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BROBFEORRICOWT
The origin of the severely damaged belt during the Hyogo-ken Nanbu earthquake

Z RE
Yoshiaki SHIBA

Studies concerned with the origin of “the severely damaged belt”, which is the area of seismic intensity
VI in Kobe and adjacent cities during the 1995 Hyogo-ken Nanbu earthquake, are reviewed. In the source
effects, two asperities located near the hypocenter and beneath the Kobe city radiate large S-wave pulses
due to the forward rupture directivity. The dominant periods of these pulses are determined by the size of
asperities. Regions of the strong motion area caused by these large pulses are “guided” to sedimentary
basin side due to the guided directivity effect. In the site effects, the constructive interference between the
direct S-waves from the bottom of the basin and horizontally propagating diffracted/Rayleigh waves generated
at the basin edge occure at the basin detached from the edge. In addition, the nonlinear effect in the soft soil
layers at the coast region neighboring the belt reduces the horizontal amplitude of the acceleration waves.
Therefore, the generation of the severely damaged belt can be explained mainly by these three effects : 1)

guided directivity effect, 2) basin edge effect, and 3) nonlinear effect neighboring the belt.
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130cm/sec B Th o 12 L #iE & N7 (Fig.6).

3. 2 guided directivity I
BEEMORTREOFORBICKESFELL
nix, & LTHBE LOBBOETICEY, KB
B O FERICH R & BT AL LD
BREMIC KRB DO/ SV AEHBNS [directivity X
B ThHrLEnTwa (W) . SLHIHFTH
DBE, MINERBAIFET 258N L 2B
LCILAAHERB L OBEDEWVIZL o T, HEE
FRICHBEOIAINVF —FEPT 5, guided
directivity L IFIZN B3R R L, BEOHFTO
HRHEOWIEZ E L L2 & P RBOBREIC
LoTERENTWS (EHH - 481", Inoue and
Miyatake'”) . Fig.7\Zguided directivity?® A 1 =X A

¥ERTEARERT. S5 ICHH - 8813, R
RiIZBIIAEREREICL T, NVABESEZFD
RIBLEFESEA LR (BMELL, BRAKMC
ANVF—DBITTAIERREY I 2V -V a vz
Lo TURLA(Fig8). 2m &) BRI, BIEOE
iR L, FEREEEDICHBI AN Y —HoEE
Bictif s s B IcoarBEnbsL a5,
directivity I REFD DD EL 2 HH) 74V =T
DHBBEAREL L oMb TBY AKY), 1994
fFNorthridge BB OBRIC b BIFH L £ 0 4Ll TR
DOEF VAR S hTwa (AR - LEY) .
HEEANTIO L) 2BEShECREESNTS
Rhol:mid, 10)THRESNEIIC, REER
BRI BBEAM T > TR, 13EA
CRLOTEE>TIVARETRHBRTCH 572/
DTHAHLEZONS, HEOEHHINET 5
A, b LU TR OB REIIERB
ETHL) RREIERBICHET L. i, N
PR TRIMBARAE L L &XIC, AETRI -2
L) LKEIR LU TRELEFATREZVWES) 2L
RRABLTBIRETHBEEDNS,

4, WBMIBERE,ISOT7O—F
4. 1 WETHROHTIE:EDRA
BEOHOBBUAIE, FHETE TR SR
KIDBBEOHBORBIKEL(FFL TS
L, ERMICBRVICPRTELZLTHY, £
B, ARBLEEZOKR, HEENTY, ML
LEBOBBEIOIVFIAMEHALLICL, O
HEPLBEOFTORELHELMILL ) LI H
WTTbh 0% h o7, BICIE, RKEBH
WHEOS-PERESF OFERBN» O EREEL e
T AHE bbb (3), Yamanaka and Aci'®). %
D%, REEWNBORER EOBMT, KEHEEE
PR-Y Y TREFBE (TR TE L. Fig9lc
FN - I & o T Db BIFIRE B0 BETHER
WERT. Thoioma T, ANTHBIC X AEAE
GE (WE - RAREREETRE V- ),
WEEH GERY, ) - 47, =E - 02, B -
1?) , BEHHEE (E - 1) %, B2 FET
THERESTOR, RABBO2RTT, 3RTH
GHTHBENKEICHOPICR-TEL. ZTheo
BRICLDE, BF - RAMOEREE, KBH
WIS L & PR & R ) A BB CIZITEEC
HELRAAR, I hOBEFICENT TRIZOHIICHE
PLctEEYRL, BER BIZENBETAIVF
FhE (A - %) Tl A B I 1.5km ~2km |2
ETH, 7, HBOWRBICL > TERRENSEE
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RCEL LT HIBFETS. 20—HlEL T,
B SRBERFERRECL > Tiibhi, AR
AR (WP 8K, ARELTkm) LREXK E
X, HHEE1.0km) ORFESO7 740 %
Fig. 10i27RY . BBRESELT 5 B, S
B4 7OBREAVENTVWLEZEDIE-Eh LR
ShTwa,

4. 2 ITyTHRICLZIBEOHETOHE LD
1]
COEICLTHLPIL o TELHETHED2,
IRFTCHTHEL I, BRSO # AR
BROBRESSDH4& L A0EFE, RUKTKICHE
BL, L#—FHRTOEEERICETT S HEIC
WTHELXETMELABEY I 2 b—Yarvilio
T, BROHOHRBZHO,IILL ) ETLHE
Dl &N (BIAENE®, Kawase™, Pitarka, et
al.®, X - KB . 26), 2T, ZEELAD
MR % BT AT HIEIC 2 R TETFMEL,
IMADKBIG Y BRI ER LABEL AFKL
L TFEMMF 24T o 785 B, Wi 2> 6 740m BN /-
H % 0 CTE600mIC b 7 o TRAIERE, #E
EHWKRL, COFEBIREOTII—HTHILE
BS M Lz Figll), 72, 0)HEBROBEY,
9)IHERFETREALE L-HARE T, FhEh
HEFEEIRL 2S00, RRICBLOW CHRE)
PEL(HETIEREB TS, &6II25)TiE,
S HEILL- BT FTVTHET HLOSVEEE
AS&E- L EOILERETDI L, SHETHD LR
RICASH L7 EESH L, SBANZETLTRAK
EL, 22 5HBRBICm» o TRET 5 H /%
EEAD, b ) EREDOFHOHRE CRRIIHA,
WEVFHIBEHICTFHT I LiIct > T, KRIEDO#
BHELERT S L ®RL(Fig12), ch% [Ty
V%)% (Basin Edge Effect)] & &fHi)7:. 2ok, N
WAV, BThBEERE» SO ASRICHLT
bREDOWTIHY T 2 HRTEEHEAS & FOH
BERONBZEZRL, Ty VHRFBROFE
BROFERTHAZ LY FRL. Ty IVRE,
BEOFHEENB > OBNBTICMEL T
¥, FRHOWEHII~2%km L FFICHRNZ LR
FLHHTEL, T/, 30)TiE, 2RTHEITTRD
W BEASRE LT, KERBHRULEZEOERRE Y 1Kk
TTETMELL THERERR LTV, BEOFHTIR
KBHBOBBIZ L o TRAIEE, HELOEIC
BIETAZLE2RLTWS,

