TW5. FEET RO S/MCBITEITARY T 48R
1 ESMGAD—ET, A=V a v FEILL-T
HRENTWEIY . “nizx L, MEEEFT
_Np—7 (OEE) *BMEKRE LA =T
TR, ARV ML TEBABARBERT A~
V7 4 L—FT 275 —x&, HEMIZR2D 75— AN
Rohnsd®. 3oic, SAYMBEOERIZEERL
TN EEZONDIREBRNLDA L /A—T g v
T, BRIV TT ARY T 4 O®BKIZE
AYARBEOELARDONZHENSH D). &
FEXREETME TIT, 1994 E£=EE5 0 PiE
M7O)TROLND L O, RART AR T 4 L8
BB AEREBR S ARICERLIEFLHLNIIENT
WBY T LI BREFIEEEL, RYRATNL



TEBLVIUEDILEDOFMEE L TIIEETH .
HH—oDTFu—FL LT, EEFESO—ATER
DENGHEMSI LI ANTA—=F L LT, TOER
DI EREFA L= a U LHEEHET I RAE
EHTWE?D, ZoBE, THINZEEFHEOE
RIS S ED X ) RREHNREREBE L, 15
AL ZRIRIDEVI ABRSEOBRELRS.

43. BROMBIZRSCHHEETILEOME
BHCERETVOBE o X, FHOE
B BZMELTWES. Zh bR L T,
BROMBET VIZE S BTHORES I 21—
TarRERICIARAMTER AR LT, B
EFNVOTAEEEEZROIZHDICLEETHD.
Flz 0L, ERPLASNVADBEE—AY MDD 1/3
B TR — LV INARBHBMFRIT, AT AN
YT 4 OERMEGRRLOHATE A, EAF
TiE, BAFEYIaLl—1arnbBoh-&BR
NS A—FBOBRRNICESE, EBFHNBRTT
NERBETD BUBAEET V) EBINLTE
0P 42 SN ERAY L SR O MRV KR
BomBHEROBRALREFIIWNLT 7o —F0
Fratk: LTEREINDIRETHHEEZLND.

5. EbHYIC

AR T, YZBEMERTEORSHIBWTE
BETNEROR—2 L7225 LY 220V,
FORBLLEIZZFICEAR*BOERTH L L
Hiz, BRETNAERW XA REBEESER ORI A
CHEEM, BIUSHORBROFMAIZ OV TR
L7, LU BRESSBRET AVOERFRIZ, £
BIZBOWTEBADRZVRENT A—% TEHY, &
—HIZET IMERBRITTE A L HIREFINTWS
2, Bl T REN R ER R ORIEDERIZB W T
TRELTOMES, BWEFNLRMRNS HBEL
BLRoTL b, KERFOL I LREROBE LR
NIFENTHA.

it
HR KB =L EETIIIREICEL
THZBERIA L M WEEWE. BLTRBLET.

BEXH
1) Maruyama, T.:. On

dynamical elastic dislocations with reference to the

the force equivalents of

earthquake mechanism, Bull. Earthq. Res. Inst.,
Tokyo Univ., 41, pp. 467-486, 1963.
2) Hartzell, S. H. and T. H. Heaton: Inversion of strong

ground motion and teleseismic waveform data for
the fault rupture history of the 1979 Imperial Valley,
California, earthquake, Bull. Seism. Soc. Am., 73,
pp. 1553-1583, 1983.

3) Somerville, P., K. Irikura, R. Graves, S. Sawada, D.
Wald, N. Abrahamson, Y. lwasaki, T. Kagawa, N.
Smith, and A. Kowada: Characterizing crustal
earthquake slip models for the prediction of strong
ground motion, Seism. Res. Lett., 70, pp. 59-80,
1999.

4) Mai, P. M. and G. C. Beroza: Source scaling
properties from finite-fault rupture models, Bull.
Seism. Soc. Am., 90, pp. 604-615, 2000.

5) MR AVTAN=T OREEE KE R
HEg, B, 66, B ENE, pp. 93-97, 1996.

6) WBAFEZ . “BEOE OXRER, B¥, 65 A
5, 1995.

