


~&T 1E-—

(FEERMERME —SHMEEMS DRN— 199%6F10H %)

D1 7R->, KB, 317H
A EBEREVLTHAE,
1B B3 EICITEL Tz

@12 1R-, ARHEOREH
M. BIfma. 58 I M
E:HIE 4% I M

58 /M
Hh5 Rl
R



(HZM 1) (9661 ¢EEE) WEERKOTHYNRTHES TOWEKYS 1-30

YR
CYNTHEYEED RN WHEOY088 "PINERE °2 121 REDEIROLLWNREAN L RMEEFHEOW088 A P2 WKE
%0 REIQHYRZEILTHE (92 UREELYWHOUIY "RITEAN & QVHRYEHROBHERBEUNY HL 9 WA AWNEEEH

o — \ ‘LWE% 4 I 0 L




5

200

&300

(m)
400

500

600

700

(b)

(ant:.
N L= 7AW

ra:lSﬂns)

BARRIRE(C L SWEOEH ALRETRA)

O0g-2 HREELZNREL-ZSEDERERE ([ REW)
[BRHEEE : (@) XA Vv La v b (b)) IGHES)]

400 600
il | I g} il
lifith) "f L
Il
T 4
| [
| ;
i ! '
i) i i darg "
) . / o 'j"'
‘ wh ’ o) 3 - :
2 X . d ! i
m’ ?
L]
(a) PRRSTERECLZMBOEH HLBETRE
bt
il &‘\\\ln‘
; Wmm“
F
0] L0
25 [, =
50 5
(n$) T8 5 &
100
L4

300

400

500

600

700

(m)



B o . ; g f',‘.
O ST HHBIC L HEROWHE L B ALRET/IED

EFHD

@ WBEEOXBHEOL kI BT i SR AR :
©  WIEBIC L 5 7oA OB LRET AR

0 -3 HELREECHSBEPEE (1HSR)
[(FR#EH : ©, @, OHFHFR ; %I ; ©RHE]



N
=\

.61 .6EL 3

—

)




A 2|

TS #W 40m
~ %K 20m

BES (RIZMABNRLD)
WE6 (Kt TOSBEINT)
[ =7 ki TOmBEONLL)

R 7 (KEETOMBESONLLL T
N anx nf:uau—rnmnwu)

(QHERREEHE (RFRB~EE)
(ST [RIEAMBE MR L0 518)

A%
1 ER

2 REEMRE
3 Mtkie-1
4 Mke-2
§ Mttie-3
6 Mitie—4
7 Mtkig-5

SR (8), mtiEe

PHUOER0EE

9 Mtrie-6

[ 10 msn-ammns

\ [0 1 ames
C uzanm
[ Juen
W [ 4 omise - min e - mrn )
EEE 5 azame

= 1s muumcaw

(b)WFE - EAMoOBKES (BPNE RE 1995)

Ok -4 BEERHLBERROME (TRER)
[BRHRYE : (@) PRBARM ; (b) HFHE]



JARLT
RBR - HKR ANKE - Atk BRKE

@ ELEm W 18 A
O BUEFRE B &% - RE& A FE
@ ELERY W EY - TR A #Y
@ maiE(t
Q&Y
Q@EELR

0K -5 MRS LR TAES (VESRK)
FFE A (1995), King ef al., (1995), #iZA (1995) D7 — % #nE, ARSI EMEIE, (1996) 228



R X (3~4)
I. HREEHEHTHRE (5~45)
Lo (5~6)
1. EEE L BENE (6~13)
11 BEEOERE & 2 OF¥f
12 mEWRBETIV
1.3 BEWE & EmEE
2. WRABHOERE (13~17)
2.1 HWREECES L5 —F
22 MPRIOBREE)
2.3 BREEROMBEE
24 BEEOWREE)
25 WREBMOR/I LTI FIs A
3. HEROER & BN (17~28)
3.1 EEERMEHMEIC X o CRAE LR
32 HEWIE L REYE
4. HWEWBHADOERE (28~44)

41 WENE
4.2 ZpEEERE L HFR
4.3 HEEE

44 FPLUFHEAL LB LNHENBORE
4.5 WEBEEC L HEB OB
5 % r ® (44~45)
51 HEMIE L EMBORE
5.2 HRRMIIE O & FHE
I #RE - R EEEPOWE (46~93)
iU ®ic (46~47)
1 HE - IR D E - iR (47~63)
11 W - iEREOFER
1.2 ¥ - B - S - 20BN ST ILEE)
2. BEWHEORR (64~68)
2.1 HERE
2.2l - ol L WEOHY
3. WEEEHE LR R (68~89)
3.1 EHABESREN
3.2 HEEREE



4. KERIHERE L HEOHEM (89~92)
41 T4 VIT4ETF ¢ BLIUBRE EOBET
4.2 HMEE LIRS
4.3 EWEBRBOHES
44 BRGHEREE ORI
5. TrDEH5BORE (92~93)
5.1 HTRREEL > R E
5.2 HhifEER L HEHE
5.3 BROWERASHER
54 KB EEE & BEORT
55 S#oRHE
M #HEKEOERE - BEH
U oK (94)
1 R E, » ICHEREOERE (94~102)
L1 [ ssE
1.2 EESHOMmEKE
1.3 BEROMEKE
2. HBREEL Y - E S OP Y (102~104)
21 BEOWEBRECR M KE
22 HBKEORAESFMAIEE S8
2.3 MR RCERAE RGO
3% r B (104~105)
V HWECL3HTKDOLTE
UL ®ic (107~108)
1. BREMHTKOEE (108~111)
2. R TFAROEE) (111~112)
2.1 BREEEICISH B FK2EE)
2.2 R AREEE)
2.3 EheEREE
3. WP ROKEEIL (112)
4 % r ® (112~113)
R HRWE - ERBRROREICOWT
1. Fapns (115)
2. HFRMEEB (115~116)
3. EWE (116~119)
Bt - KB ABRKAEEECLE
AESEOBREE

(94~106)

(107~114)

(115~119)

(120)
(121)



M b H 37 % 4 B 1996
Journal of the Japan Society
of Engineering Geology 37-4

RS

TEEERHE
— I ESENO DR & —

The January 17, 1995, Hyogo-ken Nanbu Earthquake
— from the Viewpoint of Engineering Geology —

A2

X

Introduction

19954 1 B17THICRE L REBRESHEIT >\
i, MFESL LT BRI - MR ABRAEES
SERBRL, OEE L EERE ], [ - S » s
Y, THEE L MBRE) O3 5HET L IREED
DT ES,

AEZAL TR, 19954F5 B o hiisas, 12123
BB T LY, BRERS L LCOEHRE »T
2 T&, ABEE, RAOBRETREDE LD SN
Bl LR AT, BRATCOREDBIES
RATSDTH B,

ARETHE, THREH - HBWE ], THhES, i
LEEEY ), TR EORIE L il &tE |, THEBIC LS
BTKOEE ] KOWTOHRER 2D Lo, Al
2, SOLENEEDE@ELT, HE - Y 2
B - MBS, O X A REBIUREA X
NTOBIEBREINT, ThEDRED, hL83%
KORICfh, COSBEOMEEROME & sl s
HITHEIATHA,

—RIC, BN REERICE, ERTNTFE bR
WRFED 2 DOBKLD 5, HEB K &V 5B EH»

DE 2L, TEETRFRIR, BRI S
WEPHBUBLTED WO RSB 50e TFHTAH
ETHY, SRITHFRE, BEYSNEN VS H
BEHOLEOLDBPWENEE /2O WS ERAEH L
TWSFETHS, bhrbhid, FHEZO2>0OF
ErH - THBEOBERELZR - T\ 5,

LinL7aAb, GEIOEBKTI S LIWFEL NSV
AD ENTBEEE R Lo il oW TR O£ 0558
b, BBETF—ABAFLIOh T E, YAAF 4
Tl LI EROUESHEORIL AR L Ed
D—DTH b,

SRIOBKCHRE S LTRAES LD LT, HE
DREE/ L ZICHBYR E PHBHE 22T CICAF
L, EFNVEIENAGHIOBBIETF O D, EAMIC
i, Mg - BT A F— A RN— AR TN TN OHIK
THZTHY, BEPRI - BEIE, sy
PSRBT ERE) e YT CICAF TELSREOM 2 5
VETH DL, ZODO—>R3LEW: [EHEX ]
2 TALHEHBER | DIERTH 5,

—77, 1EWTRE & HERENE & OBSHERIEMTB D A H = X

_3‘




248 I H

o E M3TH H4E

LOBBIIHEA TN AL 00, PR TE, MBI
Hin b OIERE OB Sk, HhFEIHEREAEN T
LORENRL EITHT AH— R xh T
VY,

HTKIZOWTIE, &k UTHBBEER SIoKBY
SEELThANIHBOA N Z AL HBEE | TEHE
TR TH S, HTROBHIZY, BEOBALE L &
LV AT MEBTENLE, LDELOE#ELY UAKE
WCHIBZ ENTEAITTTHS.

EEMRBICLTh, TR LTS, $OBENLE
i, Pl HFN/HV 0, TRETHEENTEIN
ER LS LD OWTORFE 2 HOBRPNE
Thbd, Fio, THICHTLEARN LD 2 T IVANE
TH b,

ZOEDI, HIBKETS [ 7F—4—2 L B
RO 2, [TEMBO TR LT Mg
KRERWEER] © THTABRAYZAFA] 2o FED
FERHEAE - BROGKHZBE L TR LERS S, K
FRECHELASEBOXEZRETH 5,

bSO —OOEER TS L OBSTH S, WIRHT
ZBETE, BoNERLSEERXMITH- oh v E
ABHERT, Rig-IHENC DD ZenB, B

O—BUMMEIEEIN TV, 5Lkl Ehb, &
B, #H&s L CEEATEL, B#ERRICOWTOH
Bricx 3 ARESELTLE 7,

R G b AR5 A3 A o U CRRRAVIC AT
2 &b, MBERAS DHSITH L THEOHENICHE
FTEHY BB CELRTELSRT I EPEHEETD
Be TOIHIT, ELNIIERG W AT O MROREL
b, i, BHEOA AT DR RS H-D
OIERIEER O PEEI 2 - T 5o

COENICL, BROTAP TV AT LOBE, §
HEOP Ko 4 AEREHROM LOTE, AxBEA
TOLHEN & A EETT D &0 - R E & HFY
FHCER C X H/OBEL ELEETH 5,

DLEMARTELC Lk, E¥EORIOTT, il
L TAZEENERTRERELFEO O TH 5,

EAMESESE, MES WS HTORENEY A
LT, B - MBETHEEOTHESBDELELVOHE
Bkl Chb, IO LAEROL E, XERS
LEAHRERSHEKR Y L TSERLEH LT i
THb, ChETOEBHEROHNICECHLHLE
FARLEELIC, SBELTD LIHEERAL~DITE
, CHHEBENTARETH S,



IS H # B 37 % 4 B 1996
Journal of the Japan Society
of Engineering Geology 37-4

[. HRESEHENE

Crustal Movement and Seismic Faulting

Key words : BEENiE  earthquake source fault, #B¥%E) crustal movement, FEHENE Nojima
seismic fault, BEWHE damages on civil engineering structures, #EEA geophysical
exploration

Abstract

The Nojima seismic fault, appeared in the Awaji Island following the Hyogo-ken Nanbu Earthquake, it at-
tracted the interest of many researchers from immediately after the occurrence, since it showed a large displace-
ment crossing a farmland, road and a river embankment. Engineering geological surveyers and researchers ener-
getically investigated and studied the scale and moving mode of the surface seismic faulting and the relation be-
tween the surface deformation around the fault and various other kinds of damage.

