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Crustal stress states close to the Nojima fault in 23 years after the 1995 Southern Hyogo
Prefecture Earthquake

YOKOYAMA Tatsuya', FUNATO Akio'

Fukada Geological Institute
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Abstract: Following the 1995 Southern Hyogo Prefecture Earthquake, 10 km-long earthquake faults appeared
on the west side of the northern end of Awaji Island. This fault is a part of the Nojima fault, which appeared on
the surface as a right strike-slip fault with a high-angle thrust fault component. The crustal stress measured two
years after the earthquake close to the fault had a large magnitude in the hanging wall, and a small magnitude in
the foot wall of the fault. However, since the principal stress axis is along NW-SE direction and perpendicular
to the strike of the fault in the NE-SW direction, the shear stress on the fault plane is evaluated to be very small
in both the hanging and foot wall of the fault. This time, the crustal stresses were measured again close to the
Nojima fault by using both the high stiffness hydraulic fracturing method developed based on a new JGS
standard and the DCDA, a new laboratory test method. As a result, the stress states 23 years after the
earthquake is similar to that immediately after the earthquake, and it was confirmed that the crustal stress states
are still stable.

Keywords: the 1995 Southern Hyogo Prefecture Earthquake, Nojima fault, crustal stress, high stiffness
hydraulic fracturing method, DCDA
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IRyh—REKE ATULRE, SHE4mm, RE2mm
IAVF T7—Y—F{EEHR, 1,000miZE
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R Farkn—35 D ORO TR

42

iy = BRI

(a) KEMBAY T/ Svh—Eth ERE b) BURYAL LT v h—Eih L EE
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T /Sy h—REHLRE (50Pa) I —
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| 40m | 350m
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L — s

13 SRt KERRREREBOERE, (o) KERRAS
TILssyh—bith EEEE, (o) BURYRAL T I Syh—th b
EE, (B, 2017, —ERaRE).

Pump controller
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ZOWETIE, BT - 7K ERER I
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TR0z,

B 16 12, No.l FL. TOZKEFERAEFOET) —f
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#) SMPa T7 LA 7 X0 L b %@ A5
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TIFIES A 7 DM RSN D EICE ) DO e —
TN EFALTNDZ DD, KEHRHZE D AT
7S E ZLTITR W E B LT, T v A o XD
RFOBHEAZE /IR Fik 03 MPaf2EECTH Y, =
DIEPEA DR SRE L FELTH, ZOfE
AEREDA 52 7 R 2515 BRI~ TH B
WSV, ZOZENLT LA 72T U TOKE
WARHIBEAFOAN 7 Z > 7 B350 LT b o EHEE
L7z, MR BREE C b FRROFERG H AL

ZO7®, BBRIEE TOAREHAN TORK
IS DI 2 RS D72, AR H/R > 7
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FlA B OBR 0 T 27 1 — KRR

DIRRENIULDOIEET D Z LI2XD, @il
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16 No.1 FL(FE 100 m) TO/KERERIER (£ —FHEIZE
{EREHER) DB GRERKZE, 2018, —ERERE).

(AT R—/VOFBEHEE R E L SET, 2D
NLH e Ga Bt Mb bOTH S, Ziuk, K
JEREEORIERRIC RS E, ZORFIETELD
FLER IS S ToMER TR DO N LE AP R TSSO
FCARRT 5 Z L E2FH LTS,

1712, R 5550 mIZRT AR Y < B —
ICE VAR LMD N T ERKDO VT 1 %R
T ZOFEICALND LY, HIRRRHEE SN
Ry —OEIRERLTEY, ZOFEDIFE
180 FERCRMANC & AR DOREX ZnsRd b=, =
DEFDEHDO AL NAW ThHo7-. Fiz, &
& 54.80 m CTO[ERED Z RO TLIE NT2W Th -

‘6759[)123456789‘-"]123[156789[{ 112345678

X 17 E4RY, Svh— LJ:UEEZLL%E?:‘I"’JG)AI%% (a):
INIHh—EADEE, Ob): i KEE (AR, 2018,
—EPERE).
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cycle) TOMEDA 71 ThH, ANLARMEEZD
BN PR 20 IR EF RO L. T
A7 E RN ERRADRBRTOY— 2 LD
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18 No2 FLGEE 800 m) TO/KEHERIER (T H—FRIZE
{eabR) GRERKZE, 2018, —ERRZE).

