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CRUSTAL STRESS MEASUREMENT AT THE HIRAKI MINE,
THE HODEN QUARRY AND THE TSUCHIHASHI MINE
IN NORTHWEST KINKI DISTRICT

By Yutaka Tanaka, Kunio FujiMort and Tomokazu TAKEUCHI

Synopsis

In order to investigate the stress state and the strain accumulation in the Earth’s crust, and
to presume the possibility of earthquake-occurrences, three dimensional absolute stress measure-
ment and the stress gradient measurement were carried out at 3 sites in Northwest Kinki District.
Respective results obtained by the two different measuring methods, hydrofracturing and stress
relief methods, do not always coincide three-dimensionally with one another due to the condi-
tion of the measuring points, however, the azimuth of horizontal principal stress agree well with
one another, and most likely reflect the tectonic stress of the region. Moreover, as for the results
of the horizontal stress measurements by hydrofracturing method at respectiv depths, the scatter-
ing is within 7° to 8° in the azimuthal angle. The regional differences observed are due not to
the accuracy of measurement, but probably to the local characteristics of the measuring sites.

There is a considerable scattering in the stress values measured at the shallow part near the
ground surface. As seen in the results measured at Hoden, there appear low stress parts at in-
tervals of approximately 20 m. This low values may be caused by regularly existing joints in the
large rock mass and by low overburden pressure at shallower parts of the upper crust. The stress
is constantly released at the large joints or small fracture zone through relative micro-displace-
ment of each rock block. The stress depth gradient in this region is relatively lower than the
West Japan standard stress gradient. When the data at Hiraki measured in 1985 and 1989,
especially their depth distribution, are compared, it is infererd that the principal stress azimuth
and the stress gradient have been changing and increasing. This stress changes may be related
to the seismic activities that continued since around 1986 near Kameoka in East 40 km away

from Hiraki.
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Fig. 1. Location of the measuring sites for curstal stress and azimuth of maximum
horizontal stress in Northwest Kinki District.
Hi: Hiraki, Ho: Hoden, Ts: Tsuchihashi, A: Akenobe, 1: Ikuno,
O: Otani, T: Takatsukayama, S: Shiromidai, R: Rokko-Suwayama
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Fig. 2. Direction of boreholes at Hiraki (left), Hoden (middle) and Tsuchihashi (right)
measuring sites.
@: hydrofracturing points A: stress relief points

.__3_.



26 FARPIRBIFLAER S335B-1 F2. 4 (1990)

2.3 LiE#EL (WA, Y YA, A—HEEHUHW
RILEHATTH= /A 134°15. 7E, 34°47. 2N BZEMAL L 3 BB, HEEF 140m, ¥R 25m, H
FHE SR Ry Vi) = 2 It = Y A O
198943 H 16875 — VI IBHRIC X 5 3 IRTTIEHIHE
WAL OAES Ef&E—Y v 12m, [SHERIL 180 mm 7,
19894E11 H  AKEBFHEI X 5 3 RITGIHE,.
W#LD dip15° DIFEAF 48mm FER—-Y ¥V HER 2HHE 15m, LT 60mm REF-Y
v 7 AER.
19894E11 H  /KERRREEEIC & B SAEIG I BEDHIE.
VELOWE 60mm BRE—-Y V7 60m, AELSH, 17m DRBA—FAHKREE S, K-V ¥
S ADOEIL E TREFNIIETEORNB D -
Fig. 2 (CIZ1978FEDFATAN L D DX =Y v 7 A, 1984EKERRDIHO R~y v 7 HLHER
(), RBWD1982, 1986FEDF —Y) v/ HARES (), HEOI98IEDR-Y v 751, HER B) %
iy IS

3. 3RTELHUR—ISHBREELKERPEDLE

3.1 SAREL

ISTIBBOE X BISHIBIEIZ, 19784128 IHiRHE T 108 m OHEICB VT, KPICHEHIKT S 2 A0 K —
) Y SHERY, 8EFH - VBRI DT - FMIICOVTIZ, ASS, SURRECRERIFITIERME)
SHRRBREE [HRIGTHE & #igis B LENEOERBINTIE] KRR L Th 30 /AR 3 JOTKE
BRREIC X BHIEIL, 19894E 4 HicHiR X AT dip55° @ 2 FED X~ Y7 H#& 30m &, JEHRE
RRAERD 60mm BOFE—Y) YIS ARBOTER L. Ch bORIERRRIZ, Tablel & Fig. 3 [URT

Table 1. Results of absolute stress measurements at Hiraki and Tsuchihashi sites.