In contrast to the Nojima seismic fault, a seismic surface faulting in the Kobe district was not clear except in
apart of the area. Although the presence of faulting particularly becomes of major interest as an expansion factor
of damage in the earthquake disaster belt; the remarkable damaged zone from Kobe to Ashiya and Nishinomiya;
the results of the surveying were confined to finding out the intermittent shear displacement in some places.
However, the results of deep ground prospecting showed that the extended part of known faults and the
unknown faults lay under the alluvium or dilluvium. The relations between the lying positions of these faults and
the damage on ground surface, ground ruptures and ground deformation, are so important to the engineering ge-
ologist.

The engineering geological investigation practiced after the earthquake about the crustal movement, the sur-
face seismic faulting and the ground deformation related to the faulting, was unprecedented in scale, and it was
the first case that various kinds of investigation methods were applied to the ground after the earthquake. There-
fore, this chapter was written from the standpoint that the results of the investigation should be left as a documen-
tary record as much as possible. These records would be expected to become valid material when later evaluation
on fault activities, or to estimate any damage during earthquake.
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FEL, bl TADOE/CIIAZFORE FRlE
S TR (R - B & 31220~30cm) /Ly v
Uy UPRONBETERD B,

EHEES (1995), #iFEH, (1996) KK LBk, EHnE
D =it GETNER D BN B ST
L, Hx2OENBET Ly vae—1 v VRMKE (|
RBOERE) PERINTV5b, CHOHEINE R
BB & shERMA T OB T 0y 7L LR A2EE
HRLTWAEFTLH 5, EnERFEE UUREROLD
THLN, =WV —FN - YTROLDSEHEER T
%, REEBOEIDHHICL - T, EhE/—VoOlE
71.9~84m &, BRI L - TR S, 361, &R
iEA (1995) 12 & 5 & B - BRHERY T NY
+IBH D IR EOREREERYORE S HA10m
Tz 5 L IEEIEIC L ATRITIZ LA ShEICE N
WE LTS,

(3) ZELEDH
SEIOMFEMENBOBMBOMRRRICLA L, &

OWBITHEAMEEOWKIBR S # > BT NMB T, %

DEBUNOBEMEIATNI2~1.6m, UKL

0.5~0.7m TH A7), BEFHMETEETFN21Im,

HAMRRIIm LB LSRBH L TREVEMELYRL

T CGERER, 199%6a,b; ®MI-4-1), BEREE

L col L TE BHERICA, D BBOH700 m ©

TN (& UTRARMEKA) IR C, JhiflR

SR FEOD, S BICE DX LA Tid—#Ar 7 v 5

BREEDIR- T (FlzidhmEiEs, 199a; ¥H

(I, 1995 5 #KiFA, 1995a ; #2114, 1995a),
TNENDOMBY 7 AV FEM TR &, BEIT©

TA Y P OPREFTRE S KFHMCTDEL L AEA D
D, B AV FOBRREMBAEM LD A5y LT

RO LY VEENLHEINIC > T D (I

. 1995a), E£7:, AV FOEEEDRETEIN
LEBRLERREER CRE T 54 A BBECLH
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HI-4-1 BHEMECASTHEBONH
CEmIZA, 19963, b)
ABEDOV VR (@) WEEORHETE

FEOXRNCpHHOLFEBZRDONAT &0 (K
IKWE, 1974), SO s AV EFOERE,
TR T S RRICHETRF OGRS D (EINIEH,
1995¢), BIFEME OWBEOERE BBV TEERR
o> CoBWREESS S (FEES, 1995a),
(4) HWERALDHBOWROEEER
HEMBRERDT 74— 2 v THBETHHYT
HAHEOT A7 7 )V MEBAR &I UTigo%
e 2R_AB/Tbh, TO/KE, KEH1A26
H~2 H1I9HMTH20 em F9nBENELZBEE L/ L
TOs (BINEh, 1995b), La L, ZOBBICHENE
TER R _EORIE R R OZE R OB IR I N T
W5 (e - RBRKERFAERES, 1995), %7, 1
WRETE R C & W LIz B 72 S0 5 Bkl ol
DHELTVS &V Iifid 5 (iEs, 1995a),

Lo L, REROTHEBORKIIT GPS Iz k- TR
ALNTRY, TORBRICLS L, BEMBENBOT 7
R—2A v R LA EHBE N T (GPS k2
BT, 1995),

4.3.2 HRUBEEOKEES

(1) FERETROhLEIE#ES

BB AR O 75 D OIS~ IR O R B
WY (MR KBbhAR, LIAYIATH
ZRBOMHES P AEREIHEIN S, HiEY
BUMBEREORED, Ykt TEEIN{BOYE
BEEOBIT O DI S EEREWER - 25,

1) hECONBEE (KEERT)

NEARE TR EN B ARERFICHEL, L
fEf (LA oA LWEY IV MEE (ER NSSE,
ER60°S) & FHH (B oREMODEEE L2
B AEEOKBE LB T5 (MI-4-2), O
BAMBOERFORIT, HERfrAhns30~40
cm, WHERROATHIEm BETH S, J OMpER
BB X mm~% cm OF < TR TPV SRS
FASBWRESh5, JOREERET, BBEMIZLS
BERECHIRIAL L7385 C, K5 £ 0 OB & [
U kDB X ichRE LT\ 5, SEOMERHERE O
BEIZS, SERELRRESFVHLOFEEIMIEL T
7oo CORELOMERL, BRI EALESEC, BES
D BRI EEROBBRTICH AR EIRICUTO
B, COLDHAERS S VIR OB, SEO
IS BB OB > CE LBV VTH
be OEYD, IOLSHMBONRBENLRT, £%
TIHE LD WBED M LB DB LR - 7ok
B, IR b OB LD MBS SR I N
DEEZLND (BEe, 1995b),

2) BEFHOWBHEE LEAEEXERREOR

FE)

HEFHIESEOME TR &K ELENBPHERI SN
B TH D, T TRIERE & ABRBRETE CHE
BL, WEOERESIAZ 7 594 MuL, BBEE T
OWER 4 m BIEBEKEHEIC L > TAHBBEOM -~ )L
FRIZE - T %, RO KRB & 131E10~40 cm
DERE LKBETRH-> TB#LTS (BI1-4-3),
ZOWRBEIERT S Y 2~ FAF54 MR ST
Wi DT, MEEEICES CTH TR D51 &Y kP
LENTE/LDTH 5, SREENHETIL OB
EREBR > OBRC, B mm~ cm OB H Y Y
o TS FINER, 1995b), COWBE S &k
BAHRCEmHMACS 2 ARKBEHEELBEIER
N20°E, fHAI86°E, WifEH» S#30 m D BICH 5K
BB RERBERE (1 N22°F, fEAI83W L L < &fEs)
L, 25r20m BN E T, EMN3E, E
30W L SICBEM Lo T B GKEIZA, 1990),
I I TOMBEMELE S I LR OBEOEE A EIES
L7cdDTH 5B, SEIOHEREILAERMNNISE, H
83°E T, WOLAI, HEOARBEN L BIT VW
R LTW5, ¥/, WEFREMC L AHMBR-Y v
REI OGS, I FEHRTRD &N BE OEAAIL85°
DBV RELBEMESNTVS WERAER, TR
84E1 A28H a7 BB &ERD, L L, WERE
DBTIC R S /- B BT 13 N75°E48°S (K EF 1T 40,
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1990) TH D, HOEMICAROBEICH LR LATE
BB Do 2K R ER LTW5, =Rt
SRR AE THEBL LS L BERIOE & F b in s
U= &> TR ER Licb b 2 bh s ()]
V74, 1995h),

3) W BMMEOMBESE TEREE s moBe

~ KBRS RT)

BRSO WIS R BN B, 7, oM
BRT Ny PER - T, 72 CIRTERE (UMD
LRABECEM LR (BH) LiakE

\WEE&E%%B@M?(

A R TR~ L

fNBSEBOS ZEI0°

R B

W IR e SLAR)
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b ; RGO Er YR

NERRTORBMBOBE (&)I1E», 1995b)

(N6'W72°E) TELTVS (KI1-4-4), FOERD
WRBRE AL TN TIm BEOLDTC, Lirddil
L EEOMBETL B VKRB N, FOBRON
BhoobmBEMPBEBEICA - -HICER 5~10cm O
BREOHRBEMHE D 0, ZOM % 40l OHERE
#oTW5b,

SOITH » B GRIZTTC &, BKTE Y Z
T2NRT A FAERN GBS EEEEC LT, #
BERAFRILE ST VIV b~Hd L 0 AR ORE
Ay (B0 cm BiEE) 2L TCw5 (MI1-4-5),
SO VOB ERANLTE S AN H, BUIA8
FRICHE> S HEETH, TONTYERRBEDE D
BEOER L 2 D MMOB 5E % & - THET 55,
KIRBHIFIETONT, LRERREOL T
%o BB H Y DIER0 BBl hFREVIVFELD
Y, BZOLHPEBREEOLOLEZONS, 20
AXT YA FOERNEEEE LS EOMENBE &
D, ZOE IR0 B TV ERER L O VBB
AT OREL TS (EINES, 1995b),

(2) WEBHEOHH

1) B COMBRRE %R MBS

LIN & UDA (1995b) OBZE&ERIC L 5 &, WBLEs
DOMFBRE - IEREEARBERIC L - T, HE0RE
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AEist

{ MR SR HIR

HI-4-5 HUr&tssaconmmBoBE (F)3h, 1995b)

Lich BT SHA S, JabrnZ 7594 b, WEmg
BIUMBHY VR, Bm~Bt+ m OB
BL T, INOIBICHEEH, &0k . 7y
TR ETEISBETES (W1-4-6), BERZ b
JVICSEAT CHIBIIC B 4 AT L CTO_ LM aicit,
RETHE T T, AN L AWBEIC T mis
S-CH#E, Rl-Reidel shear, FHWH L v v e —3 v
F—2gRD O, SEIOMEROEL & FEIC LR T
R, WEWBOER D AR BRERBICHG LT
EDBTIE, AX T 54 FREICEE DT
BCHR I N/ D Lo/ 5 (LIN & UDA, 1995b ; #,
1996),

AL OHERH IS TN 5 HOBREOREY 4 (&
AL THC EFEREZRE L& 2 5,8365+150 yBP
ERTW5, i, Al R hicgshsmE
BEHAORFSCHEOREAELL LA, HERR
(35000y) ##z T\ (LIN & UDA, 1995b; #,
1996),

2) Va—FEAFIA MEETTINLERONE

BiE

BI0EA (19953, b), KEUEH (1995) i3, BAF
HRCEEMOEBIER S L ALAROKRBRE L 254 4
W (WI1-4-3) T, Ya—FXF54 ME

BI-4-6 T7xUI—2a BEORELIEKEBEEDR
% (LIN & UDA, 1995b)
(a) BEEH b) 8K (o) A&
~EfHEA RL:Y—FL -7, S:
TxUI—>3>, C:B¥E. F: WED.

