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STRONG GROUND MOTIONS AND THE SOURCE PROCESS OF
THE HYOGO-KEN NANBU EARTHQUAKE

Wk —k!
Kazuki KOKETSU

We here review effects of the source process of the 1995 Kobe (Hyogo-ken Nanbu) earthquake
on strong ground motions. The main effects are (1) seismic pulses with directivity generated by
rupture propagation in asperities, and (2) combination of seismic pulses from a distribution of
asperities. In addition to them, a new fault segment, constitutive relations in the asperities, and the
velocity structure in the source region have been examined. Strong ground motions from thrust-
fault egarthquakes can also suffer from these directivity effects. The Kobe earthquake have larger
asperities and longer rise time, but smaller average slip than other crustal earthquakes.
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UNDERGROUND STRUCTURE AND STRONG MOTION CHARACTERISTICS

- GENERATION MECHANISM OF THE DAMAGE BELT
BY THE HYOGO-KEN NANBU EARTHQUAKE -

nE 1wt
Hiroshi KAWASE

The author reviews studies on the effects of a sedimentary basin on strong motions in Kobe during the 1995 Hyogo-ken
Nanbu earthquake with special reference to the generation mechanism of the so-called damage belt, the damage
concentrated area along the edge of the Rokko faults. Based on the two- and three-dimensional ground motion
simulations we found that the damage belt was formed by the strong interaction of the incident wavefiled with the basin
edge structure. For soft Holocene layers nonlinear response with the effect of pore water pressure must play an important
role to decrease acceleration levels in areas near and off the coast. Thus we conclude that both a deep basin structure and
shallow holocene layers are important to explain observed accelerograms and hence the damage distribution in Kobe,
exactly as we have concluded three years ago. Since the effects of underground structure depends on the characteristics of
the incident wavefiled, we need to have a good estimate of the incident wavefiled and so the author introduces a simple
rule of thumb for the nearfiled peak ground velocity on a rock outcrop. The author also proposes the direction of future

strong motion studies from the view point of nonlinear building responsés.

1. LI

L6 5 k9 E3ERIDI995%E10A13 BiZEs23 mlHbAR
B RYY ADFRP I, BEHRDTH»9r FOZ DR
BE TR STV R ER SRR OB L it
SRB) OYFBIT DOV T, YL L TR THE LG
Wbz Vo= &, ZOHT [AFTad 74
TOWERED A S = X4 EOM HIZB W TRERER
HERIC BT 5 HEEEORBICOWTHEL] EwH E
HEDIRE R, BHIIFORS T COMERENT Y
T RAEREE L (B 1995) 20 F EOTHRIZT I &
RTWb, LLEL 2AHLUTICEIHT 5,

[(AF T ayT 4 L/ER) WThOBE IRBOE
BOARLGT, Fhé BRSO E R ER
THEUENDD L) DIRALDERTDH S, (THE)
TH A% 6T, RiHbhRiThidl b 2woll,

LI S (B (& A7 S I WAV E A N ML -3 (8
TZaho7z0O®?) . ZLT IMFSHIMmzL T
ZOREE THERET ST 74 A D RAA TR E
"] ) ZETRBRDA) D HNIEITOENE
HEH o THRBIFERMADNS 714 Lk bk b
VD6 IR, WiIhIks B O ERR vMbh s
&5, :

VIE3 R, B LVEORE - OSBRI G S /s,
HARBIOE m0 5 Ehh 2 AL RIS LOEIL

LT, SVviiz 58, BEERRA v MiFkadtb
3997 AOBIZFEAIZBE TR ENTWDTH
b, PoaDFEUT, Blgh OFB FTORTHREDHR
B 2 AR BT EENICEHET RETHEE VI HIZ
BT ERBILRIrL)ToE—HLTETBY, 48
FTCENEXRTHANE B4 LEALITTCEIAE
BV, DA, LEEO X EMEFHFU VST
LTI T D3ERE A IHMTSDEE LR EBLIS 2
EDNTERVFFILETHBEVDLEDL 22V, 2D
R AREE) S R T ADRENL Ea— 2B\ T
3. S OHBMHLEDL LR WIERZEY .. BICBIEER
PODFEL W) )| LEBYICE~NDEBEV ) NITF
OEELED S ) — B L, T4 DOMANE 22T
Bl b, SEREEHELE DD S XX HEET
F L THESGIORIZIDWTEZ B8R E Ly,

2.EBHOBDERA DXL

SRR BRI & A B A E R L . SEED
THID AEA H XL ALY . P TEER Y S EETIC
P TOEIkmE & 20km i b7 2@ EDEPI,
bW s B OBERIATCHo7 BT ARk
KOBETH o120 SRICEL T TEF LT LRI
BENTED, 20 LRKERIL (T SR
KHOETIZSROBROEEBNBEMIRA SN TWE LN

* EKEEAAPIEE FHFFEHE - T  Senior Researcher, Izumi Research Institute, Shimizu Corporation, Dr. Eng.

9_.



5 MRIEWTBEL 13, ZOROBERN - AR ET
WEDBETRIZZHY A bk nH T ETartr4
A LN TV S .g., Hashimoto et al., 1996),

O I IMERIOMATESR) > VR A DBET, WE
BT SRE DIMARTEGA EEHRAIEC & % AV TR
rMHEEL. FE AT RS IC X 2 1
B O FHE 2 4TV, BRF A O R R AN B
PGAI31,200Gal . FAKBEPGVI3150 ~200cm/s & 9
HWEER BTV (I8, 1995) ZDYIaL—va v
DRERIFREGD HLKRITAFESHAUERF— T
177 FBElR 2 ECHRRAIBEL RESNTB Y, %
D EW—EAUEHNTWS (I - #K, 1995, 1996; #% - JII
1, 1996), =N HHPE HFRRXOR KHFIZT 5 BT C
i3, RO — AV HEEICER L TBY), ASHE
I TEmES U (B4 BRSSO TR LISV K
AR |\ I TRITEIRESN TV S, HFHEIWE
TRERRR L R A355em/s T & WSRO S Gt &
NEOREBE LV EESIEE L T2,

ZOHER O3 T OHIRERL B TORFRL VAR B
DA D ZXLNZOWTIRET L, & W ikl CHER &
YOKFIARE 5 AR A B BT/ ZRIE % & R 1E T 4 &
5 Ao TL HEESHEOEIEITHICL5HDTHS Z
EEBLMCL, IhE [y V%] L8705,
1996a; Kawase, 1996), L. JRIRET v JUEEEOHEEL
HGEIZI3H T DB SN WAt (HEE, 1996b). AFHE D
BB X o TEOHBNLEHKE <EILT 5 (I,
1996a)o = I v URhEIT, FOIEAISMERIC—
B ESN 2 BE OESSRE AL MBI &
bDTHEHZLERLTS (IHE 1997)0

bR B O BURE T 5\ g B R O 7 98
i3, ERLBETHERTIE & 2051 BE— - 12.1995), IR
%+ 5k B (1995, 1996), Motosaka and Nagano (1996),
Nakagawa et al., (1996)% L HRI# L THREBOBIFE YV —
TrORHINTE Y, FORYBEIRL TS,
EBREGE BV Ial—YarFl bR ILERR
ENTVIz (e.g., AE,1995; Pitarka et al., 1995)0

29 L7 Ml TOBRIRHEREEIC X Die RAHIE
BRI ENY - EFERNCGFMINDoD0H 5RKATT, &
BHEI O I 2L— Y a v iCE LT, BEABROEM
PEM LT AMEE I NL— Thh, WhidH %k [BiR
Sl LBV REFHPRR SN GELE - ER, 1996a,
1996b; $E&R - &4, 1996; B4 - HifH, 1996; Inove and
Miyatake, 1997), b DR TId L v I EEO IR
BRCOREIEHOLY DT> TEIBL TV &
12X o THU Aforward directivityX) £ & N[ 53 2B R
ThbEBRINI-, Lr-L, NE -1 a998)icL 3
ZRICHBEHE BB XS 5 R i i I AT A

