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Modeling of Earthquake Source for Predicting Strong Ground Motion

ABEE
Yoshiaki HISADA

The methodologies and applications are reviewed for predicting strong ground motions near earthquake

source arcas. Firsl. the omega-squarcd model and the scaling law of the scismic source spectra are
cxplained. Second. the semi-empirical method. the stochastic Green's function method. and the

theorctical methods (the k-squarcd modecl. and the omega-inverse-squared model) are presented. Finally.
the hybrid method. in which the semi-empirical / stochastic Green's function method for high-frequency
waves and the theoretical method for low-frequency waves are combined. are explained together with

their applications for strong motion simulations at broad-band frequencies.
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SRR ICE D (ERERBORETE

EVALUATION OF ATTENUATION CHARACTERISTICS ON SEISMIC WAVES
BASED ON THE OBSERVED DATA

DOt —x*
Kenichi KATO

Evaluation of path effects on seismic waves is one of the most important issues in earthquake

engineering.

In this report, attenuation characteristics along the propagation path during earthquakes is

reviewed, focusing on the observational study conducted after the 15th Symposium of Earthquake Ground
Motion held in 1987. Regional variations caused by the path effects are also summarized and discussed.
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HETR AR DR AEE & R O Rl

ESTIMATION OF VELOCITY STRUCTURES AND ATTENUATION CHARACTERISTICS
OF SEDIMENTARY LAYERS

IR BAZ *
Kikuji KOBAYASHI

The clarification of velocity structures and attenuation characteristics of sedimentary layers to the uppermost layer in

the earth’s crust is very important because the effects of the sedimentary layers on strong ground motions are

considerably large. In this paper, first, the significance of the seismic bedrock defined as the uppermost layer in the

earth’s crust is investigated from a viewpoint of phenomena of earthquake ground motions. Next, two convenient

methods for estimating S-wave velocity structures of deep sedimentary layers are introduced. One is an inversion of

phase velocity of Rayleigh-waves obtained from microtremor array observations, the other an inversion of H/V

spectral ratio in P-wave part of earthquake ground motions. Last, previous studies on Q values of sedimentary layers

are reviewed, and the possibility of the formulation of Q values and the subjects for a future study are described.
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EBICH T BICHLORE
PRACTICAL APPLICATION STUDIES

RTHFAFEA (KEUERREAITZEAT)
TbshiroMAEDA,
Technology Research Center, Taisei Corp.

After the 1995 Hyogo-ken-Nanbu Earthquake, the local characteristics required for the design ground motion
tend to imply the locality of the earthquake source mechanism and deep subsurface structure, rather than
shallow subsurface structure formerly considered with artificial earthquake motion conform to design spectra at

the engineering base-rock.

In these days, deep subsurface model with irregular bedrock containing fault

rupture heterogeneity is the most advanced model, however, necessary information is vast and not easy to obtain.
In this article, the Kannawa-Kozu-Matsuda fault in Kanagawa prefecture is studied to exemplify the importance
of long period ground motion induced by forward rupture directivity to structures with several seconds natural
period , such as base isolated structures; and the necessity of stochastic aseismic design approach in terms of
uncertainty of ground motion induced by the variety of source rupture starting points at least.
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Review of Studies on Earthquake Ground Motions

SR

S %

Hiroshi KAGAMI

The author had been contributed to the Research Subcommittee on Earthquake
Ground Motion as a member since 1971 of its establishment and retired from the
member in March of 1999. The committee requested me to review the activities of
the committee from 1971 to 1999 and this paper was prepared as a special lecture
note. The committee has been organised annual symposium on "Earthquake Ground
Motion" and it is continued to the 27th symposium of 1999. The title of this time
symposium is "Strong Ground Motion Prediction Considering Regional
Characteristics".  Therefore, in this paper, review of the Committee and the

Symposiums are summarised focusing to regional characteristics.

1. XL®IC .

BB/ NBELSISBE L-DI1971ETH Y,
BI92EN OB YRV Y LA ERBLTBY
AE27EI B2 MR 5o EEHITITIEDORELK, &
BE LTI THE19994 3 B ¥ T, FIiZ28%
MOEXICHE- THHHFEIZ 2o, SEDY P RY
oAk, B23EA LT —vE LT & [19954F L
B BE R IN - HRBENE] b26ED [#
D4 RBIE] 2o T—RDELDEITRoTEY,
SBOFABEERT AT —<EhoTnb, &5
BREEEZ Do T, LIIRKNFRREPLHET D
HTH V2 SEIE— R E LTSNS THE
b D&k LTV, KEBHEREGKRD, > RD T A
CEDI AT TIV—TD R x—hb, HBEHH
ROFEDERNEVIKRELBHLZBTLE-
7oo BEZEMOLTBERYSL, ML LEWVT,
FTARNEDADLIF IRV AR NWEDIETHS,

FNBREROBRIZIVIETHY, BEBORY
PAHIED ., BESEFT ICBBEESISATRT
Hy., OO ORICRANBRSOFESEELE 2o
TETV, 1968FE I TP HBIBE L, \F
B TSI N2, W THBRY 5 HBE IRV

BEMY 2RO LA/, HBRBYHIROE
BEMISRBRE NGB TH o2, ZRELEE
FEE LTHRBIH/NRERIBEL. £#ELEAR
D—NIZMZ 8 THE 2, FEEIIREEERSE
DERLDT, BREVETHo, EEHL2RED
AENKRE., BESE. LIRR, ERMAL#EE
EHICH &Dh, RE4L A LREBRIEEERD
FEH Db & THEEIYRS NTNE, TEORK
REBOZRHOBE AR LAREI AT ChRiIT Y
TEW:, ZORATEIREREZFIZRZ>TLEST
Wiz,

