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FEOEMBE Y UyRI LA RMXBICHED, M
FREMOHRN - fHIXBNL, HBRHNEHEST
HELTIZKELMHLBLETET.
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REIv7 - V—2—vaVvERHAANBEHN~DLA) ,
BEOCEIRZHEMBIOMBEATVWET. SHOE
WERZYVYRIT LR IOHBEHOHTLHET
Tl FH-REtOLDOHMBHFHEDILT -
CEUTHERLEYT. YhERE20BE0FMOH
REHREEFEVED -2, HEFHEL2 L EDEEWHLK
TOBRBEVWSHESIPLBEENFHORRKLBREOE
ANOBHAKOSWTHERZFNR - BRARRBEBH WL
R EXTENET.
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EARTHQUAKE SOURCE MODELING POR STRONG MOTION PREDICTION

ABFEKE

Kojiro Irikura

Abstract

This is a review of recent development

efficient earihquake-resistant design of structures.
the following topies: (1) deterministic
(3) hybrid source model,
for a large earthquake using observed seismograms of small earthquakes,
The empirical Green' s function method has the advantage of not only

source and ground motion. This paper discusses

source models, (2) stochastic source models,

dicting strong ground motion.

containing propagation—path effects and local site effects {
In simulating strong ground motion for the purposes of en—
the empiricalmethod is one of the most effective techniques.

groving of small cracks to larger ones.
gineering designs,

1. iR Lo

HWENHTFRHOMTRIHEREONT CHHBELRD 15,
1950 ERICECEHS L AMUARS LS h, REYHORK
R PWEEE ) 2F2-F HEE, HMBRHEOMKE LTRT
—HOWF (PlAILKanai (1959)) MEMRBRBEN TV B, K
DR E L THBEYONNRITO ., MENILEO RS
T & D HELEW IWERBROMBRTRRET 5HR~BELT
Voo fe DB - BB (1976), BEAR(1981) 18 & BB TREBMER
Bt vOELEHA L TERETH 3 HEREN ) whiE
BTSSP PTVRATRBON S & H il » L [RA (198
7). Fukushima and Tanaka{1891)]o L LS Ih So—#
O TEAHR ISR - ERNAEHBE LTER-TE D BE
OYERR & LTOHBE OBFESBO THE B L X -TLEL,
oA T 5 0ER OVEENTTH & W > ARDBR
BEBCEVWSHERND 5,

WL WicEE S & RN IR % T 55K 134k (1
968)ic & p R EN TR, MEH TR OWFRHLBROYES ¢
MBREC BT HBBOMBE LTESALhEL SN
o TIHORFRABIRG #IIER, EIPOHE & & icBMLL
FTETWR D, TENREREOBANKIT Tk, BF
TN -y K ABFEOBHBROBMEHIRIc L. ITENI
LHERBBMERICHAS WABRO WMEdaiEL Xy >
2H Bo AHIE &/NHIEED2Y-)7)" B% B < gt #9E7 #[AKi, 1
9671, KB OWRBMOLER %Y 13v-+4 5 M7 Vs M7 y[Papageor
giou and Aki, 198315 DRE DLy MEOoEX RMERTH LR
B L Bl fo s, B FicEEREEE R @R
BMRBELRZEHE CORMEBSEOREBEORHES & LW IBER
REBEhTWS,

fHfl & i/ MR ORREREER) Y-/BIR LAV 3 FRkiki
BOEUA 0F X LEUVHOTRER FRIOAHREE L D RE
BT 2b0EELONE, L LEKSEEETHEEAL
T2 ROMBOREN 71-7-2 LDk ) ICHET 2,
BoMUAOIE S-S, MBEOHRYER ERRT < EMHESS
(BEhTV3, ZRTRABBHTHOLDHOBRREDET ML
B 24 OBRD S OKAEIE - L. BEBFHOBRRE
SHOAEEERT T 20

2. RERMESNV

Bipt e 0 R, EEEAC, WEE LAY 0
BZERSHEESA,. T LTHBEORATOA7 Xt 35
MEBOMBHIEZEERD., ENo0 >OMKREEE LEE
FAATERATACE R TRENS, HERHRRE L

of estimating strong ground motion for input motion for

We focus the characterization of earthquake
kinematic
(4) strong motion construction
(5) some problems for pre-

incorporating the source effects due to

TEAIIEWY )-vBIMOE B E 2 C L BBIFOIVE 1-§-
ORBiWAEIL D >> 55, FAR Y — vEROHE
1B L TRITEBME >\ TBouchon (1879) #201son and As
pel (1982) D5, REFMEE bERIC Ah:Spudich and Fr
azer(1984) O BifRHEPVidale and Helmberger (1988) D& 5
BEDHEESHRENTE £, TRV CHEDTr Y — >
M¥EoiHE:EC, BllEhER» SEEHLORY v 75
H P BRI HBMEAN - sy EEiL k> TROBIEA L& h
35 & 5I2i8 » 7 ( Kikuchi and Kanamori, 1982 ; Hartzell and
Heaton, 1983, 1986; Ruff and Kanamori, 1983; Nabelek, 1984;
Takeo, 1987; Kikuchi and Fukao, 1987;Fukuyama and Irikura
, 1986, 1988 and so on)o

ERATRCDOES BN - it k2 BFEBEBOMHFICLD
FRotBicxtd 2 MEMTFRETHECR - EELBINASS
bo

BRARERDBLDICSTTHO SN TS MBS — 513,
BEPRAMRERIBRBDLU RO T, CCTRBSR» 5B
{ & LT, WHSNPGDSNTHIR & h 7o sEdkid. MBATATECER. 30
BIEEILRETH 5, BHIOMBRBERAVALEE, 119y
-y YR EREAN GBI AREL 15, ChiIZEFROR
EORF S H 24, UL AL ERAMN ©0MIRRIEOBAENME
OEFESICH D, BEESBEFRERO(W -7 2vOFEERE
BEROHMBEHEOHERE EKELTEY ., RVWEBERD
L2TOH MERBD TEBE WA S, ThicTlkxT, Eiiom
HERROBFI/N -y 1yDFEHTE 2 ARKEGRIIR . CHE
TRE(WBEho 1o Vidal and Helmberger (1988) i
k3607, HORBRIE (RXW15kn) 2&A T, H50knD
Eaoailas 2 KTl E LT MbL. y3ab-var2 T,
2-10secEMEWMEA TR E LW —FEEB T3, Hartzell and
11da(1990) i3, 19874EWhittia Narrowsihm® (M=5.9) DRI
BE1SknPlN O IEREA VT, RITHEEEEREREL T0.2 - 3
Hz DR MEEEE Y 3av-yav B T, {n -y a7 DFER, yizb-v
w7 ERAIEIE O £ — KT 2 BRARORER TV S, Boh
AR AR /NS RBRIEO P TR PEHRIC L - T
%o, —FGariel et al. (1992) 21989 FEFHMHE (M=5.5) D&
REEMESknLANO BRI A TR S N NEFERROYav-717% 1T
W, 0. 1-dHz OB FEUS TR A BRET VTR X —8F
LABBTEBTWS, COLS i, BERMENERRLT
vERWT, EEROMETE .. M cEERER T CHRAl
X —Ed Bylab-7aySHEE B D 220 H B CHIREREE
BEASE VR, MEREOEE~OBEI (BOBBEBEMETY)
RN E WD THES S BREMHBECRD LY )M
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el mt Nee, oy o
HORBBMAUERERTHD ., {0 -7 yOREEET &

€3, THFHIEERO 05~ 20lz0 LKV ARKHHERGTE
» BEUMBEEEETT 3 BEEW I VT bREMENR
> THH, REBOE vERCEHENICHREDZFHF 501
KNEALTFULSHAENTRIWVWTEH S 5,

BEe OHMBORFEROBRIC>N T, IBEOKMBROER
BRI - ZRAMS AR BED S5 C &b - TR,
BHoim -y sric B WTHENRE S h 2 HHREEE Lo
TRODOBHTCH Do COTNDDOREVE I A RTHERICH
EoOKEWHTEEZ, Lay and Kanamori (1981) 27 Y71 &2
fFitteo A0 =y avic & » TH N ARBOER» SWEE L
DI FIOKE S PEMRH LTS 2TRMSBEHES (I
Eh3dLIicii-(e.g. Ruff and Kanamori, 1983;Hartzell

and Heaton, 1985;Kikuchi and Fukao, 1987)o 72A’ 545370 &

KREDL B ALY DT bzgy 2B % Lay and Kanamori (
1981) iRB<, 500knZREA B K &ERTA U7 d 513 5 F)RUNE
M oTYa-yav - PIVEHIR LTAN YN E TR, FRETAA )T
1D IRWTIEER & On' J- v IR & hufo, Hartzell and
Heaton (1985)REEAFEEIICI C » 26HOBERLERILSA
AR MMEERIEEE AV TEFRELMKEHEE L 2.
R 5 B REBAA s & B 1 (1) 2. 5~50sec DAA” ) AR .
(2)sfRpIs oMM s . OFHEBERRETEROEEESEL.
LHABF RN IRFRENS S CLERHLTWS, #
22 OHIBD ' I WDOTEE O b OREIFREOLHREEML &
WDt Edh (oIt =1.0ELTHR) k- TEDbER
EORMERS M. HENRBVEENICSD .. LHAHHE
RENEBRASYE OB LBEEIER LT W3,

mEHFRAONBHSRL L. FBO{N -y v 5BLH
B . TRLL 7 K& WHEESEREMNEY oL
IR 2 0h ESDRIBBETH 5. FlLIT180FE
EBHAMHIRRIC D WT. Takeo(1987) ic & » MEZEAIINER O
{n =y aveBohia)y?)” OKEWES &, Ivata and Iriku
ra(1989) ic & DIEMURILEE R AV TH) 71-0FETR
» SNty HEREOKE WAHE BT 5 L. HER
& DPOFER BRI LTV, 1083 7IVIBIRSWT,
B - AS(1992) RERA) - /BRERA WTHRIESRET V.
Mendoza and Hartzell(1989) 280D E WA -y 37
TRB7A7 OKRE VIR~ BERAEREIE L DR
L EEHL TV,

b I —2 ORI -¥ syt X D BEOMB T > WTHE
TORKBEENbP > L LT, FROHBEo>VWTEL L
BROEBEINZOPTNE LI AEREBONIRD B KK
ERAEOCHROELREB FUMEBIRVEL TR » M
B ORIV, BZEDE 2 AHartzell and Heaton(1985)
B o fe &k 5 REBREE ORI BERER W L. *hoo
HEF R OTF LB L TRICE~ 2 M RIBBET pOMTY
1 MBRE VEERL CTHBYH FRlicE 2 LT OBEENT
553,

3. BEHIREL 8 _

M o IEREAA Ty A(F) W, B, RIBRHE. Hlox
NEZhORBEBEVT W LEWERETES ETHE, —
WieRoFTHRBRE N5,

A(f)= S(f) - P(f) - G(f) (1)
2 eS() EFUMMEE AN T, P(f) REEBREGE, 2L T
G(f) It MEETH 3, P(D) LGN IT oW THRIB~
B EELTICTRELLT S(DIRSWTHIBT 5, BR
TAEEEAA T by S(2) 1E. AKI(1967) i & DIREBE Nt w?spec-
tral scalingic@5> &9 3&. .