4. 3 BHITTHEICS 3 HEEOIEETEE
BROFHPER2EDLRERO—2I, #hdd
FEHRWERICHRICEN o TwhEIh o7, H
ORETHBEMEIC L2 1 RTHRHEEDREEZ
B, HRBEREICHPoTh o LYY 2R
THBh L2, REFBHIRE SR DD,
—DIZHFORDIC [HK] OBKBOBIKD D
THhotebEIONRA, COMEICHTLEED—
21, WETBALLEZy DRETH LY, b —
DOBELRERE LT, ATEDTHBICBITAS
FERELESETONS, REEFRBEBTIX, A
IED—2THAHKR—-+T45 FIiZBWT, GL-
BmAHLHRICHITTORET LA EHFEHIBE S,
ChHDEE T, MEREFOKFRTHHEI
M) ICERTERERSPE L CREL, 20K
KED BT HRTNSI B2, EERIC X
AIEREHMENEoE D EHENTO, DI H %
MEROBBOEREIARIRET LA TRILN
7L, BFEICHIBREE T D1993E IR B OB
DI HAE®) BHHN, K—F+T45 v Folp
i3, ATEDVETHRIZBWIBENIERIEES
ORE LTALEEER LD THHE VS, K-}
T4V FOSBET VA1 BEOFEREICEBITIL,
JIHE - A0, B - %It E T bhTns,
T7, 25T, LREOLRTBITOERE ASTH e
LT, F= 749 FORGEHEHBL T3,
KE - ORPTA T Y FRERE KIG L 5IC
LTRBOEIT 2T Tw5, WFRIZLTH, &
A Bl AR BROBBROFERVEEI - T,
HWEOKFIMEEIBRE LI LD, BEBEOR
EYBRBEELI—HWE Lol L3EEVEZL, &
REHICBEAOWOBRELBIZELbDL 2o T
5.

5. ZRE&Nh/-FE

5. 1 BRO%HLBEHNBEORE
BEOHEO—RELT3. 28 2& V7 guided
directivity ¥) R Tid, HEBKB L HEMRE M —%
ODEBTETLTHEETAI LIRS, LPLEA
5, REROMBET LV TIE, BROBHOILELFIC
bl-HER, BEHLR, WB»S0EEs s
TLIW, HESERTLED. 0o,
MO - 71, SBESARLIRT - cETE, W
SLWTE» S AR ICELBEWBE T VICE
BRI WICHYTIREL 5 X, 4 N —-Var
WX D RBB TR 54 kK7, Fig.131236)IC
SEEBHRB Y O RBEKBEFT L LT 5
2T, ERMBORERS BB LTHI LI
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Ly, HEN, BETOREHZAETAORKD
ELRABOA D= ALATHET A LDTRICE-
TL 3D, B)TREBHBEEDTHA v\ -Va
VICEBERD T4y PRI VEBESR W, F
72, 3Tk, BRI LY T80T ANY
74— RWBORERICEPLTBY, BRAOTN
DEE5XHT HAKEEIDOTIREV, ZOTERH,
FABRICEBMBNTRoL LTYH, £hdt
e, EEHROBKOFHRICEERREZ R
Lz TEetld, BERETREELRLOLEEA 2V
rEILND,

5, 2 EEREBLHTIBET-2EGhELRE
BE3RTYIab—-ar

ARO Y —ATid, BRLFMET 23 (B
Ko LoEESLENE, RENELEKD
WA S AP TRETTVEE AR 3 RTORIBHE
B (HWBE5H, PseudospectrallE) %479 Z L AT
BThot. 0L EHRE, LBMEMLLL
WREFVERAVDOE LTI, 12), 13), &Y
BPEW LB THEEFVERAVWA O L L TR
Pitarka et al>®, RUZDOHRIE L TaH - 1> 7%
EHERITLN D, Figl4i239)ic L AREDE, RU
2ORDOBIATEEMERYT. BFEET VI
ML EERBEBESALETVERAVTVS.
WyickhiE, EBREBEEMLREA v ¥-Ta
VickoT, EHETOTANRY T4 — 2RO
BimEasnto by, B, FREBMHEOERE
EPEEIN-HE BROFTORBOMREZH
K2 —F, BAEZDDDIIEENIE/NTI
ThHh, FLHOBROERLIYVILCEoTwE, &
noOERE, iHEsoR), RUM» V7
YORRR ED S, HEBEORKREOEEERE
2, BEBOFRTLE Y THCERTE WD
ThorELONSD. BN ) RIKBHEC
L ERmBREBOREEBEOM IR, B (B
S OB DMK B2 1 ThRE L REX OBKFR
HEOHEDE Y v ) CHlbo T AERTHEL
Bbhd, ThHOERYETEDLETRLDT
SO 3RTEELT) 2Lk, BRTIEERD
NI —HobLTF— Y ORE,rODHEEN LT
W, BEoT, B IETKEEHLE T CORBNHZD
BEISA Y, WERIRY BRSNS Y 6
L asmhy3ab—Ya yTREL, K-
VT - Y ETRBOMBEELY HOPICLIET,
— KT 1 L OB O#D S L WFET
WEOHBBEMSE [H] THEXTWIHENR
BRTOBEZEATRZVHIEEIOND.

6. shyIl—FER [BROE] ORELE
& ?2—

AT, 1995 REREDBRBICBWTHEL
7 [BEOF | OFEREDCH—EOBRBRICD
WU L, ChoofERe s, 1. B
BARELHETHETICMEBETATAR) T4 —D
bEE UTHE S NIHRED, BRSHPRICE
%52 LIZ X BdirectivityIRICE o T, TAN
U544 A4 Xh b Shd ERER o oKk
TENSHE SV AZWRBETHMICARL, I hat
BT AR ICHE SN (guided directivity
HE) , 2. EHIAHIMoEREED OB/
RHEBE L CHERBRICKTIEHT BB LRE
TH»HMBBICAGT 5 EESHEND &) URK
DHEIH - HBETHE Y, HENLETHLF|EE
L (my V%R, 3. —F, BREHIIATED
SCTHE R Eh 6 R AR HBROIRBIEEICLD
BICKTZRSOEEEBRESHIZOoNE I LI
Ly, BROBEIHBRENLEZX LI LTI S,
1 Dguided directivity®hR & 2 DLy IR, B
BEICIREL S QBMTRBEOT LR T A LN
TExBLEND (12), 27) . EHLLDPBKOWE
ROERICE ooV HRBROTPILL T
5CH AN, COMBEIZRTAR) T 1 DRSHHE
BLTWAEWIEELHS (B12T6)) .

S LOWMEENEH/LTVWA LI, BEOFHA
WICRABHORMBRENILALRL, TOZL
FEOREBBOI Y 7 1o TWAI LIFEET
Hb. BEOFEOME, BEVOER (YROD)
¥BICETH R, WEMMCEITTRES L
bOTHAH. foT, BROFCHT 2 RHFA
i, WhITERNRRE GARER) FLVRET
Fhirnidhbhhor. REERBHMBIE,
K-net (BiSRLEHE) DBMmL RERM OFXE, —&
OHBBOWBLR Y FOREBEL Y, BMEBRNSOE
BOREBHICEATVS, SHREIALDTFT-D
BT s RERiEL L bic, HERTE, &
WEaLE LALEEROBTHET -5 0EER
EMNFBELZLTHA).
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WAS IMPULSIVE FORCE DUE TO STRONG GROUND MOTION APPLIED TO STRUCTURES?

HEPML =HEEY
Junji KIYONO  Fusanori MIURA

The 1995 Kobe earthquake is one of the worst disasters in recent Japan history, because of not only total number of
casualties but also the fact that the earthquake struck a highly urbanized area in which many buildings, housings and infrastructures

were concentrating. The cause of damage to the structures is generally explained by the action of large horizontal ground motion.

But all unusual phenomena observed for bridge piers, steel frames, foundation structures, various rigid bodies and so on have not

been made clear. Discussion from the view point of vertical ground motion which is applied as an impulsive load is not still

sufficient. It is a fact, however, that the seismographs did not catch such impulsive accelerations of vertical component.