HEBEHEL TS (RI1-4-7),

THZ LD &, OBRRENTIE, TEBEEI2 7 54
A+ B2~3m), BERMHESEY 2 — FaF54 Mg
HEOHRE (BH16cm), MEBHOBERELBbh
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HE-> TN D ORBREEE L T/ MR R R
BET AT 2Ry 5y 7 WP R L KRB
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BE L7 £/, ShSOWMIBRF IBEE DI
LIRS B (BT, 1995),
(3) WiBEROEM

SEIMBL L 28 B I i3 LSS ORI n =R K
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2 TH3IHTROEESRDON, ThbOlT -
HE N7z OBFHN S, T0N—20'N—30°S OJFEICTER S
N/ &b iz, Ei, SOOI OIRTHEA
LTw%, AHES3 T, SBIOMBRHCEE Ik
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I1-4-10 /JEHAR 7T TOMBEROMER
(B Iz A, 1995¢)

N, KOER TR LALON~30N O & D24 EO#HE
RORRT, MIBEOLOTHS (K1 -4-4),
@, OHEDFHICINEHVERTHAH, \WIh
bILICEM LT B,
SEIOMBEEICH - THENTBBIRILHEE L

TRTh, BINDIBLSOEB LD TH B, Hilk
KEDZOERFRCLEDOREL2EHHD, F—0
KB TH - CLEI LoD, BROFHDOEEASH %
N5, 2%0D, BEOERLLANICRTAS L,
kBl ramAlENOLR LSO HN2, 3,71, HRF
BeliE - 7 A F ORI, b5, #A2, 3,7, 105

ABDHE COEBITITIERPE VA, HE1,4,5
Wy s 7104720, 56,8, 9 2B SI ARSI
B EVIBERFO L, £, O XD L ERAEPIEIC
ROONHHCTRDEICHEN TOWBRB L SE
WROZHh QXS RBRATRERLTEY, 4@
EOTHBMED R LER L LWt T 5 (B
JliED, 1995¢),

44 FLFRENOEOLNI-HRMIEBOLE)

441 PLoFREOMHEBETE

FUVFRERRTEOMBBOEEE (R,
DEDWBDA XY T 5D ORI HEFE
THb, TORHIHERBAREBHEL, Lr»baERH
EOBRIDPER T WETCERE T 5 BB B 5,

4BIO NV UTERTL, hENENE AR OB O
AL > CHB L cEE OKEmE) C, B1k
ALAXK) %2k GALA) D2EKDRE-> TER
Ahie (BEIE A, 1995b ; #oKiEA, 1995a,b; BT
- 3-4 DIMR), O, WHERAEMC LT, [
ATV VFRESER SN, HBEBHOA Xy R
BRI NS EliEe, 1996),

4.4.2 BHEHBEORAOEETFM

SRIOHBERB AR X » TEAOKHR I
40~50 cm T A D OB HZF T T b, H1IK P
VSR OBEE (K1-4-11) 080T, BBat
AT, BE (dB) KHEEHI2n ORVGEVERD
bhb, CORVEWEISEOKBO ETAME (05
m) KENZENDEREY, B8 (A8) OFRr6H
W LC, BE2THEEFEHICSEEEOTHEL LD
2~3[EDOMBERD - IATREN SRR TN b, 36K,
SEIES LB H A S8 I m BN cmsic, BoL
BB K EamEn AR LN (BRIEH,
1995a),

L EOHIBERFIC & QW IC BN R BT e
WA, TOMENOWBIELE (UCHFR=827x65
yBP) MR, a BHEREANICHN A RHERY b OoH
BB S SO TH - A&, bEREE»S
Wt Ui em KORBEO L8R 1, FERRME#»
122~14HATED b DO L EE SN, Tz, BERMEN
DFRIFHEDRA T B EEEOFRIT440250 yBP (&
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1780+ 60yBP

a 1747 =84yBP
827+ 65yBP

3510%60yBP
3550£60yBP

699 154yBP T
310=50yBP

1337 £ 80yBP

" Im
H0ES0yBP 1426+ 76yBP

17801 60yBP

HI-4-11 RAB[EELRM - FRBATRRYT v F
(#AE,, 19952)

FERTHE R AD.1450+25/—20), MEnAICE N
MERICHERB L CHBEINIHREEOERS
31050 yRP ([, ¥34r3AD.1640+15/—20) C
BB, TOEIBEBOFRIGRT, #EnEA L
H- OB, BEMEL L THONSEEREICK
B4 5 BE GV EE 2 DA (BARTH,, 1995a),

LoL, E2r L vFoElE (R1-4-12) T
BHREOMBARRIND A, ZO>BA5EOEE L7
WrE FL) %8 < O BIL, “C &N/ T2100~1840
VBP CHSBLE®#ES> BUBAY > T\, O
TIAGA00ERNICE R L/ b B2 G AKBIZRo» -
Tz (BARIE, 1995b),

FORMBREN CEBI N/ F LT TrI4004E5T
DARVFERDONT, BEHENBEASH»OH
20004FRICIGER L LT A /AR ELH LTS B
hiE2», 1996),

4.5 YIRFEEC K DB OB

4.5.1 FHIFE

BNBEEIC L - C, REBE -WBHROEMRESE
BEMINT VS, M1 -4- 130 RTRREEFER GE
SmiEd, 1995 ; BT A, 1996) CIREERHE L AR
W R SEELENREH L L RA, KO THEN
B RKBEMAEETENALEE L LTENTW 5,

i, PEWRKAFOICER L-ENEEEREY L &
W7 4 02— QB L D ERORE 27T ERERS &
HEHERRORRE =T EEERSD L8 UTHIT L
TR (WI-4-14), BERRGOT—r—REDS
B AL WM B B TERE SRS S O RICR
C—]L, K77 —REHORTDH & SIEEIR D
TR L TW5 (EEiTH, 1995), SHERST
T —RBEOINED N RARESHERED L —
AREE TG L TR YD, MEOKBOMESMET

im

[

Ground Surface

R TR

D sitt - fine sand
C D sand

~D- S/ B

RT-4-12 AR CFBABRRYT v F
(AT A, 1995b)

EAEOEIC /- CTHACE, IWICERFE A5 LT
BT ERbRDL, A6, KRBT EL Y EHEN
BEHTERINITA 7y DEHRE RO 70
V) T, BESCEIE A B SKOBR L EEEL,
2% 0 OB+ F EORE & BRAOWDEER & OREEE
ERBETAIENTETCNS (BT, 1996),

4.5.2 REPEFE

R EOBRIR A5 LR IRET 25 &
L, SOKCHIRARE LT SmENBORTORAR~
NEMEOEEREm 285 LT, PHERENRE
BENRERINTVS, T, BAOKBERET %
CPRIUSEFEESERIN TS,

M 1-4-15 (EEEREET TR THEROETHT
BEWEL E5 L, REEHRBICKELELELHY, K
B AT COFTLAes (FE#KL40m) TFELT
W5, o, BEEBHOXETZEEN 1kn BETH
% (BEITH, 1996),

RAM T OFEERE m X% LN (Ba
WEA, 1995 ; B NNE A, 1995b ; O -2(a), BF4 Y
TvHVR Y MR BIR) CRTEREGG E ChEHE
T LB UHREOSHRRS IS FRARON S, %
I L5 L BEEORT BMBI It E M L REEOER
I#5150~200 m Bl E L O RBEMBELRX 5 2TV 5
(I A, 1995b),

P i EBEAREE (BBIE, 1995; ok -2(0,
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SCRLE(KM] 10.0

KI-4-13 KRESLVZORDBOT —45—RE G5%iEH, 1996)

B, ISHAE®RE ; 2R] T3, SEOHBEER
JEDAE % P CIE10 m BB ORIF C K H IO Bk
PEBNEIRBY, ZOWAZITEEOBE R L
E2ONLBETKRPFORMEASEN, WA THE
BLlzoThb, ELLORMES 2m BHEICAE L
TED, RS EOBBLMELHEOT T EATOHE
W T200Hz 85, FRICLTI~2m ORHEAED
5% (EigiEh, 1955),
SEICLABMEBREFHRECLSENIT-4-16
(BAED, 1996) REA T, KEHORESH
PREEHFCBLMBIC—RT 5, 2D, IITO
AR A BERE TS ZERE & - T
HEREICHE LR OMBERE OB B ML
Twad, THhICH LT, RI-4-17 (BB,
1996) R TH B CIIWE B A L 1B 18|
ETONTEER L 2 e KRBROMBY AT 57

O, WiBZEIC U CORBEDONELILIEE TR,
4.5.3 BSERE

HEM 2 ATHRE (BREESES, HERRGE
BB po—p B, S HICELHEE & LT IP B EHER
B5) IEAHK (BB, 1995 ; ERHITH, 1996),
DNERK (BIBIEA, 1995 ; AT, 1995) LU
B EFHh (GEBiE, 1996, AIEA A, 1995) [Tk
TEBRINTWS, Oi-20b, ) OEFNE G
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Earthquake Motion : Geology and Structure Damage
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Abstract

Many structures were damaged in the vicinity of the epicenter, including Kobe-city and Ashiya-city, and se-
vere damage occurred along an east-northeast trending narrow zone, so-called “‘the linear earthquake damage
zone.” Structure damage also extended sporadically farther to Ttami-city , Takarazuka-city, Toyonaka-city and
Osaka-city where seismic motion with more than 5 of Richter scale was recorded. The damage grade becomes
smaller concentrically from the epicenter except the linear damage zone.

The occurrence of the narrow severe damage zone has been explained by several hypothesis, e.g. the possi-
ble movement of hidden active faults under sediment, geomorphologic effect, amplification of earthquake motion
in surface soft sediment, contrast of load-proof strength of structures between damaged and undamaged area,
deep geological structure, etc.