7) Okada, Y., K. Kasahara, S. Hori, K. Obara, S.
Sekiguchi, H. Fujiwara, and A. Yamamoto: Recent
progress of seismic observation networks in
Japan—Hi-net, F-net, K-NET and KiK-net—, Earth
Planets Space, 56, pp. xv-xxviii, 2004.

8) Kawase, H.: The cause of the damage belt in Kobe:
“The basin-edge effect”, Constructive interference
of the direct S-wave with the basin-induced
diffracted/Rayleigh waves, Seism. Res. Lett., 67, pp.
25-34, 1996.

9) Irikura, K.: Prediction of strong acceleration motions
using empirical Green’s function, Proc. 7th Japan
Conf. Earthquake Engineering, pp. 151-156, 1986.

10) BILRE - ARFRE - BAREK : HROA S
— U U FRNZE SV KR OB T8,
AAREZESEERRURESE, 430, pp. 149,
1991.

1) BHIE » LSO - FEAR : [RBUT 87 AR
HiEgE AV ERAHBIB LCIRERAT b
HEARDORE, £ 24 BB T A RERRDHER
#E, pp. 161-164, 1997.

12) FIEE - R)IZER : WY A 7 LU R A
R ERE LI BN - B RE B DR R K,
AAREZLBERRE, 523, pp. 63-70, 1999.

13) Ohno, S., T. Ohta, T. lkeura, and M. Takemura:
Revision of attenuation formula considering the
effect of fault size to evaluate strong motion spectra
in near field, Tectonophysics, 218, pp. 69-81, 1993.

14) ZE5LFE - AHEME - ABFRE : KBRS Y
— U BEEEER BV 1997 4E 3 B 26 B(Mpy 6.5)
K5 A 13 B (M, 6.3 ERALE MR DM

SEIME AR TE S >R 4 (2006) 21



BELIa2L—2a LEBET N, HE 2,
51, pp. 431-442, 1999.
15) Miyake, H., T. Iwata, and K. Irikura: Source
broadband
simulation: Kinematic heterogeneous source mode!

characterization for ground-motion
and strong motion generation area, Bull. Seism. Soc.
Am., 93, pp. 2531-2545, 2003.

16) ABFR » ZE3LHE : 7 U AHBOMES)
FH, #FHEEE, 110, pp. 849-875,2001.

17) EXRE : BRELE QMRS VL ADKEA, #iE 2,
51, pp. 161-170, 1998.

18) ABFERMN BEHTRL S E—KBREIZLDM
BRBOTRTFiE—, RBRED KBERTER,
47A, 2004.

19) HERAEZER  [2ELEB L/ HES TR
MIMEEOT 2)—BENBLEEL MRS
TR DFHBA —, 2005.

20) HHE BERREZ SRR AR E TERTEILE
INBEINIAD D DN ? —TEWTRE OISR LR
BLEEHm—, HFEHEEE, 107, pp. 512-528, 1998.

21) Kanamori, H. and D. L. Anderson: Theoretical basis
of some empirical relations in seismology, Bull.
Seism. Soc. Am., 65, pp. 1073-1095, 1975.

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

23) Scholz, C. H.: Scaling laws for large earthquakes:

rupture area, and

Consequences for physical models, Bull. Seism. Soc.

Am., 72, pp. 1-14, 1982.

24) H—5 - R E EREER-AHE  WBOH
— TRV BEET ANLEEINIERAYL
L& ERBRIR T S IR & B MERE FRIO
D OREMBOET Lk, BABEZSWEE
F 3 CEE, 545, pp. 51-62, 2001.

22 E34EHATBEN S >R 4 (2006)

25) Boatwright, J.: The Seismic Radiation from
Composite Models of Faulting, Bull. Seism. Soc.
Am., 78, pp. 489-508, 1988.

26) Asano, K., T. Iwata, and K.lrkura:
characteristics of shallow intra-slab earthquakes

Source

derived from strong motion simulations, Earth
Planets Space, 55, pp. e5-e8, 2003.

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

28) ARFERE - ZELE - HHAE - FIIRE -
JIiN%E : BESH TROLDOEEL L LEE
DORREE, 11 BIBABELFES VRIU A, pp.
567-571, 2002.