In this paper, damage to structures due to the strong ground motion is surveyed first and the relation between damage and input

ground motion is investigated in order to find the existence and the effect of the impulsive wave. Two accelerographs of a servo

type and a transducer type are compared to check the sensitivity of high frequency component.

FEM analysis by using a fault

rupture model is carried out and the effect of nonlinear elements on the vertical ground motion is studied.
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BEOALZ LY, BRLEMBEY 2 oL KR
WOBEPO AN LIZBBREH TR LN TH 5,
ISR ETEHRG 2R o0 OBKELTH 5,
BEYOBRBABEYRARL-b0DE L3, HRYE
£, vbLBERANONERRBOHERHTERE
M . 8% msec~¥T msec) I & AHRIEENIGH
L5DHNDTHHD, EERMFRO L TED & #E
YOBIEA N = XARBFLEbD AR B v, T
TR, IhooBAHEORIIZ-BEREE
RERET 5 1-0IiTh - ERPBIT. 1wt
FOBBRICOVWTCCEL A LEERECERET AL L
bio, AR TH) [HROBEG] coVwTHES

*1 TEKFERER TR
*2 IWOARZET R
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HLESD B FICKERBHMEY I guided
directivity IR IC & » TEBRFOBEHRE L & BT
XN HBESERBICALILILY), T4 LF
—EFAEER IRV AN L SESELLZ L, &
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WER 1995 F0LEEBRBEORICRIERCE
XK BRONSNVAROEMN P BEEF IO
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COETHBETR/SVANGBESHIREEL, &
NOBEWICKELBELS LA LEBHLTY
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R4 BRI SITOR T A P99, HgH 9 ik, ¥
BEVFR L2 2 RBRFERTHS [ 754 P AR
v M) CRPY A= S8R5 DR L7z
SEMECEBRT A LICL o T, EDEBRE
T5 &) KIEEA S LA BB U A geEAs
brz e, FHS W X, BEED L) hEBfPE
R AHEGBBEB Y Z X 2 BAC, HEED L
LRBRLRVL ERY R REIHBEESELFAZL
FBRRT05B, FHS Pk, BRI E LTL A
LNTAB Y —KEMNEEF BT 258E Hz @
BEBADENRBEEICEDE ) RFIEDLDH
YHHERTRETALEDIC, CHEILBED
MR CREIN VL) RBREBBHFETLEL
2, EDEI A AXATRET ZDH IOV
TRELTWA,
BEYRED O TOHERCAD L hRE O
BizonwTHEEL2 DL LT, R D3, §I%idi
REREEFTBLEORBREZOLEN S, NEE
R CRTHCHATERVWREROFEL LK
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Y- PEOBERERE, BERABTROALHTDL
WL ARERRBICENL Twa W EbiEfHLTS
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it RC BBICAE L -MEAHF B UE LR HETRR £
A= X L% HRIRD (ERARM | B+ msee) &
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C < B 995 13 RC HBH O O UEliL 513k 4
Wi, AEHORE. BROBIELNEHERE (F
AR . 3 msec~$t msee) 1 & AHBRIIENE
AP OEE, BiitiTo Twa s, Bl h/-fiE
RRALETEHICEL 20 DERETE 3 BLGHEN
RC DWW Tid 10Hz #itk D LT T 20kine % 8
Z5RERELH T, RC BT Y 0 UE R
DAY, SO KEMBEICERT AR L IRL
Twp 19, /e 22025 RC BB Y ROV U
ghe g4y MBHOREHEOMEE, Mzerh s
COBREFHEBERBRE COBAURR LRV B
HCRARCEZVWIL L), PRYVERYBRES
DEEDOTREMREREL TS, BHES 2k, il
R T RBIEAHERE CE 2 v RC BH 2218
K. BELHBEIAT (FERRHE | % msec) @
TeBRENRET A L2 YIalb—Ya v
Lo THRETLTWwA, JIRFS 2023, RC B
BRBOIVROCODNEEEYW LETE (msec 4 —
Y—OFM) LRI EFERICI-THRLT
Wb, Bk P, MR EERE RC BHOBREE
REHMICRNR, 2OBBEARBICOVWTEREL TS
2%, RC O & T4 U2 AF&HE ) o
WTREN HROERDORE L ERT A LEMN
HHrDE) PREANOBBETHI L LTwE, LIk
5 M3, Bt Hz OBEEETEHIC L 2 KB EH
7 BEIEEIC L 5 RC RHOBIEX # = X A1CH
TAHEM 2T, T8 kine BEOANHHITVO
CEINBRETHE LTS, BECEORENHI
BL Tk, ks DY BEOHMBEHEHPHBICB
TERRT-oTw5h, B 8, RERBIMHREIC
B AREFGOLH L THIOMICET 5 XK.
BRI RER., HEMHILEEL CoEEBLOHE
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nAEMELBET- FORBRARRO LA L iR
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Twb, B g, S840 RMimELe RC £
DF SRR FLCHRIE N & ABBEER L T
Wb, AhBRE L ERREEL LTH->Twa0T
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BEY, SEEEEYL LEEEHLEEY ORE
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LTAAHES 60 TwAE M, HRIOERI
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L EADEERE msec DEBRWLZERBESLETDH
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ROLEMEBRTVE, T2, AKX PRERED
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Fodlics o TWABER¥BR L Twb, &6,
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AHPREL-DHBMEETEDHY Lz, ) [k
EFmbn) i EZMICKMBRELE L L5
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ETORR (ROWEH FROGHE L E) 2T -
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¥4 FR7FVDOTLEEF IR, K7 VH6H 500m
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YRLTVS, [BRMS 20~30cm bRE LTS
NEB)D T—, EMATHBED -], $7-,

HHES ML % 1984 FORFEEIHMROFEM 2
AL, HROBRRMTET, 2PIEITED
ATV IAPEHASRRIELTVE L) BEHS
BRREIAL TV, 22Th, [BAD—BEDI b
Ky KBLEAOLC WAL LTRATHCTLE 572

BnZLidolkH, ROPOBELEYIXIZEA
ERUEo 120] EVIHAEBRENL TS, RT
AL TR, HeEAZ oflic b 1898 #£K[E Loma
Prieta #1.5& ¢, 1990 £ 7 1 V) ¥ ¥ Luzon #5E .

1992 4E Landers 38 ¢Nxi L T2 OB L+ A
ZE, BELTVD, BHES 9%, 1984 £OREHFE
ARBBROANREIRT, APEAORTICHET 2
FHLRELITV, L OHARDPLEHHICL o Tk
10G Lo KMEE B2 L ERLTw 5,

1897 ED A ¥ FOT v 4 AR, 1957 EDONTY
VIR, 1971 FOF Y7 VT Y FHBEOBIC
HEINIYEOBKERBRILOVWTHERL TV S,
T2 MRS O, Bt kg ORIV OEEIOR
LMD S L AR ROERERYITT> T b, £
BEToLBHTR, HT2»0 8%+ Hz olici
B ZBADKBRBERSH ., FRIRIEDE VA5,

KibBERICREFBERIIEVAZERENTAZ L%
HoMI LT3,

—% . MHOEE,S CORERS Y HBAT AL
Bbdb, KETo eneoeong ko Pigs ke ¥
fs & OIREVER. BILIREDOMIEH 6 KR, Wi %
fTv, BIES COBMFER L KEIC LE20RE %
Zrul b YhokERZIHBACE L LTY
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FLCA—VeNYyI—THEN DR 12724 &
REFPHC X, BOAXEVEBRAONL, Thb
. RN AL CHRERN T TOFESTH 545,
BE, ABOESORICbHAHBEH LD D
DX, WRIELAEZPHEDNI S, BENIEALLT
REBATE 2V, TBEBORDEEFO S O
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Hedhrwneid, FIRSA T A BITOMERICE
HINLGWETThHo T, BHFBOREF LAV
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E-RRICHA SR BEEHESE T hIER LR
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KEoTF—7La—FITRRFLTNnE ™, Lin
2T, BEDHRINIMRET 2HAN YD OLHY