After the earthquake, deep geological investigations involving dynamic explorations have been performed
and seismic simulation has been carried out by several organizations, which revealed detailed geological struc-
tures and dynamic character of the basement. These results are going to lead a true cause of earthquake
damages.

This chapter first clarifies that earthquake damages caused by the geomorphologic and geological structure.
However detailed study on it has already been described in the interim report, so new data was straightened in
this paper. Secondly, we focus target structure of the basement and it’s particular physical properties from the in-
vestigation of geological and geomorphologic consideration and earthquake motion simulation. Finally relation-
ships between damages in the distant places and geological structure, geological distribution and geotechnical
characteristics were described.
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TVBEICTHEARB I ENTES, DM,
Om~15mBEOBKBEREET, V.4 V,=100~200
m/s LT B 720 T, MBEOBEBIES A X B
LTOWBETFRS b5,

KO -3-7T@i3, MEHLBOERETE & HEOH
HRERLZDOTHS, E22KI -3-70)3, wEFS
BOZNGOBRERA/ALDOTHED, TNSHOBEL
5, BRI KO L Icg BN 5,

OFBE10 m BEE BT ks B+ N=<5)
2 1~2 m 573 A EFT & BRI X ZBIRAE,

OEEIN2~AmBEREL ALY, XOICHEEIH
KT 5,

BOInSOBRE, REC BrlEEER) BXo
HWEh-THNS,

@O, HHFRIIHOBER b 0 iR, 45k
WELIE-TWDB I L RHERIN D,

ZHMZAA (1995) 1, mBORRL, @ziE,
ATHER E WERHSR L OBBRYE<: (KT -3-
8),

TRIC &5 &, SR, B, IR - R
MR B O AT HEMBOEITT, 00 H R -
45k, mikb-omaz, s & A Edpici s
> TWABI E&IERL7-,

(5) F&D
Rk BEER, BEOEHEN, WBEIEER
i3, KESH, BHEFME»OATKRMCEEREE
FE 2T\,
HIF - SO TR, b, BEVOWR
- BRSHORRITHIRIC & » TR S M, TOFH
BUToL ST EdbNS,
O 44t « BRIRITERRS, PRITIHES OF
B iEREE) (BE 5~30m),
PRSI TS (BZE 5~20 m),

@&t - FiIfR B L URRTIRIE, N=30Fi#&D
e+ (Ag, Tig/B) (FE=5~20m),
FEEIRIE N<5 Ot (Ac, Asc) (B
S 4~6m),

QMBS EH BB FR b O
B, wE, BB,

s, hREELRE (Tmg TR, BtbhV,z
350 m/s T, TROKKBR & &, TR MELRIT
HUthLBbng, FEHHTORE (e OB
i3, 1,000~2,000 m *HEE SN, Mo RIBITET
BHEL Y, BT EBESCLAEEOREIWI LS
HEINh5,

—7, BRE (Ac, As) OHMB THEOENILD
o foDiE, MBOFBHEIL LIS LD LEESH
5

BT 5L, BROBORRG, XKECE, o
BEhOBEWICERT24L0THES, COMBORNOE
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BRE 10m LN 5
R ELRE

O RE T OB RERERE 0 % L)

% 0.5~2.0m

2.0~4.0m
@ ot

LU B BER I3k ¢

=3

R

: REHE
|| RESHETIZERT R
Y IE (BEERC) -
B NsSSo#iEL mut P
@ NSSomEL bt R
O N>6OHtEL
O w»#Et
(| O mEL
& FEELYL

e M \ . - ®,{.
B -3-7(b) WMFHESSOBENEELRELEOBEK (B, 1995b)



318 OB m " H3TE B4%

0 2km

I
1 1 i ol

ABRETHE, BURREE L, CERFEM, DM, EAEEL M,
Fiy=7 A2 NG:WEH, H HIRISE (18854) O AL, [1HBZ5s.

B -3-8 BWEHAIIBDOEKL - REEE, ATHTHEMEEER SEA, 1995)
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Wi, BV - RS S, B2 KT
BERECRERIALDLELZONS,

Lk, #ist, mEZEOMSE 6O TEMIBRREEC
DVTHBANB, RICTEESBSMECF Va5 27
L CEENT AT 20, SEEOMRIIERICHETE
HEEZLNS,

3.2 HEEMEE
3.2.1 ®BEEREG

By D ELFERIIKE AT VY 2 VA THRE L 8FH
BETHED/ —21) v VHEBICHAT, SEOEIN:E
WICK B WELRE IR, /—RAY v VHBEDOE—
AVUE T ZF 12— FiAM,=68T, SEOHE
(M,=6.8~6.9) LHEVEDLLEZ, L L, BHl
ENTRAIGEEILT80H VT, MEFOHBE LD 2%
DEEIFBICRED oy TR OPDLTHERIA
BENE o lobd ThbH, SEOMBICEWT, KEEEH
CHU DWW BB L T o 72w ED LD DT
BoTcDOh EVOEEGREIBEIN TS, SEOH
BT, FOICLBRMBOREITHECENT, %<
OWMETLHFED & hie (TOKL, ef al, 1995 ; ‘2,
1995) T RIIBEITNEEO—DTC, MEBIC LA
SRR HERBEMPTH LT, ThHORFEHSEL
REEBEZRELZ R LT ICE VRV, LA L, &
= BB ORMMEBICIE, ZOHE TOMET T iE
THLBRERPHY, SEBLNCHBBTHEIIL VLV
THEOEIR SN THT, EROMBOMEBEE»EE
FTHICRERELRDETES,

WRMTCH DI N D MER % Hill L v BT
72 EADLDRBH EE 2 ONAH, EEAMIIER
et EEERENE L JUHERMIOME OB EY %
EZR L BtBEOREEHELO 3 OBBTF 5N S,
ZRENZ DV T O ER 20 L, MEHpE
DFEBEZHOMIT L LIIRETH 5,

3.2.2 BEEEHY
(1) FErpEzhE (directivity)

WEBHIBE» COBMIC L - THEELTYIH, &
NUICHEM PR L EEERAMEONTTBERIC &
LD EREENS, SEIOHBORBREICOWT
RIEETE > O OREEE > KB ORAIERE & OBIR
A7 2 V2 TERTE DO L0 ERENICE
BOREL, BB LOTHES VD, Lk
L, WEKIEE L/ -BENBOWBER A, OitH &
N5, BREEBIE COMBERORE ICBRE L
W TRABFEOFERZR I, £, BT LS
FTROE—RICHIBEIC AT Ch 5728, Z OB

L DHMEBOWRHPBBITAIC L > TKESRR
D, HE BB OETHACE LD KERRE K
HEhAZkiths, SOLDKITACHEKET HE
SRR (directivity effect) & MEITh, PREEl
OWET, LB TIBBEZH SO THI <1
CRONBN, 1906FEDOY V75V AIMBETIR
DFRHBKRELSHN, YTV FVT ABICH - TR
#10km, RXAHEkm K RSFFICHERVFROKX
BERSHMRINI,

M -3-9 iCdBFEIHoOmERTE, 6B LI
WEBOKENEE OKKME (PHGA) © 4 1
(EJIRI, et al., 1996) %73, RICROGNA LD, &
KIEEETF CHIBRPI CTH > THH T LHF UTidi
<, BEEEUAOHEEBLIREIZT TS EALND
A, M B CEB OB ORI 54 LCwW B
HEEOHPUFDOLD I D RECT LIZALNTH S,
MI-3-103Cho0>H T, WESE GREOE
A0 m R E 7 EEBRBOBE X510 m k) T8
TSN BKRATFINEE & SMBHESE (X)) oM
$k (EJIRL, etal,1996) %ZmL7- b DT, RO HE
DEVICESEEIBRIN TS, TTTHVWHAT,
LRMEFERE L, BARRD 2B OBEMBEHIOO
SEHRZLBEREICEM L T b, RIKRIhTwA /1y
FELUBRBFRIIRI - 3-9 DEBE» SO Hfrok
WIZ X THE (A, B) BliodohTns, b
ok dic, #hrtho7/oy FOEL>EOESE
WRENEERE RS, MIBOEMTRIZHEY T X
DIEE DT HBRF D HHED LD X D15 B
KEL LT 5,

. PHGA< 25
x  25<PHGA< 80
o 80<PHGA<250
A 250<PHGA<400
o 400<PHGA (gal)

HI -3-9 HEBHORXKEMEEDSH
(EJIRL, et al., 1996)
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5000 T T TITTr T T T 11T Sw NE
PHGA 20 10 0 10 20
STIFF GROUND 0 m ’
1000 EEEEEI e
e o
= i ) 10
o <
20 A 4
=100 Oe,
< %
A a9 L 20
B RI-3-11 ¥O—RLkxy b7—oOHBESHOK
10¢ BONIMBET L ONE (it 1995)
H ® RecordsinA Y
= e N
ttenuation in A : o
[] mernenes PHGA Attenuation in B \ | rN"rS“E rNS3“E N233 Ej
1 S 20 DIP9O° DIP85®
1 10 100 1000 opez’ B C
Xeq (km) éf?&é?ﬁ?xﬁ,( SRR
BT -3-10 SERREMCSSBREOBAATIE | - TS s
EOEMRE (EJIR], ¢fal., 1996), Bl 2 R il LA R
Piﬁﬁﬁf@ﬁ.ﬁ@ﬂﬁ,ﬁo — «k(/((——k/gé‘[('\x,:-xy«s 5
N 1‘,(_-4,(—(—4‘1%(r\'*«':"\£—./v41"1
';‘v*kvﬂ &‘\(E"’\(\vzzxx%
| T ELN LN ;‘
2 EEREEROK L EE AT EAA A 44 Ll
B A R4 I B WBIER OMBARO#EMIL, & 19.5km 13.5km 24.0km
DEDDICHBEIN T 54 OWEFH OB+ % 1.0m

WA ik CaREL D, ThitkrEmEicBE+
B OPDING A—=RHBE Z GhniuE, HBRICEE
A B AMBREEA R TEL L WD I HICH W
TWwb, BFEARETMMEEG L L CoMBEEOAR %
THRTREERTH S, SEOHETLIITHBESV

COPMEINTIVAY, KRNWICRTEOBE/ S
A=K E L HEDT RV,

B2 SRR £330°~100° D3 Hudth BE B S O SRR,
RV NVHO B RER ARG LRk PR S
W) IREE RO 4 XEie B X 57 & IR
SHELTL B0, REHTEEO B\ Mt a2 AL
LY, BROEERE BT 5 EC—oonfIfs s
> T\W5, &l (1995) T/ 0—/\)bky FT—27 )0
£ BB EE A R TS EOMBE OB T 7 L O
#AT 5 fee Ml 2 OB OB G, WML
BREBCTIONEIECE - T, BEBEAZhZNES
BROL T 2/ vl HHE L LTMBEDHGNA T
EEWOMTC L, KT - 3- 1B LR EEE S
DM 7R T,