29) FEIE : =R —7 « f U= 3 VETIC
L VB LMo e m AR R T R L X —#R
H ORI, B AREBESRETHRE, BI10I,
2005.

30) BRAtHEZ - WHETA : B EiEROE A
BEREPLLTANY T 1, § 120 A AME
T RT T A, pp. 218221, 2006.

31) Sato T., K. Imanishi, and M. Kosuga: Three-stage
rupture process of the 28 December 1994
Sanriku-Oki earthquake, Geophys. Res. Lett., 23,
pp.33-36, 1996.

32) Shiba, Y. and K. Irikura: Rupture process by
waveform inversion using simulated annealing and
simulation of broadband ground motions, Earth
Planets Space, 57, pp. 571-590, 2005.

33) Guatteri, M., P. M. Mai, and G C. Beroza: A
pseudo-dynamic approximation to dynamic rupture
models for strong ground motion prediction, Bull.
Seism. Soc. Am., 94, pp. 2051-2063, 2004.



REREET VDG 2
PATH MODEL FOR STRONG MOTION PREDICTION

PR
Toshimi SATOH

The path model for strong motion prediction is summarized in this report. Especially I focus on Q and envelope models, which
are required for statistical Green’s function method. If strong motion records are observed at sites in interest, it is the best way to
make the path specific Q and envelope models using the data. In the case of no records, Q and envelope models proposed in
previous studies should be selected considering the applicability. Roughly to say, Q for subduction zone earthquakes with depths
less than 60 km is represented as Q=(100~150) f °"~*® using frequency f except for Tokai-Tonankai region. This relation is
applicable to deeper subduction zone earthquakes with depths from 60 to 100 km. Q for crustal earthquakes is represented as
(=50fin a general way within the hypocentral distances less than 100 km. Envelope models based on scattering theory are the
best models for subduction zone earthquakes. Since Boore’s original model dose not consider path effects, his modél may be
available only for near-fault strong motions for crustal earthquakes.
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fl1, 1994; B M - f1, 1999; £ - #21, 2001). HUE

c=b/i(pT,) (5)
ThHD, CIBRKEN1ERDLIOICEETDE

C=[e/(pT,)) (6)

EIEAEE S > R A (2008) 27



TIME (sec)

TIME (sec)

TIME (sec)
¢] 5 10 15 20 25

;E; 6 5 10 15 20 255

8 8

a A

: :
(a) HiE - g EL (b)
B8 HELHERIC

ERB. T3 TcD2BTHY. ¢i3 005 TH5,
Boore(1983)Tid. AN T A N7 OHBAMED
BRAEBIZI4 v T 735X HELLRE
MHEBETESDEL T, p=02 &L TW3B, Boore D
BERETTIVIZ. £ Q9D HBNHED
HREHTFACHBMICL2BEEMBEORES TH
THWsNTWS, . AU FILD Boore DE
THICREVWEBREBEKTEEEZRDADZ Y. Boore
DETNVDNRIA—F % M E X OBEKEL &R
BT INLEEZhTWS(FE - #1, 2001; #
-4, 2002), FFEE - 20011, SN O MR AR
ZHWE Vs=lkm/s DBEER ETOEFT I AL -
fi200)ix. EEHHICB T IFEEHBIIBITSTE
FNTH5B.

Jennings B DR T T IV ENV(DIZ. (7)~(10)
RTHEINS,

ENV(9)=0.0 0.0=¢< t) (7)
ENV()= ((t- t)/(t, - £)? (,=t= 1) (8)
ENV(t)=1.0 == ) (9

ENV()= exp[-(In10) (t- t)/(t,- t)] (t.=1= ) (10)

Polg - (1994)1%, B EMNDE(, - ) EFES
B, - )2 MEE. BERG, - )W BREEMEKS
OLUTORRBETINEERL 2,

log(t, - t,)=0.229M, -1.112 (11)
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Modeling of velocity structure for strong-motion evaluation