OEEE (A HEREB LR COBEHD
HBELA(20THIIE, ARCEFLYNGT AL
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KEF Ok hid, [ERAR ] BREMICED T
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FNESSEHEREHORE, £ L THEBILEN 3D
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EYABAREROEREHR TR EVOT, BEH
KEAERISECEL I TORBYEZ ABAIR
[HEMRE] LMFEIns,

@ L), HEDHEERCHRICE) ERERY
BOEL L)y » L HEEFELINAHMBEHOLIIEL TH
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RESPONSE VELOCITY OF RC SCHOOL BUILDINGS DAMAGED BY HYOGOKEN-NANBU-EARTHQUAKE 1995
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Toshikatsu ICHINOSE Sayuri ISHIKAWA
Masaki MAEDA Toshimi KABEYASAWA

Response velocities of RC school buildings are estimated as follows. First, story shear - story displacement relationship is
evaluated at each story. Second, the maximum story displacement is estimated from the observed damage level. Third, the input energy

(= kinetic energy) is evaluated from the preceding two results. Finally, the response velocity is estimated from the kinetic energy.

School buildings are similar in height as well as natural period, and are located very widely in the Kobe area. They may be considered
as seismometers with similar characteristics. The estimated velocities are plotted on a map around Kobe and compared with the JMA

intensity scale.
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Ground shaking intensity of the 1995 Hyogo-ken Nanbu earthquake
evaluation with existent records and design motions

REf®R—
Shun’ichi KATAOKA

In this paper, study of ground shaking severity of the 1995 Hyogo-ken Nanbu earthquake is

summarized. At first, the PGA, PGV and duration are discussed.. Then response spectra and total

energy spectra are compared to conventional design motion. The relation between ground motion

response spectra and design spectra are also discussed. At last, the long period ground motion is

considered. Main results are as follows: 1) Peak values are comparable to empirical values, 2) Duration

time is shorter than empirical value, 3) Spectra of observed ground motion is larger than both

conventional design motion and design spectra longer than | second.
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ON THE INVESTIGATION OF EARTHQUAKE DAMAGE TO BUILDINGS,
ESPECIALLY TO A GROUP OF BUILDINGS

HE B
Toshio SHIGA

In this paper,considered is the Shiga's map which is obtained from a detailed investigation of
earthquake damage to a group of reinforced concrete buildings including non-damaged buildings
as well as damaged buildings. What the map aims to and how to understand the value from the
map are presented.

Furthermore,some applications of the map to earthquake engineering problems,such as the
relationship between the ground motion intensity and the level of damage to a building group

and the estimation of the distribution of earthquakﬁlresistant capacity of a building group,are

introduced.
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FosEIBBH L R0 4
1997. 10. 31

RABRE¥ZR

EERMHBEROMHEBEDOHREE

1. FLHIC

1905 RERBMHEL. BEFRBEREZRETHS
5z, FLOBERERH-T=. LhL. COMER.
ChETOECOXRMBLRLYY, HEBEIINT IR
NEFHEEZERTIIDOCIEEL, EAOBHOFHRE
BRTIEFEL SN, CTl. &HFavI/U—+
(ROEEDIIFN S, HEHEICHTIERZERYIEY.
MEHEORRZBREL. RERFHUMEBOBREEZSH
L. B4rEET IHEFEICOVTRREDBRAL,

2. MEREDRE
BRICEITHHBICEAT WAL, 1880 FHIRME
(M5.5)%H&(=, 5HEABELVEAER J. Milne (1850 - 1913),
J. A. Ewing (1855 - 1935), T. Gray (1850 - 1908) & %l
ICHBPENBRSh-CLICHED, BEP2I, 1877
FICIHPRERERPHICEBE SN J. Conder
(1852-1920) D5 BM 4 L=, 1886 FIcH@ch. 1897
ECRERR LML, FLTRENG)BXBRERS
(1947 ERI L RBLTE .
WET2ORMIT. 1891 FREMBICHFELIELEAL
5, COMBIERNERMBETHY . BARS LU
BEEDOOC, X 7.273 A BEE 17,175 A, 28X
B 142144 F, R E2 80,184 FORF L4 >1-, Mine
T, WEHEARBHBTRE, EBEO L S A
BLWEZATIMSVWI L, HAICE > -ROE TILi
HEYLMBEANSWNWI L, BEMIMERESLITT
BACKEAROEEHICH L TLREGRHETRE
C&. BEEFBELTLA[M], Mine ORI HEFFEEIC
B4 3EELERETHS. Conder HLTVLEHAEL. ER
STHRETHEHIC, FRARPIBKRPICHEITHEE
BEICHEEZMYADIE 2 MhTELE>TWS, CONER
EEME LT, REORBIICET SRR ST,
ERFEXRZEIPHEEPHOBMABTCH - =EFHNE
(1880-1956) (&, EER2HODFFERBPHR. BFEHOKX
HBES S & 1906 ENH U IS UV RAIKRBREHRL.
MTEOMBRESLUAKICH LT RCHELEREES
CEFRELTWS,
MEBEIRICENNGERE25AT-0. 1908 £
Messina(f % 1) 7B TH 5, 83,000 ADFEHE & MAME
LB OMEZL=DE8T-. A3V TRENREBELER
FEERE. HBHICEENICERT IBNLERENE.
SMEBRRKTHCBEERATRET I L, Thbs,
BYIDREBBREAFHE, 1 BTXLBEERED 112, 2
& 3MELBEERN 1B LTHILFRELTVS[2,

RRAFRXFRTFRTARE MAEN

ChAERTRUOERNGHBRHORBRETH S,

HRG TEBBE] X, 1916 EIZEHHBRHZED MR
B E#ER OF 1 E [#8) taRShiz, 20X
FIE, FROTHOHMEZROFPBREE 03 L L, FILE
ETEEM L CHBILYIREL, BUBETIINE
(BT EERBLTLS,

COKSICTHEREHCEFMATELEZERAT S MR
BINEM KEAHICHT 2HEEMOERREIT 1930 £
#EAD H. Cross DEE % $H D ULMEIEBEH(1903 - 1989)D
DEEETELGTAELR M TORT. TN
ICEHETEIHEHENERIE R 60 ETHY. HD
TEEAELY,

BRBOOBREMICET 2ERBIF, 1919 £IT/HEHh
1= TR EME) THH. BEPORS, BiEb &
URsA 1 EDEIMEBRTEL 1920 Filcafant- (il
HEREMEMITHR ISR bR, CORTRANICE
H% RC #EICHAT 52 C OBERTBRIRTOBRERE X
BITRICRTEAATND, COBRATIHBRES &
UIEREH =BT 2 E 4L,

1923 S£RFHBM7.9)IRRRUHREZHDLIZ, BH
99,331 A, THFBAE 43,476 A, £FEFRE 128,266 FF,
FERE 126,233 F. SARE 447,128 FOKRELHE

k4 L &tf, ERMHNO RC AREN 502 HOBBE. AN

IR T HL R 1B KR 4 B /R 69 . R

= 462 HEBE S TIVB[3). LEO RC MERHOR ﬁéﬁ?
REMENC &, HRRIHAENEN oo &£ BET 54/ ERY

hid, COBBFTREDTOLHBVEEZS, LA BN
TRERMBIATEY., HEBORZFZHEXEF (4L
Sl EMHEREN D,

MEHRIcEJ%, BETRAMENE UTEREER 0.1 A8
i REMERTRMCBASh, Thik, BI¥E
BRIC& 2HERTHIOBKMBIMEE 0.3GRE LFHES
hizCkE, BEDEZRIEEREL TRBICL 31815%
WAL L, HHAEICTHT I2HBENEORSEMN 3
BETHHICLEMRLTAS T,