Fb., Ly VSR IEBROERICL STHFETL Z
& Lo TRBOINEIEZF DA LNV TOASHETH
BALTEDZ LATR SNz, b kF oy VHBRO4
B AT & FINAHCETP % L T4y VER
1L, WA TRITS K ERayleighikZ Eh & Ty
VERE-IAEFS L TBY) ., 20 LB 1km LA
ORFRIBICIET v VEBRE-TIZE 32 F505KE WS
EXBLI Lize T XN BIGHFDERA 7 =X A
AT BEBAS N E WS, DT T o)l -

it (1998a) 12 & 5 ZRTTRHABEEICBIT AL EER L T

FIXUDISEMNT 2,

Fig. LIZI3R% 5 AGHEERG 12 L 5oy D$ROLE %
§BDIRV 7B BBRE R % TR T SEEHE R AR
EETNERT, ABHEE L LT, SEASTOFES ik .
EESkm iZH 5 HER, BknFE S 8kmDABRERFEL &
2B BRO A H = X MBFOT N ELERTEEET R
Tdh b, FAMI=IICEBREESH: (Graves, 1996) TIT-o72,
BONBERIIZEICF L Tkl VO TRHIEE» S
IkmERE N Ao 7o Hm 2 BHEN L LT, £ 2 CIHzD
Ricker waveletiZ 725 & 9 ICHIEL THB L2, Fig.2ic
1379 LTS WARRBIRORI Y &) * &4
REOBE (98 LB L TRY, LD 4 oOBFEAWTE
BEARKS, TAETEISS CThbd, MEFIZEEE—FL
TWb, Fig3iZidERkC U CHIREBIRL FHES e % it
BL7z, FHRSEAHOES I AERRAREREELZ D
BIED» SO FMIC & o TIRIEATEB T A 541
(radiation pattern) DFZED R | ZD 720 EH IR 5
BENBIZ L7225 THEES K OEF TENE L HH, Fh
PALIIZE A E—ELTWwA Lo TI,

DXLy VRIRIIASTRAPEES e FhE T
L5506 FNIFIIIEALKE LR, FOEEA S
SN TR B0, JIE - 4B(1998a) TldFig.4 1R
&) P RSB A TARMRETVEHWCE
EBSH L Ty VERIEODEE R RA Tz BHETICKEE
B < LA WAIEES FITHRIESCTERAISEI S &
BEhi-xy JVEREOA DN 8D, SIS0 2
FAE#E C L 2HMEES k2R s h b, ME %
S NTEEO— BT OBR L 25, REBICL 3
FEITEETIE) T LV RO T, — L LD
LEZELF|WIIEE b ROELRE & L7, Fig.SIZidE
BENEIB R BTy YRR 72 { LEES KD A
ZH) L 7-4ER Rock-S-cut B V) 78T, 2 HRIOBE
B EAEBRIZE 6T R—E LkoTWVDHZ EdsbH
5o MO —RITHLHERRDIEE Th 5, Fig.61l 1k
FHEN ST R B W T v VEREO AT Y L 7>
ERERNT, a8l ey b LAEES DS, SEDOH
AR By & FEED BV AR M, Ty Vb

10 —



HEHEETKEAMNATHE L T BT Ebh b, D
RIS BT % LRI F IR EOH LS T, HEIIUDE
Ao AST (BER) STARIBITCHCT % & &A% 5, I -

1(1998a) TIFIEE T v VBRI, BEEFLT v VR
WHEEfHT, Ty VRBOA N = XL %Fig TR T X
INAERBNCTBL L7 T2 - B 1995, 1996) & [Elkk
IZIMARIE COERIEESRD SO E U 7 Hee BAR I ASAST L
138 DREKEESAY I v U bOEOMEE LT
7z (Fig.8)o FORER. —RICHARDIGIEIEEA B
Hh, BEFHLMETIEEOI Ty UERIC X A4
PRIE CHMEICIBIR SN B Z L AR LT, RBID—
KL NUH S AT HTH30%, EETATLD
THS0cm/fsec DLy VEFIFEEHFSHHE KITBRIEFOH
ENERITBIT R RE S TH oz Z LT - I#
(1996) 1= & % — B HEER RSRDIER T EHHT OREFRIC
Lo TR S TWwA,

Ptnk)yiz, =y VsRIIRIROY A FIEKEFL
WXk, FIIEESHE2BEOT v VEBE L OREIR
BT Lo TEL, 209 LEEOER Ty JARK
ADEFEHAEZ NI L, 70 LAV ARRIZETES BHRIE
I LW b ol

B, BELLEYVRYILAD [HEENE L B
AR | OS2 Y ShA g—EiEt (dFurumura and
Kohketsu (1998) R°&5&H (1998) i2 351 ) B IHE DR % &
ShA LDLHET 05, FEDOERZRELY &5 /2
DIZF T T AEZORBFR Z ZTRRTB L, Wi
BT B ERIGE KR OERA 1 = X b RIF RS
D—RTCHER & Ty THERIEIC E AINRHEEIZbL)
HOERIIIREDFVEEZLTHLDTH S, Th
Bk Iz R X CEBEETHY, BET S
S DIFFFRVD, TOEIIHTH I LOYENE
BRAOSERECE 2\, EEOEBROEE Ty VHROE
BCEBEFVECILERTHLDTH HH, FOLy
R L IZEES BTy VEREOBIBNT SO L T
Hh, LIzdio THBBO —RTGHEIENEGEIN TW5,
T OBSEFNFNOFEIERIE Y1 eV 2008
AR G A T A S RTB ), 20
SEERRICHBENERID DLW D, BIZIET Y V%)
I RERREHED X ) R ERTIEE TR THS
BEEHRTAETOBRTHIUIRLL HIE LS, £
DI AT B OB KAES AHBI L TFLLAPR Th i
Iy IEIRIZ Lo TERFEHEITFRIED B L\ )
ZEIHHET E AL FNTH Ly VlETHORNS
EDLIFL TWD S EICIRED DA, Ty VSR
DN TEIIBEET IO TH & 2T BROBEM
PEL B E LR LTEZRWTHE 0V, BENIE
ICEEFIX (HESX A MTHRELDTH 5,

3. ZREEMWBEICLD I —-23>

PETTy VMBORXH X AHERTE/-DT, K
R BB IRD b OEAF AR FER 2 = RITEHE 1%
WAST L3R 0B 2RO, BER L ERT
A (I - 758, 1998; )IIH8 - 1, 1998b),

Z 2 TRV B IRIIFig. 91T /R L Wald (1996) D Rik
BETHL, THIERP T CoRESRETEB IR
HEMREECER - R AT T — 5 > HWE S b DT,
BB AOTIREE O ER LT 5, ZOEFERL
Fig. 10\IR =R Tead b i 0 O BRI 2 51 L7,
BONEROBEE L OBRKREFHEFig 1112, 14
TR BE COERGEIY (T LB G L L b
IZFig. 1242 RS o Bk 140.333H2~ 1.25H2 T 7 4 IV
¥— L7 WaldETF V2 Z0T TRVW-0TIR2BULED
BREEG LR TE Y, BHER 1B hLET 5
KEE VWA RSB TCELRWI b b, 72, &K
WA G . SR 2 K IRIERE I3 38K 4260cm/sec LA |
OIS E LT 3245, ZOmREBkmlEIzb 20,
BEO BT OIRE TG LnZ edbdhsd, Zhid
AGISEDOEBEMAIE S & 5720, FIUIiHomERn B
i CAEERE S, Ty VRS RIERAG I AR &
haniblER bhb, = OREAESHIIEE LEES
HOATHE SN TWS, COERIBIEAEYIVE
FEHELDIF 2 — = I T ELBERERL TV 5,