BR LT - KHBIL
Hiroyuki FUJIWARA, Masahiro OOI

Once strong-motion simulation concerned, we need to deal with seismic velocity-structures. We consider the deep underground
structures either down to bottom of the earth crust, or to bottom of the plate boundary, then up to a seismic bedrock with a shear-wave
velocity (Vs) of 3kms, farther up to a structure of an engineering bedrock layer with Vs=400m/s~700m/s, and final up to a structure
of surface layers. The deep underground structure indicates the structure down to bottom of the crust and/or plates up to a seismic
bedrock layer with a shear velocity of 3km/s. Using velocity and attenuation models obtained by the seismic tomography or
geophysical explorations, the deep underground structure has been modeled. The structure of sediments indicates the structure from
the seismic bedrock layer up to an engineering bedrock layer with a shear velocity of 400m/s-700m/s. This structure strongly controls
the low-frequency strong-motions; therefore, it is an important factor for the evaluation of low-frequency strong-motions. We have
made a three-dimensional structure model with various available data in all of Japan. For modeling of the structure of sediments, we
use various profiles of deep boreholes, reflection and refraction surveys, data from microtremor surveys, as well as data from the
gravity surveys. In the modeling of a structure of surface soils from the engineering bedrock layer up to ground surface, profiles of
boreholes and data of surface geology are basic information. The surface soil structures are locally very heterogeneous and large
amount of data is required to model accurately the surface soil structure. Modeling of velocity structure for strong-motion evaluation
requires large amount of information. Therefore devolopment of database systems is very important for modeling of underground
structure.
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AN REBEE TRIFIE
STRONG GROUND MOTION PREDICTION PROCEDURES FOR SCENARIO EARTHQUAKES
E2INCN
Katsuhiro KAMAE

Strong ground motion prediction procedures for scenario earthquakes are introduced in this paper. The typical
ones are the empirical Green’s function method ,the stochastic Green’s function method and the hybrid method for
predicting broad-band strong ground motions, the theoretical method for long period ground motions. These
methods have each merit and demerit depending on the characteristics of the Green’s functions used in each method.
We should select the method depending on much or less information to predict strong ground motions at site.
Furthermore, we need to advance each method to realize the prediction of accurate ground motions for future large

and huge earthquakes. Finally, [ recommend you to read the references in order to get more understandings related

to methods because the concrete explanations of the methods are not complete in this paper.
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HRORIEAE

Verification of the Synthesized Strong Ground Motion for Dynamic Design of Structure

BHHE A
Arihide NOBATA

The methodologies of the strong ground motion simulation have been progressed in the past 10 years. This article
presents how to verify the synthesized strong ground motion simulated by theoretical methods. A fundamental method
to verify is comparing with average values estimated by an empirical attenuation relation. Fortunately many attenuation
models revised based on recent strong ground motion records. So, the peak ground motion of the point near fault can
estimate using such an attenuation model. The following method is carrying out the simulation of the observation
records or observed intensity. Validity of the assumed model, are verified although an extraordinary labor is

accompanied by this method.
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Generation of Artificial Time Histories Based on Empirical Evaluation of Response Spectra

REFE*
Susumu OHNO

As a complementary method of wave-synthesis or hybrid method for a specified scenario of fault rupture model, a framework for

generation of artificial time histories based on empirical estimation of averagely expected spectrum is summarized. At first, empirical

equations of response spectrum and/or time envelope must be suitably selected, as the evaluation condition lies within their applicable

range of the parameters: magnitude, distance, site condition, etc. Next, time histories are synthesized to satisfy the agreement condition

of synthesis/target response spectral ratio. Examples of artificial waves for shallow inland, plate-boundary, intermediate-depth

earthquakes are generated by sine-synthesis method.
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MEBMEZORRBROBLEEL S ENDEH

History of Innovation in Strong Motion Seismology and
Development of “Recipe” for Predicting Strong Ground Motions