ROMBILOKRELZERIZ. 1932 F£H 5 BEM%E
BERE SN US. Coast and Geodetic Survey A% 1933
ff Long Beach 3t BORBBHRANHILI-ZLTHD.
FO#. 1940 £E Imperial Valley #h8 TIZH & 4 El Centro
ESRMARNESATVS, CALOFRAGHBRBICHT
HBREBROGEMITE. 1941 FI= MA. Biot HREYIEh
FAV-BEXCERTEBZAV-ONEBNTH D,
BEVMORMICKYREMRL DT LMALMIShT=,
COMBHICHTIBENOHESEERRECHND

_49 —



TEAL=OM, 1943 £ Los Angeles THOBERAETH
%, Thbb. BAXBTIERICHTIBEAHAR
BCDEM,

060

" N+45
EHEShf, T2T, N BEBLYL LIZHIBEHT
55,

BATIE, 1950 EIcafmahi- TBERELX) T, &
METHOHBENEEEASHFLLVAERFRAL. &
HHMBRCHhEFBEATIEICE L THHEE® 0.2 1258
ELT. BEMOBRMICE>THRABELXLEZDELA
1% 1981 FDFHMBREHZF TITHOAGEM o1z, HfEEHE
2k BREBENOEIE LIT 1952 FORBEETITIEAL
T3,

HEBBAMCLET—ABLUTTIOJHERIZELS
CERITERNER/ShD L. 1959 FITh) I+ IL=7
I ERITERS (SEAOC) i 5 SEAOC Code AR
ahtz, RERAR—RALT7VIE

V=ZK§%W
ELT, BEMOBMT LEHERRICLIRUKICKE
L. BEVESHRAOHMEISHRIF=ARIHELT
LV,

AEBRMORE,. BEDORRICEIRET—420
EREGEICELGL, 1950 EXRAN SBEMOIEERIE
ERFEMNABEICHE>TER, 1960 EORXIT NM.
Newmark[4] (L2 & HBHROBREECEHLTET
FNF-R, FEMAULBEOBRRAEREL TS, =
DORENRE. ZLOETHHBLBEHOREBIZAL O
W3,

1968 F+BdE Tl RC ERESORIE AMEE
Li=Z &b, 1971 FITik TRESEEZHTE] TR
DTRE LB OEHRERE 100 mm (2T dHBERELS
i, H)BFBEZETE, T#HaL 2 Y— MG
H#E) #3CEL T, GBS HANDERBAEICE
SVTHEET R LU, CORBIZEY, RC AT
FIHBENEZEHOBXEMY GAS, HBHIZHLT
FRBAREICEICRENREZITSI C&ichot,

1976 (I, =21 —P—35 2 FTIk, BHEREHEICES
< TiAEEtZR] EMTN D FEN RC #EICRASAT
W3, Chik, REENEETIHBEBBICIY NS
CERSEIHLVEZIFTHY . () BERRBELSO M
Bars)— FEREMORBMBEREREHENHEL O
BELG-TNS,

1978 FIZ, ZAVATEHHFLVHBEIPOMREER
LI=ETI - 3— F& LT ATC-03 (Applied Technology
Council) [B]MMREENTWVS, ST Tlk, BEHBORE
WEOXLELMEMOEMBEEERBLT, R—AVT7HE

#C%
C=min{2.54,5,124,8, /T*"}/ R
&L-cll\éo ::[:\ Aa\ AV :ﬁ%ﬁxwahuﬁgﬁ*

URHMBAMBREICRET MEE, S5, S, : B8

FHBERY. R: BEMHBShIEREICLDE
HREBTHD, BHOBBTHRASA-HBBOLER
R EANBEINT, BROZENTENICERSH
-cll\éﬂ

1981 F(2 MBEREEXHTR) NMRESLT, Lb
5 THMEBSREE) MEASHh, REDOHEGHESE
ERITMAT, BEYOREKEMHERET 5 EMNE
Raht, [EtRBEHT. BEpAHLHEOSHA
MICETE, BRAWMOEEDHIANHLL, F, &
ERAEKEMHADKRESE. BRTIBHOEHRECE
SOTEET 254 Bh TV S, BEEEKERAIZIE,
FEMGELEADORD, BESFAORIMESHEER
FTEHIEIThEo T,

LE, WEBEOREXTE L THRHHMEHDANDS
BWEL

2. BRYOMBREME L IEERIT

2.1 1985 EA XL OthE

1985 AKX OB, BRMNSH 400 km HLEEN - A
FLamT, ¥, BMBEIBILTH-HB MR IZH
BExELEE,

(1) A ¥ amOWEHEH

(#) AFBEP2OAEMIT. BB METHITH
ENKREN > FIBFF (MPLEOH 20%) 2REL T,
TOMIRICHEET 2LBMICONT, HEHISHEE (B
. DR, hRE. KERL SORIE. 24EE) FREL
f=[71le CCTCR. BEEZMEIUTE/ME, ik & KB
EEEHTRE. HOBNRPLULBKRBIELHIELES
LT. RCEEBWMICONT, BYIOEMEBEEOBHE
ER2112RY,
BYOBRBIIBEREKICRI L, BREBRYLED 73%
IZBBUTTH 1=, 2BEEBWOD 93. 8%IL/MELIT D
WETILFE-> TV, ERITLED 1.9%, KL 4.3%
THd. BESLURBOBREOE AT, BYRBEHAK
ELEBICLEAVKRE(E>TLNE,

()T SRR B AR

IBi8E I 3 E A TRA Sh - BRI OMEERRY
ML BREH 1.0 BEYLEVBITREC, R
BhE2&R SCT1 @ EW A TIX2BMHET 0.9g I EDME
TR LI(REERK 0.05). BUOBEH LBEHOBRS
EDHBEHERZ OIS, ThoDBBBICH L THAE

__B_

8y



ME 1 BRERCEAL L THBYLERITETE» 1=,
RC EERMOWEERMN 5. BEVDOIRILF—HEEN
S EHIFL T, BYMOBERMERICIX Takeda-Slip £
FLEERLE, HBEFHOETHRMEZ. VUEA
A(Dc. Fc). BRA(Dy. Fy) TRItEMNZILT B Trilinear
F & L. Fo=Fy/3, Dc=Dy/M2 & L1z, B4R A Fy (%, 1977
ERT ARV IHRHELEOBMFEICHT 8B

A—Z - V7FY (B 21) CHREHEEQ=10 & 40
Ll 2 BEGEALRE, BRBROAKRED L L, &
BROBYHIIBRAODBBEICHET 2HEE L, BE
(AN R RIS ES % 0.05 ¢ HBMRBIMLEHAR %
ALV, i EMOREERITBEL,