S(f) = Mof?/[1+(f/f0)?] (2)
TREND, $HbBEH IMS(I) 2000 74-5-, HiEt
=17} Mo &3-1-FREEK fo THE SN Bo

HIEZE— 2 ¥ MMoidAkI (1968) K X D HIBOK & & 2K TY

CEHRE. 3 5b 5 MESEEN. . LERD B

LTRRS WA ODTEH S (ERMBORESSORELLTAH
WS ATERY fa- 1 RERMICED ShliEoTcyEn
BRI S S - oS, HIB-A/ BB ST AL - T
BRO12&ELTRABLIICHE 572, ) o I-1-FBIK fo i
BB cBIRET 3R TH B M, ANADRTER N 34- A
o (stress parameter)% i L THIEEE-ivMoicBIR Tt 5 3
(Brune, 1970)o THbb

f8=4.9%10°8 (A 0 /Mo)! 3 (3)
C T B SHEMBETkn/sOBAI, Ao itbarDBifiI. Moitdyn
e-cnDHfITREND, AN H1-)-A o BHIBEEIKEL
BoEt s, BHEA IMRIIBOHBOA TR T 3 HCHE
¥ (self-similarity) CR&N D, COF ML hiIITH¥ EE
BISMEEE AN T VA MidMo! Pt B LT K& (125,

SO MDRE-U RIS EBOFRIICEM TH 5 o L b
BLOMRTRENT &Ko Hanks(1979), Hanks and McGuire
(1981) S Iv744=7 OHIEEI2100bar DRIV} 097" EFB X 5 &R
NGB Pt - IEEE I % GRE 2 ORI (factor 2)EINTHR
Bl T%% & Lo Boore(1983) iR w2ah-7)" &7 Vic B W TH
MR ORBREGH ORI FE TYi-t 2 HEEREL. X
Shfct’ - MEMEEA, b -7 BBEEPVAR 7220 J S Joyner
and Boore (1981, 1982)ic & B §Y744=7 DRI DE SRS EER i
(=BT BILETRLE ChOoDHRCRIFIKAVWS AL
BN 1. 50 bDTH b, BET S FTEBMOMBRT|
(Moma<T) I DWW TIrikura(1983, 1986) Takenura and [keura
(1989) IT &k 0 w227 VOMBEDY23Vv-7 3y OB BRI EhT
W3e CDwF WEEDREDY 2F:1-1 fEEH OB IcEH,
RU OB EREETHYD RARBFTOMBELL>T W5,

Gusev(1983) I3 5o 0 B R MIARIC -0 B MMEBEITER S
ERA D7 -2, LEROBHAN IWEFHE LI, HOx
A" ) DR B E R IR MRS foax M5~ 10Hzic EHET B S & &
10%%dyne-cnd D K & WHIER (Ms>7) 109 % & 1--TRIEMM1 > T
R1I2<. & D BRABEANE & 5 —->01--FiE £ 1850, 20211
KHEL. NS o CORBYEIET a0 Jhvds BEi2ER(
bump) 2F$ 5 Z &icH B, Papageorgiou and Aki(1983) 1w
T TOMBOMERREREA VT, BR. GRRELIUH
MEEDRBEEIT - D, BIRIMEE R <2 b V02 v
HRINTVWBZEERL, Bicak~<3 specific barrier
nodel #RE L T 5, GusevDAA' J M Tidfoaxid?) zF1-} i
Wi - 1o, Papageogiou and Akl(1983)iC & 5 & fuaxid
i) -V REELTELTY 3, '

BZEODIntra-plate®BiT > Tlneda(1981) iIFEFE R
£33 35097 OHIZECH S h 7 HEEREMER (100~200kn
) TD PIERER (Minab~8) 2 FH VLT IRH SO AA ) %R
. FEIHRDA ) I OBIBED FAE®Gusev(1983) X b bRl
L TW3, Koyama et al. (1982) iz k D3R S A BEAA' )
Mo BRRICo2H v SEFRThERLTV S, Eilzuta
ni(1984) i3I BA O BA BHIE (Minab, 5~7. 4) OBEim
HICRORT TEBROMN IWOBREROFEERLT WS, &
usevDIN J Tt frex &1 &) ZF2-V ICHINLTH - 125, fif
OHRTRY) =f2- VM EFEEHEE LTV, LhLlassn
bW B1--Fikteidfe~No' S THE DML, f1~Mo'"5~
Ve fnax R LT HOMKET. 11 & fnax DY) =F2-} ®E
Hidfek D WAEPLTH B0 ) Fa- b SLITOHIE T fo &1
1 OG22 IE,

— 5T EOEXRMIBS SH Tty MiFHTH L LW
546 3, Houston and Kanamori (1986) IXWWSSN DA
B IMATER % A\ THe=6. 5~9. SO HIEE @ #7488 X TSGDSNE /A1
P4y IMEERE RV Hw=6. 4~T. SO OBITIT L b, Mws9.
SO EARMIESE TAVA-N 71-5-%30bar & L7z w0 287 4 BER &
L T\ 3, Boore(19886)i25Bicsf <Aty v-ysvFEEH
W, Houston and Kanamori(1986)ic & ¥ avn" {n & /-WWSSN
7 - RMIPIE DY V-3 IT V. Bk OHANE & Bt E s .
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£5° WDSMY. 5 OB E Tlactor2~I0TMMEATHEM LR L TV 5,
L LBBSHOVIV-Ya7idMs-MeBIR i > W T RMIEL LD K
M > \WTEEF IRl S 12 h T 5 [Boore(1983) DPig

L 1028M), —HGuseviy MidMs-MeBfR SRR LTWAA - -

IMBEEPERHO—BH ot B L{RVELTVS,
Gusevii Wi & BYiab-va7 & BRIEO—FHB L BV DIZ,
Boore b5 L TV 3 & 5 iZGuseviy W TIXf1 & fnax H59) 2Fa-
M iEGEETEEELTWE S EILL B, HO VOREEDE
B (1 ~ foax) DSPapageorgiou and Aki (1983) Tifzxh
TWAEI W tha-b Kk DEDBETHE, BES (Y
-y EBRO—BULTIREE R B,

TEEEZA I DS max 2H T 3 & & 31730 TOHIBIR >\ T
Hanks(1982) % Papageorgiou and Aki(1983)ic k biFi&hT
V3, FNNBREELHMEEDICOVWTA L RFPO
FARE & 75 » TWieo Ranks(1982) idfmax i3BH Y 1 XL D dH
Mk DRE (HRET 50 2R L TERSETRT (CHIR
HreHrsEEBLA, £hicx}LPapageorgiou and Aki(1983
Y IREEEAN IMICE S B fnaxid 4 FEEEINDIRWT S
BETAE, B BSBHEMR @M ITEET S EM G,
Fhhs 5 % CcOFMER. TROEI VI T 1D
H2 THE HABEN i-)-O—> EEX 1o Anderson and Hou
gh(1984) I3 B - ARBTIC L D MEHEBE R Lo BET
i irikura and Yokoi(1984) ®Umeda et al. (1884) 451983
SRS (Ms=1. 8) DRED FAR]F 71T & D foax HS{HMITY)
- EELTWAC E RS L. BREGEOTHEE 2 X
BLTW3, haxbREMEANTOMBHOBRBIKLTOL
ML LTHEET A LR GBAAMBARDIETHEHM.
BRERGHE L LT ex, BIXIE VI 977 -y OREHE
RBELSAOSNTVEOMEI DD S, & IANEBIR Ki
noshita(1990;1991) X FKIRE 12 & 5 BpEEEHF T IEHIRRZE TSR
RIFricd 2Z@$ -9 (#3000m) °F Sk dRERE (M-
6.0~6.7) DEEBERIT LEER, o BHIEOBRIB KT
LTEDL->TWVWBIEERBWR LA, $4bBintra-plateic
BT IEGEBPILRRIC BT IR L foax X100 T
B30I L. KPEROULSABHORNE ZAICRET S
MR (L foax HSI0HZEA E & 220 BR & T0knfHiE O HEEED fuox 121
OHzZEAF. £ VBB E10~2002E WS X5 RBREICLD
BFCRU-TVWBIEEERLTVS, DI ERERRFBE
ELTDfna-DAJfEHERK T EODTH B,

4. M7 Isb BEETY

R TR~ w?ed v TR, BEBIREOA I e T 2
1= HITANWAN 78-§ & LT A o ~50bar(Boore, 1986) D% S
A BNBNES T —HAKI(ND X bPDTRE\EShA L
& D2y v01-+-FEiEMrk X v ERAERRCEA» SRS 21}
VAN 52-5i2 #90. Sbar. Gusev(1983)%7 v KR M| D 1-+-F
HEEHSDSDIFThar& 185, DT &k, 7 =f.-F BTLELLE
AR E—0I1-}-BRRBER >0 T FVTERN I OL
BB HHETERVWCEEZRET A LIS, COLD
AR A BT 5 /oD, Aki (1979) RINEE © FRANE©
FEAEBITA T VEREL s, KMERCHBRHOLMER
BREShs0oTREL, MAMA ITE LTRBESRERS
ECAND B, BEARBEYRBBREBINIITEE- D,
FABEMAI-ILAECADSEL, TOLHERERHH, S
WEB AMAF oy 12 BB LAGEEIRB I Slocal stress
drope&do —HERARKROI-I-HEML SRE 52MA-} oy
7 REBLAGREBEELT WL S A NBE L&D
PEWILAVA- Y 097", VWb Bglobal stress dropZHE LT
W3,

C DN YTEF wiTEE S O MEBEAN ) MR SRS % 7% Papag

eorgiou and Aki(1983)idspecific barrier model %48 L 7xo
HODH WIRFFOMBIRIcE L WEHBOMR) 3405864 72
BRIEFEREL TV S, 2 OHR) 7975 5w 2% VO MBS
BEREN D, COE AT BEENICENEERN S PIYHEE
VR TEI ) DEEARIB L. WEMIC BB BOTHRHER
RS EZR oo T THTL. N IITELET 2, B2597T
RRMEICANAYN 197 A o USRRIRE N B, COEFATRAA
D) OBMRIFHHCHIL ISR 3 LEEL. boMBES
ROPBOEITRIRERNIC—EORREECEDLS LREL
TWao #9'W 7-§-RGBO RS L. BV, BBV ICMA
T, 1799 OE B (barrier interval)2pod & o-dh-ava- o
97" AgLD5DITIE %, Papageorgiou and AkiidEEICHNEEEAA
IR SN A BABER A es 13T ISR TDT VY Yy -y
B 5 ERERR i & 2B ABMKS DIV -ERIC LD E
L3, THbbinaxid? VI 977 -/OBRE d & BIEEE

VRICBAGR L Tloax=V/d TR E 5L EA o Irikura and Aki(
1985)i2 C Dspecific barrier model T3 ¢ BHEAAIMW S(f)
[

S(f)=(N[1+ (N-1)sin®(2m £T/2)/(2m £T)¥]) " "2Se(f)  (4)

THUMCEA SN B EERLE, < ORR—EFEER
THIINED$7 N 7hB50) i RE L - BEOHMBE 028" 1y
It LTE D, Joyner and Boore(1986) it X W B0 EHITE
AohhbDTH3. CCTHHEME TREESECOLHEE
HERMTH O, Se(f)idr 40 b SEKE 1 2HIEBHD2
A IWTHE) I EEXL D E Q)R ER Lot WO &L 5,
(ORTHRINZN IMWE 2 >D1-+-RiBCER . BRAKYK
Rlo1-1-BAEKR/TCEL S h, B2 01-1- BRI
OREEHOBRE D, BRI () " vih SAEKR SN 28D
A IS YRE Linex2FHT B LT 5, CORTHEALNSMHM
WA ) MridGusev (1983) DA ) MElER ICE R B B TR %
b oo U-BR-2MA- P 097" 12477 4Y 1y b DI-F- R H & BB
T OMBEEAN T A W SEBRE D 1 a-0" K abr M 097" 1
L RMMREESR & 97 19 1/ D- 1V DBET D SR B, Banks
and Mcquire(1981) ®Boore(1986) ic & D MEBECHR DA T %
WEAE B D ITR B SNAAWA-N F1-7-, A 0 =50~100bar, i
o-18ARVAN 097" I B2 D | Gusev(1988) T K W Me-MoBEGR Z M 72
T EIRE A o AN Fi-§-, A o ~Tbar, {&)" 0-A" ¥AMVA
b oog7t EEXNITEWEABRBEHEO RN ) BT E s
%o Papageorgiou(1988) {34Y7:1427DMs6. 2~7. 8DSHUEM T D
TR MATEBR CLERLE