AR FRH

Kojiro Irikura

From recent developments of the waveform inversion analyses for estimating rupture process using strong motion data
during large earthquakes, we have understood that strong ground motion is relevant to slip heterogeneity rather than
average slip in entire rupture area. Asperities are characterized as regions that have large slip relative to the average slip on
the rupture area, based on slip distributions estimated from the source inversion. Then, we find two kind of scaling
relationships, combined asperity areas versus seismic moment as well as total rupture area versus seismic moment. Based
on the scaling relationships, the source model for the prediction of strong ground motions is characterized by three kinds
of fault parameters, outer, inner, and extra fault parameters. The outer fault parameters are to outline the overall pictures of
the target earthquakes such as entire source area and seismic moment The inner fault parameters are parameters
characterizing fault heterogeneity inside the source area. Further, other fault parameters are considered to complete the
source model such as the starting point and propagation pattern of the rupture. The seismic hazard maps for future large
earthquakes with high probability of occurrence potential are made following the idea of the recipe proposed here by two
governmental organizations, the Head Quarter of Earthquake Research Center and Central Disaster Prevention Council in

Japan.
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WASERTE(L U 7=, PR RBIR R B T ICE IR AL
FrlrnwEEZ LN, TOEMBRNCLEREEREICD
VT, B LFOBFEENHL &> THBESHZ SO
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DTHEEBREDOEFETH o LI EOHMNIEE THS.
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THHREHFICLOHRISED SNTER, 1966 FD/N—F
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FEEETORBETENE SN OIT 1995 F L Rkt
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HEOMGRIC DV THEEN BN LR 7.
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AXIZBLTHREGEIBLEBEIN, ThEROKER
BTRERIER TEERLERVELSNDXL DI X
SR OEATLRBHCENHEOWHBRREL EHEFD
AR ERENII I 2 BEMOBBOA N AL ET
FHRFEIC EEREREEMRT I ILAEBIND L DT

EIEIAABE S ORI L (2006) 63



-7,

KIFRDA -~V F—<TH [HEHFRLE] ODEZ
BRINETORENHEDORRTHE2BEOWHE » FEE
BHHR, TP ROBRTHIBEYHEOA I LY
THRERET O ER, REDHFEE - LTREENED
DTH5.

2. BERHFALE

Tl e, EREENECEBEAEET L&,
FITHHERIENZVEEOEVIIROHBIZ LS EHE
B %, EXACH- TLECEANBONI AERDO L %
WEZEIZTAH ZIITWHIBBHE R, HIkAMEE,
BRKHEE, BE, tWHBELINEBETREL, —8BY
REEWIXTAWENENSD Z L DT 5 XKIREE O
BEEEEKR LTS (AR, 2004).

OEIBHTHEDETHT-DOREEZRED 1
OHRBERE L SMEESH YR T O izH S KHEBD
HEHGEEEAVCENENERREED DOER A VN
—Yay (UTAXTE, BREA U NA-Jarveid) 2k
D, MEBMAROBEEFVSHLHERZDDDH S, 20
R, AEROFFMIZIE, BHRECEL THEBEECHET -
AV M EDERWIME/NT A —% (outer fault parameter)
TR, BEMBERIZBT32TEERT XD BHELED
MEKIBTIE N5 X — % (inner fault parameter) NEHEELEE
THDIehbro>TEL FROKMBIZNT 2MBEHD
T ERERTI DI, HBOBEOHWEEFVICE
TWITEX N ZHBORLANIZHK > TERBIKE T £
— Y E BB NS A - RFTIZR/EEIND T EHF
AIRTH 5D,

ERPEE/INTA—4

KHEEBDO L ZOLWER, ThbbBENBOER S 12
HEE-AVFMIZHLT—EOALAITHEIINTWSZ
EiE 30 FLLEVLEIABH SN TWS  (Kanamori and
Anderson, 1975). AFEORBHLEEAWLBIRSA N -2
aUPLEONLETRODAHICETVC, 2EERCHET
— X7+ OBEFRBHRIN, AHEOBEERNIELN D Z L 235
b 57z (Somerville et al., 1999). ~ DEFEME L HIE T —
AV OBREZNEOENBICR LT 2B EEBIZAE
CHHBLIIRLEDIZLbh->TE

WEEDIEWBICRET AHBICH LT, MEBHZEEH

WeBEA N TarhrofBonNizd R0 HNE—F
HETERIN - 2BBER L BT — X ¥ b OB{ES Fig. 1
ERIZEMTRENS (Somerville ef al., 1999; = E, 2002).
BEA YN a v ENZHEBIZ10PNm LD AKE WY
DIEREZEDPDPEVDT, TN RO -HEBH DR EE

Tl OE 2 OAETROEN-HMBEERG B E —
A b OBk (Wells and Coppersmith, 1994) LE UKIZE Z
mzehnTwWab. HBRHECHEBET— A2 b OBEFRIR. #HE
E—-AY MR 10 Nm Eh/AhEVHEBIZINL TR
Sc My’ FREDKEVHBTRELS S« M,"? D
BRIZE->TWALDITHLS.