SRD Y RYY LDOEET [HIBHFEEZER
L7-ZBEFH] ThHh., £EFICEZ ORREIR
WBEHOBFHOEH LM T AT, BELITRL
WIS DTHS, WREBEINEERTORBREIIEE
FIESNTWA Y YRIYIALE 1 0ETEDHBIC
HITLC& & icBHEh b, Thbk
BDHTHOHEL, EFLRYIDT L0 LSBEDHE
REBELCRS, SEDYURITLDAAL 7 —
TEBoTVS [HIBMBRME] K FEFTDOY VR
VIATEDE ) ICERINTELOPRRERZ
TEBLTHI,

* ALHEEARFERFER TERER

Graduate School of Engineering, Hokkaido Umiversity

- 49 -



2. BREBEHIRERDO28EFHOLEA

2.1 MNRESOBR
WREE/NEBRIBRBSHEORTIZIONER
WCEREISN, 6 HAHIZE LHO/IFRLORES
Wiz, BRERROZEMHEE (B (&,

A BERE (HA)
HH L EE (BLIK)
R (AR
L KHIH GOAEH)
FRIES (RLK)
SR (R
HRHEALR (FX)
SR (HERF)

HH = (AR
TS (KAEHT)
(LI (HERR)

%R

ThHYH., Bas»EmaIhi,

ZESTHHBEDICHRTIFELFLENE
wWIBZENLHOONT, BRAKEHDT Y VT
v M LTHBBHBROHERERHET LI N
fE SN, BROFEESO—MOREH LV THEE
- FEuEREL#REED, ) —DDREE L
TR LADRMESRES N, 1972F 8 HIZH
BNz, VORYIAPFETH 12D HE
2 FA973EDIL HICHE S h, BEESTITS N
AIllirol, YURIYLAEMETA—FTH
BEOWEERIIET 2R, MEEOMIZALE
BEREL>TLELL)THA,

T URI Y ARIBETHONBRER NEREDE
BERTIDELTEH L, | 0FEEHE/BET
INFETORRTERE LHBHE LTHATT A
szl [l ER) | AT1983FICFIT I NI,
T 7z, SHIC10EE R BB CTHET L2-FIATH % H
ZHrlwH T itk ol, 10AEDOHITHOR L S

AT TId7e CH72IZEILTHIIT L, AT LT
WREED LI &) ZEiikoTz, 20K, LIE
b BT ERROBIRY ¢ 8 ) Sk £
YN I ERBAERE L, 19956 S8 LA AT A~
EERDL, TNHDOMEIZELNIEELHKL S <
WRREICL > TR ETOMREIHbIEZILE

B, SROOMBERNRYE LI LAY Y LD

o, F1ICHIBES S LRI ILDF—v—
BiEP3 Tit, HEER/IEELOEEE
2 00RO FIFTHEI T3 XS LB L TH D,

e
0 ‘= =

2.2 #WIAE [BEHEBE| AITET
ERDIHIIZEIRIBDY Y RI I ALIZI19726EIC
s, RELFHFHEEHZLUTIIRT .

B1E BEYORFHIERT & HER
- BB OBIBIE (FRERR)
VbW s EFBMBAICOWVWT (KH#®)
BRIV A REBBEHDOH S IZDWT
~EED S OBERIZOWT — (IHESE)
- WENE D T SBEYOMN B L UERIERE
(FIREE)
CIREBATICEV SN T WA R (SIER %)

BODY R ADT —<id [REYOFETIC
ERBTNEBEH| Tholoo ZOTF—<IFDH
b LIELIEMETOhTEY, BHBLEORH VW
DIERBOT - Thb, URFIIHBEEIE
HHNRHTH D BB E AJ) &7 IR EHATH
BAIITOR TV, LA L, MEREL R W
bWwsrrjkr ha - #7 b MEEHENRTN, £
D& RRFEOH, ASIHEE)IC I - HEAE T
Y ERTRETHY ., RAYDAIIFHEiSERTS
AELTERT —<=PHETSNT,

2L [AFL LA ) YiE LTI
HERZWEF—T - FTOI R ILTHo1,

-50 -



*x1 HBREHNREROESAREHBERHS VORI I L

G NERE |V UEYILA #FEE L RENE
1971 |RE (6.4)
1972 #1H [BREMORIHCER T X MEH | (1972.8.31)
1973 B2M [APL Y - LANIC X BHEBE| (1973.11. 30)
1974 _ 74.5. 9fFF BB
1975 EIE (BBICLAFUBBRE TOER - 197T4EFTLERBEICD
WTOHE—] (1975.1.14)
1976 Fald [HEBICBITA2PPERPR M OVWT BRI MBS OE
WEt—]1 (1976.1.20)
1977 BEom [HER L mER] (1977.2.18)
1978 #ola [MBEIHMEOBIREEZ] (1978.3.28) 78. 6. 12 MR
1979 %713 r%ﬁwﬁ%ﬁhﬁb:ﬁ5&%_%&%@@5&&%@ (1979.3.27)
1980 30 [HEGRENICHET2RIDEM]| (1980. 3. 28)
EOHE [HEYOMBMEL ZE LA BRI HME]
1981
(1981.4.3)
1982 10| [FATHAHESWAROBIRE BE] (1982.4.6) 82. 3. 21
[HhRgh s |B110 [HBEIEOERE ZOER] (1983.7.15) .
1983 | gy P47 | VRS E MREIOBRK) (1983.7.19) (GHE @ 8 L) 83.5. 26 H M
1984 F12F[ BRI, ILSHAOEE - HABTHRBEED o T~
(1984. 6. 26)
1985 #1130 [HBREHHAOI Y FEFDORME] (1985.7.9) 85.9.19A% 3
1986 140 [A XS aHBR4BL - HAOHEFE LB LT —] (1996.7.11)
1987 #15E (BT EEOBETM| (1987.8.27) 87.12. 17FEEXRH
1988 #i6lh [HWAAKEIMBIICS 2 5 2B -FIEGE > OEE — |
(1988.7.14)
1989 17 [MBOT AR ICOVWT - FOBIRETTREM — | (1989.7.13)
1990 #1gE (R ERHHHREY -FRATCTFHRE S T,
(1990.7.13)
1991 19l [#HTTETOMRE MAEER | (1991.7.26)
1992 ook [HBRETH . RETO-OOBBEFE LD ELT](1992.12.11)
1993 |FECRFIAT |S21m [RIEsMHE -2 8E0HINESHWEE] (1993.11.19) 93. 1. 158lE
1994 o2in [HBBREFEEOH /-2 B T - R FEGE~DIHE A& - | 94.1.17/ — A v
(1994, 10. 31) 2
1995 #23E 1995 REREHME CR I B EEIE | (1995.10.13) [95.1. 17REERL
1996 o4l [#D 2 —KRFPFIZDOWCEZ D] (1996.10.13)
1997 %25 (203 - BIERTOMBHFME WBRFHOVWTHEZ S
(1997.10. 31)
1998 H26H [ 704 %35 . MEHTEOREZ] (1998.10.22)
1999 ®27m [ M2 ER U - BETH ] (1999. 10. 25)