BETbEIRBAA LS CBR &N BB T v ol
PP LERTVWADERET LBV OhDOMT Yy 4
HIRIB AN TV B, Nirasava (1979) 12 BERO—HYy7 @
WERMIIEE v TRIMEEERES BRI L TA/NREE N S
C Ed o, BREh B MEEE R o 80 o 2 HBIRE S K
EEORIZAME)9) b 58 BHEHHIINET W ERBLI, CO
BRISEF v & OIMBEEIA ) MDA Mk, BI72)DANA-F 097
DRIGETIRE L L AWA-V 097" DA-F-VA017 (rns) THRE N B,
— A% icrosA VA~ M 097 Bl T2} XA WA 097 B{t} KD K
& (. CoFEZOBAR & LSO REB O WINEERE
MHWBETE B T L %2R Lo Izutani (1981) itHirasavati 4@
INIREEA" 7 b R I BUR T IR AR 097 B AL RE
BHIET M S OBEAA IMIc—F L. BABBIETiRrosabvz
Fosr Efz?l QW RE—BT B EERLE. BEARKRAK
FNHB2 O1-+- BRI BE(T2)/E(r ) TRE B, 5
Tzutani (1981) %, < ORI 2" JMEHT 5 MEB%E band-
pass-filtered shot noise process® FH L T. BsfifflEC
Yilab-y3v T BHEERB L, O Mk D HNEDAVIIT Y
~MZREC - RRRHIE MA~5) P HRILE A0 4ABFRWO
BB (M5, 5~ 1. 4) OB OIS OB HIH T E 5 LBE
L T3 (1zutani, 1984)0

Hirasawa O #EEHEYEF vidPapageorgiou and Aki®Dspecific
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barrier model& XS Rl TH b . BED & - 5 HRBHITROR
FOBTRELSHELVWLIEEDOWIBILTE LWV, Suzuki
and Hirasawa(1983) REFEE /4 O K & EDRAFDIi4ic
434t specific barrier model & Elbk. BRAICIIEIEYS S
PigRETHO SBERICEB L. BRENIZREEFET) i
IRl SEARICEIRT 57 v EREE L foo Papageorgiou
and Aki(1982) LRI B0k Bsubfault DKE X, stress
drop, RHEMEE. WRAGHREEL TrandonicBE A B RIKH 50
specific barrier model O—A{LEHELAL GO TIAH B8
BXERENII-BBTEL DR, BB ERIAT 5l
KO L TRV, Koyana(1985) 2 EHRICHIETT %0 +FI2 53 1)
fetealy? MEORHORKANEEERL 1oni7” Vo b7 v 2RI L.
Gusevii MIC B DOH B IIWBEL S EE2R LT,
BOH T BN VTS LEEIRERE O HEIE (uni-
lateral 2 &) %% X 3 L HEARREY I b HFLRBH KT
#: (directivity) BN 5 Z & %2/RL & (Koyana and lzutani,
1990)o LML COEF 402 JWERBBRD . specific barri
er model & DBWIERVBVWEICH A B,

WERHORGBREEZRU 12 b 5 — D D7 MBI J5 487
TdHdo 1A 111D A DFERSHIBATICFE MM s o RBic
S5, BRI O IHBSSBR s N5, GRKINERD
REEIRORD C o7 Vi oBfic & D4R & 1 3 (Madaria
ga, 1983)0 Bi—o72A" V74 O BRIRIRER 45Das and Kostrov
(198 L LV FARS N TV, B—D728 j51 BRI L B
BR2MEHOEBER LTI V7 OXE % r & LR,
& L) zF2-} OFE DdislocationBEIMIEE (crack model )iz
AT, M- 4708 (R/r) 2 fERE < 1-F-FBEB (/R EEV.
ERFEoSE L i 472bB  Weak Barthquake(Slow
Barthquake) &35 C & &R L 1o

Gusev(1989)#x Das and Kostrov(1983) DfEREHK Inul ti-
asperity model 2B Lo < DEF MT & 2 BEERMBEEA )}
witGusev(1988) ic & DEES hiuan Imic IR EE D | BB
BifoFgsik, Wbwaiilling factor K¢

k= Zari?/ak?

THRED ., BEROL - OALEIRTIA '}740)?41 TRE %0 il
fl & o, filling factor Kr (~1km) iREIRIK &9 131F
—ELDEREBTVS,

AkI(1990)i2 Cfillng factor® [ (MIBANOBIRE)
(&HEIR) ] & EH U, asperities & barriersh L DEME
BOERMBRILEREL. NI 8 & T2 Y527 4OH L
filling factorOS TN IMOR WA T E 5 &L &TJW
foo COEITIHIINTDSD OHIBiIc>WTERITL, vV Ke 30
L0650, 8SETHILL. To&ibdicreeping zoned S3Ecree
ping zone~ DHUFHFICR VITHIG LT W3 EKSD 35R%1E
TWwa,

specific barierti vbmnulti-aserityti #& € Dan’ JMIER
HPilling factor K THESHh B EW I T &k, FEEF vOE
WEN IO TREJTE TV, LU LIas omljEs vb S
T & 5B R T OB HFtT v OBH T OYBIHREH
RIZBOTHRED > T B, Aki(1990) idH)7 =T OB OR
FIFEORBHIERCR Sh sBHE ICEHAZT 2 5[0
R OTERLIRTIN U7 4-8F W TREGETE RV EEBRL. v
71T OV THREB FHlidspecific barrier model 2 \WT
fTo~aEERLTWVS,

5. ERN1-BIRO - DEEOLT ME

K O MELG 2 . REMEIILT 4D & 5 TR I-/08
BEHHNET vD & AR AliRESWT, #E
dhde. 1 )-/BIM O IR O & 12 5 A S v
ENBBEN D, HiIcTE ERBLEAREY % ERCIET
Zici. BHRREET AN E LIRS, RN )- /BB R.
NIRRT & 0 RBAE & h B HIR A KIS &3 I B D (RIFEERE
& RMEIH MFE KB E BIZEEILEZBA OB Eh D,

HERVHEEHTloAkE G LTH0 . BES OWRE

K& > THFRENTETWS, ( Hartzell, 1978; Kanamori
, 1979; Hadley and Helmberger, 1980: Irikura, 1983,
1986, 1988; Imagawa etal., 1884; Houston and Kanamori,

1986; Takemura and lkeura, 1988; Dan etal., 1388),

AHEOMBHESHRO LB I/MIBORGREHELREDLE 5iIC
2. QKRS L/ MR OO ZBHEN 74-)-OEBRBS LT @
A" F DB A ERRE T2 L R EhRiER 570 (
Irikura, 1983) KHIROEHFIEE/NEBOBRTRHR O/NITE
EAHIL, B/BIE L » O/MIEBSEL S EREL T, /D
MBRBERELEDLE S L. SRS T MBEDRBERO)-)
Y ADSFHRENAMBE- AL VNSRBI E b D, LK
A & /MR ot IV BFRER R T 5 & 5 i/ MEREROIRE
2RKECLTRELADY 3 L HAERROBHIA-Y2) b5
MEaZ b0 bRECIE>TLE S (Irikura, 1986)0
R 2o oUAIERIBBEET 2R EDL S UFER S ML
BLEhsahicoWTIITlR~RS,

KRS &/ D R E- 17 b EMo &no. IO R & EL &1,
MR %N & w. BTBZENE (final offsets)ZDEdEBC &, &
o OBFN 74-7-Drh-17)° BIGRIR

(Mo/mo) ' 73=(L/1)V 3= (W/w) ' *=(D/d)" 3=} (5)
& 73 % (Kanamori and Anderson, 1975)s Cﬂb‘tﬁ&@@#ﬁ{uﬂu
ThH 5o

FHld~ & KHE & ERN ) )-/BI% & L,'cﬁﬂubnz,/l\iﬂ;
EMEICw2tT MEE>TWAE &5 & KHIE &/MEIBDIA
I MOERIRBES I Eu. BEUBERABRKBKS U & itk
BRI 3,

Ut /ut =Mo/mo=N*

Un/un=(Mo/mo) "' “3=N
ChHs LR (2) oERAITH 5,

WE TR R ERME EE R Y-VBIRE L TRV S/0M
B L D17 BN &4 5, KIE O BTN X ND/NMRRE I
ST 5. TOBZDMIBOKE Sk, (5) DALMY AL
» TWE, /MU OWEBY A it —E T %,

xﬂngor»kou;vau(z);alj\mﬁaaﬁu(t)émun
ROXTHREN B,

N..
U(t)= £ (r/ri)Fi(t)su(t)
i=1 (N-1)n
Fi(t)=6 (t-ti)+{1/m) = & [t-ti-(3-1)T/(N~1)n]
§=1

tisri/vetEifvrte
CCT, riR# M S/NIBROBRE COER. 1 kiS5
HHo/ MR E COER. FiREBEROBEO)-MIBED S
I HBEO/NKE & COEM. veRIZIRBEMBE, ve 3MIEBK OEE
HE (PEEARSHE) \ TRYRTSH S KHMBDOIA b, nid
B LADEORRICE L 2 ARKE RS %= Rk EEA OBR B
BT A DB (n(N-1)/t>2f0ax TH B L HnEE
$3) . 2L Te i3/NTBRAME BURBEIC X b & L AN
HEBC DDV A (pv/(2vr)> & i >-py/(2wR), 1>p>
0THBEIIILEDB) ThH B,

(DET. NBIRR D KIS &/MIE D rY7” BRGM
BOBOEFI()EV 31 -BRCHES ., >EFliBELE
TOBBRIBICE-> THRAAGDENE, COoRicHTC &, ¥
I EA B TR/NRBIER 2coherentic BEL &b ah B Lo,
SR ENIHBIAA JWOM I N2 X [1+(1/n) (-Dnls B, F
Rbobi-iyMkER D, L THRABRY TR, Fi(DRIBF1 T
PHIEERRER It incoherenticE LA I B o, SERERIZ(
NXN)'2=N, $RbBE-IVNLO=RR &L 2, COKMBL/N
MDA ) EF vOBIFR IR0 287 hO&RE, 720 B (6) /7
LTwWw3,

Boatwright (1988) D A HIZ/NIRIZRIC bW 574" V54— «
TiN-ERRRAR TS ROAMBRS K cUBEFERIZIT

(6)

(N
(8)
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“BRLTH B, L LE0H kv -5 REMRRICR
4 & AN IMEEDL SICERT 5 D TCEWBEIIIEAL
LTLEIERMEEEL TV 50 —F Joyner and Boore (1986
YOFEREBHA PHEENOBREREEERT IR,
BRMERMETE L TERT %0
BT REKMBOE-17bENo. 1 )-/BIBE L TRV A /NEE
D 2F2-F Fno & LTy (Mo/me) ™t 24S L f/MBEIDER % THS
RAPTIC (Mo /mo)* 27V MR TSR TR LEDEH I LI K

. A E N 2 HEBER R EBRBR CRIGBLFE
LREB () OBRERET 5. LA LAMS I OFETIRE
I ABEREAE T VERR T 2B NSRS N S,
WBES B RORAFNEESEREhTWRVWAD, &
S h R iddirectivity s & OB EA T O BIRIIBFAHE
BA->TCRWREOHMBENS 3,

Irikura(1986, 1988) TILAHIRE & /MU DAIVA-F 097" 25—
ETVREP., & SICKIENSw2r-1) b 5 Fh 35
&1 oWT. specific barrier model®asperity model~®Dik
REELHEIRENAT VWS,

HMEBHEROH

KHBicH T 2 RBHEART D Bhhi(DRAOF
S s, BEH - AZ(198) i X0 183EHXFHMMBOR
Sl KESORBEBVTHIEATV S, BiINIKAVSh
99 2f2-1 6.1, 6.0, 5.0, 3.9D4> DM (7 =fa-} {HIRR
BRFICE B, DIBEMG. 1, M6.0, M5.0, M3.9DBEER) (3 HEEK
PRI S » 2 b0 T, BE» SHARE CoRBERMK
RIBIEFALLEETE 5. BRREREICIEY (H80kn) HEH
EZE cHERNREHTRIhEbOTEH bo

FMBO AR HERBRN 74-)- RIS v L THER
N I SE-Ayh e I-H-RAEEERD o, EhSOEERR.
AVA - A IA-I-PRRERSEES WA bOEBE L LTAL
oo J-Y 9 b & HHIEE L RERAY ) -/BIME LTHV 2B D
AMRN FE-I-SRRBILLEETES L &1, 2o DHIBDE-
IV MEDSRIR L 0 Ar-871)I-NEED . J-Y +MHEB QW BE &N
XNIEREIT 2 L. T ORBBROAE SII/MIEBOIEOKX
EERMBT A LiRD (ORBR) o COEIICLTE
HONEREEG vEBIC AR LSRR & R L
BT —8¢ 3 &5 KBEMMICET vBSBIEE T 3 (M
# - ABBH) .