F2.1: 1985 EEA ¥ OMBIZ & 3R CERMOBPEHE

ety INE P iz &t
1 689(97.5) | 17(2.4) 10.0) | 707(100)
2 1,756(96.0) | 57(3.1) | 17(0.9) | 1,830(100
o 3 752(95.3) | 26(3.3) | 11(1.4) | 789(100)
° 4 412(952) | 16(3.7) 5(12) | 433(100)
5 332(94.1) 925) | 12(34)| 353(100)
6 140(94.0) 2(1.3) 74.7) [ 149(100)
R 7 74(755) | 11(11.2) | 13(13.3) 98(100)
8 34(77.3) | 9(20.5) 12.3) 44(100)
o 9 23(54.8) | 8(19.0) | 11(26.2) 42(100)
5/ 10 15(62.5) | 6(25.0)| 3(12.5) 24(100)
11 11(57.9) | 8(42.1) 0(0.0) 19(100)
- 12 3(18.8) | 10(625)| 3(18.8) 16(100)
13 1(142) | 6(85.7) 0(0.0) 7(100)
14 2(50.0) | 2(50.0) 0(0.0) 4(100)
15 4(44.4) | 5(555) 0(0.0) 9(100)
16 0(0.0)| 1(50.0)| 1(50.0) 2(100)
17 2(40.0) | 1(200)| 2(40.0) 5(100)
18 1(100) 0(0.0) 0(0.0) 1(100)
Total 4,251(938) | 194(4.3)| 87(1.9)| 4,532(100)
( ) : RLEBYRSOBRYI—NTIEE.
HEEARY PLERLGY ., LREEOBRTEMERMN 1.0
YA, HANRTCHLEEERARE( 2TV EN
. 0.30 S SEEEh B,
2 0,25t Q=1.0 (Elastic)
3]
% 0,20}
4,
8 0.15F /-___93_1_._5_ """"""" === ‘ NS BW H N Qe1.0
" Pl Q=2.0 [ —0— == CDAF [ \, Zone3
8 o0.10} /- = lE-fon ¢ \
7 Q=4.0, 6.0 L
o 0.05F o
m @
& 0.00 1 ] ] 1 [ ) ‘:.L
0.0 0.5 1.0 1.5 2.0 2,5 3.0 =
Period, sec g
M21: EMASI= ST ABHAA—R - LPHEM ot
(1977 EBEHEE) s
0
1.0

HERMEBENEQ=1 (B 22) L¥HBEBRTIL,
BERE SCT1 MIFAERE, BRAGERERITIFEF 1.0
Tl &EE o1, HBHESR SCT1 ® EW BH T, #

1.5 2.0 2.5 3.0
Period,sec.

.0
0.0 0.5

22: HEPMEQ=1DRDOIGEFBHR

— j%g -

51



BEtrAEMEQ=4 (H 23) OFRTIK, IEHHTE
BEh-pBEBHRRCH LT, BHEHRIFEERELCR
MZRL, BRAFRAN 22 BRI UVENTRTORTII,
BEtTHELALHFEMREZRE(HEITLD, Shid.
EBEMBMAEWPERRMI-KELGMELEEAL L
ERBRTLIL0OT. DEFBMEIEAENDEM oL
THAREMHELBE(REIBRERLE. 2EHOHE
BHRICHT IBNERN S, HEBHERICH L THE
RREKECHEETHILADI S,

EW
==&== CDAF
—Cr— =~e= CDAD

‘\\ —0O= =48-= SCT1

—
L]

o

Ductility Factor

.0
0.

0 1.5

Period,sec.

®23: FREMEQ=4 DROGEEHE

5 40 Stiff System
2 %———————J%ﬁNmWWmmww
o
] 4o Displacement
0 12 24 36 48 60
Time, sec
(a) AR
LE, 40 Flexible System
S 0 AR A a AL
=
e ml
a Displacement
0 12 24 36 48 60
Time, sec
(b) REAMFR

B 2.4 : SERMR & REBMKOBELLIRE

BREMNMNEVWRTHEEERNEHDTRKE( LB
B, BMBICHEIT B TIEIRN 2 PEELVNSEH
REBL, GRPROBEERBICHARTEMMEFEL.
Dt=8, HEHZ & HEHEAITRIZH L TIZIEHNIZHER
LT, BHORENMBRBELZBADI L EMHEREH

RKEEHEHTHSH. BRI, EHEHN 21 HoH
SCTIEW)I=d EM 0.3 ¥ (ERMR) & 158 (B
RR) OROLEEZLRTS (B 24), BIREERZH
(201 T, BAELITEEYWRM 0.22cm, REAKFRA 5.6
cm THd, GEMRTE, BEEEHNBREREF82
5% 16 Bh o BEICBEEERABEAL, FHERAMEIET
L. 25 W TIXGEELH 10~20 cm (LBHE 45~90) (=
> TRAMROELIGE & IXIFR CRBER LT,

@FLH

BB TRA S A BEDE A BB R EERITT
1%, REEOWEHEENCHERASIXRSLHEEE. HIC
HEBORMICTHRT SBEREL oL, THICRLT.
REOPEFRNOBRENDV LM >1-0IF. EBOBRY
TREGHRENBLVOEEPMRICHHTIIY D, B
HNBRAGREEARE TR SIS EIENB NI L,
ERREMTILERICEYERSWIKEMAITHAT
HEFEICHT AHEITE DL SHAITH Y RBMSH
Sl e E, RIRDBEMO KT AMEREH A ICHA
TEWEOEHHSNDS, ChiTHLT, ERNKXELS
LAPEERM TR ARBAOREINRE(LY,
PHIEELTRHHZERT SR ETESLEMNE
L3-8, SREtCHEEL-BICHETIHELEL
tEZOND. BHEBBOLS CRBHEEINEHT S
BICR, GAHNOBEITHILRELRRET SLEN
H%.

22 VRFETADSr (ML) HE

1992 MLOKFABERADILD v Ov VHCHEHTR
HuEB (6. 8) MFEL L. EHCTTROWMBLELSE=, (1D
BFRBERS L W) L ARRZSEARCTHEDEEML.
ARE T NCHIRFFYFREEBH L THER
ExfTlot.

MIAPY v oHOBEEHE

IRy HTRLBENKREN > L%
BELT, BBy — FEBRDSMICHT 34 8E
RIZFIBEERELFTE 1=, HEET. FHEE. 8
B, ML hEE, KR, EEICSELTHEShTLVS(8],
COTIRAEE. BRBLUCMIZELHTIH,. PR
EABMEFEOHTRY., BESLIUVRAERICNVIESH
TW=4OEEEE LTHEL, F2.212RY.
INTCoTUr Ui 19EORBBTERL. F0
ROBFRTIBMEROB S F IFLTICHB L 1245,
BERBBRBLUBRERTORMLICHFELT. COSEA
BMsh, RETIEBTORYNFAIZIATINS, B
BT, BEESIIcHBRBTTHY. 2REBTHS
ABERTHBRLEL,



BEHHEADE, 1BV 2ERTORYICIEN
BWOHTHY., KBHLIVIEEIRoNEN o1z, 3

BETHS ARBTRYTIEZ. KESLURERELEZEY

OBMNE M, SEBTABTI/MHEICEE>TY

t-. AERYLETIE, BiEN6. 6%, KWEA16%EBT
ZAahEL,

%£22: ILDUP UHIZHITS RC BOBMEHET

S NG K FiE &5t
1 28(100) 0(0.0) 0(0.0) | 28(100)
2 125(100) 0(0.0) 0(0.0) | 125(100)
3 114(77.0) | 34(23.0) | _ 0(0.0) | 148(100)
4 57(51.8) | 34(30.9) | 19(17.3) | 110(100)
5 4(100) 0(0.0) 0(0.0) | 4(100)
3 0(0.0) 000.0)| 9(f00) |  9(100)
o 328(77.4) | 68(16.0) | 28(6.6) | 424(100)

() ALEDEKORDREICHT 8IS

() R AN
B0 L IOWBRER 1975 FITHREShTWS,
BT NRSC DI, '

C=CKI _
08+T-T,
T5A5N53, CClz. TP YUY UTIHIBERE A
## C, =010, %> v — MEOHERNRMK =
0.60~1.5 BETHS, MBEIRAMT ITAI D%
CORERIMME T 0.25 sec THA5. BEEFEMT X
—REMTIE 1.0 THD,

BTORECHBERH SAE-BENORBEELHE
T5HIC, #HEDE 1 BRERICEBLEL BBt

BEEBTETE o1z, ROBIRAFHEL. (Fe, Do), (Fy.