728, D 2 BT DAV E 2 LR T,
BAIDT VA7 XD TORE—7 [+ & FH R
TOE—ZEIZIZE A EERRBO BT,
Z DKERRHRH 2 A U 7= B I 3BE R & O RR
OEHBIL, Znbo7—HI3EH Lo,
a) FTHEFAOE

ZZOHBEOIE PX, KEMFCTELTZAL
EHEN-HHUT%, BEORKINEIZELY &
DEAE MDD EEDEN EFERINTND. ZD
FBE AT ) — R EIRRER DS EAR ) DML TN
RS OE/THD. K191, X 18 TRLTZES
— R kil 6, FEBHAEER T 11EH O/
NECEGER U CER L. ZORDSER DT
P, it B & 2708, A R < EBIIC Z OfE
ZHAIMD Z LT L. F07=, 0.1 BRI
TGRS IV TWD T — i ERMR DT — & Off%
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DE—ZEP O R AEA AR L. 2O
RAEX 20187
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[ AN
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5 7 9 1 13 15
Time (min)
19 No2 FL(RE 800 m) TOHKEAERER (T H—HFHZE
{EEh#R) TD 1 E B OBEOSRT—20IEKRE. GFRENK
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Shut-in
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Jm

£ ) — AR DT — & OFfREE, FERIC

I 0.1 BRI CH LTV DT — 4 % -V T
WhHT, B 77 EleD. ZZTRLIEZ
JET)— I EBIROT — # OWEREIE 11 [ElORE)
S (1 BRIOFEE) 220, SEREDED Uik
HHE 82 MPa ZHBANEL L= (Yokoyama and
Ogawa, 2016) .
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#AZ, 2018, —ERRE).
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L7/ T A—H OREEAVRTERIL, O THE
(ZFRCA LT,

5= 2 KEWREABRTEON-T—2EERNEFD AR R
ERZE, 2018, —ERCREE)

BERE P, P, P P, S,
m MPa MPa MPa MPa MPa

Sh
MPa

o, ¥&Hh @
MPa DAL ml/min

9.1 77 9.1 119 10
90 7.7 25 90 116 10
76944 139 91 77 91 119 198 NI159E 10
9.1 77 9.1 119 10
Average 9.1 11.8 -
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P EHREFOE

P, : ElgUKE

S wINEIRA
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o, RERNEYRSEEREENSETE)
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¥ 5 TR U7 S m i R R T O FARSLIL T Ol
\ZHARD &R D /NS N Loz,

5.2 aT7EWE
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a7 L (DCDA), RA—Y 7 a7 ZHn
TSEE E UCRal, M - R (2013) 1
LB EINISEETH S, n—F ) —=
T AR—=Y T Ko TEIRE N FIFER =2 7 DE.
BREEICET 2 Z LSk D, a7 ihiEs i
NOFIETI DI & IS 172257 1T 2 HiETh
5. ZORFHEZL, ISHREESE LTUIa By
FASNDD, ITIRBUIAE D =27 DA B HIE
ZRDDENVIFHIZBWCL, a7 E0HL0%
e LTSI GED—fEE W2 5. FTe,
a7 ZRIE DB I S IEEEOIENR TE D
Z &, arTITHRIE < g = 7 T H
ETEDZ LR ENLEMFMIIIAL, ho=aT
LDV EG ThH DT EORHEAER L T 5.
BEARMBRFEHIZLLTO B0 THDH. R—V
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TINLEOHIEN DRSNS, TOBE, By h
I EEEERE L WA O T, YIS aBHo =27
B d DEMTH D, YHISNZa T i3e
FRFZ A CTHRIERNCAETE L, & OB EIIfiE
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23 A7 EREOAERE, @TOaF )y TOIA7NDHE
HZERISO)TRT BB EEECKVERTEHEERE—,
(AP -{R7E, 2013, —EBHRA%).