-51 -




[AMVYUARV] BANCEDZEDNY 2 7S5V F
WEDHGR, AA-UDPKRELRRY), ZREKTHE
BBRI 2 N, BETOBREABOMNE, #
BEHRBOMRA, HBOFERBOME, » E258H
Ihrz,

8 3 ENII97T4EER ICHBE S NIz EE L TT5
£1HICHESNZ, [BBRICB) 2 BillEg]

27—<& L1974 5 A 9 HOME L BB OB,

HKREHEOEB TERERINLABESGE b L1
FESBR S 2, BWEICOWT, BABHEIO
HYFIZOVTHIREIhTWS, T2, ERICIE
ZFHOBREHFHSIEFES TS,

4B [RREEHRG] CEFE UIBET A
HBREBOFRE & 8IT-> Tnb, REEFET A FH25
DOEERE, BEWHEZT HBN L LRETHBER
ERUOIT L) LTS [HBTR LERT <& EY
DERE TR] ORFHIFMIREN, BENL
MBS E LTHREHCHWONTE, ZvEs b
T -7 b, KER2017% & L 19684 BB D
FTORE. HRBBOLE:2 &%E U TOBERD
ZRaE3NT,

50N [HBRRMER ] %% — 17— FicHBsEEo
BFRbBR I N, T2, RET | FRBFORT
FOBIHEN 25, LPREMICHEE L-AEEXLE
BHOBNE SOFHEHLRENT,

o BT [MBRBHMAOHIKEEZ| LEL.

WREM, REAMBE. SRR, B mREN.
WREEBIDBIIZOVTORFEL ¥ a —25fTbh,

INEZTRED, LEEY~DENADHFTDEHE
DREVERIN,

B7EIE [BREOBERE| BbHIZ, 1978 6 H
DERFIN R % B ICHRRES R SN, ik
FHOECD L EMBIFFHICRKERERFET L
EHRENBRBEHFROEREML RS I,

8 [HBEERE] 1220V TEEDBIEAH
WEN, WERERREL»SBEE (VA7) i

I TEDMELEVER T, AT, JIIEHOHEF)C
DWTHRINT,

FORIE [EEWOMBMRE] L¥ -7 FIZHB
EY A Fo oD AT REOEBEDRIEL 2 SN,
ZhERT A TADFMOMBIIBEY A Fh
LigRI N,

10 [RETHBEIMABOBIRE BE] L&
LTE e fTbhbhiz, HESR. BBEHFR. &
BEHEHICET S EREESH D . RETWILS B
BB PSENNRNVT A AT v ¥ a yHTbhiz,

S1E: [HEBEOERL ZOFER] &L
TY Y RIT AP TbI:, BECE-THE - F
SEEDTE [HEE L R BREH S VR
T L10EDBE | HE) R LHITE Nz, ZOH
BYOHFIZBR>TDOY Y REIIAE otz @k
DY YRIY MBI E ORETRERT [
BEHE WERIOBIR] LELTfIrbhiz, SRV
FARH v ary [ KL mHERE »Tbh,
RKEDBEAEDOHEERE L KRICB T 5 WEBRFOE
AADIRENTZ,

2.3 #5244 [Earthquake Motion and
Ground Condition]| HIfTF T

HiRs [sbhik e BB | OTITOR, FiziE2
HINOWMBEMZ 555, 19834 6 A ICI1L H A
WEDFEA L AMBREICH KE LHEZRTHT
Too 198445EDE12[ T VRY A TR 2B 24
OHMEEZFERL [HWBREHOSHORE] £hhT
ARGHBHBED o TOY Y RI I A E LS,
BRAE,OCOBBE LY, ERAMOBENIC X 55
BTAMSY > 7 OBROME, KHEHE BT 53
DA 7OV == FORBEIC X BRI EXER
DL E TR0 Tz,