Dy) CRItEAZEIL T B Trilinear & L. BRRMEITHRETE
HEIZESHBEE LTz, Fi=. Fc=Fy/3. Fy/Dy=(Fc/Dc)/3.
Bk ORI LEERNE(F/DO® 1100 ERELE. B
£ FILIL Takeda Model & LTz, TOHEFILCITHEIEMS
BT AMRERBTELLN, ERENHIBEDICE
RINZPUEREFHETIENTE D, BETBRRER
fIcBTHEOE L, BERORMITRRM 005 L1 D
LS IZBHT=,

IS TORMNESI6BUTTHL &
S, ROBMEEMIZ 0.1 15 0.6 HISHE L=, HERE
RIFRMKIZ 06, 1.0, 1.5 DBAICOVTRE LT

FLaAMEOREEMERRBETIE,. BRHSH 5
km Bh-SZ20BRM CHRBRAUZTVL. BRE/TL
3. WUMREIISH 20 HRIRMEL. MEFRMND 2~ 48
1. AR TIXEXRMEE 055G, HAAARTIEEXM
I 04GHERHRLE, CORMTRGEROERERE L
TAHhLT,

WEMBLERTEREY, ILAMBLURAARA
OHBEICH LTHE 25 1277, BBTROBEAYPTH
%, BRHBEITHSKFRHIEETHRTIR, BB

X

HENMMBHDTREMELELE>TEY., BT, HAARAD
WEEICH L TIX, BERM 0.6 RUTOHENTIXEN
R 15 FRADGZIZHE-THY., TAD VD UHOT
RTOBEVMABELTWA I LIZAS, ChIZBEL
EFHESHERECREDIHEREL>TLS, L,
WHEHAME WAITLEAL, BEBERAKREY
2THEY., 1HERTHIME 2 BETEDICIZDEULED
HWEMNBD L EFET S,

@
=

G =0
=0.6 =1
Soil 1
Fe/Fy = 2/6
Ky/Ke = 2/6
h =005

1
0

Response Maximum Ductitity

0 0.2 0.4 0.6 0.3 0
Natural pariod, sec

(a) FEILARAMEE)

Cp=0. 1
-0 I =10

Soil I
Fe/Fy = 2/6
Ky/Ke = 2/6
h =005

r
o

~
(=]

Response Maximum Ductility

0 0.2 2.3 0.8 0.8 0
Natural period, soc

(b) REH MRS

B2.5: BRIEEBEE (K= 0.6, 1.0 and 1.5)



CO&3IC, BERFICEYHEETFHT IHARTIL
EROEEDDKERHEELCEBLEWE, HEZ
BRICFHET DRRICEIOT, ITENBETHD,

3. [ - REABRERCERMOBE
BEEEXRSJVEHELIRER-TRENOWMER 2

HOLAIERIET BT, 1995ERERFAMEIC

& B ) — FROBENHE DR ERNT 5.

(1) HEBAEOAE
HARBRELRFRTMCIE, HERKES - HER L
EHEOBEIsHESIAEREICRE L T, RCERY
DEF3 MBI OVWTHEEXAE L1=[9).
HEEOFEIL,
- BYRGIE. EEREBLIUFBTEENTS4%E4LHD
Bl e,
cBRERIE. 1981 FORERELBITHREFHESR
R LIEH4T 5% T, 1971 EOREREEKHITHREG
FAfFRRA L) LIBT DR EMIE17 4% & Dl T &,
- BYRERIE. 2BELUTMN8.9%. 3RET26.8%. 4R
#T29.3%., SHEERT17.5%. 6MLIE175% T, 3~5
BRTOTEFRENHTI6HNTHL L.

- HBEBRNICIE, IBICBOGLED Y T4 HBEEHE
HRETIERLYN6%F KEHTNSC &,
HETHD.

HEOEEEIRUE. EM. ME. DB, K8, 2%
DEBRBEICHTTHRESN TS, CZCrRIEREM
BELEVWERDLAB/NEUTOHERFEHMIZ [N,
HENLHE - WRELELTHIPBRUKEEZELY
T TKE), BERRUAERICRYEShTOTHESEN
TRGEMZELHT MBI LRI LT3,

(2) RCEEVDREME

HEDEEIX. 2RERMDB8.5%MME, 5.9%MNK
B, 5.7%MEELE-> TV, BLHEAKEVEED
N TH, RCEHEDWMER DA 1=, EEABKL
. BHCET2BEMETMRILT 2B MG T Sh,
FOBNORRTHELER D,

HMEZ1981F [HHEBHRE BTNROBRIERT
B E. NBIELIOBRY2017TH TIIXIET7.4%. &
7.8%I<% LT, 19815 AR OB, 8444 TIX K H4.0%.
#HH2.1% & Lo TS, MHWEBRREE] OBTICKY.
BEVMOMHBMAESKIBECALELTWS,

#®3.1 : FHEREHE(1981F) LI O RMOHE

[ ING K BiE St
1 20(90.9) 1(4.5) 1(4.5) 22(100)
2 215(92.7) 9(3.9) 8(3.4) | 232(100)
3 532(93.0) 17(3.0) 23(4.0) | 572(100)
4 524(85.8) 41(6.7) 46(7.5) | 611(100)
5 269(79.6) 29(86) | 40(11.8) | 338(100)
6 59(75.6) | 10(12.8) 9(11.5) 78(100)
7 49(58.3) | 16(19.0) |  19(22.6) 84(100)
8 19(63.3) 7(23.3) 4(13.3) 30(100)
9 3(33.3) 4(44.4) 2(22.2) 9(100)
10 20(48.8) | 15(36.6) 6(14.6) 41(100)
&&f | 1710(84.8) | 149(7.4) | 158(7.8) | 2017(100)

( YEB LE#oBMBRICHT 28 &%)
R®3.2 : BiBEREAUBROBRYOHE

P IV K ik X
1 8(100) 0(0.0) 0(0.0) 8(100)
2 85(98.8) 0(0.0) 1(1.2) 86(100)
3 460(98.1) 2(0.4) 7(1.5) | 469(100)
4 508(95.7) 9(1.7) 14(2.6) | 531(100)
5 333(97.4) 5(1.5) 4(1.2) | 342(100)
6 135(91.8) 9(6.1) 3(2.0) [ 147(100)
7 90(86.5) | 12(11.5) 2(1.9) | 104(100)
8 24(75.9) | 11(19.0) 3(5.2) 58(100)
9 19(73.1) 7(26.9) 0(0.0) 26(100)
10 51(69.9) | 18(24.7) 4(5.5) 73(100)
&5t | 1732(93.9) 73(4.0) 38(2.1) | 1844(100)

( &R CRE#ORMEHICHT HEIE&(%)

4



COREE, MEFTEREEMOMEMEAOLENLEE
MEIZRLTN S, LML, 1981 FEURIOEERT £84.8%
EMEUTOBRETH - LETNTRELAL, O
D& HHREHMBICH L THMEBEICHEEMALS
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Seismic Capacity of Building Structure and Seismic Input for Dynamic Model
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Takayuki TERAMOTO

This paper deals the seismic capacity of building structures and the seismic

input for dynamic model from the view point of structural engineers.