M3, 9D/ AR ACER % N TMS. 0D HUB B % 1T - 7 #E B Fig
A-NERENR D, I THEHIEBOANA-N 3A-)-RE LT, 1
F-k-7v)p-Nid3, BUBIEETIXS. Okn/s. §-4 o MR OB B it
15X 1. 5km?, BOSBBHEERIRTIRTEE LTWa, Bohid
RBRESBRRBER I L -] LTWE, &ITHS. 0 OMIBIZEH»
SM6. 1D D 5 OB AR S, EOERMFig 1-27
MR EHBEEIND, COBANM. 1OHBDAIVZ-N F1-5- N5,
0D4fEE L THIES B, a-h-7v))-N=3& L TARS
WREHR & & —B Lo M3, 9D HIEEATER % F W TMS. 0D
EOBEY OSSR Fig. 2-3THA LB s h 5, COB

M. 0DHIRIZ2DD47° 1Y 1yt SR BBEABHRE LT, M3,
IOIREAVTRENA BRONE REROTA T
BABRABIBE D /&L v bS1/T, ERAL/ITEIE
DINBDTRICRELLE LR, ARBEFEEHAME L < —KL
tO

BRe - /R0 YEeRk

MRS E RV TAHE 0B AR T 2 FEOMENR
BRIZ>WTRET 50 ARKE(T) i/MEE S KA & 0 28§ #ic
BES CEEFBE LTV 20 w27 MichE > MBI O - 0
DR b WYL vidHB) 59987 V' CH 5o Madariaga(l
976) IR 39 DR LA B S MWIB AL BHAEL.
FE) 390D 5 w28 MTHE S MIBBISERE NS & E %R L1,
Gariel{t:(1990) itMadariaga(1976) ic & D3R & = R 549

OB I E S CHBED 247", 297" FEE. {2 {AZDn
iR T, RS OMENEHE L. Blllic—X4
Bl E%RRLIe LHLRKBS, —iFiciiEREEdomEy
Jr BRI, £ SENR AN BSHEOMBERIE LR 2
SIRIRENBTEL ., oo 200N WADB D SR DE (B
Bernard and Madariaga, 198488, & C CRIGB{LO K HPH
RME) o CHUEARMBOLDRER)FNZELTH, EFO
FRRE LTV RORESK & 2 LTV MERSEL 31
THbo /NERMBOLEIIZIDL S ICHBRIKENED
BaELTH, ¥ cfa-t Ul LOKMIEBOMES IR LT D
LD RBMBREE TRV E RPABEEISHOLLTHE, B
FWBBEDOI I hSKB0. EREN 2 IEERIZIIRIIH
S2ODOSHEN MRER A NS OTYRBBEICIE, L LEhs
ST DXIREEIIIET v SEKRS N AHMBBILFig. 2-2iC
RENBLI R Mo TFHRENDI N TR BEDLI L,
BRLbcHBm L ZHO) B EREH, R &himo
Hon yrhiiiah, Flg 2-3CR&h B L5 BAhiy L#—
DI EREhD LEX D L, CO—MOBBKRREBAETE
RENSHBHH 02T MTFEI W TWEFT ST &1 Das a
nd Aki (1977) 2R CIEDO BROMBEy i1V -v1y THE ST
W3,

LROEREE R LT, PMIED S KHIE~ OB OKEH
ByuRTlEE LTRig 30 L5 IKsRicE v ohb, B
| B THEBE O - MBRI/NN ISR S h. BIBRETHEEO
NV RN IR, DL REWWIER DO EDOAEKL
1213 ORI I BT E N B, HIRMY. BB TRS
NWBEITPMIIREEEROELIENSDLTOKER)T
INEBREL TV, 2WiEEIBRBTLEL L TIS>OKEN
1590818 %0 BIRBPEDSH—T79778 5 0 287 MITHE S MBS
BEREh I, TOH VTRIFIBKE. Bk, Bioh 1TOH
BoFScERBROEBIERINI O T—HUBBOLR L
BILTHRENEE—)7 & BRRD . BT IERRT L
L3, BERNIAREREH) 708K ENE &t 3,

PHEREE S 5 KB oM B O SR (1) I3Fig 3iKRSh
BLOINAMBOBBERICHS XS iKRa&h b, HIH/MMIE
&/ T OTERRITIBE L. 740)-BIEFRI (7 )i/ 5490
NTBBH TR ICERT 302y BHBEK O Licx
B9 3184F (operation) L Rz &h s, FERELTEKELS
MBIt w2t MERED XS5, RBDFEIPLHIRFETH
BEBEThISEBRER 5,

Fig 30 & 5 RMBERE v, /N i) O&EBREBNICE
CBHEERDLEML(1988)DIRET 2BHFROMBERHEDOE L T
Iiﬂ?—ﬁ?’%o .

6. BEBYHTHOEM(ich I 2 RIEA

() COBRBE/NS TR CAHMBOSRICHL 350
FR6) V- /RRERR(MN ER Mo BO/hE & ~OFIR
BIEWESIKEAZ, 55 ABAIEHRTIHLBEEN/ML
HR+8REVENIRBRLETS 5, /MUBIRSIHER R
BN EWED, S3RRKLVERAROEHRTCOLHAS
EVWSIERARVWREDBB, kLABRRSS+IBEES
FoTwic & LT bAMROMBH i MEHE U5kt ds
3o S/NHMIBICHR I Brune(1970) TER S it w2tF vk bo &
T 50 J-F B E /MNIBD -1y EATEX §X =125 25X 2
5% 25=15, 6258, B4 DS HFig. daR UFig. ShiciR X
03 (-2 b O/MEIZS-Z a O 1/125 OB LNE & HEY) .
Fig. aTRARBEE O IMOEBEILIZIRZ 027 M- T
WA XS B M, Fig AbTRIEFFRMIRE BRARYE ik
02 WS - TV 3 BPHRRMETHEELEAA KRS R
b0 COIERBDTNESRMBORBRERRN) V-8 &
LTRHVWE I &T 5 &, AR &N KoM hRIFK
¥ (-+-RAERATIE) Tolti vhooFhdKE e E%R
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LTWa3,

COMEERRT B DI, BEOFIICOVWT 2BRIDOER
A BDI/NMNIED S PRMA & & O (517 bk=5X%
5x5) &ML, RiICZ DK v MEED) % SRR )-/BE
HeELTRMBOMBL2EKT 5. RMBFig dcicTRahd,
IR TRENIEREFOIN I WD w28 MTIEWE E5bh
5o CO2RMBABRFig STHEE Wiz 2D/ i 54
EL. g5 icER L, &SIV b B&kLTK
Pi9INEERT B0 /MBI SAMBA~DERLT MWL T
W3 EHEREIN S,

() ZREFET VO 1 ) ORBETT-3

FRINR &3 2BFEBOHERM STTE O SqEDIA 7} (
BAN 7hDE- 170 Moa) DIFBLE LEBRTE-2V) Mo" D AHIERIZ 12 B
&t 5, TOBRICRET /MR (3-17ine) L AME%:
BT 280N /M > OB IR Tw 2eF MCHES &5 &,
B % D48 7h 5 OHIBBI R AKX (N K W ABiHE & 5,
BN OB EELASDOESC LI BEEROKX
D SOMBHIRROONZM, HRELTCOHBENR
M SRTIADDOEN S,

Tl ~ & KB H—E R (single shock) ERET 29%
HERLEET I RIDERINIMBYHOKSE SN EDL
SEEDBIHBHBRT 5,

KMBHAR-BRETEEN a(s") 72 THEh KM
Bh o OMBRHOBRREKES Uo & HRABMKS to i}

Yo=c1 (§7)%72
Ao=cz2 (S")172 (8)
L83, T TetteRERIERTH 3,0

KBS EOIN M o R 2BEBHRTH 5 & Lk, B
(DDA IIOREERBLL, ZOEREE-VIBEH
¥hSkoMoe&T 5 & Se=ST/q LT M05=Mo'/q&f16°
% ORERHMEY L ERARKENR Theh

Yo=g-c! (Se)32- (Se/ST)!1 2

A=y g-c2 (Se)!“2=c2(S7) 172 9)

ER B, CCT@)E)THRULHAIER E Lo BR—BRT
HBMBOaNA N IY-BEBFROKE S S T—FLT2 L
KRBT 2. (8)&(9) 2B T2 LERABRMEYNTRHL LIS
EWMIE-BRTIBSEZERELTOHEDLD RV, EERK
HBEBT IO MR- M BE—BREERELAFSIKER
b0 ChidfPROKMBEFHT AL, BRFOKE X &
2 I TOANA N I -2 BRI ST —F i LILERED
!‘97( %o FROKMBOFRIHORE 2T H L LR D%
LB,

(3)/MRIEBR T VIR

IERERERVTAMBOMBY 2 A% T 2 HER. &ic
BRAES CRICEIRBBRGEPH ISR TS 25/ & 0
A OF, MED SKHB~OERORFBBEYV-ILT
Who B THRE T2 KO RFIRT G I 584 LA/
DRERYH BB ICERROKHMBOBTE FRT 2RV
WEHETH A5, LALBNLMRE ¢ ISR THIL b/
BERNESNILRESH W,

BT - AR (1991) /NS O IRRIISER DR b iz, Boore(l
983) i H -7 & /M O WAEG BTN E w27 VEMET A LS
IR 23v-F L . IR = BRI ERNAICEE
L T/MIEBESEARK L. (DRic & b KB O RBH+ A5
TEFEZREB L, COHERERNA) )- /RO L > 13E
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Fig. 1: Comparison between observed and
synthetic seismograms (veloclity and accel-
eration). (1) Synthetic of M 5.0 using M
3.9. (2) Synthetic of M 6.1 using M 5.0.



Acceleration Spectra of Seiscic Haves Generated from Cracks
CUEBIHUCTIUS OF SOTRCE PROGESS OF LARGE RARTHQUAKE

(1) Single clreular crack Acceleration
it gtager  Saull oracks are gonorated
vaveforn each orack stops at barriera.
barrior
O

204 ptage) Bnrrior betwoen crecks ere broken
and larger oracks are genoratod.

R : crack radius
40: stress drop

PR

. agMe caor

3nd ptegey  largor orack sequenco ie genorated,
(2) Holtiple circular cracks Acceleration combing small aracke.

Y YN

Ath stager Bimilsr processes aro golng on..-

g 1) g 12
ta Gm:
(3) Souxce process of a large earthquake 5th ptage:s  Eventually, barriers inside the fault plane
2 of the mainshook are all brokem and a large crack ic produced.
to the ™ 1 istics

In the initial stage, swall cracks Bvent{, barx:
are generated by uk.u;ping barriers. hrokenn.uy' the fora are

Fig. 2: Ilustration for source process of

large earthquake to generate thew-squared Fig. 3: Construction of source process

special characteristics. of a large earthquake.

1" 7 8 "

10" E w

w" 3 w" 4

[T E w" -

[t 9 w* 4

" k: " 4

vt i wt 1w’ w0’ 0! 0t 1t 10! ! ' B w0t )In -t ‘ I ' ’
FREQUENCY (HZ) FREQUENCY (HZ) FREQUENCY @ .

Fig. 4: Influence of subevent size on synthetic result a:Moment
ratio = 5x5. b:Moment ratio = 25x25x25. C:Two- steps’ synthetics.
Moment ratio = 5x5 for each step.



A-2

FUNEBLLRBED: > #P 9L
BEEEFS 1992,12,11

HERHORBRREL HEH TN — EREZEAoRit~0@RAE

'Attenuation Curve' in the problem of strong motion prediction
—-Applicability for the seismic design-

By B2
TAKEMURA Masayuki

There are different approaches for predicting strong ground motion generated by an
earthquake. The first two approaches: theoretical approach and semi-empirical
approach, are based on the physical background of seismic-wave radiation and
propagation. The third approach is aimed at predicting ground motion empirically
based on stochastic analyses of observed records from earthquakes. Main part of
studies for the empirical approach evaluates attenuation curve to predict peak
amplitude and response spectrum of ground motion. The attenuation curve has some
advantages for practical use in seismic design , compared with the theoretical and
the semi-empirical methods. The first advantage is to obtain a result from few
parameters, usually earthquake magnitude, distance from source to site, and ground
condition under the site. Furthermore, the obtained results are relatively stable,
irrespective of differences of local conditions for the prediction. Besides on
these advantages, it can be used for the sites in every place. Therefore, the
attenuation curves have been used most frequently for determining the strength of
input wave motion for the seismic design. On the other hand, recent advance of
seismology indicates some problems related to the physical background of the
attenuation curve. For example, an ambiguity of the relation to velocity and
attenuation structures along the wave propagation path from source to site, an
ambiguity of definition of the distance in near source region, and so on. Some
studies are made to solve these problems. Results of them are also described in
this paper to discuss the applicability of the attenuation curve for a future

seismic design.
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EFFECT OF SURFACE GROUND CONDITION ON EARTHQUAKE MOTLONS

e M
Jun’ichi SHIBUYA

ABSTRACT
In this paper, presented is the state-of-the-art of recent researches on the effects of surface gro-
und conditions on earthquake motions, according to the contents described in Section 8, Chapter [ of the

publication "EARTHQUAKE MOTION AND GROUND CONDITION” by AlJ.

supmar ized for the following three items:

Research results and related problems are

1) Body wave amplification in sedimentary layers using records of vertical seismicarray.