FITROTRICEHMETE BRI LT, IMARIE 12
BIF A MEEBEEAVCary R ) a—Yavitih @
M ERIE L, £ WHENRADVA 01 EN=K
THAEDIEE &K DIz, T NIIMAME 25T 5348005
BT A K R O R8RS =0T T 7
W LROBEIAF A FIE L7 & ZE 2 TH LWl s
DEFWIBIZBV TWaldASR 7B IO < 1) B
A SR OT R BEREBERICY Yy ¥V 520
AGEBED TR TE—TH DLV HEED b L T,
IMATIE C OB 318845 X 9 5@ % R/ &
EEZTHIv, avER)a—Sa VERIZE->TESL N
ToEBBGET (45 %0.333Hz~1.5Hz TN KIS A7 4V
¥ — L7- BRI G280 L LB L TFig. 13133 0 IMA
MET—ITHDIEMRZL LT, #hLScbE L
DI TEHFCSR T R FATE TV Z e dhd b,

185 NIl KEE 96 13Fig. 141 R T L H b oL i
D . FARIESEIRIZ150cm/secl E SRR LCHI X B
B, Z ORI £1km T EBE o FUE R i B0 BT
DIRE T %o FZDOMED BT v I 581km
HRTEY., oy JiZH - TTIZFEATICHAG IS
BUPTWVWE, ZHUTTRTHBEE PV TCRLI Ty D8
ROZ R BTN S: 6%, 6 IC=RTTHED
FEDEHIESUCHY O HM TORIBOZE) & 72 - THHEK



WHbNR TV 5, FIFEE 7R3 =g fhao BRI
L7 ARIESER T H S, ZEROBD TIIEHDOHE
UADSEREL 20123t L, BOMBPEREMTII gt Y
OREEZEL Bho 72D HFRE SNT E7245, Fig.141d
FROZRT A EOWBTHIC L 2R THEI L
2RL TS, —REML@EmE LT, Ty IR etk
ANz A T CH US> T W A (MER) DRITE T
K& <, McEHbicgeE AR T ilidso TV 5 3b
B (YR ORIE TN E { o T b, ZHUIKTFEHERN
TOLy VHEBIEDOENIIF (B 5 WIHLEBIR) 12X %,
ZOBEKRTH [Ty %R 13 [EAR] LRAILT
BLARETH 5,

ZBIIEE - H (1998b) TIZBIFEET L & L TWaldE
FNDITPICEIL - AB (1997) DB Green %L % B
WTT747— FEF) Y TICE o TRDIZT AR T 4
EFNNCEB VI LT a VEROUGRLTHAY, 4
ks e, 81 - ARETFVED T T Ol RidwaldE
FNOKER L ) HEFROBE) $ THEET B8 i
DB NEHEE 2B, WadEFIVER UL ) IIMAH
BFeOMEESEE 2R ) a—ay 5L HTEL
) IR YERTE AL ERLTWS, Zhid
BIRARRICB 5T BEBR O OEER 2R~ T
bDOTHb, FTCUTTCREL LN T—< 24L&
B4 5 ASEEETT R OSSO BIETD TARY T4 D
P A X TR FHEHFEREOR KERE 52 28I
DNT, NFRA M) 9 I AT T4 DRERTEHEL Thho
B OERT T LD TE

4. BEBREROTZEOME FPMEK

BR (1997) RERBOBER IIBEA LB Y
KAER EOBBOMTHESNSLZLERRT S
HREYEB, SOEXFELROTD #EEHED
WEEE BRI REN L REBESA LV HRE
BRI, JIIHR (1998b) 3 SRR DRAA HEkiE T
DORBIEEDT AR F 4 DY 4 L& $0) BRI
DEBEHINTAR) 9T AT F1IZE D BE L7 B
B IE #F DY 4 XH2km X 2km, 4km X4km, 8km X
8kmC, FNTXD) BEEBIORRERAHT 0270, 0.4,
0.6%0, 120 THo B FOBFE LTI L ORED
HESWADEOLON I T HES I 2L —2a /& d
R, L YRR EVER L7, #aed b\ L &
HTWa L5 288 ECREE Y — 7 E50cm/sec D
VA B85 7o SBHE HHHE T OBR VIR I R
RI290.58T5km XSkmD T AR T4 BMLETHAEZ &
R L7 BTR)REHBEHRE LT, b A
10%., FETI290% DR ZE RS & ) A EI=AK %
REL TWb, Hi% FTS0cm/sec DEEE/ VA #1585 D

VBB AT XD FEEE I 3H9600cm/sec Th B, TR
FHED T AL 7T 1 EF 110k o TEL AHBEARRS
DEDISVAT A VI TAET AN AEFER)IIHRAT
R FEFELRES-BRABOT7 AR 71 DRKESL
BT A &, BIUFDISVARITANR) T4 D
RAMESICEBTL L RIL 7, RrEERED LI
TARNFTADPODTLVIT 4 ET 4739V ORKH
BPGVB LU SVAETwmOBER 2 LT D L) 12kd7z,
PGV =(0.311+0.10) XEPSV X L/R )
Twi =LX(1/y - 1/B) + Tup-0.23 log (L/4) ()
Z ZTEPSV 33Hz T COFEN BT HBE, L7 A
N7 A DRMES(km), RIZTANRY 7 4 Beim g
(km). Yiiﬁfi{ﬂﬁlﬁ\ B‘ism\ Tup ‘i‘?—&bm
BRDOILL ERNFRTH 5, Z OFRIREFTEMED 3T
JIOAFig 1518 L7z, Z DR T@D EROE Si2(1)RX D
HEREEFRL TS, INHOFETIET AN 54
RDFRTOTY) SERRUIF R LIRE L T b,
DI, FAVIT AT ANV AORFSEE 1T
TAR) 74 ORMESICHBIL THEKTEOT, kK&
BTANRY T ANIEKRELBEIER WAL R BH, %
> T INVATRS AT A=RAILT %), K& %
TAR) T 4 CRBRATRNFESSRITb o TR L
LIETKEVEN) T LR EZEEL, Lo THE
BEFTLITAR) T AHBKREL R BIIEPGYHKE (
2B ERBIN RV, EEZOEIBIFROPGVILT A
NRYF 444 XEEHFERTR) FE, BLUTARY
T4 ECORBMTCRESNDZEVWIZETHY ., BFIR
DOEREIFANCIZZ NS DINT X ¥ — % IR X <
HINCTF T 22PBEETH L L0005, BN
b, b LBBNAT AR T4 DENT AN T4 LR
LA MV F Oy 7 BT D) 28 L T
I F OB LRI PICER R b DE 2 B,

5. RBHEE OB _

B SRR B BT 5 HE RO BT 5
Y L TRLFECTH-7-DIF, WIFTHI%RLFDH
KIbE FNE) ERNIEBOERIRE Th s, BRI
EENDFEROEE LR BFHREC B LITALENR
I HER T C B L 720N, FERRRIIB AR TR S
iz, WL % &t #hiEo MIER LT 132 L DR
BECEREFEEL 2O TLE bIT, KELHBIUET
PG TRENC & 5 AR E CER Y E £ 5 1 1, L
L EEpiEasy ot L Tid, BAFICRd £ 94, SR
Bl BT L FOIEEY RS EA%RE L THA,
W O & BN - HER Al ORSIC B ABEDERIZRT -
IcbEZOHNRTWAS,

B S 7 HEEEh I S HBCRIED SV FIUTIEE - T

12 —



Wi DD FIUSTVIREETH o7 & 2R T
BahTw5, BRIEHIC BT 5 BRI bnR
NHIZDOWTIZIER (1998a) 12 B HEBIDIR ENT WD
A, F0H b L EFEVD Obd & FROFMETE
WENTW=R—FTA5 V FOEFETH B, ZDH
DRSO V=TI Lo TEDY Ialb—Y g
VYT bR TWAY, FOFHBEICIIRELREND 5,
S ITHRBUEES ORI/ V— TORRETEMRTH 5
H B RBLLBAOR WERE T & W — Koo e T LV
ICEBYI 2= a VR (I - 4, 19950) 2 FHE L
THBLo 2 TR GHE R & DI ST A § —
3% OB CHBHFRRERICIIE SR WREETH -
72h5, FOBOFTEICL ) Fea 2ME L /- fEIT R4 b
DTHo7-Z EDBETHRTWS,