In50EFRE MBES LA—EMLEXELS< S @#X
W, L>20km) $HEEFHBREBOEXIZLD —EME
Waax (8 20 km) TEFI$ %, ¥1\> Shimazaki (1986) @
ZZIIMIET 2L DTH S, X512, Scholz (2002) iZ¥/E
TRODEDEWERE L WERDENE Wae OBEEDE
Bhro, MIBRE LR 10Waax XD KELS B LS5 HEKRK
NEABOBE, METVE DXFIF—gErizd, &
R LTS MyOBRIZNSD, LWVIEZERLTVS.
LD 10 Waax % L T Waar= 20 km iZ6ET 2B O E— X
Y MIZH 1021 Nm BEIZ% 5.,

MEEEEOFHICHB TR, B —ERE HEE
= AV IR I0Nn BE) TR, BRI L HBEO K,
TARZ b /Wop)s BLIZEWOT, HEZ S v 2 %K
ELTHHET 22, HEHABIZEKSTIFIT—E (2.3 MPa)
e b, HHBHRENKEZ ke, EBICT L THEES
PRELEDALR Y v 7R RKET HHIFITITWV IR0, B
BEESEDT A RT I W) P KEWBEIZE L X
r—1Y v ZHE LT, Fujii and Matsu’ura(2000)iZ LA T DK%
BELTWA.

— 2

da W L

M = —C_max %))

0 al + B

COBGBRREMH VS L 2 BB TOFEIE BT &2
F—E&7sd (AR,2004). ZOMBECBELTT—5iIzE&E>
SHFRREFTDZENTWEWL, SBORFFEHED 1 HT
HD KEEHZIIHLT, BT AV MIODWTIRER
RN OEERWHENTRETH LM, BE X L RHERE
W OHERISHTLLES TRV, BEA A=V aviZ
ESW-EEMERRPMELr INTH3,
BEAHMEIIOWT, MEEESLHEBE— XV MOD
EEMBER Figl OTRO LS eHEN S, (Yamanaka
and Shimazaki, 1990; Somerville - fil, 2002). LA AZT TD
HEREEOBIZIABESEIDEAVEEION, TOH S L
My BEDRWEIT S « M2 OBIFESERDI->THED.
ZOHEFHIC BT BIZE 3.0 MPa 272 5. fEERI BRIz
S UT W 138 100 km & E X B &, My-SBEBENRRFKRIZ
TNHOIRHMEE— AV bH 10P Nm(M, 8 DHBY)LL L
3. HTRENTVWABEFRIE, L<Wnm(My< 102 Nm) D&
ELa M, Soc MM, Wag <L <10 Wy (10 Nm < My <
10 Nm) DEE, Lo MY, S M/, FLTI0 Wpy <L
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Fig. 1. Empirical relationships between seismic moment and rupture area for inland crustal earthquakes (a) and subduction-zone

earthquakes (b). Thick broken lines are 3-stage scaling relationships proposed by our studies (e.g., Irikura et al., 2004)
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Fig. 2. Empirical relationships between combined area of asperities and total rupture area (thick broken line) for inland crustal
earthquakes (left: after Irikura and Miyake, 2001) and subduction-zone earthquakes (right). Shadow ranges + o (standard
deviation). Thin solid lines show a factor of 2 and 1/2 for the average. Database obtained by the waveform inversions for
the inland crustal earthquakes is Somerville et al. (1999) and Miyakoshi (2002), for the subduction-zone earthquakes
Somerville et al. (2002).
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Fig. 3. Empirical relationship between seismic moment and acceleration source spectral level for subduction-zone earthquakes.
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Fig. 4. Ground motion simulation for the 1995 Kobe earthquake u