FE13miE [HBEHEN] £¥—7— FICHRES
g & > TOBBBRINO TR, BEHRBTEH) S
MEZVEBLDH, BEILED HHREDOLERHT

-52 -



wRIATbNIz, RENZBIFH1989%FE A X1 7
NU—#E, 1983F 2 — Y T HBEOFREFIZOWVT
DISrb I NIz,

19858 ITIE A ¥ L I BABAE L., BEL L
300kl O BENTz A X AT TA THEOEW
HOICERZEEE L6 L, 72, HINTRE
REOERY 5 MBS EEIE 6z, B
VURVPIALATIE [AFTaE] PHEAOEHL
HE LTI, A3 2 iEE DOMDED LT
12 & BEROBYT 2 HBOMBES b2 45, S
ERFOMBEL LTERSITOW ., A¥Tad
DE G E L RBEORRE BT S 5 VIS E &
BB 2858 % LR S i@ irb sz,

o, BRIIBUIDHGLOREE LT, KERFE,

BBTE, FREH, aRTE, FRE. Bl L
DBIHRI NI,

EISETIE [BE] 2% —7— FICHE» O RE
FT, TRPNOBETOREMEEZ —HLTY v
RO ADPREIz 0T, WBHOEERE, BBOR
EOBIANC & % 57f . BESHICEND B IR
BHLE, BBOIFERE L DOBRE EhBER I N,

Hiehlid [HBEGrHBEICSRAHE] 7
—IBRESE,r LOERETo TS, HEILB
AR R RS T P AR SRR ICBE S A BT
ROV 2= Tbhiz, T/, 1987FETEERH
MHEBOMBEFE L &I [M2H8AITELL] H
SHE SRR ShBR SN, HPHBELHFOBL
BOTHADOERER EIZoWTH #ERIITDORI,

7RI [MEBOT2WAA] 27 —<ic. Th
T TR BIZEBRP R STV MBI OV T
R ICEBRT A R T AL N, T4,
WEFEOBRBWERD SBRE TOL 2 —HT
b, MEOTENFHOTEENM., RFIZO>VTO
wamht Tz d T, FHEE (REHTEE) TIIER
BV O BEDRESEE Shz,

BIBENT T [RRREAN | OMEIZIBRY,

B TOTFR OB BRI N, BREHL
KEBCPE S L@@ E Nz, ThbDEBIH
DREERETHEICBIT 5 HRBEHOBOHERICO
B0 TWAh,

HIoENE [HMETHRE| &7 —<ifThhl,
1991 ARBHED 1 0 0 AFICH/25 Z & H 5
BRES SN, BHEOHE, MBLEBTOBE
@S hiz, BHEE (MRRR) Tk, BE
DRBHBIHRL O [BELBOEIN] 255 Shi-,

FE20EE [HRIITFH] 27 —<ICRER 2D~
RO LPb7onlz, TRIB2HOBBHTHA
[Earthquake Motion and Ground Condition] ¥
TEBIIRIEEZITo 72D TH 5, HHHEE (R
—BR) Tk [RFFHERDOAI R OEZH
BBRRHNT,

2.4 BIHE [1995F KHERRHRMBLE] iC X
AR T #ET
EXOBBOTITE, BRI & 5 T,
FFH LVHREIC R 72, 2D XD 2, 1987FD
FRER AR GOBRY 2 8-> T19934F I8
RO A LUz, JIBtthRB e 7 — <8210
YRI Y A TONIz, §IBERRE TIZ800gal &L
ZAHRMEFEORBRLRESFON, LEL, &R
BOEEDEHEVARBERIIFAEHEL T T 2o 72
&, MAFEOHIZIIHEFIBMTH o712, REH
TOFLHFHIZ OV T OEIIL1962FE DL B HEBOB
b RAROEBRS R INT, ZORETIHYIETHD
BEIROBHRDIOTHL72, LHHRDLTRS
A TIL300gal A ANMAFELESBO N, Lk
ELTIIBRROMBFELETH VICEFEICSH
EhCTwhxilter b 57 hOBKIERES -
B5bDTHYH, KE&RWEE Shiz, BllEHERD
REFRMGOMA, BN BBROME, BELHED
R RO R A & BB ORI ¥ THRE
CEREIN (BTERES. 1969) o 19984 ) N

-53 -



Bz E0IC LES O TLBEWHETOMBA
PHEHRTHZ LIk, B2EIL VY HEI T AT

[Bk2BEDOHI E S HIHRE] 2EIBEIZ LB
BLOMETHBUED OGN, 72, JIBEMNWHE
NEFIZI07Tm LR BEA N =X 2hLIE TV
— MEROBETIILRAKREHET V- FEDHOD
BBIZLALDTHAZ L, BEMBL LTIRE
PORREBINTVRD o2 L, WHFEHTH
DNIEETREMEBTHo, T, YURIIALT
ERTERICRE LB R 7 AR PERRS
(MEREZRBEET) LO{ETITOA, HBE
B K E LI ITb Rz, BEERHROKLY O
HWE, KHOEOBER Y, HBORKELRMGLOM
RTOFYSBR SN,

ROy RY Yy AT [HBEBEOH
RER] LELT, LA EMEELZEE RS
Foo F—7—F&ELT [EH - BIRFHEHE] A581F
b, MERFARIvIV—F[ar, BER
Y75 A LBBH L LTAROMRREN HB
SNz, BFRIEE (KEM) TIXERY - Bk Rl
D&E & MRS BRRONTz,

Sgrh BUNE, 1993 biE BRI VET AR, 1994
FEIEER AR, 19UEZRIT L 0B L <

FoFa— FOREXGHEEREBISLTHRITIZEZD,

HWAZE I LA 2EEZEE L, LAL,
19954F 1 AICIX R MBI RBAE L, 192344
HHBLURORKBRBRE 2D, WREEICE -
THLEL DHEERET A &I o7, ILiEEH
FEI AR © ZBRIE 5 T R IC OV T AR D
K EGBERRTDG IO 2D O, RER
HHBBOREIZ Lo TRVBRENLZERK
ERERHEOMBIEIFHR oL I LItk
A