—RIC DB HALE T WIIPS BIE RN IERSS A HuE By
CEBENTWD TENEEEIURETHZ LATTE
720 1 LI KU RS M AT Z 4TV, tiROE]
PERF OSBRI X AT L 2R L, HURIUEBT I
IR I B TR AT I ab—Ta itk
DREE STV RITERIEHER 70 7 5 45 O -
fib, 1986 Fukutake et al., 1990) % FivT4r o7z, Fig.16
AGL-83mDEsF* AJ1 & Lz— R b#tic L - T
BB &N/>2GL-32m, GL-16m, B X U'GLOm DHIVEEEE
NSEEY) 2B B0 (FER) EHBIL 720D ThDH, Hh
5, —HOIEEE — 789427 ) v 7 EE) T4
IRMEEME T O A C Lo TEHlObD L h b EFEIC%
SULL TV5 DD, E0RRIEOLEIAR b B
BELOVOERE L (BIALTWA I Li%hh s,
CZTIIERET BN BLERICE AN FUVTRTY,
ZOBHBIT BT ICED TE{—L Tnwb, 5HE X
N FEMEFRD BRBBUKE ix, PR ik 18 %
BBV GL-12.6m~19.0m) & P FERSRE (GL-27m ~
37m) CHBRBIEE2 ~ 3FRITIZI2100% 1 EL THD |
NSO TEEIEIME LA Z 22D IaL—T s
VR LT ZOREERN?S, SEOMETIE, A%
% DHIFETOTARILD & 5 18R B LIHRIC L 205
D& LI-HBKED LRI AHIMETIZ R L, FEE
TSRV IBRIC X AR B U 2 L d%hd 5,
Te BIPTERYE (2 BT 588 MBUK IS 7 v— 71
XAHEEMEDOREIKRE L . TOBTE TSR L
TWe EBIET A2 LIFT ALV, WL THHbR
DERAL % & T ITEEN D HBRIR DIRIE GFICDIbEEE L
NV RFLET &E, 7B UK T oS ORk
EXBRNITTREMED RV

6. IBEMBIBEN D 5 & - BREAEEDIGE
HesE ST HUEE) O L~V AR G E L D xdhiso v

Tl bHLE, EO L) LRFEIVED L ) o x
BEEEIONEHSEWTT T ThiT it din,
& 2T R IR R HhE C BRI & 7o RED D ) 2>
LRIGHME, ThabbigEPWiEN . —ERROIER
I ANRY PMZ XY, ThE CEBRl ST A Ao
HEBDOKIER ISR L DHBUZ BV THRET %,

& THV 7B O o KNSR AR I U T
HEB X UKED4 5243 T, K285 ORI EWIES (2
72 L RER AT HE GRS S1ETH 5,

1) 1979454 ¥R 7SV —HBOIL LY F BNo.7

2) 19954 SR A RO IMAMT HHERR S

3) 1995 SRR RIERHIBD R — 74 7 7 FHER

4) 19934 SIERMHROYIBERR A
N OATEDONLEBER - BRI 2Fig 17\ IR, Zh
& DELEFOBRERE I AR FIVEFig 181Z7R T, =
NrLHLL 2 & IS, JIBRRRETISRIZ0. 58 ER DT
b, T L TRERBEFROSIEIMEREL D
BEEN TV A LB NI~ 1 5SICERL BB DY, T
1D LNV MU HARTH2 ) RENZ ESDHIB,
C D ERE SRR ORI E OB DS ICE A 7 bV
A5 L, B L OREHEE I 28380
A5 0.5 TOERMEEDI T 28N LB K
EVE ) ICRZTO hads, ERRICII B LEOERE
BN 307 o B EI S . BIER S I HEN N
7D B AR ANHz ~SHz L E X LMD KEFREB L
1Hz~3Hz L E 2 HN 58S - RCEHEEW TH o7,
ZHEI—RFBETH L) THEHE) Tidnl . BEL
BEARY PSS RO— BEHERDICEEER DL D
DTH Y., o THBEPARB L FUHEOFTE LI S
MW I EEFIRL TWb, BHEL TR DLLHE
BREEL MA-ERTHY, TOHAITIT LUREEILIE
BIAL LT B, BUTHEREHHE L HEE L oM IibEiRm L
5720123, IR O—BBEROIEE . T bbiak
FIEEANRY FVEEZ BLENDH B,

DTRG0 BERANRY MV ERYT, TIT8B
HERRANY M IVD() &I ERE ARE R fO— B R
DERERBBIEED pax () Z B BREND, () THI 072 b DT
bbo IEIHEER ) RET 5 0 CInEoistEi R
Lo TLBHH, T2 Tldg bEHM L) =7 RoE B
MR RE L. EET &L, BHRER=RE AT
F, /BBWERM g% /37 29—t LTV BDT, IR
ZUD, DISFDORIRE 2 BT L Th D, LPFEERFRIE X
SEAIRZEN. Ko X Do ()RR IR, 12 LV, 7-380ERE
BRI EEBMTE T 5, Ti2bb

k =F,/(Mg) 3

Fy,  =KoXDy(f) @

£ =0n XK/ M) ®)

13 —



I CglRENMERETH S, b DORERD, HHEMEIRZE
MDDy OIUTO L)1k HNS,

Do(f)=k g/ @2nf)> ©)
DF 1 BRENID, (f) (IRERBRE (B L. BEAAIRE) K
DT TIHIT 5, b L OCEBMAFEL S, B
TS IIEA RIS IIERE L ADOTEREDMR
RCIZENEEBR T HULED D 5,

Fig. 19123 & L7-BRAIRCER I DR AR b
WEIRT, HREhI— BHBREE R, e 2R
ARYT MV TH D, BRERKXII0.4, 0.6, 1.0 D3FHIZ D
WCEHE LA, TRHDRERTETII LIS 2
Lid, T OFTRIIMABPRREDCHF R D BEH
BWEn) ZEThHb, FOBMIEEANRY MVIZIHZIZ
Y— 2 5o TWB D THholzhs, WMURLEARY
MVTRA &R ETEENR 2 2 2 [ICH S,
I RRR BV 8\ (k=0.4) AT 1T O4/ER
FE I IR IS0 2 8 . BT AZEERL T
Wb, 7 ORIZEREEIKEV (k=1.0) HEICITH
HHEEFHICOI OO, HEIBH L bOICLL T
HIZEERLTEY ., FIRBELEIOL D THo THIER
DEEARCHEEN 2 EI IR E LB EVThh o728 &

HEL TS, WFRICLTH I I TRLIEELRZ LT,
FUEIERERHIED & 9 R ER OB VAL L -
THIEYSBHLT 1T, 2R ARE B D 13
RER AR Y, SRR I L 5 BREENEE T
RBICELD T3 %L, 13D (EMECE R 0) OV R
WA AN NENC Lo THIET 5] Sk ThH, T
7o O¥AMERIC A B D PR WA |3 LRI
BKRELLRBEN) ZLTHD, ZDLH e, ANDVE
EEAZ DA RIS I 3 VIR AR E (A,
AR TN —HROFEFICORDI TN L, Th
FEBME R A5, B A 7 VYT YDA TR NF—
FThHOLIFINF—FGHLVIEBETALF)ICEoT
HEESNBIEDLELDELRDZ L TH B,

IR BEHIE DS T OIMAME IS HR— 1+ 7
A5 FOGEIIMEBRICHIEENY /NS (. BRBEEAV
X (k=04) BATH A BHERIZBEICLEE >
Twb, ZOEEOPGVBEMEIZ100cm/sec B THEY .
FNIETAB ERERRE LB VDS, PGA LIV
FTTICHBA L X 9 IR ED B 2 T400Gal B L &
FoTBY, ThANSLREL hol-ERBHEEZ
SNb, ZOBERANRY MLOIMAMEE R — b7 4
5V FOED TLRECHPTIRICRS W EDNKRE
LR LTS,