a7 NEFEETHIUL, RIS
WCHALENCEAT T 2 EN IS ST Su, S DFEfL
WD EOTAIFRATERSIND.
£ = (Su— v - SyE=(d\—do)do

£ = (S v - SuVE=(do—do)do

(10)
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-
s

ZZi
f1, 621 FOTH (BAEEIE),
E, v : IMEIOMMESREL, ATV UL,
di,ds : FISTTFRO TR,

K10 ERO)DOFADEE &5 &,
Sh—Sh=(d—doVdo *E1+ v)  (12)
Lieb. THIHAERD d 1 IARFELTH D03,
ISTIRIUAE: D =27 OEFRIIIEF DT e
T, FEEIC d=db & T5H. ZOXHITLTEL

NESI—SHERDD Z ENTED.
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a7 ERORELEEZ X 24 13, WET D
R—=V 7 a7 nElEd 5 —>0oe—7—
FiCEE, a7 oblEf & L—F—HERERC
£ % a7 EAROMEE R S &R 5.
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S [ —
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e display &
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K 24 a7 EREATEBEOHSE, (MF-F#% 2013, —
L.

5.2.3 HIEHER
a7 ETEEORITEIL No2 FLOTEE 602 m~665

m [ TR ST ORI =2 7 2 W T T 7=,

X 25121%, % 6109 m D=7 ORIETE ST
M JE T ORER )5 9 [BRAE S OE LR &
25 OIFEEIS L OO N S TS
S AW IEU A Lich 7 St N I 1 [N N Y g R S5 YA
BT — 21X, MEHMOREME L OBRICE
WIS A BRI L <o TR Y, 1F
(TSR T ORI RDIZIRME 2 B
TWaboLBbhsd, 7ok, a7 mOHIE
E2em A TIT o 72

8 EDORPEREFNZ OV TIEE 3 1TRT. Zhbd
DREFRERD OB, BIARD 2T DI KEAEFET
ST, HIMET 00143 mm, FHAET 00364
m ThHY, ZhbDOHEFITEADY TR
20 MPa, R7 YVt 02 EE L TELZK
RERNER LI, ZhGOEAOYEHEIL, =
DR—=Y T THRLNTMNOEA 2T OFERTO
BASEIZ LT, KT CfS DRk D
ZE565 77 27 MPa (11.8 MPa—9.1 MPa) (Z%f L C,

BIRIZREDDENFLN TS, ZH DA,
YT REE L TROIZHDOTHDH-0, 22
TIIZEMEE LTIV .

72, RIS Su DI ERD LI,
RT R—=/VTI AT DG % B A =27 DHL
DREFEFE CLF, EHAD Z17-o72. HETH
S SuDFALIE, N20° ERifL L N85° Witk
DD T N—FIo TR E otz 1272
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RO D Z LIS IR EOREE LY E2 A
WZLTWDD, RIRICHEND LEIME2D, =7
BRI LD Sq DT —Z 2O TIEB Bl
ELTEED.
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25 a7 EREICLAHAT ODRABRARD AR EEREEE(9
ERESNI=EDT—REE TR TRUT).

& 3 Nol L7 ERETRAESNIZRAEIS DAL

BERE AEY RAEEE BAEGHY S

m [ mm MPa E
602.5 11 0.0143 2.8 —
610.9 9 0.0162 3.2 N21E
640.3 8 0.0216 43 N85W
644.1 6 0.0264 5.2 N87E
647.2 7 0.0214 42 —
658.5 7 0.0307 6.0 N20E
658.8 7 0.0364 7.2 N18E
664.3 7 0.0213 42 N86E
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6.1 AIEHROFH

IKERRRAENT K 2 Hieis 77 DT R SR % S B
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1 AL COHGEIN T DERIERGIA LA X 26 12~
L7z FRNC LD &, RE 55 m T Tt
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F7o, KEBPHETH OGN DORE S %
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