. 2) Surface wave characteristics in strong motions observed on the deep sedimentary layers.

3) Evaluation of effects of geological topography on strong motions using analytical ground medel.
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Evaluation of dynamic properties of soil and its effect on prediction of ground motion during earthquake

#HH #

YOSHIDA Nozomu

: Abstract
Methods for evaluating dynamic properties of soil and for modelling the ground are summarized and
discussed, focusing on the following items: [)In-situ and laboratory tests for obtaining the dynamic property
of soil for the dynamic response analysis, 2)Limitations and recommendations, for determining model
parameters of stress-strain models, 3)Factors to be considered for modeliﬁg the ground, and 4)Exactness of

the dynamic response analysis.
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Deep Subsurface Structure and Its Application to Earthquake Engineering Probless

B {1
ZAMA Shinsaku

ABSTRACT

Recent exploration results of deep subsurface structures down to the basement were reviewed. As several
exploration methods were used in these surveys, the subsurface structural models derived by these methods at a
specific site (Fuchu) were compared. As a result, deep subsurface structural models by different methods were con-
sistent with one another. However, it is necessary to utilize, as much as possible, any information on the struc-
tures in interpreting the data, especially, in the case of long-span refraction data, wide-angle reflection data
and gravimetric data. It was pointed out that three-dimensional S-wave velocity structures down to the basement in
wide areas are very important in predicting strong ground motions.
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Fig. 2a Location of the Fuchu site, and the profile surveyed
by the refraction method (Kasahara et at al., 1976).
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Fig. 2b Velocity structures of P- and S-wave compared to

geologic section, sonic velocity, bulk density, and electric
resistivity obatined in the Fuchu Deep-Borehole Observatory
(Yamamizu et al, 1981).
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Fig. 2c P-wave velocity structural models along the profile
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borehole (Yamamizu et al, 1981).
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Impactor’, and P- and S-wave velocity structural models
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Fig. 2f Topography of the sediment/basement interface
obtained by Komazawa and Hasegawa(1988) from gravity
anomal ies.

Fig. 2e Migrated depth section obtained from the seismic

refraction survey near the Fuchu borehole using Vibroseis,
and P-wave velocity structural models by different methods
(after Asano et al., 1991b).

Fig. 2 Coaparison of subsurface structural models obtained by
different methods at Fuchu.
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Spatial Distributlion of Ground Motions and Selsmic Zonation

BHE HEE
Hiroshi Kagami

Abstract

This paper reviewed recent studies of strong ground motions and

their application to seismic zonation.

First, various strong

motion severity measures were listed in relation of structural

damage and their spatial distribution.

Among them seismic

intensity was plcked up as an effective measure for damage

assessment and was discussed in detail.

Then, seismic zonation

procedures were discussed with various examples.

1 R

HEHFAOMER., BroiRTEB o BEL
BOoBRb KOOI, HEEREAET IBER~&
BEE~tBIc B 3BEEHSLIRL, Ch 52—
WiELEFMET A C LR THDBOND, TS IT
BAORTOTRIZHA LTS ko B E TR
OEB~LET>h, MBI KoBEEXLxh 3,

TR, BB FROMBIc>WTE
B, MiLEOMBHE*EL 24, @roIRT
OHRERFLLEARBAC L IBEORF VT -7 BF
HAThaCEtRBES>TTHRVA, MKk %:h v~
THAREAGPBELSHOBIEL L2 o WRRE VY
ThEBEBETHE, 27, HIEHRSORER>VWTH
KL, ABRRLEHLOMEER TS 3, R\ ¥
EPEFOTEMAT Ko WT, thocE+ 3 ERN
22/ uliBATA B, v 7 o RRWICREBENXE
HARRELBIZOTIARSVTPPIBA - THR
T5, MBEOHMBEHFRNOKBRIAIR vy 7 V=%
—vavewy 7ELTHRECRESOWFIFEN S,
cho%k, HEREGRER*RT I/ —F—va
vy TESHERFER>VWTHBL, BB R~
ODHAEEITH 3,

2 HMEDHRSIORELHESE

2.1 MERME ORE
MEBHBESEFMTIRELR. TOERTHIH
HOBEDLSHEETZILONS ., BEMAIK X 3T
BRE2LLILTILO0ET. BrOREXRELLA
W5 TS, RRVUEREELTRDO OH LTS
hd,

ABER: MBIk 3ALRE, FHoH & BEY
REDWHREELSHEYRIEFMBLEIIET S
oT, GV 2HRTHVLIATVE, BEOER
RYFABREOLTEBY ., Fhifi-TEESRDOI B
o HIEORMER 2 WAV ORME - MEX EidMiikic
BET RIS LD, MBI L A BER
HEAvshTVWE, BRFAc kSR VWEHEZER

THD. POMBHREI LRI TILENRRETS
BLEdo, TOHARKEZVL, BERFE4IECTHRE
-3-60

DBRAXER: HBRERXB o TWEBE, FFEY
CEORAEMRELLTAVWSh S, MAERAHE
RENSBBULERTIBREDRKEATEI NS
HEARELLTAVWSh S, 4. BEREOESH
HrOMEEBRKENEESLHERGORE(Bonn
PottBERHESBHAINTVS, EEORKEIRSWV
THOENBIRANF-—EWNBTE2EhoEBERRE
ELTHWSLHhTWS,
DHEEHIRE : IBEHOoERRLHOMERDEOR
FHREMSERECRLAETCRLALOTED, HIE
BoLEoMEERTRELRE>TWS, L L., #
BRHOMbD FcEES N3 RAEHE 2
ORERH : KEKHIBEVOFEBKTIEZ CHER
Tr2 5 —¢&iib, MBHOBERHIE L (KRT
RABRBARS VL, HBERMETENCERT 2 FHE
BEARESIOhTVWS, FIAIE., Trifunac and Brady
(W RMEERBOEREMD Sz X AVX-XHHEL
RSB BB ENARMEMERBHEERLT
W3,

BEERRI b —EHERBEVOREIGSES»
SHIERMEETHML &S5 &+ 5 RENI52FI
Rousner KL > THREI N THho, MBITF0oHHT
RECHVWOHTETEOHIRAMBE N, HIHiciES
ERACHETFu 7B ERBRBA VWL RN, #4V
SNVHEBOBR L LS ICHMBHEROELE SN S
I3 ROBBERENS A - LIDEMEN
BEHEAMABMICREND, CORRI P AL SIR—
BROBBEVOLEHEEBREIMB LB TE, &
BERROBALESVWTHRAHT I ENTEDS, &5
L. MEHLSTHh2FPRSER3 & 8T E 5,
MEXORFBTCEAEINZI7- V2T P ER.
IBBOAFIHEERA~Z PVENMBEEDO7 -V 2R
2 rNE—BRTELEVWHIEBRTRIEIN TV S,

f)ZR =2 + VA : Housner (1952) R&E ST A7
FAVEISOETRESECHERRS ERTRESL
TRA~Z7 b ABEE (Spectrum Intensity)%#BELTW



3, Thbt, EEBREARI PO 0.1~2.5 P
ORAEE AR PAVEBEEERLTWS, H—8T
WHTARELLTHR TS H, BlEE2HEEAL
LTWwaiths, ¥REOBRVEBLRIRAGETSH
5

fhic, KL 980)ic kB RxnF -2 P,
Arias and Lange(l1968) iC X 57 Y 7 X B & M5
BEYMOWBMELEUCODTARERBREA TV S,

2.2 HELOME

HMEHME L BFLoOMOBEEEHShicT 1D
ik, HxoBEY I VWTOBMEREEEAER
TWEB b H 55, HBHOEMABCH/ELL~< Y
DB BOLEHETSH S, EABNTHR YR
(1933) DHARZELIF B2 EMNTE 2, b3MHOKRE
OBBREMBYHMEE[/PIC oy PLIHEDP
HURMEEERVWAELTVWE, HIEHHRSIORERS
BELFENIAERIEER L LKPNEERAH
%2607, BOREHGEOHRBRRLDRD
LbDTHB. MIRER-BAE. KERYORES
MOESH>ERDUCERBHLTVBEREL, K
NE-RBREFAITHBEELTR»E LT, BYO
PHBE. Y- (=712 -31F4) 2RDODTVAS
( Pig.1) o COEAARBBOUREBNHET /0T
WRoZES>SBEEMTH, —RIELBFHAY (~rvr
SEYFAMB) LLTBHEhTVWE, KEAE.
AT 2 V2T TREFBOBEBEY DV T T HF X,
FORMBERLEGLE- LA CTHEMBO—KEER
LTW3 (ATC(1985))0

o

o
o
.

Ko=0.475
h=0.1

-

Collapsed Rate.CR
o
N

o
N

/]

00 ot audfe |
0.1 02 03 04 05 06 07 08
Ground Acceleration K (g)

Fig. 1 Relationship between damage of wooden
houses and ground acceleration estimated from
overturning of simple bodies (after Mononobe,
1938).
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1985).
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Fig. 5 Isoseismal map of the 1987 Hidaka-sanmyaku
earthquake (after Kagami and Okada, 1988).
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Table 1 List of various seismic macrozonation maps
in Japan (after Matsumura, 1987)
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Fig. 10 The probability of major earthquakes
occurring between 1968 and 2018 along the San
Andreas Fault (after U.S. Geological Survey,
1989).
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Fig. 11 Expected average shaking interval for JMA
intensity = V in Japan (after Wesnousky et al.,
1984).
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Fig. 13 Results of regional model, City of San
Francisco, location of fires (after Scawthorn et
al., 1988).
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On the estimation method for design earthquake motion

HH O BX
YAKAHMATSU Kunio

ABSTRACT

Due to the recent remarkable development of seismology and earthquake engineering,

it has becone

possible to predict the earthquake ground motion within some extent of precision in the period domain

valid for structural engineering.
(or motion) in Japan is presented in this paper.

design earthquake motion corresponding to a concrete earthquake image are described.

As a next step,

First of all, a general view of actual design earthquake forces

the useful estimation methods for
For each method,

examples of application are shown and special attention is focused on the use of these methods based on

past studies.