NS ERN AT RO AERE SV A Zi58E T 5 BIRIR
DOHRBHN L. SRS R L 7B D& it D
WHER AT PUIEKE L Blro T, §IERHHED

YR RATHF T, WEMUT—ETEEARIILLE
PEL B TAHUER LTS, ZOBEMAEE
B B R2EED HUTHR  FREADE % B X WU E
BSUTF ELb, ZORIIFE—- 745 FOBELIT
HZ [PGADTK & { L PGV D L~LHYE N & 47 %
ABS AT LIZEE LW ZEERLTWVS, /-2
ODBHERANRY MVOREL BT 5L [PGAYK &
VR Y R OV RS FOEBUERR & 0 R s 1=
WLTDORKERA VY VD] Zehbhs,
PEDER DS, AEREDEBEA SRR &
Lo T, BIHOROMEIOEEPOISHEICEET 5
VEZEL B WI e dbh b, 2Fh, WA OBERK
BOFRBO EREAR 305825 FRARIRICH AT 5
(1138 - i, 1995b), ENDS1#p &l & B AGHHEEE %
BRE /o LM ARE L TY, 29 LR
WEEIC L B3R D7-DIZEBOKR ERBERRCHEED A
R 7-oTi2vw el s s, Zhid, BIRETO
KEE 2B T 57200213, BREEOFED 1 Mg
HOFHES 1% 0L T5 [RREERIR] & X0
THEC EMUT LW LEERLTH Y, tulEEe7
DV SRBHTFRIDIIES S IR TH B LR B,
T [ RS LIdERRICIR oL O
TH5 I ZIUIRERC I8 ORISR L W
b oTnnEBLI LII# LY, L L. BRH
HNZIZPGA DPGV b K E Vb RS & 70 ARG E L C
FE S b, Fig.20 231 (1998c) ICREN/-PGA —
PGVY AT I h%RT. HEIIPGA TH#H X
PGA/PGV % & H{22n Tl - /- FHBHMIRBH T H 5,
DO T KGR IIABEE (~ BBV 2% C 5 TR L~
T, RKEE RO ED HPGAS00GalLl L THho
PGV100cm/sectl b & T35, ZDFA4 VP EDL LV EE
BT % 700 EEIREHNC IHIRR 137V, LA LiEERY
\ZSEHNTRE: BRMECISR R ASH 5, & 2 TPGA £PGV
D LR% FNEFhDBRRAIRKAEIZZETEPGA T2,000Gal
PGV T200cm/sec & {RET 5 (KEH) o ZDPGA LPGV
DERO/D, HEITERS T EBHEFEOER TR E
JRiRBE N B E Bl & T 5 HEE (128 ~2Hz)
IR S B T edsbhs, ChIERIBOES TR
SERT R [RRERAMR] oA TH S,

7. £¢&8

SO AT MR O SEE) s B ABEHOBREE LT
BRAROEBLREVHBHEC LS [Ty VHR] ©
H5., FERHBOBKILDRIR, SHIHEEICORDIS
BB OV THBON TVI HR A BB 13 L
WOIZEE L75 | RSB ORI I3 EENDSHTHF U TH o 72,
L L, FORCT BEIIFIZROH o TV,

14 —



SE

R - BRI EE, 1996, ZSOTEMEY X 2 L—Ta Mk D
SRR SRR O SHRE) D L BGEE, S E R TE T K E
REY VRI Y L, 83-86.

Furumura, T. and K. Kohketsu, 1998, Specific distribution of
ground motion during the 1995 Kobe earthquake and its
generation mechanism, Geophys. Res. Lett., 25,
785-788.

Graves, R.W., 1996, Simulating seismic wave propagation
in 3D elastic media using staggered-grid finite differences,
Bull. Seismi. Soc. Am., 86, 1091-1106.

Hashimoto, M., T. Sagiya, H. Tsuji, Y. Hatanaka, and T.
Tada, 1996, Co-seismic displacement of the 1995
Hyogo-ken Nanbu earthquake, J. Phys. Earth, 44, No.4,
255-279.

FREERR - JIIMETE, 1996, 1995 F RER BB RICB T AME
T RX O REE)SHE, B AR F S RFRLE, 481,
37-46.

PRI - BRE 1996, W7 [REOH | 1308 T & 74,3
HRREHEMEERAMAKFIRE, 212-P06.

F L - BRIE, 1996b, BIFET N X B RRIFITEOSHFEE)
Filll, 551 SHERTE FHRKERS S YRV Y 4,79-82.

Inoue, T. and T. Miyatake, 1997, 3-D simulation of near-field
strong ground motion: Basin edge effect derived from
rupture directivity, Geophys. Res. Lett., 24, 905-908.

ABFERER, 1995, 1995SEICRIRRTAR MBI & 2 vy, F HlsEk
54}, No.13, 54-62.

IR, 1995, HERREDATRBENC SR 7 - A ¥ a7 4
DA L METHOME —, S230HEHRE S » Ry 4, B4R

45, 83-91. ,

JIHEE, 1996a, QAR BT DRICH & b 72 b L7 DMARIA
BEHfris /SR & O HERATT 5, AR BRI A A1)
KETFHE A21-P38.

JIIHETE, 1996b, ORI AMEE L R YT & DMtk —T v
VEIRARE O, HAMRF- S TR, No.2, CO8.
Kawase, H. 1996, 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,

Seismo. Res. Lett., 67, No.5, 25-34.

JI#EHE, 1997, [RMBAEHBTHEL ZRL HEHO
MR B ORISR - RERBHBR B2 (R
Ko OBR—] (I3 55, HEBREELHEER
FROCHE, 855028, 181-182.

¥, 1998a, 7.3 B D IERIPICE, Bt - REEKR KA
g, HE - WEHE, R - RBEKEXRAEHRER
#ZH%, 291-301.

JNEE, 1998b, 1995 4 & HIR BT SR 5 OBE O BiFIR D34
BEICRIZTT AR FAH A4 XL T ) REOHE,
HERRERFHEZER AR KA TFRE, Sd-008.

NI#EE, 1998¢, MBERE) & MEWDISE, 19984 H KRR
FRRRNENIPDER, AFRREFSK, 5-10.

JIHEIE - ARERAR, 1995, SE IRFEHIRD BROMFRFATOM
BECsR % Al W B OME L TERX 28T 5 SR SN RE
i, A A<M A4 No.2, A98.

NIEEiE - ARERRE, 1995, SUEIRFIER R OIS DRSS A TOM
RansRe B WA OE & =E X 1BV 5 AR HEN T
i, AAHRFRHETIRE No.2, A9S.

IV - HERHE, 1996, SO IRARERHRO MTTPR X O
BOBEE FIUIED G > I 2 L—Ya v, QAR
SHEETRERDUIE, 480, 67-76.

NI - R BAE—, 1998, EX0u kit © Z U7 19950
BT DM IR 1B HERE D I 2 L—Ta v HE
B OSSR UR, 55145 FEIRIHD).

)1, PRk, ARREROS, AR ZEREN, 1995 a, SR FaEiih R -
YBHEHR— b7 452 FCORTH—VERHIESREF D
VIal—¥a v, AREEEAHERIRUE 475, 83-92.

J BB, PSR AR —, ARFERER, 19950, SEERTIRCS Ik
O SO RIARBR B O THEEX | 81T A BB D HE
€, DA SHE RO, 476, 103-112.

N, FAEIE— R.W. Graves, P.G. Somerville, 1998a, [Ty
VIR T E L7z Bl T ROTAAE E O =K TURES R
Hr— SCREIRR Bl OB ORICH O SR —, 1R, 55248, 5550
#,431-449.

g, MMEAfE—,R.W. Graves, P.G. Somerville,1998b, 1995
SRR R B C ORICH DAERUTE B LR B
HMERY I b— a v BI0MHEARBETED VKDY
&, BAEELFES ERI).