—J%, SEKIGUCHI of al. (1996) i3, EERET
BRI /- EBRS A O BEERO A v
=V a VEITo Tz, TOX S BRI HELN . BIE
DHERFRRF 2 IV EIBA VT — 2 5 VT, 351

K -3-12 O—hlkxy bT—7OREBELHFEHNOKRD
LNIHETT L O (SEKIGUCHI, ef
al., 1996), KEIZ AU » IX7 PV EE
£

SV » NE

%\§§\\§

56.1km

HI-3-13 MEEDERENA L Tr—Lashbk
HONIHIBEETIILOME (KAKEHI, of
al., 1996), b : 5B ERE AR, &
WIS R E R REOB VWS B R T,
T BEOERBEE., 0V — 3 SRR
B) =i,
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BB B ERR OB O ARE T, TN0 BOSMhE
(KNI -3-12) 22 ORHEPNELIEFIh T
Bo OO DI LE &5 5 ER BB OM BT
LT, AREROKBSMOEE - BEKBILHOM
BRI L AN T ESBMOERNEED O I r ke
LT 5b,
(3) HAMEGEOMKHEE

Ik L7z & 5, RAPEGEYBVNIE, BETO
WEBHERE LM CE 5, BELEEMETL LS
THIREDOIEBEORR T, BBLTOERmE
BOERZER T HLEND ), bl HE Gl EgiE
BOEIrOEEEE - T3, ChamRt5—207%
HE LTET AN 7 ¢ O R INEE S O~ 3
Ke UIBERRA 7y —Y 5 (PITARKA, et al.,
1995) BE%Eirs, TOBMBHTEOHFEE, 0
BRI TR Lo MBORE A RERN 7Y — VEK

KMT (N40" E Component)

o’ ; 10

KBU (N-S Component)

FLUTHW, CThohwohBERNEbE TERERE
7> IRIKURA (1986) OFEHREARE > Twb,
DOHEIT & ARG, MMBOREOFITITHEROR
BB CERM S RO T A MEEREEN TV A
7oz, KHBEOWHE L ORI Tk Th bORRR
HEEh, BOAMBORE AT A -2 RO PBELZ
B8, Zhicik, BEAXRY FVICRAEROM 2RA
r—y v ZRRER L-EREbERThbh 5,

O XD HFERC X - TTFHSNIRBEREY & E8
DEBPEF & OB & % FHE IS O RO
DEE LT, —ROMBREEHOMERREZB#S 5 ET
LAEEELEREFH LE2ONS, RI -3-13i
B o R E BB OSBRI 5, HBEATO
BB OE AR AT LR RER L TR Y,
R R OBSRE PRIBE R T T <, T
HBixGHir LTWb I bbb, BEEEOR VRS

CHI (N-S Companent)

h=0.05

PSV (CM/SEC)
PSV {(CM/SEC)

—— Synthetic 1 10 ¥
----- Observed

10 T
T
h=i.05 {

ha.U3

PSV (CM/SEC)

—— Synthetic 1 o ! 3 —— Synthetic

----- DObserved

1
- v=e- Qbscaved

- 0! '

|
PERIOD (SEC)

KMT (N130° E Component) .

' |
PERIOD (SEC)

KBU (E-W Component)

-1 a‘

4 ! e . 1
’ 1 PERIOD (SEC)

CHI (E-W Component)

h=0.08

PSV (CM/SEC)
PSV (CM/SEC)

107§ — Synhetle ] T
«=e=  Qbserved

T 10 T
ha0.05 pe.08

PSV (CM/SEC)

——=m  Synthetic 10
..... Observed

-t = Synthelic
----- Obscrved

- . 16"
w 0! !
PERIOD (SEC)

-1

19
PERIOD (SEC)

! -
10 TR [

10 10
PERIOD (SEC)

KL -3-14 BRELEEREZRY ML (KAMAE and IRIKURA, 1996),
KMT : KRR ERARIRE K TR RRTE FRBEE A b, 0§34.382, F#E135.354, dEMEL,
KBU : #F k%, J6#%34.725, #EE135.240, 28 - Fvw)LR, CHI : KERFFFRERIEK, Jbik34.439, HiE

135.659, BRFEHEL,

— 77—
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M # H

BITE H4F

BAERESNTNLE32D0T7 ARY F 1 EHIE LT
WHELONLR, WRAOKREBY T AV MoEY%T %
3B/ODOT ANY 5 ¢ L ORIICONTIE, fhOEER
HWEREERFE L LA VY y —2 s VORE - M
KRZ->T05b, oWy, MERLEETAHWED
TEVR e PR 2 AR R & 7 - THEN TR
B 5,
COETVEERC, BRE AP/ TRE LA
M=45L47D 2 DOEBOEHRTHERMN 7 ) — VK
ELTHNEDR B LIC IV RBOBEBA S INT
W5 (KAMAE and IRIKURA, 1995), &R n/-%
BeBRIN-LORRETS L, MEE» SERICE
LET, PHERIC b > TXOMBE LREY 89
THEMNES =KL TWB2F T, 300k
ETHRAFHINTVSLIIICR2A, COLICR
HASRAEONLZC LA, SRWEEERIC VT
ZO—BWHPERFINDR, ThHH 685G
BANRT PR - 3- 4RI TWL 31, F
BEBVBAEL B —FA2 BRETWA, LihsT
FREHHLEE UCAERLARIN TR I &0 6
KB OMEBIL T OBER TRE L SEODE
EROCLI LI LT, pARDVOBETER LS &
PGP -72 B 2 5,

KBU (N-S Component)

I
§ %—m{flﬁ/\(ﬁv«

1]
] Synthetic

i8]

Synthetic

Observed

CM/SEC? CM/SEC?

Observed

CM/SEC CM/SEC
i

Synthetic

Qbserved

-1 =

7
o oTE sz

SO CIEEEVIOARLEE Y — VICiLE
BEREHENMTEACBEON TR WD, Th SO
OREHNEDLD TH- 7o EHFHRTHZ S 3HET
RO TEERRETH L, BEVIO Y/ — o Rl
T57 V—BROEEBLEH, O RBOFITIC L - THS
NZEHER EBREROKBEO—f4XI -3-15
K, EtnoOREREANY FLVERI - 3-161C
OB S EDHTRT, TORTTKT (JR, BT
¢ FKA (KERA A, BE) BEENOY -0 I i
BOBBEFIC LSO T, FKI (B &
ASY (BERE/IEE) 320V —vRicsWTBE
INHBEED S GRBEHOLE AR FIV (AA,
1996) CTH 5, ChOHIEFICLULHELTED,
BEVO Y/ —vOREAEhTH S L RoN, 417k
BHL LT, RAY—27131~3HzfFEICAH D, 30
kine BEOKE S 4 - Tn5hH, BEVOWFEES

BOINBEANY MVERD &, BAICEEREFEITZN
1FERE - TROWRVA, V2 BREA T HAT
BENICEWD, JORERER CIUNERE LR
DhEL, 1/3~1/2 2T -> Tk Y, ZORBERERD
E— 7 {ESBEMOK EREE L/ >V W ATk
Abb, SHICEITE, 17800 VR REE L/ —RY
v VHIEIZ 1 % Tarzana #1X (HADBEEV O IR

KBU (E-W Component)

Losor
= , g 'uﬂ‘ l L Synthetic
E . ™
o =508
L s =
3 g . Observed
E ® ¥ -
3.3
=500
o 8
g b MNM Synthetic
[®)
~5)
o i
g ] W Observed
5.3

10
= M Syathetic
8] - AN e
-1
1
3 ! W
-1

0 [H H v

TIME  (SEC)

BT -3-15 SHEKEHARMOLE (KAMAE and IRIKURA, 1995),
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10

(CM/SEC)

PSV

10’

N-S Component

h=0.05

T TV T

— TKT
——— FKA
—-— ASY

T T T T

—--— TARZANA(EW)

el

10

-1

PERIOD

10 °
(SEC)

10

HI-3-16 BEUOY->AsLEEOHEICSHT
DHAIRTY £ 7= (5 B O RS B E A
ARY ML (AE, 1996),

1

W) OMBBENERIC LS DO LHEDDIRS
NTWAEY, EEROBEMIOLDEIEAESCRE T
B, 2 1~03Hz TREZEEE IRV AEL,
DX IE I HEEE - OB#E T ORER SRS
ahk,

3.2.3 {ri%fERsEN

(1) BES

BE» GBS S BE ¢ N TOHFIERE L,
WEIYWBREET S0, MOWE & OFER TR
L0, BH LAY, BHCIREHR LAY, S5CEf
O ETHBLINT B, TROOBEL EHERTmOH
BEEHCKE{FETLLEDNS, REFICLAEE
BATT AV =3 D PR LI OB R LTI
Bo T, WP THEER KT N RZE S S EM L
SUrEELTWS (RI -3-17), DK 5 ks fits
BREOTHELVEEC L TAALAI IR TSR
()i, 1995), TOBENHETH - /R ILE
W TR, RBOMBRBECM L SR EEER
ODEADRIC LS LALN, TNThOMEEERENIC
I 5 LIRAERETH S, SEOMETE, FB

——

135°E

T T
10

20

ASY EEWR
ATL  HE-EHERER
GSB  EHBENE
IKM  4RWE
IT™ B R
KOY BB
KRY REMRE
MPJ AEFHRE
MIL  RRiER
NJM BRER
NNB G it
osw PN F il
OTK  XKAKRE
" SUM  EEME
! ~ Mt. Kongo SWY mEh L R
f ¢ ‘N TIY  RRLEE
- ®,Zi§“"® Mts. I‘zumi Katsuragi U-B LR —LAEFHE
ce b YOY  HEILIGRE
////f:::ﬁ
A/«“o 10km ® @ = ok
i I ! 1
%0 e A B C D E

BRI -3-17 FEME, KR{L - WAHFEE, BEV ([RF) LL0OHM. A BEVIOSH (FRF), B ikt L UAF
RELBREOHT, C: BY ICERTEEHOWENEL ) >/, D: EWBLLUEST, E: REREHH
BFE Ood) B L THL8BITENEER T,

BOBR,
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#w H H3TE 4T

Wifg, PEEE, PR Y ORESLUCEELERE
BN BHTICE  OBEMHECHBRERS R N/,
CNORKRBRIMOMBOEMNENORD &, HEEE
BIERTHD LIFEZIC K, BB THREDOY
PEICHEER 9 5 FTREME IR R IZ B,