1.808IC

EEOHMBE HMBIZOHNIFTLORBIRLHN, I
BELTHERAGAMERCAUZMBHOFRAILNS ZE
BEORMEBETTREIRL->TETWVE, 22Tk, BHAA
HWBY () OBRREWMWMF L ERIC, EELTEE
MUMBREEFRE LGSO RETFAAN MBI O MfFERE.
ZOHMAERMEICHEARN L L - TOBERSEFIIONT
BREOHRBREEITRANS,

2. BERAHMRE (H) ORK

W@REH R ARBAADMBH (1) 2BETS
HERUTO=Z2ikckEnsy,
OQHUBOMBHOKEEARDEFNDO T 4 VT —IZH
L. tiBHEELUCEBL. ChEBBNARHAAR
MR (H) LRAEDOIDEELZFik
QBEOHBNAMBRICEFINLH OB EHBRBP
EoEHTHAIhBBREE, RAREEZHSHICR
BALTHRHAMBHERAIBVRZFHE
QERAMNLTHMBREZEE L TERY., XERHORVEE
RULFEEACTRHAMBHEERT 3FE
TH 5,
QREBHEHRERECASNETROCANAREC &L
TEINZHBOTHD., 2D BLGRBHTHBHEELR
T ENHEB,

Ci=2-R.-A-C,

I,

Z o MRFRHE (1.0~0.7)

R.: REFHIRY

A HANBHBRBORXFHORE

Co: BB VITARM (1 RBRHIFBELNE
BEFAI0.28LE, 2RBHIRRDME R
M1:1.08 L)

WMBRBELIE UL EEZORRAERHAOR—R Y
7-HEER—-1IKFET,

@, QRMBTOIODBILLTERIN, ThE
ZOFETHBHAEAE AL TOLEIDEHPELT, BAE
BEBVBEEARYS FLOEBTEX SN 3D — RN
THbo

QDAE%IR (M) BXBEL s —OHEBSEDHE
HEZARIKLH T, BRTLERBORICAVLSNS
BHYBRITABBBOREFETH S, XZALOHHUT
55 TRERKYOMNEMARBHICOVTI Pk &
3L, TOEFFHIBERYEORMEBRBLL2R
BMBHELS>TED, LRNLVLIBIT VRV 2OBEE
HREINTLD, WHE, LANV]1IOMBEH SSIHBE
MPR—BU RT3 THEENRECHBBTH Y TER
HEEIERAMELEE, VLV 20MBHERAE
BLURRILBOTRBEEASNIMBTH HRBREY
BEHEXRTOILEEHBETEHLOTH S, £h6D
ANBRKBERFEAUE L TCHEEBATCHESN, HRAEE
REELXFEEE LTHBTERRAELEETIREND
MBEABLUICBO TR, LRV 1 OMERE T25cn/seckd
E. R 2 Th0cn/secl LEINh T3, /o, B
Byt a SMEy i REY) T (EL-CENTRO 1940, TA
FT 1952 %) | b. BRAMRS S22 SO MBI BKIE (BACH
INOHE 1964 %) H LU c. HIRBFHU L ET L O LHMBE

BASH KAHE HHDFESN REOFR=

Obayashi Corporation Technical Research

Institute,

Vibration Engineering Dept.



B (ERTHNIE TOKY0 101, KERTHHhid 0SAKA 2
05 etc) OSHABEORBEEM I EMHERINTHL S,

BRATEHEIOIRENIHEE LV 2 D50cn/sec
IKREAEL. REEHROBEIEE AR PILOETH
—2KA Lk, AR, S, RERYMD 1 RAMMEF
ET30.5PEEU LORRAMERICEYIEERARS b
NOBHEMITEE L E£100~150cn/secD &7 » Tl B,
BERALEO AR BB ERAXDSICHETSHD
THADENTRELY, FhoRZ 1@, S 2 AGEME
YDRRT PILEMELT S,

COFER. BERBAOANHBIICH L TRHEET D
bOTCECEBEURTORREHM UL A ETHLY . BHMAEF
DOMBHYE (BME -7/ =7 X%) BLUMESR
BREEHNIRIZEBRIATHEL,

MBHMBEE 2030 ELT, HBEORE - B
MBEOEBIKIDDUVANMCE>TETVE L. B
BEHNHREAZLRALEIEAN VI THLELESR
MBERNBREIKEBH S, COXIRERSHREHE
FETIOUMBHAECELT, IBOBRE. TR
ERBIVUERE - LROMTHEELIE RBO MM E
SEARBLLHMBIIZRET I ENTEHERBDTS
BHTHBBRHNTESI LKA S,

UTR. QOHGMTHBEEBELLEEORHA
MBHOMEREICBLT, T2NHEAOSHATHS &
AREATELIONZ FEBLIUCHEABRAEZMAMN T 5 L3
KERAIKY > TOEBREEIDVTHRT,

3. MHAMRBOEE 7O~

BRBEHREENIERELCBGEORAMBHO K
ET7O—%FE—1RKFLk, AZEIBHOBEE - Rt &
ABAFEO >R ANENE, BHOBHE - i id
ETOFHERYLTHLELLOTRATON, EFENUIR
EFBELTET LD TH B, 70—~ KH#OEHE -
BHOHMEILSDVWTUTIRR~3,

£, B oRMERR (HBERAKR. PSK
B, wERE, FHHEBAES) BLXUTLEBEY MK
LABMEARR (WHERRR DEHFHR &R
LERARE) PEBEL. BUXFRLOEfIoEEL
ThEMRVES2oMmBESR E LoBlE, S8R0,
Et - REOCEXREH SEMBEH O BT RRDHER
2EBTIO0X—BUTHA I,

WiIZ. BA0ERMEE L OB IEE X, 5).6), 7).
.NINERIVBEL. WBHRHOHR & T 5 MR,
WA S A~y LURBOMBEHESZHEET 3,
MEJPHAONBRETIMBORECHWILTRUTO S
DOHENREZOND, —2id. BERNIEATHBRE
LEELHME, AVRRRETIIENTFHMEINTHS
MBEIUEHE  -HBEFORVWVEHBEETHHEER

MIcHEEEIN S, bH)—2l. BRERFLOZH LA
LOMBHMECRETIBRAFMESEIHERERN
RGOSR BELBMBEF ARSI HFETHEVY 1D,
BHREXOREBREALTE. SHRBAANEBEDS TH»SL
BOMBICHLTEMES Y, FEBICEALTER
PHRELDOLELZTORBOVREBRTILEND S, iiH
DREEMER'VOI/22BOI2 LD, RATR
ELHBOBRRIRCEIREOHMNMUBORLESH
LbBEBEILNUZER DN S, R TIERMREROER
ROUBT7To—-FrRBLTR., Thos0BARLSEILIOD
M52 & GEH 691 Bl LGutenberg-RichterRX iz BT 30 b
WAEbEERDI I EGLELERL, TOBRKBMBAS

D/ORBEMEOREEEAG%L., HERLED —KE /\

KESCEABBZBEMICLTE I ELFETH S,
g, BRR/=F - FORE. HEBEHDOI 17 -
EREOEAGVEIEI/~2V/ORBIEELA
b X1, 1DEXNBE LR B,

BE - EROMBHREICHTIMRENRL TP~
CELBETHL, FIAE. AREBVTREHFFICL
AHTHE O RCEERBACE S ERTHLERH#
H'UVHRRANSN TV 5,

Hio, BHMBRCEEBCRY IMBERERET 5,
B, UHAEBENTRERN BRELATFRAFTEDLIS
BRESDOTF I/ VMR LHEIATYV S, &RE. ()
RETFHBEO TRBHT V-RET -y R —IHLSE
B&) (ZRR : ZB-HMAMEZERZEBHR) b
WT, HFROMALGKZRE - 2HTIEENEDS
NTHH. B4 19IEEROYAMBEFREHCD RO¥D
BETHRHESNEFETH S, £/, () BFBEFZS
PolR THBRANERSE] (FE: ESHERRTEELX
FHER (AK) (F-W)], REE-BABNEEHFRR
ER[E_MD 07Ty PELT, IVTETFHERAR
FrhtBOMMERUTHAETEIVACHHEIN L, 0K
INERARB SR OPJHEMRLRITINZIIEMNTEZN
THH, THEENURFAANBBHOFE I KOOI
ERIh3b0EEZ LN B,

—BENEERYSOENREL LTI, FHEOBIK
bHEDIOBEETHRRATHS ). BYORERICTH
Lo, MEL SO TSN TBEWC Bhcot R\ %
T, SOHEOR VBRI FECIRET I LF
Aoh. BERL - THHEAREOERMERIES
NHERLH B, T/, PRPARARTBMBRE,SIK
EOV AN MM EORELEA LN, RETEY
BRI TRFEICL DM THERE ' KXRBI LT
%o

O UERO S TRDSMBHFPHFHENE-—10
PRUBICRLTS B,

FHON-PIRADOBRENSH S, Bl R3HEE



TAOAHBECRELARBHUKREL TS =Fa— FEHT
AMARBGIHEIDENITETHD, CDELHIBDHOD
BOENEHE US| ETHIN, CARBREDHMER
HOBERR A NFEBETHAIEEELASLELTIRE
A —Z2BKREDIIOTHA I, L LANS, MEW
HORERLLIHVSBRBEOROERIERIATIFCS L
BEITHS, B20BREIBBHBMIOK KRG - I
EARI PNEOEBRKEISHEELEIDENH T
ETHD., RERHUBGERERNAFEBT 200 3,
BIDREERIBEABRERLLEIFERLADTHD,
BREIBRANLTHEERZ LI FPUETINEIZLET
b5, INORERHLLOLSBRMLFRIESL
bDOTH 5,

UFTRZhSOFERCHTIME, BRAEMNBSIUTHE
AU - TOEBEZFITP0TRx 3,

3. T HRHBRKERE - AR FMVOBRRXLCEI(HE
COHERHRRNLTHFEEBERHYT RIS N
A0, A LB THMBEHROOBAEA I END
HATCRAMTH S, ORAELTRBEEORRIEZAN
A0, ROREMCORELBANEGNS I BELT LR
FroERREERTIESELONS,

BRBHEFEIMAROWRE' &CornelIRDHF
R HhE, EE50FEL. NP — Nl R & TR
VRIVENETI2BRBPEI»CEZEI RV X7 ARS
PVERIENAFENET T M7y MIRAMTH B,
HR. BERMBHSB OIS ZKRMD - AR7 FILOFE
BABETTNMETEHETH), UBEREORRAR
— S LDRT Y UBTHLH., BEABEIERM
Bozhic@EExh3, FFECHTIIOELT.
Kitagava et al.*V O EENH 5, BHFOH K,
BREOHEY - ERANTEFLERTY VEBERE L.
MEHE O HNEE D E T %Gutenberg-RichterxR D B
BERSIDBEEFNVE LLBREBTICEICE -1
FLi—lO7 7o—FN—BOUTH3, £/, HEHHE
OFBmOAAITREINLSONRESIH TS, AL,
COEIBNHBROFECLIVTE. BEAHNNORL H
KBLTBRHLARANL, BHOXBEY - FEAMESEE
COEIRNBZALDBLOBENSENRT VS, LR
BT, WBREOHEERUEERT I MICLEATH
PSRRI %

HMEME Fkid, BEEh~BFZUABOMBI
LT, BYLABRAEZRANCTEERARS MV EERT
B EiIL B,

HMBEHBKERE - AR PVEZTS=Fa2—FMER
HEMX (RORBBREMA) THEITERRN (EREE
R) KBALTR. eHOEBRHUHEICHEIERAS
TIHBLCOTFRMLINT S, TNOORRENL

bout (MBEHE—ZORREIRXOBI) 224, F 12
BAREECHLTRES - BF OB T—y<—
ZOMHHEHSFLSTHTHMIT T LHONTWB, B
ERRADOHNBIKHELTEBEINSDOXBRESHRLTEL
ELT, SIPHERBREACTHBYH FPRET 284
DEBEILD>HTHNS,
FRBAERAOBSOREMRIENEFLOBRERAEICNY
DERIHZ, TOEBELTEE R, FEARNOHE
E>THBETF—9R—ZARXBENHLEL. ZOHM
HAEHELTEBRAEBILUTOL KNS,
Od. ORKNOELLIBMAUTF—50oM, X (A) D
AHTHH, PRKEBLTOREZAMIERRORE
BMBEZDOLDDBRICKEKEKFTALHDAEFTTILE
BHd, (F—/0RHEARCHT 3 BHEE)
ORI, MATFT—DORERVVBRBE~BAAHOE
WEHOMEBTHE, R RBBRANMIEOERESE
DEAVKBLTAFEENOMRB E K EXEMOMME % I
WL, THI R 97 - 70/ bOBHRKEETIRR
EORBXUBICTL. ERRECHBEOSZ L%
WBLTWD, £/, Yokota et al. * P BN CHA X
WA3MBEHLEIBRROMRENEBRINTEY., BE
KE>TARZ PNVOERNBRAI E. BRSO I
BEMBNA L TCH->THHMPRR L > THEEXRS b
WIRERHBIEDCEREBOBBLJBETENL N
EERLTWS, (RER- - RERCHTIBALR)
QURDIEUNSHAEEFOBMBREMFIEELHE
ThY., FPHoOMNKEETIMBLRASOMBIIEY2E
RMAZFBETHIERESIETTHE L, HEKKHTS
3 A ¥ E)
@ORBIC. BAKACCHBHORBREREORBE TS
B, Wi, AR VREAMOBEHITHEAT 2484
BEAEBTH2LENH 3, (BHcHET s ERARE)
BIRARBERBBEERELTCSD. FIIMOKEL
WMBRERER TRMGTI[AVNECNOTEREFEUN
Bl s, EARHEMBALTLIMBIRNL
F-ORARBENBEA—TRCIELEOMBERHZ
EHLBTHEARETHA), WELHORKHEEL
TRAFMVNERELCISHEBEEEL A EE
bEIAOND, BR. BERBEF~ s RXR—A DB
ALTHOSNLLOD, HHFOLON I OETT SLE
DH 3,
BEDHMRIPSCEFEOBAME >N TS, B
3R, Z-2*V AR ULAKEARKIOOMTIBLUIMSE
DXSkDIC B EERTOI~SHD ARSI PNFH]LT
BLELLDOTH B, AL, I~5BOFEHYERNRY
MU EIIEIZEERETH D, M8, X50knT30~50cu/se
COMAEN>T B, Fhoy R—4* P RERFBETHA
ENTIVBFEOHRHMBORBSICKBEGIIHEAT