R - WATEK 1996, REREERLRORFRIZBT 558
RED, 24 HARE D R A, BARRERES 3544,

BERR—H2,1998, HMURE) O T il, P MBRAED A H = X4 LT,
T BBk 487, 43-48.

ERIE, 1997, 17 HWiEHTEE OMREY IV A% 3 b O—L§ 5
DY, WRFSHATIE 99TFBEIFE KRS, No.2, P46.
URRIEA - KEFIEAT, 1995, M ORBIEHEELER L
iR DT RA ¥ 5 T BR AT, L EBE 43, No.7,

15-20.

IRRIEA - KEFIEST, 1996, RIS THEE © ER L 70
THOHRRE) ORIEF T — IERBE R BT 5 [RK
O} OFIR—, BASEEFAEERRE No 488, 38-48.

Motosaka, M. and M. Nagano, 1996, Analysis of
grond-motion amplification characteristics in Kobe City
considering a deep irregular underground structure,

-Interpretation of heavily damaged belt zone during the
1995 Hyogo-ken Nanbu earthquake-, J. Phys. Earth, 44,
577-590.

HlIER— - RERALAZE BRARR I FEATRRER, 1995, ARE2A
WTORE L s, [RHEN] REATRES, A4t
¥R - BRI HY S - BFEERAERGS - Wiz
e & —, KR AR AR R K SR AT ], 92- 108.

Nakagawa, K., K. Shiono, N. Inoue, and M. Sano, 1996,
Geological characteristics and problems in and around
Osaka basin as a basis for assesment of seismic hazard,
Special issue of Soils and Foundations, Japanese
Geotechnical Society, 15-28.

Pitarka, A., T. Iwata, and T. Kagawa, 1995, Basin structure
effects in the Kobe area inferred from the modeling of
ground motions from two aftershocks of the January 17,
1995 Hyogoken-nanbu earthquake, B A B¥ S ETIS
#, No.2, A9S.

Wald, D.J., 1996, Slip history of the 1995 Kobe, Japan,
earthquake determined from strong motion, teleseismic,
and geodetic data, J. Phys. Earth, 44, 489-503.



1.80kmv/s 0.4km 0.55km/s 0.2km
2.85km/s 0.1 5km / 0.65km/s 0.2km

7 7 0.0km
- 1.00km/s 0.6km
1.0km
3.20kmv/s 4.4,
s 4:45km 3.20km/s 4.0km
= 5.0km
finite fault | 3.46knmv/s 18.0km

Lagkm, Wadkaj

Fig. 1 A two-dimensional, rectangular basin model with realistic layered media and locations of the assumed
hypocenter and finite fault (Kawase et al., 1998a).
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Fig. 4 A simpler 2-D basin model used to understand the amplification mechanism of the edge effect. The basic model
is called "Simple model", while a model with a reflecting layer only in the rock-side is called "Rock-S-cut
model” and one only in the basin-side "Basin-S-cut model" (Kawase et al., 1998a).
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(Kawase & Matsushima, 1998).
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Fig. 14 Peak velocity distribution of the theoretical ground motions convolved with the bedrock motion at JMA

(Kawase & Matsushima, 1998).
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4~ ‘r»nzw—mo At kBNo?

O MM ARWY 7. LPERIR ¥ *78 KIXN WD OT-0.040 ASEI-CEL.S

e

AR

B 1 R GUR SR

290) M RN DONIAOOUCK) M MeI000 B1-0.00 ARG, 28
%Y

------- PURT ISLAND SIMULATION ACC. GL O0.0M NG  HAX=438.50
POAT ISLAND OBSERVATION ACC. GL 0.0M NS MAX=341.11
800.0
300.0
0.0 2
-300.0
-§00.0

S 124 456 78 8101112131415186171681920 ==
POAT [SLAND STMULATION ACC. GL-16.0M NS  MAX=279.13
POAT ISLAND OBSERVATION ACC. GL-18.0H NS  MAX=438.30

o
600.0

300.0
0.0
-300.0

-600.0

01T 23 456 78 910i1121314151617181920 ¢

POAT 1SLAND SIMULATION ACC. GL-32.0M NS  MAXaS60.66
. POAT ISLAND CBSERVATION ACC. GL-32.0H NS  WAX=387.97
600.0
100.0 .
0.0 ] vﬁ&dkﬂgﬂbqéwﬁv»~av—~>r-r
-300.0 i F i ?
-600.0 !
G153 ¢ 56 78 91011121314151(517181920 ¢
« POAT [SLAND OBSEAVATICN ACC. GL-83.0H NS  HAX~472.03
630.0
300.0\
0.0
-300.0
-500.0

013 3 4546 78 giloi1121314(51817191920 =
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1995a).
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Fig. 18 Pseudo-velocity response spectra with 5% damping for four seismograms shown in Fig.17.
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Fig. 19 Ductility response spectra of a bilinear 1-DOF system for four seismograms shown in Fig.17.
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EARTHQUAKE FORECASTING BASED ON THE ACTIVE
FAULT DATA--THE PRESENT STATE AND THE PROPBLEMS
mEMgE "

Tokihiko MATSUDA

The long-term predictions of earthquakes for some active fault zones were recently made public from the Jfapanese
government. The forecast includes the site and size of the earthquake and the time of the occwmence : for instance, the
Itoigawa-Shizuoka Tectonic Line will generate an earthquake of Magnitude about 8 (£ 0.5) in a few hundred years from the
north-central part of the zone . The probability of the occurrence within 30 years from the present is estimated to be about 14 %

The prediction is based on the geological data and the step concept in which the earthquakes from a fault or the segment repeat
with a same size and a same repeat time through the recent geological time. The segmentation and grouping of the fault , and the
pre-estimation of the rupture poini are needed in order to esimate the strong motion in detail.
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Table 1. On-land large earthquakes (1885-1996, M =6.8, depth =20 km), surface faults and pre-existing
active faults.

Main surface fauit Pre-existin Long-term
Earthquakes M (JMA) (Length, km) active faul% slif—rate
1891 Nobi 8.0 Neodani (80)" Neodani A-B
1894 Shonai 7.0 — Kannonji B
1896 Riku-u 7.2 Senya (36)® Senya B
1900 Miyagiken-hokubu 7.0 — {(unknown) —
1909 Gono 6.8 — Yanagase B
1914 Akita-senpoku 7.1 — (unknown) —
1914 Sakurajima 7.1 — West-Kagosima Bay —
1925 Kitatajima 6.8 Tai? (unknown) —
1927 Kita-Tango 7.3 Gomura (22)" Gomura B—C
1930 Kita-Izu 7.3 Tanna (32)V Tanna A
1931 Nishi-Saitama 6.9 — Kushibiki C
1939 Oga 6.8 Sarukawa? Sarukawa B
1943 Tottori 7.2 Shikano {12)" Shikano —
1945 Mikawa 6.8 Fukozu (20)" Fukozu C
1948 Fukui 7.1 Fukui (25)" Fukui B
1961 Kitamino 1.0 — Hatogayu C
1974 lzuhanto-oki 6.9 Irozaki (5.5) Irozaki B
1984 Naganoken-seibu 6.8 — {unknown) -
1995 Hyogoken-nanbu 7.2 Nojima (9)" Nojima A-B

Length: ¥ MaTsupa (1975), ? MaTtsupa et al. (1980), ¥ MATsupa and YamasHina (1974), ¥ Nakara et al.
(1995), AwaTa et al. (1996).
Long-term slip-rate: after R.G. A. F. J. (1991)

e b 1 HMEHBNEORES L Lv/=F2— FMOBEK

- / a: M=(logLwn+2.9)/0.6 (¥2H, 1975)

300+ ¢ b: M=6.32+ 0.693 logLum (6.8 <M =< 8.0)

c: M=6.81+ 0.253 logLtw (6.8 =M = 73)
(b & ciX#2H, 1998)