FHEN RIS ENERC K E VIR TH - 728,
OBFF E/I)NEHLHAT~ L EOHIC L5 LT
Bo L INEEDOE CEN OS5 BGHT T L 2BRE
BELRON, COEERIIS00F 227z, KK Tit
ZOWEROPEDSFRLKREVAE, ThbOFEEOHER]L
TOBEGE, & IEIEAEICESS &V BEsS
%o RERTPITI, BRIELMHHEIS OMBE R X B
BEROL WREBOBBIIZ T 4 2, Bl
DO—FICHALIC R U B EEPRAHFET 5. Lk
G CRHMBIC X ZHERT LA Eiedr 725, BT
BHOET, RIHICH D=1/ — OV IR
EULKELBERZY, FHTREE - 7203 h, S
RIS ADENLEORESF WA 1 km (i b7
-~ TRGN, BRIB an LT LA AEFR»ESh
7oo COESHWERE T SBOBPEHCNEER, SEr
B, TOMI DT CTHEZRSHTHiL,

WHE TR0 ELA FIC R O 5 BB g s
Roh, BHFBEBAIH-0 2 0BBPRSBETNECES
I E—FEEOME Y~ (i 2~300m CEXH
3kmICRE) CHEREFR L, LoL, BOBRRMH
BY LS ARBCE LA PEEA L - T,

R L7zt B0, BEWOY — okl kU708
ATORRA & TEERR#ELS RV E A SN BHER, &
STHEBORBIC N EFTLT, MEERICSHL
TS T EP—DDOE L LTHETF NS, HEOSL
SHEBE EXD L, HEICEBALTO A ES
MICE V. ThOOEESHHHB T H— >R
RE LT, HRBOS MBS DRSO BE T
LHEED 7 4 — Ny VI L AR Y ETFE LT
&5 (WFINED, 1995 ; PITARKA, e¢f al, 1996 ;
SHIONO, et al., 1996 ; E&1, HFA, 1995.)

(2) HTFHE OB C X AR

WRFEIHEERCEF L, BATRERTS %2
T, B OMBEFE LD 5 BRI T T B~
TMhveEntlT, BEv 2B S/ HEHEOBBMG,
HWE v wHD (GH1) FEORBRCAS T 5 E
DI AL

n; =M;n;—M;(A,—B) N;

Tﬁé h% (SHIONO, etal., 1996)0 ZZ VC‘\, ]W]-:v]-+1/vj,

NiZjBEOBEREICEELECAY FVT, G+
FHOMBERL, T/, A=mN, B= (M} ,+AH1?
THY, Niz (G+1) ZEOHBERETWEDT,
A B E LB,

BRI - 3- 1813 EFTWIE %859 5 i) B %
PE L SEORMHEMBRAEROZLRICO>OWVWT, P
T & B BRI R N2 72 b O THh S, BiE
KEBRRONBEOMESEN THWiwOT, Tht
P RE T D E 24, ZOMEOEEEETHE
WEARESfAERL, I T et () AV
TERAD &> IFEE L,

s(x) =z +w, erf ((x—x)/w,), (x=2x),

7z,

s(x) =z,—w, erf ((x.—x)/wy), (x<x.),

ZIT,

xe=(ag+x0)/2, z.=(zz+tz.)/2,

we=(xg—21)/2, w,=(2zz—2)/2,

exf () = (2/V70) SO exp (—&) de¢

FI-3-1EHHBCAVWEHTEESS VISV
TDENENDOERDOMEE RS, KNI - 3- 191K EBZA
TNABERET SH BOGERR 235, WRERD
W10 km fHE2» HOMBREORIK 2% 2, AMHA &
EHE» SR - IcEOAS T LAE) #40°r LB
R LTS, BREASEBHML TSI EnbIhA L
VADL OB ER LT, BIBOBEAIICEROESR TS
Vvt kh, k75080, FOBEANCHEROEITS
RO RAE LTS ERERERICHh RS, KREX
KEEGHRL 15X COBWHITHB LT B, AFIh
ToABRORBEIIN Lo ESREL OGN EALN, &
ITEONEBECRAMEE T & % KRS EONREE
LB &, MM MNIEHET A RERE S D B, HE TR
ERRICAE B LTWA &5 Zhh S OBHIfEIT
FOHIROREME LTS TV,

(b), IR OBTEBICLADELLLERNICE
72 OT, OIIFRICEES SEEOMEBE LRSS TIC
Lo TRLIZDDTH B, —ERRR CEBED O AT
Z4000EDFEHFI 2N T, HEO XORBIBET S
PaRIFEL, KR LARBECIIE T AR ORE L
RIS Lc b DTH S, ROMSROERE A KF:
HOCTH—BTHEH, BBOT <Al CRSE RIS
PRROND, F/, ZTOEMTIRIEWEBIC ) > T
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0

CDP No

5 A Vpi1.6~1.7, Vs:0.38~0.41 i

U[l

n l‘{' T

‘-B,V

p:1.8~1. 9 Vs: 0 . 60~0. 73-.:_'.':::_'_'__,/
A

——— T

-

~

1=

e’

. — -

=100 ¢

g =
*\\;.
=
4

’

)

i
‘

G Vp 2 O~2 4 Vs 0 74~1 05

— ﬁ;

T

'

) Vp>33 V1.9 -z Sl

H|I= - Py
N~ ot N \Basement Rock = “’f’ T
2~_ =X .- (Ryoke Gramte) =~
SN ~ e T :
e~ - f*-:-.—\; -\‘:\
2000——=—— 2000
r T —
0 1km
I -3-18 LHTHIG 442 REMERRE QGRIEIBRICEI 2 P L S BORMENBEEDRES) )
(NAKAGAWA, et al., 1996),
{©) 100 RI-3-1 #HTEEETILOTHKE
J 10 HE PRoEE SHAE BE WREREORS
m/s m/s glem * XL Zy Xr Zr

1 1650 400 15
\/ 1800m  -200m  2600m  -90m

" 1850 870 18

Normalized Amplitude
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Actual Circumstances and Geological Conditions of Ground Disasters

Key words : FKEEEEHHE  the Hyogo-ken Nanbu Earthquake,
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ground disaster,

Abstract

The ground disasters caused by the Hyogo-ken Nanbu Earthquake occurred in the areas stretching at the
foot of the Rokkou Mountains and emerged in various types. We have been collecting data on these disasters,
mainly investigating the relationship between some landslide occurrences and topographical-geological condi-

tions.

As aresult of investigation, it is seen that several common conditions exist to these ground disasters accom-

panying the Earthquake.
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Groundwater Fluctuations caused by the Earthquake

Key words : #i F/KDOEE) groundwater fluctuations, HiE earthquake,
KEEkEEHE

HTKOE & EE  monitoring

and management of groundwater, water supply plan

Abstract

Data on various hydrological and geochemical fluctuations caused by the 1995 Hyogo-ken Nanbu Ear-
thquake were accumulated. We reported fluctuations of the relatively shallow groundwater at the Nuruyu area,
the Northern Awaji Islands, and those of the deeper one at the regional (about 300 km % 300 km) scales. Then,
we briefly reviewed the precursory geochemical changes in groundwater.

Groundwater gushed out soon after the earthquake at around the Nuruyu and Nojima-Tokiwa areas, which
are situated to the east of the Nojima fault, and then has dried up within the several months. There has been no
sign of the recovery of groundwater level in wells one year after the earthquake. The water springing out at the
hanging wall side along the Nojima fault seemed to be moved from the eastern mountainous area where ground-
water has dried up.

Groundwater in deep underground also fluctuated by the earthquake and their spatial distribution seemed to
be related to the distance and the direction from the epicenter of the earthquake. Temperature increase at several
hot springs has also been observed after the earthquake.

The investigation of the groundwater fluctuations is important not only for the prediction of earthquakes but
also for the engineering geological activities, such as planning water supply for the mountainous villages, monitor-
ing and solving groundwater pollution problems, and evaluating long-term stability of deep underground environ-
ments. We proposed several plans to monitor and manage data on groundwater fluctuations both in usual times
and at earthquakes. We also showed the recommended countermeasure for the fluctuations of hot springs, and
pointed out the importance to prepare water supply plans for the places where the drops of water levels have
been observed by the previous earthquakes.
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HRWE S L 720, HENB LB WTo
HRMBBOHEED, BEAFEL L TFORE - FEH
EOLNOOH5, Lhl, HEKBCENRBIIE: 4
COAXCTHEBEINTVS LIRE 2750, BREAR
THTHBE, RN, B5VEEICRRRGS
BIVBHLTH 5, HEMBOENB LS S80S
FIEBRBEICRE (ks TWARD I, FOEhKE 2t
AEBOEMZLTW S RERD S, EHBIIRIIRER
LOERBGBECHHOT, BELTHTEL TRV
DbBH5HA, HWENE - EBBROTELAEC SV
THIBRICHER L, BEYRAL:, Tk, HEE - 5K
BICBLTHLE, 2LoBABALRINTSE
DO9 RETHINCh - LELVWEERZIATH
B0, Fiz, [Hif HBAOEMB—5AR L &R
DERBEEL 25, KBHFHLIHOOTMICE 2 A
2T,

2. HRHBWE

KRETHEL, BTOWMBO—BOWEE LS| =610 1L
T, BEAHRB AR LT, BBOBAOESE
KEWECITNE I LIV RET 5, HEBEOBE L
o7z TEIREIB ] (earthquake source fault) DEH A
WECETERL, BERCHENEE U200 e
Wi (earthquake ruptures) TH 7%, HFITAE U 7=
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LD, HEREE | & TREKE] 2, BREh5

CEBBLID, THRMERE] VO FERESA

RIS TR->T05h, D, LTI THENE] &
WO BRI, [HFEMEBNE] LW BESS MHE
BELDDE LTHVAI EICT 5, HEROEEHD
BRICEDZREICAE UistiEih (T, B, &
Wiic X 540) & GFR) HEMBICEDR,

(=W ) # R ICER T 5 & earthquake fault 2
% B, FEETitdr L A surface ruptures < surface
fault break & 4\ {1 surface faulting * EKExh 5 &
WBE, HERBEIN & BRI -\ > BERICR S
DT, WMBILHESHWEINIT TR, BBOZ U —FiC
LDMENSFEL 2 bH CREDOY VTV RUT A
BBO—HE T, 77U —7 creep BBy &\ > T,
OEBHRTHTHEThENE, WESZVOICHEN S
ELD),