What is the real

seismic input to the building structures and what is the difference between the

earthquake wave itself and seismic input for the analytical model, are discussed

considering the relation of the seismic input and structural capacity.
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R/ CHEEDEBE LHBEMR
RELIABILITY OF R/C STRUCTURE AND ANTI-EARTHQUAKE MEASURES

CAR T
Katsuki TAKIGUCHI

This paper firstly discusses the difficulties to predict the mechanical properties of concrete and of
reinforced concrete (R/C). As examples, strength dispersion of concrete cylinders made by different
consolidation conditions, strength distribution of 4m height concrete columns with diferent conditions of
water leakage through formworks, and flexural strength of the critical section of R/C column under

compression-bending-shear are shown.

Then, anti-earthquake measures of R/C structures are examined. An objective tax system to compensate
for the earthquake damages is proposed. The taxation is connected with the fixed property tax except for
that on the land. The tax rates and compensation are related to the aseismic performance of the fixed

property.
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Prediction of Strong Ground Motion - Present State and Future’'s Problem

ﬂﬁﬁz
Masayuki TAKEMURA

Two problems exist for predicting strong ground motions during future earthquakes.
One is the prediction of earthquake and the other is the evaluation of strong ground

motion for the predicted earthquake

First, we summarize the present siate of the

survey of the active faults, which is noticed as an effective method of the earth-

quake prediction. Secondly,

motion for the predicted earthquake is summarized
(1) Modeling of the earthquake source,

points ;

the present state of the evaluation of strong ground

Then, we discuss about three
(2) Use of the results of damage

surveys for the past disastrous earthquakes and (3) Importance of the surveys of sub-

surface structures.
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Table 1 Classification of active fault by the slip rate

[The Res. Group for Active Fault in Japan (1987)]
SEMROEGTAEL S (Hffik m/1000 4E)
IGIWT D 43551 A B C
10>S>1 1>5>0.1 0.1>8>0.01 .
Table 2 Divided segments and their return 10 20 =

period for the Arima-Takatsuki and Rokko ' ' @ -t
fault zone [Awata et al. (1996)]. - E
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#1 3000 BC Fig. 1 Results of the segmentation for the
Arima-Takatsuki and Rokko fault zone
[Awata et al. (1996)].
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Fig.2 Fault parameters and
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Table 3 Empirical and theoretical relations among fault parameters and magnitude

WEH¥H (RAEOBERKR) @ AEEE

logL (ko) =0.6M-2.9 (8 | (1975
logD () =10.6M-4.0 ¢); A (1975
logMo(dynecn)=1.17TM +17.72 (10) A+ (1990)
WEYH (KEOKER) 47527y VHE

logL (kp)=10.5M—1.88 an # 8% (1989)
logD () =0.5M—3.40 (12) B (1989)
logMo(dynecm)=1.5M+16.2 (13) B (1989)
logS (kn®)=M—4.07 (14) # B (1989)
CBHETOLRVIDHER

Mo=u¢LWD 4)) BRA
Ao=k (¢D/L) (2) BRA
7=D/Vsl 3) BRA
L=2W (WEEHER CIIW<15-20kn) (4 Geller(1976)
D/L=—% (Aoc=—%) 5 Geller (1976)
Vi=—% (VR=0.72Vs) (6) Geller (1976)
Vsl=—% (Vsl=D,/ 7 =80(n/s)) (7 B (1989)

BRrARA XY KB =Geller

Y8R

Table 4 Fault parameters estimated from magnitude by using the empirical relations
and the fault parameters obtained for the 1891 Nobi earthquake and the 1923
Kanto earthquake.

M L (km) D (cm) Mo (dyne - cm)
x 10%°
BEER 6 5 4 0 0. 055
(REEE) 7 20 160 0. 81
8 80 630 12. 0
1891 F B RHE 8.0 85 380 15. 0
HE¥H 6 13 40 0. 16
37527y av 7 42 130 5.0
_fﬂ’.ﬁ) 8 130 400 160. O
1923 B B 7.9 130 210 76. 0
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Nanbu earthquake estimated by Yoshida 3ob EENANA .
et al. (1996). Y NN N
[Res. Group of Kajima Co. (1996)] - ez b
0 5 wperlod(sa::: 20 25
(1) Nobi Eq. (M,=8.0)
Oct. 28, 1891 .
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Fig. 5 Locations of epicenters of disastrous inland earthquakes ( intra-plate events )
since the end of the 19—th century in Japan. The location of the epicenter of the 1923
Kanto earthquake ( inter-plate event ) is also plotted [Takemura et al. (1997)]
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explanations are written in the text.
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Table 5 Summary of the distributions of I=VI| for the disastrous inland earthquakes,

ground conditions,
and dominant direction of ground motion [Takemura et al. (1997)].

in relation to fault type,

location of earthquake fault,

Event M. |Faulting Earthquake Basin Mountain Loc. | I=VII Ex | Dominant
Style Fault (geology) Type | tent (W) | Direc.
1891Nobi 8.0 |L-Lateral | Neodani etc. - Mesozoic - A 5km no data
Plaeozoic
(latent) Nobi - C | 35m O |S. Normal
1894Shonai .0 |[Reverse? Kanonji? Shonai Neogene B | 10:3 km | S. Normal
1896Rikuu 7.2 | Reverse Senya Yokole Neogene B 8:3 km | S. Normal
Reverse Kawafune - Neogene A Okm -
1927Kila-Tango | 7.3 |L-Lateral | Gomura - Granite A 10km S. Normal
R-Lateral | Yamada - Granite A 5km -
1930Kita-Izu .3 |L-lateral | Tanna - Basalt A 8km S. Normal
1943Tottori 7.2 | R-Lateral | Shikano elc. - Granite A Okm no data
R-Laleral | (latent) Tottori - C 10kn O | no data
1945Mikawa 6.8 | Reverse Fukozu - Metamorphic A ikm S. Normal
Reverse Yokosuka Okazaki - C 10km -
1948Fukui 7.1 |L-lateral | (latent) Fukui - C 16km O | ¢
1995Hyogo-ken | 7.2 | R-lateral | Nojima — Neogene - A | N Okm S. Normal
Nanbu Granite S 2knm
R-lateral | Rokko Osaka Granite B 2:0 km | S. Normal

¥ M,: Magnitude in
t Geology of Basin:

% Location Type and Extent of the Area of I=VII

Type A

Wm (km)
1=Vi|

~a
Fault——>

Mountain Area

The Japan Meteorological Agency scale
Sediments from Late Pleistocene to Holocene

Type B

Wb : le(km)

1=Vl

Fault—

Basin

Mountain
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Type C

Wb (km)

-— m >
1=Vil
 Fault
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(O: The area of
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Fig.8 Spatial distribution of collapse of more than 30% and 70% of wooden houses
[after The National Research Center for Disaster Prevention (1979)], and
rupture process [ after Takemura and Hamada (1996)]1, for the 1923 Kanto
earthquake. Chained curve indicates the edge of the Sagami and the Kanto
basins. Smaller open circle shows the location of the epicenter and larger
open circles show the locations of asperities on the fault plane. Dotted
curves indicate the depth of the Philippine Sea Plate [Ishida (1992)]. Trains
of crosses show the surface fault breaks [after The Res. Group of Active Fault
in Japan. (1987)]. The area surrounded by the broken curve corresponds to
the aftershock region [Takemura et al. (1997)].
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Fig. 9 The rate of topple tombstones and the shortest distance
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main halls and the Shinto shrines with toppled guardian
dogs are also plotted of the figure[Takemura and Tsuji(1995)]
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Fig. 10 2-D FEM models along the 3 survey lines of subsurface structures in the

eastern Kobe area [ Nagano et al. (1997)].
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Fig. 11 Bedrock motions and their response spectra
evaluated from the observed records at KBU
and MOT [ Nagano et al. (1997)1].
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Fig 12 Calculated ground motion on the Osaka group formation dring the 1995 Hyogo-ken
Nanbu earthquake along the 3 survey lines [ Nagano et al. (1997)].
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