A ENMLLLORBGMORDLEOBAICLIIHRT
53, ABELD., REVHMBELEROMTHEERR
LARBH NS0 RDINEET500BH LN,

3. 2 ERRICET Ak

COHFERUTO2ORABENE, —DR. H& &
TEMROBAB TCRELLT/ MIBORKRERRY S Y
—VHMELTRMBETFHALLS EFT5HETHD.
bo—2oR,. KEBOPMERIOHHEATHA A B
BT2MBHOBKBEEEERNCEREEREAOT
BREDEIHETH 3,

FMBORNBRERD S FEEBRETO T LS
WS A -9 EREBBIVEMBHEIEIOHMTH
HOBHLURERIERFHPS R THRBHOHEENT
BAFETHD. AR, BHRM*Y, RABY OoFE
55, EOMKLBERMBOBRADEFORT S
HeDFEFREIATHS, FHEORSWIEIRLA
DERKIZAINLBEBRAOBRADOARL LT —HE
DILIP2ERMBAORROMETH 3, hEOMBEII
BMLTAM* R, FHERLLIBHEARY FVdDscali
BREDEIRL > TR A2BROUFTHOEHLE
LT3, 2R, 0.51z2Zl LOERAMFRCEIEF &
BilA—FULDEDHAIEMBEDON. HEWD
HERIHLEECHI2ORBAMERIC SV TREE
BRBIIARBOREE RO B L RBERNLETH S Z
EERBTOVS, _

Fh,. XFEOBRHIKE A>Tk, ERHUBOBE N
HETHD. BEKBLTRROZUBEXHETAIIESR
dELnEdnns,,

OBBEA D XLHNELSERMBORERE MM
SMBELHUTH S L, (BEABORAMUE)
QRETAAMBLERMEOBEAELS . E-Flxt
SHMEABRVEZIASHRNICENIFLBATOAM
EEBTA3ERBBORMMBABENS I L, (ERER
O ML)
QMBI BT IMBORMERVERAB LR
BHREMBETENDOIE, (HEREOHMUE)

AMBOMBE O S LBEMAECERICEY 3 FHICE.
EREBROMEI S UKAOERMBEAVI L b
HEZohb, £, HBEHNEOCERERE S ORI M
BROVTOLRBESHOHBEEPHAHRFHEOELBER
WREIZZENELON, BERMBORBERERLE
CTA3HEFHZLEDII Y, ik, BHALVLHZ
EEBERDE, REHMBIFLOERBREEZRT I LK
RBETHAEIDS, FRIALLTRABMEE LULHE
MBICHTHBETI0NXBYTH S, BYLTRBLE
CHAERRNOCLOFETERRMBOERERET S L
LbUHBTHA), FAEIMBEHEBRTIL2TOR

WRAEEBRTHEMNTEBRMBERI7A KRV FD
HEHTCRAZIA LSO THAELEBHORAMERS
TEBTIIEFHEERIZELHLAANLIKUTH S, AR
DA FRCHNTIFRAGHEBICTEDSATLS
DTBREINh L,
ARBEETREebEER. B - MO ICEOERS
hicPETHY, MBER (V,-dkn/sBE) KANTS
HWEBROBKEBLIURERRI M ERETIFET
H5, BEMELPMERIAAL. FNEROSHHB X
NTHNACABTIMBROBEEEFERRERL
SEH. BREDERIIBR AL SOBERBERS &
UEBEBARI PV ERDDIHETH S, O FERBR
REBHETHATRTH D, REEBRELHFELLLI
EERANT IV HBUPTSORHNENDZ, 20D
FHEREEROSHENSELTHEY. HEAMR0. 1B
POSBEBELINTL S,
AFEREOIHFOMBE NI - U RTFRAMEDRARS b
WIKKEBEBEGAD, WAy -V BERBELT
HHEIhIZ3LDTHAIEBDLILIOT, 21D/
S-VEABELTCRL2UOHEBRATIRBOLETH
59,
TNUEOMARBGERERADEIFEOHAME L
T KBV Itk 5 METOI2IERHMBO Tl xR
7 FIVER-S5IEFR L, AIRBEBEEZTHSYXDIEE AR
7 hNTHD, 0.5~IBEDPFHER TSv=100cn/s
ecBE LI > T 5,
RBREORREGbLEIRISIFEOFEAME LT, 19
VEMMMBORFBIFNRIL BT A0E - RABE
SOFPHMBREEE -6V ICR L, AEE. BOBAL
HRBERNMSKRDOSNALEREORBMBHE " KR
BMOEZEMBERREDEALEFTVEERL. BRAE
KERINCERMBRH ZF—RcoBHURH XD EB
KEFREEDARI ML EFRLTW 3B,

3.3EBMAX
BRALHFERICIS5H0EF., R EFRBEMREE LD
DERMBROLI BURBEBBEICLcdDLEILBITS
N3, EE56 LPPRANMBHOFAREALAEZLOD
HEL. BIAGBEMEICT IR A F 2 aBL
RARICREBULIEAFTH 3,
ERHBEOHRALBALTRROLIUIOHD B, &
EHRICETZ2d0E LT, THEVBEEBRERE DI
DVWTERE- FERXLIAFEUREZHRBE> SO
FEELTMAEGDLE, STH - V-V —BROBEBEX
BDEFEERRLTHE, REBEZTREELERTES
HOELT, R P BHER LKRELTAMTSA
RUVIMEZBAZ BARV IO ORETIAERBERANR
FEROCHALTERLTMAADE. BELEROM



ERELERLTHEOHREERDSFEERLE, B
—TREARBBEBIIRATOFHARARS PV TH 3B,
REBRICETA2H0L LT, AEY FHASKELLE FVIT
ESCSHOMBEARS PAVRKERMEAEMMT S
EHOEMBHERISKRODHMERKEHE L. HEBE
BB I2MAEARS VVERDIFEERLE, &
o BRVCRERMBEAREB LS BH L LSAEEHERAA
DEEFHMBEEL, 2ToEREBOREZAEREDES
CEREIDHRMEOBILERDIFHEERRE LR, &
FEROBAMELT, BHBMBORFMIC BT 5 TR
BREARY bV (h=2%) Z2H—8*Yjtm Ui,

MTHEERARBRE UIHBH FAIF R, BBk,
EHE, ALE, BRAERE FRERESENHD. XR
39),46),47).48), 4D K EMEO R - EAK S >TD
FRRCHELULTBMB D EAICZLEDSNATLEOT
BREINT L, AEEBHBOMBEFHICHLTRZR
o SREMBEMTHE, REFRESNUOIMABIC
ONT. TORBEHETETHMETI30EBbN 3,

UE, BB FROEBEICDOVTEBLALN, 20
foMBBHFHNFEL LTHER R, RBEROLHE
ARRLTVE, b, EREHERBPORARS FILEZE
HEHOEZBUMEASTLBBRHTAETOSOTH 3,
COFERNENMIETH O RANDELTTLIEL
FRMBRBLTAHED BFOoMELIRTLILEH
MUEHSHSBROBRBNET IS,

BB, AR MORTHOSNLRHBBLOERA
BRERATIBFICHABERR I I R2HERLTAER
ANKHEEEZBIEEFIVRAGLOAARBRCOBREK
ERTIBEOH OHE - @EACHALTHERICHA S,
BRABBEAOERCHALTRA*OFENRR Y SH
T3, EEROEREGDERLIVEBEARS bLEC
T4y VEEAWBEERTAOL—BNUTHAL I, ZOD
B, SR MOM D FPEER AR ML EEO BRI
DT, BELAEMBEBATIEITLOZRATS
CENFETHE, ERMBOEREEECBLTE.
BHERSIUARKARK I3 bDENH S, —RIC
BEROEFIRVEBBEN-DEFLNEZRAOAREARD
ERBAECIIBTRIBRHUIEBLEEREE A,
BESEREBFACIIARABENAROE IR EDHR
ROVIBEOERESEZXLZV EFGbh TS, BEEETS
AMERLOBALEHTHYIZBRTILENS A I,
EFh.BEEI+—F— TV 'STEBEBUTED
mBomREMEICBELTR. BRAESEL S BRI
DEHRODOVTIR—RAOFHEHBIRTERELEED
TR Yialb-PHEZLOHE D MHH, ARNOR
WhOoBREDURNVERMARS MVERHTHTTE
ABZRROILEINT VD, Bic, BBO I I ITHhE

FBREOEBIIOVTHOIRABEVEZRTITL 58K
P HICHABAOWE - AP L ZBPC BN LHE
T&aiﬂ

4.8pYIC
BRCEBHENTILINHMBHZ —HMITRD S
CEREETHAY. HIBREOMIUBOMBIZ LB
EEBMELHABIFLOOMFTELEIEBLTHA S,
LHPLAHFS, HBTITZOWELBREBOTIRERENYE
T-NTHIMBHFRKATTRELRREL, L0
BRENMERINATV I, ChOoORFOFRRRLNE
MDA, SOPHAERSEBRIILITED,
BESEMNUTRHAANMBRDONBEHTRICES LR
bhis,

KELNS, BREOBRBARIrGEBELUHEICREL
L 4H5LEBLN3M, TORBEIDPIBHEE
72,

1§ 5 _
FHEBEERT SIS, BXBHE L - LBRR
EREFMAFOXRAARLE L THBE AT IRHAA
IMBHMRERAS (ZRE : NBEQMAEARZER) ©
HEBEMTHEIT7—F N —-TC (XFE: REBE
BL) OBHZRESBIKIETHEZ Lk, TIKE
LTERBULET,

(BEXR)

DABRYE : TRHAMBHIKERITXIHERICSL
T) " BRHHABHOLTEALHBRHOEXE -, &
10EIBE S R Y 2T L, 1982.4.6

) (M) BEBEEL Yy —: (HREBRSEYOBHMEBRE
MBE}IZONWTL], ENFas 7Ly —, 1086.6

DIAESL : RBRMBBOBRH~ORAE, HBI0CHRR
B RYav L, 1982.4.6

DERRXEH : BRER

FHMBE : (BHRMAEOUL LOMBRUHEHBD
#:1885~1980) , 1982, MR ARFHMBHEMER 57

5

FHEIE : BERMTEOULU LOMBRUBHEMBO
#:1885~1980 CATE &Bim) 1. 1985, MR KFHME
WEFER 605

DRBF : R A 890

BFRMA : BF - HEBHFHRBE,
£, 1975

NEWREFRE : (FRIBXOEHE— SR EBEH,
WHRAKFEHEKRS, 1991

1NEBRRMY, FMSBETE AEEL BERE, SARA
T HROMBKE/STASY— -~V KT vy, BEH
R4, 1989

1D () BEBEH KBRS BREBC BT I AHERS
YBROBENLTH/EXRLCHTIHAE - DS BEH
MBRHBAHBMBHOBRBICW I 288, FRIEIR

R RUAE MR



I2)MBET - &NE : ~YP— FHE< S/ =Fa—F- &
REBIKLIIMBLERERITOIIR, LARAFRBXE,
#3925 /1-9, 1985

13)1ida : Earthquake magnitude, Earthquake fault
and source dimensions, J.E.S Nagoya Univ, 1965

14)0wmote, S., Y.Ohsaki, T.Kakimi and T.Matuda:
Japanese practice for estimating the expected
maximum earthquake force at a nuclear pover
plant site, Bull. New Zealand Nat. Soc. Earthq.
Eng.. 13,37-48, 1980

IKFHEE: BFFBOMB - MR TFLMBIMEHE,

BRHKRS, 1991

18Ik & - MG - RBERER - KEE - PPROHE
DSHME () MEB  H2E, H34%, 1981

IDBBE=fh: POBATHBRERTAE, SHEERH
EFRKEIN—-T, EFRTETH

INBFR=  -RHAH - ENRBEL - BERE - BARF - ¥
FET - WkELE - FNEM: THEBICHBTI8TH
EWHE ZToOLl, T02., BEFLKESHEME, 1992

19)Kawasumi, B: Measures of Earthquake Danger and
Expectancy of Maximum Intehcity throuout Japan
as Inferred from the Seismic Activity Historical
time, B.E.R. 1., Vol.29, 1951

20)C. Allin. Cornell : Engineering Seismic Risk
Analysis, B.S.S.A., Vol.58, NO5, 1988

21)Kitagawa, Y. and S. Hattori : On the regional
distribution of the earthquake danger and the
paxioup amplitude in Japan, Proc. JEES. 1975

22)P A, MMELT - BHRE  BNEAT— 4 EERM
BF—5%2@A8b U HBRRERK, tAXF4H
AR, 3625 /1 -4, 1985 .