BRI TR, KBS - WM - REBRT» 6
[RRETE | OEFIVAMETES LIk Thb,
B 5B THE I N-BFENE L BRI 4 <
BABFNCFE LI ADD, ThENOHEEHEIC X
DEBLOBAHB 5, WEHENE L BEETBII4
DHDLEZDAD WD, KEGHBORE (Fi3gE
Bt AD W, TR A— PV EOB XIS,
WEIO 1RV L 258 A — FVEBEOBRITRI: AEE
EAMECOTHREREITT LA EES L TR E2
bha, Lrl, EEOHENENBIEBENBOLER
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E&rPH L)
5o
KEGHBENRES L, M%’éi?i&fﬁﬂ
(fissure, crack) BFAT 5, HENIL, HEEC
%Eﬁﬁﬁﬁg%ibﬁ@,%Eﬁ»%%éhtﬂ&«
D PWRILDOBRCTHRET S, DL D THBEHOMK
BEUTRE L -hEinG, BENE & EECIBERR
WO TEE Ll oy, svihEEic L2
KPENE HHEBMBICEHLE 2 TTEH 50, HEY
R4 LB B OB EE & T CBEE L g g
LB AENEOA L HENBICZDAHNETH 5,
BENBOWEAORNTH I HENE L, EBIL
ThIC & AR RBEETE & L TR NAS R
TLABTHD, EITRO/NEN B R ohEih ot
HWOEEY EAD (pressure ridge) FEH (sag) &4
SHEML, 2O HENEEY L TEhAZ A4S
W (R 5 mole track & MEIEN 5 ), HIFRAT O
BrgBRBAE Y, EERENERELT, 50
(flexure) & LTHNAZ L4 h 5, HEKBASIE L
720, HELEBRRETLZ LB, o, Kikd
EZ2ONHHMBEWRES D7 D& KL L-gIETE
(subsidiary fault) 2¥R4ET+5 2 L a5, HEMEH
COEDUEMELBENT T 5D, REOBKE 2R
BOBEIZFONTY - MEBEERIC LS X IHHKE VR,
BEMBHEAOBE# S LEL TS EEbNS, EY
FELUCBERE - EBENEOES & AHOMROE
FACER T 52BN & S s, MENE L L HRbh
Be & OHMPMEOERLERERIBOME & KL T
L0DC, HENCELFEETH 5,
HEMBOMITE, BEIRHLHRIITH L0, B
BOMRICL 2 MEN LS CRE LTV, F
7o, WIBEMATIER U O n Ty, BERERIC & S
DEFERI 7 T B KDz, HEENC L D& Uk
FNHEBEVIC S MER YD 5, hERMEMBICE
STHITNOBREL TSI EH LIELIED A,
INHORBITH S S T IE B x B A1l
FIE—BBIC KT I2BESEECTH S, BN
B3 N0 PE S N &N, MEROSH - ik &
HENIC R /B DOE R FT A7 L HHEC R
LT EMTED, T NDAEBRTENC LD EXERS
FRE RO, MEhET 0 E8sesEd Lo BB
50T, I U CERE DR LT NAE(LT 5,
INOOBREORKEA Ul RSN #BIE 45 03
LLBEDRDHH, L L, KEEEH DR, B
et BN OBR 2T TR RS T OhZ W 2 8h

KF5OESRICBRINIREGLHRETDH

%, BEMEBSEEMECHEN - HFEHENE TH 5
EERFEND BT, HENOBRIR ST Z —
W - B - BT — ¥ - WREEE L RAHICHE
LA g bis\, FO7DICE, B@xomEhos
fi - R B L URBORS O VAL R ERWITIH
L, FHICEHRTILESD S, & MPtROBEE
WSO LRSS, TS ORI EREL
TREEVCEECTERT A LICLY, BENET ST
o 7 EECPES EN TH S hE D ORI B ATREIC
755,
HEHERE OFAO BN, MELRET HHE,
FThbbLEEHBOBEEALMCTLE L THL, ©
D72 DI EIRWE & R4 5 M ERTE OEln &
foEin = WHEC KA+ A XNERD 5, HEHEOTR
KEEP /DI, FPRETELBPENTHALOH
EMEB LY, SHEEICDA VEEPLELT DO
m%h@%ﬁmﬁﬁﬂbéﬁﬁt®f%éﬁ HEEOH
BAEHOMCTT A /DI HERE & RIS T 5
aﬁigfﬁéo%@ﬁg_ﬁﬁﬁéﬂ%h#,%5m
HEBOBELE U 2 kiEh »HE A EE 7 TED
L\ | (BN LR L, Lo LRt
BEBOBE L R 205 - K - mRROERICD
WTHMICEE T A& Th D, ElzRE BN,
BB AMEAER LIz L EICRE T AT
REIC 73 A

3. &F W B

EWE (active fault) 13, THRAOHERRICE DK
LIEEN L, SR LESH L AEEINLIMEY, &
BB LD | bEERSIND, COEERITEKRT, BHY
HHDFTND, BT U R EYEERN R,
B, (BRLEHTAHIEMAEEINLEE) 20D
ZXB AN, FRLIEET A L EHEET SRS,
W - HUEREEIC L DR AN S (Rl OMBERHRICER
DIRUIEBI L] CRICBRTHBEEN T 570,
COEELHICOT TCHHBELRMUZ LTk %,

MEEId 5] ik, WiBh AVl EHEE L L(h
BlOEBMBINEN T L TH A, BMBDO LD, SET
B A D FICThE < (7 U —EE) WENH S
7, AAOHE TR, HEEROEHRY%RE, yU—
TEEERI LT AEBIIMSN Ty, EORL
WELIE 0D T2, BOBRLMBAREI LIS
BT 5, BEOEENC L HHTOR VB WIS IER
Bid, BEOHERMBEHBOLED THLH, T7abb,
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WIBZEL L XD HBOAETHE (Wb 5E TR
B) SAEGRAEL, FERLRETAMEEAGV EE
2R B,

RERLFOR > T\ B BB HHE L - iR Bt
BO>5H, BENMBOBBOMKER LELON, Ho
BRERORER B LB OLAEE -1 IR L,
DX S tEIMERE AR UBF TR IR LRET
(REM) CLiIcky, BUBLRECELIS5EBER
THE (EWBMY) OFEk AR ING, Thoo
IR 3N S B OB ICIRFR - THB LT
WHDT, REEASBD, EMBHMTOREEEY Ch
LOWMBMBARL T 5 EEZ2 BN A, BRAMERE
LIEHIMBEWIE & BFME 2 Kk 5 IR i B
BEHP, ESWMENPHENFCL FEAS BT, #F
EHEVEBARS OB Ui, BASMED,
AP G, HERS TN ENORAELTE LOT, &
FIZFA— S COM TR\, HICTE 5 R =
DENRDOMER, SWMBEOY S ZF 12— F
(M) 68TH 5, IHOMBFDOSHE THMT itk
(M6BWBLMT73%T) ThHY, BRMEDOASMS
BOEKMBETH 5,

FILEEARDELISE L, FRAFEHT 5001
2, W% T NEIA T HIR OIKBIG ITIREES 2 ORIED
> T eI 5, TBAEOHBERN] & i,
HWROINBIC IS HABA LITER U L A 545
BRI AL b, [BAOENEP CIX, #Hity
TROEOWERNR] & LTOE0T, Bal2005ERE
ORIV R LIEE) - L Bbh 2B AENRE E LT
DAL v 78nTw%b, UL, FEEEICET 5558
DBEATL B E, HEEE L 2N CIRR OGS
RESETEMLL, 5074 FAICIES L AW ILN
TLABEED T ATRESSS LEIE 2RI 8D
Po T &, ZOIHEINBEIT b b RIFAF0HE
BE, 55 WEHI2HEMORKEIKIELIRECEE %
BOB LR A B SMBOALBYB LTS L5107
DDO0H 5,

WBOThOERHM LA LOTESHARERE
BN LD, WMIEEMEEIL, BEE- BR - 82
HE T ¥ O - BEFEER TH 50, hFMENE
THERZ EOATY BE2 5, BERENR (T) Db
LMBEMERIC L > (HBORBEMNE (D) AR
b5 E, FHEAMBEE (longterm slip rate) 7
S=D/TILVEMEhD, THEMEETBETEI YA
— MUV/ETET (A— U/ TEE LTHE UKL
%)o BEOENBLERIL<BL T, BRI E

CEBIT 5720 TH 50T, BBEBORY R LOME
% PERIRE (recurrence interval) ¥ BES. FEMEMEIL
BERBEFRTLED, FTHEMEELVG LAEET
DLW, FHEMEEOTHRD 2T VDT, EEOMHE
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DT, BEOHEOMS - B2 5 2 LICHEESLE
TH %, .

EERBL, BEEICLD AR, B, CHO3 5y
T hd 5, ABEREIR, 13U A=/ EHMED
A EE A RO X ERE T, AR TI00ARE
BRoFohTnb, BREMEIZ, 131 )‘f ML/
R D0.13 Y A — PIV/EL EOFHIEAEE &5
WEC, THRDOEME PITHB00AR L b & h%
HANnTw5, CHEERBIL, 013 Y A— FIL/EkEE
DFHENEE T FOMBT, BRIEWB LD ROT6
NTWBET IR, Chi BROEEN L BAEE
L0 I SEMLEEN NS W, MBEMMYSE
DEEWDEEZONS, LT, CRIENBILR
HENTORWLOBEEDH EEPNID,

EWE T RO 28 —DFPh D3 thH 5, 5k
BHOEBRIC LD, MHOBDRRRLEL < FA
LHIEMNTE, Lo EEPORS D HECEE CH
BTEHIICE-TC, LROEHBLRBAINSL LS
7k o7z THARDEMRE P CIIERB TH 5 2 &2
FdbDk, BEEL &L, BEIICLVHEEEL, I
ESVI G E LTS, HEVER ERREOHEREY
KEOLNTERICHENDS - THLHMEICIPIRLER A
BNz woT, EEeRodv, BAROKETIN
BPFICHHDT, B K LSO &> nREMB AKX
ERRETH L, Lo L, WEEERORECLY, #
B ML EEOBBORESEL O DB S,

BEBOEGLZREMICHONICT S0, R—
UVIZREER VI BERENS R R TH S, HED
FEEHBOESBEL WO LI T 5700, WEIER
FIZEY FU VS BEIRESRHICED SN T 5,
PV REPEEMBEICLD, MBORKIEEIN
BEER], FHRBREMBARE LMD L, Ek
BHoOMBRERRE LR TER /R BRDLN S,
MATSUDA (1977)9}%, #/R #0.5Ll L OiEM B4 [
HEMB | (precaution fault) & L7,

FUVFIEIC L AMBORBBEREAEIC LD, B
B oOMBREOH S BFHELEHINDDH55, L
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| (
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(c)
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(A)
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FEFHETE TREOHMERNR] ORIBROLNT Wi