Fig' 1 Fault length versus magnitude for
Japanese inland earthquakes since 1891.
L: length (km) of surface break.
M: JMA earthquake magnitude. For the
data, see Table 1.
Numerals indicate time of earthquakes.
1891: Nobi Earthq. 1896: Riku-u Earthq.
1927: Kita-Tango Earthg. 1930: Kita-Izu
Earlhq. 1943: Tollori Earthq. 1945: Mika-
wa Earthq. 1948: Fukui Earthq. 1974: Izu-
Hanto-oki Earthq. 1995: Hyogoken-nanbu
Earthq.
Line a: Line by MaTtsupa (1975)
b: M=6.32+0.693 log Lk for the
data of earthquakes of 6.8<M <80
¢ M=681+0.263log Lym for the
data of earthquakes of 6.8sM=<7.3
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HERBSREBE) TS BT 5 BIROE T VAL
MODELING OF SEISMIC SOURCE
FOR THEORETICAL GROUND MOTION PREDICTION

HHmME ABFEKRAR?
Tomotaka IWNATA  Kojiro IRIKURA

Strong ground motions in the source area during the 1995 Hyogo-ken Nanbu earthquake are
evaluated successfully using the irregular source and underground structure model theoretically.
Strong ground motions in the source area were controlled by the heterogeneous source process. For
seismic hazard evaluation during future earthquakes, it is very important to predict strong ground
motions precisely in the source area. For hypocetical active-fault earthquakes, we need to set the
plausible source models to predict ground motions. Here, we show what source parameters control
the strong ground motions and how to constrain the source models for theoretical strong ground
motion prediction from a priori geological and geophysical informations.
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Strong Ground Motion from Dynamic Source Modeling

BER & CGERHE)

Takashi Miyatake,

Earthquake Research Institute, University of Tokyo,

We simulate a rupture process on a shallow strike slip fault using 3D finite difference method. The results

shows that several characterisitic patterns of peak ground velocities and the direction of peak ground

velocities appear depending on the location of the fault or the source parameters, such as stress drop,

rupture velocity, etc. We also simulate a faulting process with the slip weakening friction law and

investigate the effect on strong ground motion.

1. BUBIC

BROYAFIVR - BROYENREDEL SITH
BEICRETHOREAIN? ELBROLEDLS R
EENEDLI I RBHIHELEFADDEAD
N ZOWETIH 2BMETIRRD, ETEROHE
DBEBRBD/NNTA—FENLTROENTNSH
BEREEREONT A—FOWBELBHMR LI
SDHEFEENED LI IXELTZONERRS,
ZOFSIERDEIRATHS. FIZE $kE
ERETAHRTOBERBRGEELEZELTEINS
DRBEZTHETIHE. HOLUDRENEED
NBEBODOBEBDOLELD/INSA—F DL LHE
BOLLEFANFOYBEHES ML TBHIERE
FEHTHS, E-BEOHBOEBRIBELWBEOD
BREMETARICBRIUD. TOXIREMMNS
HMBOBE/INS A—FIC L BBBEIO/FH. &Ko
EOBMBHOE —VEONY — PR KAIREHAD
RS EFARTNDS, BENITA—FETTRL
HTH#ESEDREBICKI HHESFMBEITH L THAN
THTEEAEHFIAMENRE V. FIISHBERD
BEACEIEY - REBOBEBEA PR ERIE RFEH
WHRBEINTWE, LALRENSZOERIZTIIC
MBEINTWRWLT—bTHIBAEINTWS
EREWNN, BRLIEZ IS DOTF—FX—A3H
EOBRLDFEREDOHZ O T NS HATRETH S
L. T5ICEATERMBOBRFARBICMENDE
RN TEHDTIEHRVWAERS TS, LEREL
BETH B, ,

RICBEOYE, FICHEEBEBRRIZZR L

BFAR S TNICK 2RBEICOVTRNRS,
MBETREIN TV SHERERANIE, FEITHUTF
D 3DONPH B, (1)Slip weakening model(Andrews,
1976;, Ida, 1972; Ohnaka et al., 1986), (2)Rate
and state dependent friction law(Dieterich, Ruina,
1983), (3) Rate dependent friction(Burridge and
Knopoff, 1967; Carlson and Langer, 1989,
Cochard and Madariaga, 1994). & D> b RBEHNC
HEBEGZH5OEEI (1) THD. £ITslip
weakening model OERT 2¥f8 TOBFBE D
BEIalb—2alifTolk, ZOB. EHEI
Slip weakening model Z& A § 5/~ DIZEHEEIT
EFOEEEMA . ORI LUTHERLEI—
R&HEOEBEBERAD/NS A —4 LRBEIOR
FEmlsd, TLUTEHELSNHE LOTRDFEER
MBS S HESEAK TR TES L E2RT,

2 EBMFELEBANE

I TRA DEBEFHDETIEII DWW TRART
B, BEMBHEREHE T BTN EEDHT
TARDBEBEE BT DEERBBEBENEE)
BEHEZBIETETFIMMEEING, ZOLDICHBE
EOITRDBFRBEEKE 52 DBEOETIVLZEES)
ZRETIINERR, OB, TR0 EEREBEEE
EDEIITEZNETEWNEND ZENMEERS
N, MEBNREZYELOBEELOROBVDOES
EREDEENS=AFBEEZENMEbhTW S
(Fig.1a), LML ZHhICBET 293880728 idinn,
HERH OREITICBWTEDILDZBEITIE, FEYZ
BB THo THT—FIEILDIINT A—FHE
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REOHBOBRARZHHZETIIVICEIDERL
£ ET 3RS miyatake(1992a,b,Mikumo
and Miyatake, 1995, Mikumo, et al, 1998)ic &k ¥
FbhTns, ZhiCK DBEBRINETROEER

RS % Id Fig.1a T/ < Flg.1b iz,

ZD XD IEEE TITR D |A 2N XD RFERE
BeBHEMBEES> THETIONGHEETINT
HO, BRABOERBVFRICHNWLNTNEBHOD
TH5. BIHFEETIITIREBRIINE L0 HRK
BREELTETIMEEINS., BLRBEGHEETINZ
FHAL TBROETIEETVEIE LD TR D KR
RA%K - RO EERFERR OB S - JEYIEME 2R
EZLTW3,

LD XS B HEETINVIZBIREROERTT
x, HEOEHD I al—Ya VITAWSRhTWY
52D TEOEREMEINEESICHD. —FHEH
ZETFNVIIBREBOMAE TR BEMNSEU i
BEOHECELTWADO THEEAWH-> THES
REBDTH S, EELUBBREICEL TILES S
EFINEED LD BESEREOKEMR TIXABN
W ERDEARDOEEBHEI N TNSDT, #R
EEDEEHATAE T THEBRISHEINS.,
EEAMBRICET 2 XS RIBE TOEEETOR
DREVWIERZFICAREROTHARETIINERANS
ZEIiTRB,

3. FRINVEBTOMEETH

Wi ICHN 5 REBE) - HBFOEPORYIL
AL, ELICHEBTESH TIRBR g
HoOPHRELUTHHAINTERE, —H T, Z5L
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Explorations of deep subsurface structures of sedimentary basins
and their modeling
Y TERI*!