Bo3mlD Y ARV AnbiE [ EEEFERHET
RS- mBREHNE] LELLIFEIZE->TiThh
720 23MAlIE EERERHBE T o D 0%

ODCBIRERB I TbR A, 2L T, OEE DX
Atrbhz, RTHEHREEE Uk NEBE
ThHhHEETEHLIERSEHETHLZ L,
BHBELIPEH A TR 2 NEE FOBEEL <
FCwhorzlehb, BEoRICHEINERE
WETH D, FHEE (PHREE) TIIEHLED
REEERD O BRFTOMENE TED [BHMBBEEE
EEI RO MR E S DB kSN,
BoalEld (2D 2 I KIRFEFICOWTER S]] T
ERBRCTEE OARRE L L ICER S ED D h
2o ¥BlEE (BER) Tk, KETOEEOHE
BilA S HEBHORICENS [HEwh]| 1200
TEENS R SNz,

goshlit [Z20 3 : BRI TOMEER)RFT & i
BEHZOWVWTEZ 5| TRHEBRIA FrL0E
RICHBBES L) BZIREIPOHATEDON
7zo ¥ERUEEE (REEDE) TREREMMROBR
RENLEB~y TR EEYEHE UTORD RV A
mRENT,

g26miE (2D 4 I RIE] THEDTFRHOBIKE
BESHER SN, FREE (RHERE) Tk NE
KA & DB FRIFER] 120V THIK & B
RENTZ,

F27ENE (e ZR L B8 Tl &3
LCBEI NS, Fo, E3HOBROFIITOH
BT EZATH A,

3. #EMERHEroLIICERILLD
3.1 #REL & RN

R - hEHFHOBBRIE-KHEDS S D %)
DR EAEE LM E 25 T 0%, HiR
BE Y ORI AICBOTOHISFMHIIERE 2 ¥ —
T-FELTHEBEINTE, T2, HEBBOM
BEIFBIZERELE . ThL b IR ORE
ELTEBINTVS, b T HHISIEIHAD
WIS L WHBNEOF S LELIEEH LT b, H

- 54 -



HERELTOY Y RI741L, HEHMEORELEE
BIZUITLITRE SN TS, 2hbEhlMxd s

5 3 ]
%7 [l
120
5514
g16Mm]

1974 AT ¥ B bR
19784 B4k v b 5%
19834F H A g+ 30 0 52
19856 A & ¥ O B
19874 TR IR 5 i #h 5%
19ME 18914 AR R

$21E 19938k E
£8£23-26[  19954F SclE LRI I AR

SDEMC, YURIIALEDT - EIidR S
holdt, ThERDTF—v LD TRESNL
bDIT, 1923FE MM, 19334F =i, 1948
FRHBE, 1962F /L RBME, 19635 BT H#
BLREBHD, —H. BHNOBEIZONTE AN T
V=7 DI190EB L T1979FED A ) 7N L
— B, 19835 T —) U HE, 19944E ) — X v
DHEFHITONS, T72, 19765 VT - F vV
FT U HE, 19765 E - BILBELR KO BT
ENTV5,

SRRSO, MM OBRIIRT L P L
THHEEBTOHERBISV, HIIE, BIROHE
EENHBEDOLEOBM O KESEHHBEICH TS D
DTHo71z,

=7, I L, KEEIZoWTH LIS LITEL
hETFonTws, BicREBE O CHERIN
TWADHPEEHTH S, 19765FEDHE 4 B [iHE
AT H BB O BERET | ICBVWTER LD HTK
ROBEMFHSERIN TS, BUETIEX F
DFBEDHETHEERERINL TS, SHIZHEIS
M [ %% BAYHEE - FRIE &2 TTHER]
BV TKREFOB THEL HBEISHEHINT
WVhH, TDE)RERD S L1995 D LEE
BEAMZAZ L o7z, 2306 4 EIZHE-T

LEEESBEE A V7 —<IiY Y RI Y AhH
FHIL7zhs, AT B2AENE [ZD 2 — KRIRFEE
IZOWTEZLS| TRIhTITORREMRE LIz
MREM T 2 CERR#ERS 2 SN,

OB OV TIIREHE & DBLR T, 19684F
TR HEBONE, 1978 FZREWHEDNLE.
19834 A AHE IR B DEKH - $18 72 EOBRI 2
EINTw5, fizid, AFEE., FEaEmIsH D)
EFONTWBICRERV, NI TH=—X,
MAEDRELHLH, bIHIPVLLEEAN-TE

AZREAILETHAIH,
ISR OMEZ T AAI v ISR ardD
RNDLEehTEBL AL, ZIZTld, BERLER

PREE. IRIBAERE, HBMEE, HEY - HEWERIC
REL THIRFMOR - TRE, Zh T TOHR.
SBROBEER > TH D,

3.2 WERAfRE
WRBEFRE. VDWATA I YT A DFE
TR O BRI H 2V, THETDY VR
VL TIZ1980FE DE 8 [ [ B FREERTFEIZEE T
AEIOEE | TH#HR SN, 2 TRHBREC
B3 HERBORE, BREOBEBREERICED
CEREDOFMOME, bwas A~y 7| I
fRFES N HBHIHCE T BREFMIBR SN
7o BREHH 1 0 0 FRIZOBETRET LT L
— FMAHEIZ OV TR I N LIZREHID D BV,
HNEOHRERDEVENEICERT S 7L — A
HWEIZOWTITEROBMNHIKL» SHEEHZO D I
(v, TEMBOMES#ERENTDIZE I EDOFE
FRTHBOR TH 555, REWIZERSI NI -DIX
1991FE D19 | #ZHE 1 0 0 FHE] »WHTT
b5, 1995F L E IR EF L R & 2RI IERTG DR
Hora—X7 v TE8N, YRV ATYH, 23MIZ
W RBTE IS EE-T BT Hs26B 0iF F#E T
& [ERTE D OMEFRER - BIRE BEE] 28