sing the stochastic Green’s function method. (a) Characterized source

model based on Kamae and Irikura (1998). (b) Source parameters for synthesized motions. (c) Variability of synthesized

pseudo-velocity response spectra using 10 trials of stochastic Green’s functions. (d) Comparison between observed and simulated

velocities of NS component at KBU station.
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Fig. 5. Comparison of waveforms and pseudo-velocity-response spectra between observed and synthesized.
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PREDICTED STRONG GROUND MOTION VARIATIONS DUE TO ANALYSIS METHODS AND MODELS

EAPERE* KEFIEITH?
Chiaki YOSHIMURA Masayuki NAGANO

This article presents a number of estimated strong ground motions calculated by many researchers for

possible large subduction earthquakes around Japan. We analyze the differences of estimated ground motions

caused by calculation methods, seismic source models and subsurface ground models. A group of ground

motions for both the same earthquake and the same location fluctuate with maximum ratio of 2 for peak

ground velocity and peak value of response spectrum. Each estimated ground motion has specific dominant

period reflecting source characteristics and the amplification characteristics of large sedimentary basins.

These results suggest that in the case of using the estimated ground motions as building design ground

motions, we need to take into consideration the possible uncertainty of intensity of those motions and need to

choose appropriate one in accord with the target earthquake and target location.
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BEUEXMEOHBMERNSA—2OEHNL 6T FRBEHOESDE
VARIATION OF ESTIMATED GROUND MOTION FROM AN INTERPLATE EARTHQUAKE DUE TO FLUCTUATION OF
' MICROSCOPIC SOURCE PARAMETERS

BO&RF* TRMT

FHERFM—*, 581 R*

Haruko SEKIGUCHI, Masayuki YOSHIM]I,
Kunikazu YOSHIDA, Haruo HORIKAWA

Variation of estimated ground motion from a future Nankai earthquake, a great earthquake along the Nankai trough, due to

fluctuation of microscopic source parameters is investigated. Broadband ground motions are simulated in and around the Osaka

basin. Multi-scale heterogeneous rupture models are constructed by introducing multi-scale heterogeneity into slip distribution

and rupture propagation of the simple finite-fault source models by Central Disaster Prevention Council. Ground motions are

computed with a hybrid technique: lower frequency by the 3-D finite difference method and higher frequency by the stochastic

Green’s function method. Simulated ground motions inside the Osaka basin are characterized by long-period (5-10 s), prolonged

(> 300 s), and amplified motions. Generally speaking, increase of stress drop on asperities and average rupture velocity enhance

the ground motion. Random numbers to generate multi-scale, smaller-than-asperities heterogeneity in the source parameters

reveal to cause uneglectable variation in the ground motion. Fluctuations of microscopic source parameters incluence the

interference pattern of wavefield inside the Osaka basin, which lead to the variation of ground motion with complicated

strengthing and weakening pattern.
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VARIATION OF GROUND MOTIONS OBTAINED FROM OBSERVED RECORDS AND STRONG-MOTION SIMULATIONS

FNEZ" REFULAT
Nobuyuki MORIKAWA  Hiroyuki FUJIWARA

We show some examinations concerning the variance of ground motions considering the uncertainty of source parameters.
First we show the result of a Monte Carlo simulation that gave the uncertainty of the location of asperity and slip amount on
asperity, and rupture velocity. The obtained variance is strongly affected by the difference in directivity effect that originated from
the uncertainty of location of an asperity and rupture velocity. The standard deviation is about 0.1 in base-ten logarithm for short
period range (<Isec), while the standard deviation is about 0.2 for long period range. On the other hand, the standard deviation
estimated from the data set that removed path and site effects by using only records from earthquakes that occurs in a specific
region is 0.15-0.20 in base-ten logarithm. And the value is about 0.1 when only the effect of rupture propagation is considered. For
long period range, the variance of ground motions obtained from the simulation is larger than that estimated from observed records.

This may imply that the directivity effect appears much larger in the simulation under the assumption of circular rupture

propagation on the fault with a constant rupture velocity.
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