Masanori HORIKE

In this paper we at first discuss problems of existing three-dimensional (3-D) subsurface structure models of
sedimentary basins, which we face in use for numerical simulation of strong ground motions. Then, as a result
of it, we propose a survey project for the construction of 3-D models of sedimentary basins, which satisfies the
following 4 conditions: (1) Reflection survey lines should be set up with a lattice pattern in basins, and must
extend to surrounding mountains. The distance between the survey lines is between 5 km and 10 km. (2)
Downhole measurement of P- and S- wave velocities, density, and damping factors should be conducted at
several intersections of the reflection survey lines. Downholes must penetrate basement. (3) Complimentary
surveys like short-length reflection method and microtremor array method should be allowed. (4) A 3-D model
must be proposed. The Science and Technology Agency of Japan started a feasibility study of this type of the
project this year. We need to support this study to lead a full-scale execution of this project after a completion

of the feasibility study.
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WREAH L COREESSEM 1923 FHRHEOBEHBEOMEE I 21— a vy
LONG-PERIOD BASIN RESPONSE: 3-D SIMULATION OF GROUND MOTIONS IN THE TOKYO

METROPOLITAN AREA FOR THE 1923 KANTO EARTHQUAKE

ik RH*
Toshiaki SATO

We modeled a three-dimensional (3-D) velocity structure including a thick sedimentary basin in the Tokyo metropolitan area (170 km
x 210 km x 44 km), and calculated long-period strong motions in this area by 3-D finite difference (FD) method (Graves, 1996).
Bandpass (3.33 - 10 s) filtered waveform data from the 1990 Odawara earthquake (M’ 5.1) were successfully reproduced by the 3-D
simulation. Using the 3-D velocity model incorporated with a variable-slip rupture model (Wald and Somerville, 1995), we simulated

fong-period (T > 4 s) ground motions in this region for the 1923 Kanto earthquake (MS 8.2).
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Fig. 1 Map showing the whole finite-difference (FD) grid
area, earthquakes and stations used in this study. The rect-
angular area surrounded by the solid and broken lines indi-
cates the surface projection of the fault plane of the 1923
Kanto earthquake (M, 8.2). The cross and diamond de-
note the epicenters of the 1923 Kanto earthquake and the
1990 Odawara earthquake (M, 5.1, depth 15.3 km), respec-
tively. Clipped strong-motion records for the 1923 event
were obtained at station HNG. Three regions : the moun-
tain region (MTN), the Kanto basin region (KNT), and the
Sagani basin region (SGM) have different velocity models.
(Sato et al., 1998c).



Figure 2. Depth contours in km of the basement rocks with
an S-wave velocity greater than 2.4 km/s in the finite-dif-
ference model (Sato et al, 1998c).
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Figure 3. Source mechanism (left) and source time function (right) of the 1990
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Figure 4. Comparison of three-component, bandpass filtered (3.33 - 10 s) ground
displacement data (OB) and synthetics obtained by 3-D, and 1-D simulations
for the 1990 Odawara earthquake (M, 5.1) at stations ASK, CHB, KWS, and
HNG. Station ASK is located at the western margin of the Kanto basin, while
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are indicated on the left of each trace in cm. (Sato et al., 1998c).
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Fig. 5 Variable-slip rupture model of the 1923 Kanto earth-
quake (Wald and Somerville, 1995). The upper figure rep-
resents slip vectors. The lower figures slip-velocity time
functions for two subfaults A1 and A2 that have large slips.

Fig. 6 ICFMBHNG)IZ BT 5T EEE R & HTiLHFOE
Bl L OB ART ME AR~ 15SHOFRETH 5,
FHIEOSANSEIZSH MBI R OETHENTT®E
BAYBEE - fl,1989) D ER L EVWSDE o 1y —F,
Ewing UARET EER O HITIHE(SW BLS) (Morioka, 1980)42
AONDEH 3BOHOBRY R LIIFTEETCIIBRTE
Lol SHHEDIXLDDHWODMITRIFED OB
hEEEETHY, B0 2w LERL Y ERAHON
VARIZENR SR BA, REEERE O SREM
MS~THVEELEREL L >Tw5b, 8. Fig. 61
B¢ OR LK FRBEEE 7 VI T 5 5B EEE(1D)
i, BEBFBRETETVREWV, SNLOERIS, BE
BO3RTHBEBEENFTBOCLREFMBRE <K E
CHBLTWAZ LRI,

Fig. 712, BEHBEEROHELERD ) b FKEHNG) &
BERF¥EBEROTERERFUTIC BT A3DDFTHEEIR
(a4 ~ S0 BDOWIRER) & £ DREEE 5% DHFELH
BEIEBE AT MV ERT . HNG T, KEE OB AHE H
10~20cm/sTH Y, IEEART MIVIGERS, 68T 50 cmy/
sEBALAED, ThUNOBMCRES0Oecmis LT THE, —
5. BBOETHAMNET AFUTTIR. NERETOS



IMAMURA (NO77E)

EWING (N225E)

OBS (IMAMURA) orig 8.38
ﬂ OBS (EWING) 16.3

OBS{IMAMURA)x1.15 9.64

) )
§ § u
SYN3ID(FD) 15.4
%’ SYN3D (FD) 12.9 %'
o o
4 2
SYN1D(FD) 9.01 SYNID(FD) 9.11
- 10 an/s
10 aws [
0 0
| | l | | | | | | | | | | l | |
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
time (sec) time (sec)

Fig. 6 Comparison of the restored Imamura and Ewing seismograms (top trace) with 3-D (middle trace) and 1-D (bottom
trace) synthetic velocity waveforms at station HNG in Tokyo for the 1923 Kanto earthquake (M, 8.2). The left and right
panels are for the N77°E and N225°E components, respectively. A bandpass filtered between 4 and 15 s is applied to all
seismograms. (Sato et al., 1998c).
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Fig. 7 Three-component velocity time histories and 5% damped pseudo-velocity response spectra obtained by the 3-D
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are bandpass filtered between 4 and 50 s (Sato et al., 1998c).
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NONLINEAR BEHAVIOR OF GROUND AND SOIL LIQUEFACTION

HH &
Nozomu YOSHIDA

Applicability of the nonlinear earthquake response analysis and liquefaction analysis to the practical design is discussed. After a

brief review on the nonlinear analysis technique and dynamic deformation characteristics of soil, accuracy of the earthquake

response analysis is discussed from the point of view of both researchers and designer or engineers. Two conflicting results on

earthquake response analysis, i.e., scattering of blind test results and success of many technical papers, indicates that, if one

succeeded to explain a known phenomenon, he can expect to do well on similar problems. Top-level earthquake response

analysis can explain many phenomena. Earthquake response analysis in practical use also works well although its applicability is

limited when accuracy is required, but applicability expands for design purpose, i.e., the result lies on safe side. Importance of

experience and judgement of computed result is emphasized.
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Present State and Prospects on Strong Earthquake Motion Observation in Japan

B FHR
Kunio WAKAMATSU

Strong earthquake motion observation in Japan was largely changed after 1995 Hyogoken-Nanbu

Earthquake. This paper shows the situation of strong motion observation developed after the earthquake,

and prospects on the observation and the data base of strong ground motion is discussed. As a, future

prospects of strong earthquake motion observation, more dense development of the fundamental
observation network, unification and open of the data base are expected.
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SR R ED AT A
ESTIMATION TECHNIQUE OF STRONG GROUND MOTION

EEE
Takao KAGAWA

This paper shows present state of strong ground motion prediction technique based on fault
rupture model. Advantages and disadvantages of .the technique against existing empirical
methods that have been used, are discussed here through investigating several applications of
the technique. Strong ground motion simulation technique itself is considered to be applicable
to use for real problems, if we know the detail source model and sedimentary structure model
at site, especially for the earthquakes that occurred in the past. However, most of the purpose
of strong ground motion prediction is to estimate the ground motion for a future earthquake.
Strong ground motion generated by real earthquake depends strongly on the fault rupture process
and site condition. Continuous investigations for fault rupture processes and sedimentary
structures are necessary to reduce the uncertainty of predictions to obtain source specific

and site specific ground motions.
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Evaluation on Design EBarthquake Ground Motions

for Dynamic Analysis of Buildings
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Yoshikazu  KITAGAWA

Generally, the response at the roof level of structure is expressed by the product of five characteristics: (1) epicentral

characteristics, (2) seismic wave propagation characteristics, (3) ground characteristics in the vicinity of the structure, (4)

characteristics of interaction between the structure and the surface layer, and (5) characteristics of the structure itself. Thus,
the seismic behavior of a structure is affected by both the ground and the earthquake motion characteristics. During the 1895

Hyogo-ken Nanbu Earthquake of January 17, many strong ground motions were recorded, and many buildings suffered from

severe damages. On these premise, this paper discusses the evaluation on design earthquake ground motion from view points

of gaps between research result and design, future aspects, and remarkable points.
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