-85



a3, SBRORELHEED—D2%2>TWVA,
EMEARRLBARERT 2 PO ICEEEELE
HHLITWE, BEREOHBAIIEEHBORE
Thd, ERIZTTV -V EFROBEROEKHEE
BRBENEDoTA, 1995 F LEREHBED
BEIWTETONERBOEEM L FRZRI T2
TERRY, HETORBOEEZ BN LEER
BERETZ EHPHRLETITONS LI kol
PR Db, BEONEDBBICLAHEELHE > TV
A%E. HRLIENBSHRTELIZS 5 HA IR
EHWREE LT, L0 EERERHEL

R MERRICEMS NG 2 LT, EWE

DRBER L REIFENBFREIC L > TEBS N
[BADEHE, 1982] & LTHATEA T3, &£
R B L I F B HRB IC oW T [TENTE
AL PEBEINS L)L), WIBMLEOREE.
EEORBEY O IEESEOFMOERNIC B L TED
bhaZ &ithkolz, L L. KEEZIEHED
ATV RERSNTE Y, 2 EIEEIC
RSN TV EEEIEBIEOMTY - B O ER 2
ENLREDONLBDT, BREOTHICELET S
Wik 12 OV TIEARHDBH ALV, KEFH DS 1
PHRLEHBOMERMAR LICTHLTEY, FHFOT
ICEET B MR OB RSB E 2B L 2o T
W5, EBERFEEBAHRERTOBERERENE
R RERRESEERT T LOTVE (HERKR
BIREEA, 1998), TDLHPDBEHEICONT
DEEDILLBL, ~HOBEFORERNT, &
O LEERBERELTBY., ZThod oM
BWrEEANSL Z L TEL, T — NHOHBEIC
DOWTid, KEFBEORBLBEZICIY) EiFoR
TWwh, Blz ¥, BRI OVTIZIM6FEDFE
DISRSOEADPRR/LTBY . £AZ5FRIBRES
NTWb, B, B E 25 HMERLHMHLEZ
e kp, ME, vE. AROEFRECHEBEL
LTHY BiFonTnb, NEDIERTEICE T H

BOMEIL, BAOBEHBORKICE > TKRECE
b, BEDODHBEENTHOLNMISNTWVEEHEIS
i, WRBHME., RS, bbb E MENIZEE
LT\, WG I EBFEET 20585410
i, EEEOME, FEHTNOBELREEEEL
HMERELRDONS, S5, EENBIEET
ERVBEIIOVWTHWBEEET A Z LdfThbh
5, ROFROHE, BIZLABEO—FREN
WEBEV) ZETRTOETICEEMELEZ 51
EHHV, DL ICHEERBOREIC b HIFEH
Rohsd, Thik, BR¥EDO T L -7 b=
AL TWADS, —HTIXHTERED EHIRT
EELLTWAZLIZb B,

3.3 IRHERH

SR BT 5 RIS L LT
NTL 5, WEHFTFMIC L > TREERBEBH O
BERFERICE T AT, EBRROBRILS ., Th
LORATIE, v 7=Fa2—F, BIFEEE. EEON
MR, HAMEMISNS A -5 L LTELZONBN,
B OREBED MIBFEOZERIZEN D Lh o
720 BISEDO Y Y RT Aid [RIE] ZHRIEY I
o 72b 0T, EHEREROBKR, LBORE M
DEZDHBEOBIBIFEL M, REsERS N
7o BEERFERNIZOWVTIIE0MD Y Y RI Y AT
EE#ERSNLTBY ., ERREOBTHEED QM
BEE OB PHEE IR TS, ARZIE RHE
RO QIED MM DR & & T  IEBER
AROBEIISHYBRETH S,

3.4 AR

HhABHE 1 D IR I DWW I AR B B SR DR %
2T THD, kD X5 ICHUR O HMBEME L
ZLBRINTVAD, ZORFERHEHLET
AHME T, THIZRVWTREETSH Y, o
WA THY HERZEEZ I N-FTHIZEE->TH

- 56 -



LFEHRDORELBBETHS ),
HAZEOBRO ML FHE—IZ#ERL-bD
BEM D2V, DHOE AR [HEY & HE
B THRINTVD, KETOBN S TIZENA
TEDHBIZEBENART EEREBWIZRDTED .,
X VRBOWEZITo TV A Z LG Sh
Twa, I, KT | FHREBFORFOMETILE
LD EERREZBORIRLTIERD, PR ER
HTORNPLTEDHHmHBRENIz, FBUED [ 2
FUORBLRS | TRRBOKRIGGHEROMBEICE
HASHTHN, OARSEDKRISHEE 2 DBEIFE
PHRLORTNVAS,
BBEHOMEL, BBOEF VL OBD LN
b, WEBEBER,ILLEDRTETEERETMEY
BHNHEE 2D, TOMBELBERTZ-0ICHE
EREVIMESELIONTEL, BIEHML LT
BEZ R TREOEREEIKRE SR L2
BERITE O NERIZIE S HEBE kn/sec BED
BEuEERE L5, HREEHTIE, 20LD
HERBOEBMELZ A2 Likb, TDEI R
BRI CORBIIERETIE2 ~ 3kn, KREHT
(32knfEETH L, FBLARFFH TR I LIZERL
Bko LlEEZoTWnd, ZOL) RBBERET
DEETEHMBELREK., BT 2 EIRS iz il
TLAOEBS LT O THEITH R RIS 20 o
fzo REREHMBBLUMRE, REFELZEICL LB TH
HMEESEFTITONDE L) IZR VAR TIEH S
PHAZEORBHBRESHLLICEN2DH 5,
BEOBHETEIIKERBDHRDOANEZ L
N5 EHEV, Jhid, =2 HBHRBED 7 —
YDEPIEDIZE NI ETHY, —Di3IC
LA HEBOMBEHE 1 AUNICIIREBOEL M X,
Fbb SEOZBREDOHMBERIINT LI b
FARNTRIBZEDNLRBIZDANER END Z
Eltk B, BEDOISABIE LT, RBBHEDOAD L
WIRRE & R AR OB, 1E L EERE &% F