— 118 —



TR 8 4107

W - IEEBRItROHFEIC W T 363

2, THERKIE | TIIf2005E E#D 6N T3,
Uin L, IEPCEE ] 123, Bri20054ER—E
THEB LAWBIRTXTEENL0T, [EER] k
DL VIRCEEONBE ST 2 Kb, FDHD,
HERR DM TR A ERE LT, TR A/ TIEEES)
THBNOD W% [BEELECHE] L35,
BT IRROWMBRD T, BEHECETHED
BOEEES CRATATMREROB 2HBED S S, B
K2 DHEBDE - LK BRI ARSILE,
TN % EE S HE CIREMTE LB ARSI S < E
EM=650ETHMBED S LEMIZE 2 5B -
EARECHBELTETARFME >, BEELET
AR, RETAREMEICH 2 5 & & Lic, REFAR
FHRITH U CHREER b\ 720D Thify
ERHOZENERINTVS, BHABBMELRET
5 EEEINAWIEE S1 MR, BEtARAREY
RAET D MBS NDHWIE % S2 A48 L1519, B
EENCIE, ARIEWB Ch -, 1 FAERMMUBICIES L
LD, EA S HETERERG 1 FERBOLO% S1AH
LW, TNLSE S2HMKB - 45, %7, B-C 4
W Th - C, 5 HERMMBIZER Lo b0, $7213
HEETIRMME 5 HERMBOL O S2 MMM L L, #
NUAREERE S LTER LA, £/, FRmEe
BUMIERBINC X D BB AEZCRDONE L0 b
SLHLEE L35, ARISHBOERREIRE 1 54
K LEZONLDT, CORELESHIER L3~
TO AETEWES S1 AUMBICRAEINSZ Sick B
Do

RALTH, RFHIRS X ADSA O EH Ol B+
KAENBLEE TS L5100 50859, 2T,
BEY OEMPR I 1~2 BRAE T AR A AT 5
BE (VUL 1#EE) o Uil inag L
WEE, BIUBMEE CRET A AREL T L — 15
FHIECE TAMEIC X HESHO L 5 i LRI
FAET DRERITEN DR ERRE L HOMER (L~
2WERE) I UL, ARG LT AEE S
HTREMICBETELBE, ZhAOREYTLE
EYMRERDPE LRV ERRAIE LTCw5, Cob
NV 2ZHEEICOWT, ARERBLERL, BiEE
OB OBEEYIC O\ CHRME T 5 2 & AL AELH
LREIhTV 5.,

BWRETH 50 LI »OHEICIE, BFI0FEERE
LAPSIZTORE & N7z 8 HERE M DT D I bR
%% INHDTF—~ZIT, FEAEHERLITHE,DS

BA—FIHOETA-FVHUATHEGONS, 0k
b, HIROW - WERHES F L v FRESERBHIE
DEBEFRICE > Tnd, FHRD LR LHBRE N
HREMHB RSP ATHIEIC L > TR TN DT 5
L, IERBCH B HE A OHE SRR 5, WE Y
HOBHPIERERLHT A - S L), WEo
TR B3 2 7= OMFEFRE S R INTWBH, M
- WBELMCEE T 2B ERII R 2RI N
Twin, HR T, BROMBAEEN» G2 HE
THIHE, WEZOLORF LN WA, HES
FEL TRV OLIRAFER LV EEE 220, L
7o T, EMBEARMEL ST IR T LR
THIERTERY, Lrl, BHBILBECERSh
TR BB ORMTH 1, HROBEYELF5
BLDTH 50, FORENEETH S, BB
WTIRERY - REROHSEHE <, %< OMREEN
BIhTn5,

Z2 £ X MW

D N, kSR, MEETE— (1984) : E L ENBO
x, B3R EEH¥EHS, 123p.

2) SRR (1987) : #EOHE, WABE, 568p.

3) BEIE, RERBE (1994)  ME LB, FEAShK
£, 240p.

4) WEE (1995) : EWE, SiEE, 242p.

5) WARH - BIBRE - (LIGRERE (1996) @ EEE L2
B, HEARFHIERS, 220p.

6) AAGRMBAZLHESNERS (1987)  BIGHEDR
REBY, ICHME, $28%%55%5, pp. 84-133.

7 BE B-FHEELE 199%) : EEET7SALE (1),
IEE#E, Vol. 37, No. 2, pp. 130138,

8) EWIBHES (1991) ¥l BAOEMBE —SmNEE
B EmAEHEE, 437p.

9) MATSUDA, T. (1977) : Estimation of future distructive
earthquakes from active faults on land in Japan. J. Phys.
Earth, Vol. 25, Suppl., pp. 251 - 260.

10) #REEE (1990) : RAHBESRIC X5 BAFIBOMES
#E, WEMER, 65, pp. 289 - 319.

11) mE&EE (1995) : B LENBOFRERNOR, EEET
72, Vol. 13, pp. 1-13.

12) BEEMEEREERS (1987) : RFHRENHERT
Hifitest, AAESHS, 896p.

13) +ARRLFEFHEAERS (1985) | T HHEHHE -
R OBE - ABRER L UHBORBELEEOFMT &
BEE, LA¥S.

14) EARES (1996) : FABENORELESICRETS (4
THRE L EAR%ESE, 81, 2 BHEift, pp.1-10.

—119—



364 [V I S - | H3TE H45

et o RBABRKAEZERLE

(#ER] [(B-oES : Hi - HEH LEEY]
E B E MNg ET GERKE * % FE KE (BRI
RIERKE HIIl BLEE  @resdK) *x =1 A Bk (bR
* g BN ¥k (bR ” B 7 GREETEEMBEREN)
4 FEOK¥  (EEHHRB5ER) ” BERMEUER (B KE)
” oIl B (WEBEZEHS) ” WP EEZ ATFRLVYZYUVIH)
4 KB HEE (e ” HEE W @7 TR T
” NG = GEEE TERMEMERE ” il BR  (MEERERERRS)
” M FRI GEEE) 4 MR FIE (ARKE)
” B R (KIRTERY) 4 *HEH FA (Frva—avdiay )
” =" T (e ” Heh BE GEAE)
[ N SH thiE  (BFBEREH) ” FJll HE—  CKERMA)
&% E KE 2 (CFHEE) ” Fill R CERRUER AR SR
” W fE5— (hRBERE) ” HEH = CKBRIEXRY
” +B ®BFH Gro—avvisyre) /, BEH Tk @3 21
” Jys; W UERSEASE) 4 A IER OlEsEe)
” B8 WA ivavyurv) ” =F BRI GEXEH
” ZHASEE CKRATIAS)
[(B—aH<s R & ERIE] ” B e OlleER)
* ER e R GEEk) ” HEOES GHEREE)
%= B e AON: 7= )
v FH - EORREATHTR) [(E=a84  tEE SR KE]
4 KiFE REL (SRME®) * # KB HE (BB
” BBA HEX EHEEHER) *x =1 i o (ERAE)
” Bt # (R eRERETRRT 4 B B8 (A4 TVUY—FH)
” BAK EHE (HEIEE) ” BE WA @S vava v
” FEOBERE  UlEnES) ” Fim #— W7y
” Il FE—  (CRBRMSTAE) ” EH EF BETVYITUVIW)
” Rt BBk (BERE LRTIERD ” R HHFE  (@gERaEmproemm
4 H EE (mExE) ” M FE  (@EHHRBEFER)
” B B &% vavduzvr) 4 Her #F  GFKEREmprenT)
4 FE B® (KERWIAE) ” i AR GEEAE)
” wHE B (R ” i 2 GERATAE)
” =8 #H (Resa) ” M 2 (CKBRIZEXH)
” i HE  @RE#Ea Ly ” BE F (BREELTHER
” I Ak (RFREHEH ” BE FHE (BhxEammsuER)
” PN B (WEAZ) ” ME JRE (BEREELHIER
” B Rk BEAF

—120—



PR 8 108

365

F X
FIR
Lo

o

18

T

2E

3F

4, 5%
B LR

FLIC

1%

2E

T

3E

N ET

e Z5Al
RE B2z
E -
[HF NI VN

—+
A

M

o

Fiisl NS
A HER
#HE EA
Bl ER
AN ¥R
FIl FR—

AEREOHESE

e

4%

BTy

5%

LI

A

—121—

i Bt
FE ORE

RE HE
AAEBAHS
L EE
ME WA
FHE M

RE HE
wA& AR
BE F
M FA
ats aE



— -
(R HaEIHERRLER)
i (B) »OOREH
L, FHREFEGRS
(B107 HAUEEX R~
6-41, ® 03-3475-4621,
Fax 03-3403-1738) 5
BTREY,

FTEEmRETE PR 8 4105 5 HEIRI
— ISR E S S DR S— FAL8 F107 10H AT

AEICHERITES 4 SOREORELJIRHFI L/2bDTH 5,

W RATE

Hl

©8 X Kk B # H ¥ £
e XBABXAEEZEARES
HHET O BRI 52314
HEOASD KNV 4F HEES 101
35 03-3259-8232, FAX 03-3259-8233
RS 00190-7-8684
AE LR R T ERKX S ®
R ERET X K AR 78 HEHS 162
B 03-3260-521169







	aa0007
	aa0013
	aa0015
	aa0016
	aa0017
	aa0018
	aa0019
	aa0020
	aa0021
	aa0022
	aa0023
	aa0024
	aa0025
	aa0026
	aa0027
	aa0028
	aa0029
	aa0030
	aa0031
	aa0032
	aa0033
	aa0034
	aa0035
	aa0036
	aa0037
	aa0038
	aa0039
	aa0040
	aa0041
	aa0042
	aa0043
	aa0044
	aa0045
	aa0046
	aa0047
	aa0048
	aa0049
	aa0050
	aa0051
	aa0052
	aa0053
	aa0054
	aa0055
	aa0056
	aa0057
	aa0058
	aa0059
	aa0060
	aa0061
	aa0062
	aa0063
	aa0064
	aa0065
	aa0066
	aa0067
	aa0068
	aa0069
	aa0070
	aa0071
	aa0072
	aa0073
	aa0074
	aa0075
	aa0076
	aa0077
	aa0078
	aa0079
	aa0080
	aa0081
	aa0082
	aa0083
	aa0084
	aa0085
	aa0086
	aa0087
	aa0088
	aa0089
	aa0090
	aa0091
	aa0092
	aa0093
	aa0094
	aa0095
	aa0096
	aa0097
	aa0098
	aa0099
	aa0100
	aa0101
	aa0102
	aa0103
	aa0104
	aa0105
	aa0106
	aa0107
	aa0108
	aa0109
	aa0110
	aa0111
	aa0112
	aa0113
	aa0114
	aa0115
	aa0116
	aa0117
	aa0118
	aa0119
	aa0120
	aa0121
	aa0122
	aa0123
	aa0124
	aa0125
	aa0126
	aa0127
	aa0128
	aa0129
	aa0130
	aa0131
	aa0132
	aa0133
	aa0134
	aa0135
	aa0136
	aa0137
	aa0138
	aa0139
	aa0140
	aa0141
	aa0142
	aa0148