23)A.S.Kiremidjian et al. : A STOCHASTIC HODEL FOR
SITE GROUND MOTIONS FROM TEMPORALLY DEPENDENT
EARTHQUAKES, B.S.S.A., Vol.77, No. 4, 1987

2DMBEME WHFR TR UMBOREEZR Ui
BRERERYT, DXBHRFELSHE RBXHREHE,
w4175, 1990

BIAFREFL  MEBHHE—TORRLEFIRORY,
624

20)EHFPH- - BEEL WBEDHMEZOERBRER, B
ISEMBRE Y >R 2T A BERBSEZSL, 1987.8

PHNRFREYL  BRHERH R, 1980

WIRNREZ : MRMT), WI2EMBERD S SR a2V L,

BHEBgEEs, 1984

29)Yokota, H., K.Shiba and K.Okada : Characteris-
tics of underground earthquake motion observed
in the mud stone layer in Tokyo, proc. of 9th
¥CEE, Vol.2. 1988

INEMHT - MHEM A B 2RI OEREEFHE,
BEZSAEIRE, 1988

SDABE - KOAKH - iR - RNz : BABE
BEHEBORBATICLIMBH AR FRE &
SERFEMBIF BRI 2w A, 1990

SDMHIIEL - HiEBE - FHEB—  -BPEAZ : IRTH
HEhLPPERAPMBHOLEE AR PVFHE—X
fr. FERFCESCHBINT—, BEFXRIWE
#, 1990

33)IRIKURA, K.
motion using emprical Green's function,
1986

: Estimation of near-field ground
9WCEE.

SAYHA - HRMBAK -REE - KR W1 - fBOEG
PoEBMBHOMAERLRELZH-ETSZ —Hk, B
BEIAAZMBIFEY v R 20 A, 1982

BIBRHEZ - bt RKE  WEORBET XD EZER L
YEEBROMEBIHMEM, HMEBHEL0E, 1987

VMM ARA - AN EERNMMBIFEMELRER
RIMNVORr—Yy vy, MBELSHBETERMLE 1990
No. 2

SDABNLAHE - BHR= - APES - iRl - A2
T HABRRBUIEEEEYOHBRERAALHE
M BAXABREZLMERBNMER, H4265,
1991 .

38)Vakamatsu, K., A. Nobata, 0. Kurimoto and Y.
Yasui : Characteristics of long-period ground
notions in the Tokyo metropolitan area based on
seismometer array with broad period band, 10¥CEE,
1992

IDHFHE : PPrREAMMBHOEHTHFEOVE o —
CHRRY, FIBEMMEBH S RT27 L, 1990

ADBRNZER - PHER  MBTHOMBEEI SO ALK
AR PNVOHRHE, BFREZSRNBESR, H2135,
1978

AINDIHE—F:PPRAVOMBREETHERAME, B
10maRBE & v R a2 L, 1982

)BT - BHEX : BBEFIVICE 3BT FR
FHEIIMT MR, RO HFEMBIEY R 2V b,
1990 ,

ADEHBE: ARMIHI AR PERIKET 3 - R,
HWOMAFMBIFE ORI 27 A, 1982

DHERRMI K M THRBOMMHEMETOMBIIICR
TR, RRIERZFWIRI, HMS64E5A

EEBBE - BRAK: ETBEKEVTERT~<EP
PREAMVMEHOME, BEZLAIEHESE, 1990

4603 LA PP RAMFERIE B BRHAALMBH
ROBH, T RFXWRXPHEIT4F/1-6, 19864 10A

ANBEREA : HEFRMBBICI O TERZI NS ZERIC
W 2RiTKRE, BISmMBEBH R 274,
1990

NNEE  REAMEXBBEDHICRETRECETINE
HPLSB0RE, FTIOEHMRRE R L,
1990

DB/ —E  AREHEMBIC B 2B, tAZELH
XHEE43T5/1-17, 19914108

SOMBRK - HHTHRE : SBHFA~OHBOER I
D20T, BEZFLSKSERE, 1992

SDRBMBHIERFEETAAS (RE/RKGEE)
MBOHERFEDOHRBRIIDOWVT, BMLIEIR

SOMERE - MkBE - MEBE: HBOEREHMBLE
i, SISEOMMBI S R 27 L, 1987

SRMER - HFWEHHE - REL : FHWERKEL 0 R
BREBBICEY I3 MBOERBINELE, BEES
AKEHEEEE, 1992

SOZ8HE - HIM B HBOMBEHBERECRITTHE
RKEOER Zo4, BEEZLALEEMA, 1992

ORI, KBS - FRE: FHOTFLRBEER
LISRREHMBEERITICIIAERRO MBI K
% BEFEIAREME, 1992

)

/'\

-~



(R OUETIMCLY HHHERE)
Mﬁ@%&ﬁﬂﬁmﬂ%uﬂﬁR&

M
(098 Ly ‘A _p*d ‘dj'sy) M%EMW%MM” :
(030 9 DR'dp"sp - £r (=5 -
v : _ W OARRT % _ @mmeﬂ.ﬁ%h&.
i : I [
ORI WO AR : |0 eveRU| | WO oY Y (8|
; : (U E8) RO -
AN B e OB — |
o e s T e
1 &N EMEE EOERIN h
S [zox-u]
- RO - Y ‘Bl -
. = — /OB -
5. BENEOL 0 & LB -
Zhin= R REpEEHD
T | eorypsumzmoensomsn |
| oL mon TR AR - em&mw4g _Mﬁmw
B4 BT
wEw ~= G\ _ _
=&\ . -
SHIATE - G- xE\EE - G BOEHEY A% BHONE |
[
G § M REWER | vo sHBI RS | | ¢ CBYEHEO R EEEW & ¢ BRI
o - o :

REWEE WEWHGHIDS @O <— | BEEmolws |

.

REWUE WEWL YRR — | BHOSTEROYTNE |

THER - FE - FERJ-RSVSIWREN — | BROIHIIET - 82 |

GAT—[OBEN A -T£TLAYE RREE WEROTE BWEROL D& VBN ¢ - O BN ROEWSHIEE— |  FHOBNZ BWFE |

tﬁ@ﬂﬁ@.ﬁﬁﬁﬁ%.ﬁ&ﬂwemﬁ.ﬂﬁ.ﬁﬁﬁﬁ.Mﬁ%@.ﬁﬁ%ml%m.@zﬂﬂ— HEME - BHRTIHN _

|
I |

— LR OUETEMTEERE 1-%¥

C C

— EEgeh

— R KR



®-2
E-3

VELOCITY (cm/sec)

T
102571 »

1 _o'"T.TT- 1)

& 10 J-oagg-1
¥, ‘e, #3 g (&%)
‘L Ko/ mrmen ma
P PR R 12 (I
IS I
1 04} H t
< o
B .
wimi i ;a
L .
0.0 10

L0{)
— BERHRIM | &N TERT(®)

H-1 EERRERI BT 5 2 WEREHHER— 20 7 —
HBRENRYE LIz AR Muiﬁﬁiﬁkﬂﬂt BB

No. | @ R #|xm B R (BE Vs km/s)

X (km)

MEeRA| D | &R

5~8

50.100.200

BRill- Mg} 3 |88 (02)

50.100.200

X | B (219, &t 0.5~ 5~1

$0.100

ns $) | e (0.6~1.6) $~8

50,735,100

nas 8 | uR

1

100

o|lafa]w|w]|~-

mag N | HY (>1). & (<) 5~7

$0.100.150

1 [ %R 8 | %8 2.0

5~1

50,100

(] No.2 ConTRAMBXLS¢RBALLL.

P,
e
e o

fe0ny

® o,
r- owntn. ww

aala

© Ll 1

s L s
Y 7 "
) ToI-SHRAMAS KD

)

(b} T1. 228N 5K

e ad 1]

BV & AHBISEARZ ML Sy { (X =50km) 27

?JMIE_LFX«'? 3 'L[

125] --=e- GL-0.0M —— GL-6.2M — == GL-23.1M

— ~—~GL-42.0M—-—GL-65.1M

[ r“\l ':'\."\' R

a7,
pod T /\[ qu"/\‘ VAR
. R A VAR

,\J,,,/

Mo s

olz==7

el pf KT

1
0.10 0.20 0.50

1.00 2.00

PERIOD {sec!

H-6 SeEfHOoRLEICHES < ERITRD
BOR - TR 843 2 FRARS b L (h=5%) 27

¢ | Kwanto Earthquake
€ w0 h=0.00
¥ 0.02
0.05
200 0.10
o1 os i

5
PEALoD

10
320

R-7 dLHEORHRC & SBEEHED
BRI BT BFHIARY b2

— :ELCENTR 1940 RS

—:TAFT 1852 EX

——:BACRINOAE 1968 S
)

Sv{ea/sec)

50 |
1
i - Yasaw50cn/aec, nornalized
| hoe 5%
! [
] l 2 3 4
Period(sec]

R—-2 BEICERAIHIERMTHO
HEEIEEZRZ ML (Vmax=50cm/sec)

neons| | h=005 ‘
o] | B0 () MAH
100.0 [Ami00km - 160.0 Mg0 ] LA Pa—
= Ae50
30.0 ] 50.0 lf H— w
y - A 15N
Sv P MeBO | gy Pa A=100km
! i
10.0 amfly 10.0 =4
’ M=1.0-]
5.0 - s.0
= -
M=6.0
2.0 5.0 10.0 (s)- 2.0 5.0 10.0 =)
period period
-4 BERRIC & DEEIEEANRS b LD
1000
o Hypothetic Kanto
~
§ 100
£
9
g 10 J')'\ 1040 Imperiat
é Valleytkl. Centro)
g /1968 Tokachi Oki
o ( tHachinohe -NS)
02
002 0.1 1 10

PERIOD (Scc)
-5 dNUROERAHIC &2 MBI
BRI BT 3 FRARY b (h=5%) 27

10 dprrrrr T

——
nnwn X}

-8 HRBOFHIT & 2HEHED
BRI BV BFHRRS b (h=2%) 42



DNLILZHUKS o £
AR & 1992,12.11

D—2 RENEE ERRORE
Trends and prospect on input ground motion for seismic design in Japan .
HH BE
YOKOTA Haruhiko

Trends and prospect on input ground motion for seismic design in Japan are mentioned.
Guidelines incorporating the latest ground motion research results have been prepared for setting up ground motions for seismic
design of buildings to be objects of appraisal such as tall buildings and base-isolated buildings. It is necessary to discuss about
some future needs and prospect to be expected and applied to the practical design. Ground motion in the longer period range,
spatial distribution of ground motion, vertical ground motion, ground motion of soft soil and near field motion are discussed.
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Predicted Strong Motion As Seismic Design Input
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This paper describes a brief summary of the report on "Strong Motion Prediction and
Building Response", which was published from the Architectural Institute of Japan (AIJ), on

May 1992.
governmental

The predicted motions

velocities are specified to 20 and 50 cm/s or more, respectively.
are also discussed from a statistical viewpoint of the return period approach.
velocity response spectrum 1s useful to the design purposes.

recommendations of the two level design earthquake motions,

in the report are discussed and compared to the

whose peak
Such design input levels
The pseudo-
The report presented such

response spectra in smoothed forms as averages of spectra made by the various prediction

methods.

For future application of energy input spectrum to the design basis, the paper

recommends to distinguish the Energy Input Spectra from the Pseudo-Energy spectra.
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