AT 2B ZBHEDOATHIEEZEE T3 HER
EX LA ENTEL, ThODHERHLET
B1EMNTHY, WBREHLEZ 2BI21T, BEE
BT THo TERHLEEHPFETIEIRLA D D

3.5 &Y

BEY ORI OWTIRY VR Y ATIEEER
POBERIIN Do 05, JIBNTBBOBRD %
D TIRALHEE DO AR EE LY A BB IR T, B
s D v, BRI, R ERIED & BB R
 ETHEMTH S L) L) ERiE kR ans,
T M O HIRAFMEIZ DWW T 8 5128 o R A RS
PETHA9,

x4 O MM (X T R RO SIsAR B & BARR
HEESRLR), ERLTVWHRTTHL, BELR
ECIHEREEL. 0ODEENPLF A AI VT A —
WIHCT, 0.9, 0.8, WHICDOWTIR0.78 25T
BYEEYOMBHIZLURBEESEET NS, T2,
SEMIMICIIHEWESLEFEICINE S TED,
IO KB S TV B, HISRBOREE, 7%
b H B BREFMEOMBALIZ OV TIZ3. 2T
BRI ZBHTHD,

KT, BEMEN T LI E R CAD, R
DVTIHHEB LS  HBREKINICO DY TV
L EH L P OBROIE V. WS (1933) IIARBEER
DHREZ L OBIBEK L MERR S L ORFERSA
TEb L, ML YRS & —M e T
TAHAREERLTVAS, 181FERRBEUEDHE
EOWTHERER SEEROBRIERENTEDY,
RS BRI N T D, REEEWOTWEMIRD
MM I OV T ERHICENEERT 2DIIER T
HAHH, ERNIZERTADITEELV, HEEHTRS
DFEl, HE (BHE - 28 - KBikE) OE&EB &
UZ DAL B, BEWORREN: EKE L,
WHBDOADGEEIE L VDL TH D,

FEpa s s ) — PEDBEFIIREIZHARERL D

2N

-57-



. OBEMSEGICEFTEEE o TERS
NTW5A I LT, WEMIH, L HMMMEL NI S Z
EHEHICE LV, AEEFEYOTESH I <
e SNEEFEOBRYOMBHEO A AE S i S ho
Db, TNLDT— ¥ LHZIE, SHEDTHD
HI % a U 7B,

ZOfl, BYOHE. PE KT E i
ZLRONA, TR HITIZS B B OB
EN-FABDIE,, BHRBELOME, BEICLAH
., WEOMBL LS H A, —F, MR TIIRC
DEEPYERTALRNTIL 2 — NOEMOEIE
RERRZTVS, o, BHRTIMEESICLAK
BMORES K&V, Mk [BEDK ] D1999%F 6 A
BT (ISR E K] 2RI h, ZhHDf
BAr#EmInTw5, eRILIEEE LV HETH 528
GHORELBEEATHA I,

I, HERBESOZ V-7 Tld, BASKOH#
BRKARE L hERE ) OHEEY, HHEET T
REC E DVl s OR Yy — A4 L a v ki o
TWwa (KL - fb, 1999) .

4 v

Db, MeTiBEs/  RER L g o~
RIUTAD2 SEMOBEERYEY , SEDF—~
Thb [HEFEHE] 2ZEXTCRA, 6 Bz [K
7] RHEBFIEZT LA TR E T+
DRREPH o IETHLH, RO L ZABFHMA
RIC ) ENNaEmIcEEoCcLEo 120

VIRV LADRBOEG IFEE LI HERESY
BMIZEDONBEZENEh ol T-vDEEL
LTIIZETHA L OB L B o720, BEDV
IS ASRAS X UBFZES R L TR/ 2 & & HET
Hb, —FH., THETOBEDY VKT LEHEL
THhDTHD &, HERBTHICREINRHE
PEIY LTCY YA ATHERBLTEAEHE LD
b HDH, Bl AXLERRETBE TIZMBHET

DHEOBES 70— A7y 78N, ORI Y
LTIZEI9MANC A TOME] 1A HM I
AR ELUBE DEHLTEL, KROMBBEEH
BIZOWT O ITMNGEEIZ L TR, SR>
YRV AT L [HEEEE] THEHA Th
FRBAITHET - KRDAD B DO RS L IE#
A THE& 2\,

o2 3FEM. MNEEROHEEL BOHEHD
FAWEALTTELDF 4 BHFFI o7, #E
ZED THILE LET2RETH S,

BE LW

(EEEE) S >R Ty A DAL DITHER)

EREIRS () (1982). HADIERE, 4K
EEBE, RRKFEHEE.

MRS S Igh 4 (1999). HF4R | HUSHRME & R K, BE
B 6 A5,

YR (1933). AW B, EHEE.

XA RBTEE S (1969). Ji Bt b B 12 3311 A §Il %
DIREFRLER &L EI OB EIT OV T, 130pp.
F ERE - 40 (1998). BH K ERED< OV —
FAvar (3) . HHETHELES DRIy

AFEE. 3. 17-24.
RERBRERETES (1998). HBEHEMELTR &,
HERFE A ERE., 28.

-58 -



A, HUSREOREE BRI U7 HOEE T 0 B






L2EEEICH T AMEENFTRIOLHDUE - KhE) - WEEHT — 5 DES
Effective Use of Soil, Microtremor and Seismic Observation Data
for Estimation of Seismic Ground Motion in Nagoya Area

B M fm x
Nobuo FUKUWA

In this paper, the present state of the Nagoya City related to the prediction of seismic ground motion is reported.

First, the characteristics of the regional area is discussed. Then, by looking back on the history of disasters

occurred in Nagoya City, the earthquakes to be considered in the Nagoya area are discussed. Next, the recent

movements related to the seismic ground motion prediction in the Nagoya region after Hyogo-ken Nanbu Earthquake

are introduced. Finally, the database construction and the data open using WWW of the soil data, microtremor

data and strong-motion record are introduced. And the several studies using these data are presented. These are

the dynamic soil modeling at arbitrary point in Nagoya City, the district grouping based on soil data, microtremor

data and strong ground motion data, and the study on the relation between deep soil structure and seismic observation

data from the macroscopic view point.
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STRONG GROUND MOTION ESTIMAT
CONSIDERING UNDE

TION AND PREDICTION IN SENDAI AREA
RGROUND STRUCTURE

R IEAM
Masato MOTOSAKA

Geological ground conditions in Sendai area are first described to estimate strong ground motions characteristics for the
hypothetical earthquakes. Ground motion characteristics in Sendai during the 1998.9.15 near-source earthquake are then discussed in
relation to structural damage distribution. Ground motion amplifications due to surface geology are characterized to determine the
zoning factor for seismic design of building structures. A methodology based on the random response theory is described to evaluate
stochastic property of ground motions including energy response of SDOF system. As an example analysis, RMS and energy

response characteristics are addressed for the near-source earthq
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EFFECTS OF FAULT PARAMETERS ON GROUND MOTION SEVERITY EVALUATION
— CASE STUDY IN THE SAPPORO URBAN AREA -

M H R =
Shigeyuki OKADA

Sapporo region has difficulties to specify the source parameters of near ficld earthquakes affected the populated

area. It is necessary to investigate the influence of indefinite parameters upon the risk assessment. In this paper, an

importance of the plural estimation of seismic damages by probable earthquakes is enforced. Paying attention to the

difficulties of taking measures against all of the cases on estimated damages. the author gives examples of the rule of

making decision about the priority of mitigation plans from the point of view of earthquake engineering and political

science.
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SIMULATION OF STRONG GROUND MOTION DURING THE 1948 FUKUI EARTHQUAKE (Mp,,=7.1) BASED ON A
HETEROGENEOUS SOURCE MODEL AND HYBRID SIMULATION TECHNIQUE

ZITEE
Katsuhiro KAMAE

We simulate strong ground motions during the 1948 Fukui earthquake, Japan with the JMA magnitude 7.1 based on
a heterogeneous souce model and the hybrid simulation technique. Most of the source models have been assumed to have
uniform slip distribution on rectangular fault plane. Such models could generate ground motions only available longer than
several seconds, underestimating shorter period motions ( <1 sec) of engineering interest. We assume two source models
of reverse (Model-1) and normal (Model-2) types with a heterogeneous slip distribution on fault plane based on the self-
similar scaling relationships of seismic moment versus asperity areas anid slips by [Somerville et al.,1999]. Simulations
have been carried out by the hybrid scheme combined the 3-D Finite Difference Method with the stochastic simulation
technique. Large ground motions from both models, are spread over the Fukui basin, although peak velocity distributions
are slightly difference each other. Area over 30% collapse ratio during the Fukui earthquake correspond to those with peak
velocity over 60 cr/sec for Model-1 and over 80 cm/sec for Model-2. The level of the peak velocity in the areas with more
than 30% collapse ratio are estimated to be over 80 cm/sec based on the previous studies by [Moroi et al.,1998] and
[Miyakoshi and Hayashi,1998]. From this result and the comparison of pseudo velocity response spectral level with those
within the damage belt during the 1995 Hyogo-ken Nanbu earthquake, we conclude that the damage distribution during the

Fukui earthquake is well explained by Model-2.
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#®1 BHABIIHL TEESN-RBIFEATA—S—E

Parameters Estimates Comments

Strike *+ Dip * Rake (1) 345° - 80° - 26° Yoshioka (1974)

(2) 170° - 70° - -10° Kikuchi et al. (1999)
Seismic Moment (M,) 2.6%10" (N*m) *1
Number of Asperities 2 .| Kikuchi et al.(1998)
Rupture Area (S) 908 km? Somerville et al. (1999)
Combined Area of Asperities (S,) 204 km? Somerville et al. (1999)
Area of Largest Asperity (S,,) 148 km? Somerville et al. (1999)
(No.2 Asperity) (12km X 12km)
Area of Another Asperity (S,,) 56 km’® S,=5a-S,,
(No.1 Asperity) (7km X 8km)
Seismic Moment of No.2 Asperity (Mg,) 8.3X 10" (N*m) M,=M, X §,,/S X 2.0
Seismic Moment of No.1 Asperity (M,,) 32X 10" (N*m) Mg, =M, X §,,/S X 2.0
Stress Drop of No.2 Asperity 113 (bars) Ao=7/16 X My/r
Stress Drop of No.1 Asperity 186 (bars)
Average Slip of No.2 Asperity 1.7 (m) p=3.3x10" (dyne/cm’)
Average Slip of No.1 Asperity 1.7 (m)
Rise Time 0.6 (sec) Kamae and Irikura (1998)

* 1: Average of My estimated by Kanamori (1973) and Kikuchi et al. (1998)

Division of each asperity to subfauits

(size of subfault : 1 km X 1 km)

\

A

Long period motion (> 1 sec)

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

Short period motion (< 1 sec)

Boore (1983) and Irikura (1986)

Y

Y

Estimation of amplification

characteristics due to surface layers

Y

Addition of both long and short |

period motions in time domain

3 ~ATVoRKBIZEAEBEIL I —ay
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