Hiraki site Tsuchihashi site

Stress Relief Method Stress Relief Method

MPa Azimuth Dip MPa Azimuth Dip
g, 4.9+0.5 N 53°W415° 48°4-10° g, 6.2+0.6 N 49°E + 9 11°4-18°
0y 3.14+0.7 NI169°W 18° 21°4+20° oy 52404 N 65°W+34° 65°4-14°
O3 1.940.5 N 86°E +25° 54°+10° A 3.440.6 S 36°E + 8° 22°411°

o 3.6-+08 N 29°W+27° gpy 62406 N 52°F, +10°
Ope  2.640.7 N118°W 4-27° opy 3.740.6 N 38°W4-10°
g, 37404 0y 5.04-0.4
Hydrofracturing Method Hydrofracturing Method
MPa Azimuth Dip MPa Azimuth Dip

o, 3.04+0.4 N 45°W412° 25°4 8° A 49407 S 20°WZ10° 6° 1+ 10°
oy 1.94.04 S 39°W412° 13°4+10° Oy 2.3+0.8 N 66°W415° 34°4-23°
a3 0.240.6 S 76°E }16° 61°+ 9° a3 0.9+0.8 S 79°E L21° 55°423°

o 26404 N 34°W4-18° op, 49407 N 18°E +11°
Oha 1.74-0.3 N 56°E 4-18° Oho 1.9+0.7 NI108°E +11°
Oy 0.84-0.6 o, 1.4408
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FEDENTV S 5T, 0.02H (MPa, H : BE H=108m H=16m
m) REHMWTHHETEEITHS.3bB, 22D Fig. 3. Results of absolute stress measurements
RIS ST 120m #igh, HERE & RE LRI at Hiraki site.
B, HEOMBIITEUEC XA LNDEEZL Iilpper: directions of hl?rincipal fstlresses
TTE, s ovstn on sterecographic net ot lower
hemisphere.
3.2 EBBRG Lower: the principal axes of horizontal
1982%4E8 H, $AEAR - Y 725120, BX 25m stress.
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Stress Relief Method Hydrofracturing Method

8 elements gauge 16 elements gauge
Aug., 1982 Nov., 1986 Dec., 1986

'
- .T"fL .....
e} — [ SR |
MPa 0.2 MPa MPa
MPa Azimuth/Dip MPa Azimuth/Dip MPa Azimuth/Dip
0, 2.2 7 0.7 N88°W/77° 0.4 + 0.1 N70°W/67° 2.2 + 0.1 S71°E/ 0°
o2 1.0 + 0.2 $53°E/11 0.2 + 0.1 590°E/22° 1.9 + 0.1 $19°W/17°
o3 0.8 + 0.2 N36°E/ 7° 0.1+ 0.1 s 3°w/ 7° 1.4+ 0.4 N19°E/73°
ahy 1.0 + 0.2 NE1°W 0.2 +0.1 N81°W 2.2+ 0.1 N71°W
oha 0.8+ 0.2 s29°W 0.1+ 0.1 N 9°F 1.8 + 0.1 N17°E
ov 2.1+ 0.7 (pgH = 0.1) 0.3 + 0.1 (pgh = 0.4) | 1.4 + 0.5 (pgh = 0.6)
Depth | 2.5 — 6.5m 13.4 —17.7m 21.0 — 28.0m

Fig. 4. Comparison among the absolute stress measured at Hoden by stress relief
methods, using 8 elements-gauge (left) and 16 elements-gauge (middle),
and hydrofracturing method.

Upper: directions of principal stress shown on stereographic net of lower
hemisphere.

Middle: the principal axes of horizontal stress.

Lower: stress values and directions.

KZOHEAOBEMNIELTS) 22T cbnEBbhd, REGIHEIZ, BE 2.6g/cm® L3hid, 0.025
MPax & 160m T 4MPa TH5H, EH#EIX 5+0.4MPa TH - 7o

1989411, JG/IMBHEER 5 Uil & A DY &, FAAK 15° 02K P TER 2 HHO 48 mm
K VI 2 AL SHEEARAED DO 60mm BOMELR -V v | BEFRY, KERBHEICX
2 3 RTIEHAEEE R Uz L L, BILLBKEOWEIC L5 cdd, KEZMLITHREILHE
hAET, HBOHEASS D EIIEG Ule 7, HER-Y v/HIR Tm FTHTHIEZ A HK
HICEBEL, ZhEERA—GHIUKICAD, BEEREF TR I ATULHET S 1. k2, 65—
FBHRATORES, BEEFEO-DHEIZETL, 4 S TKEBPETE >0, BHEOBMD ITHZ
BTULPERTIEh 1.

TSR & K FEBRE TR SNt 3 TS /TIRBE i35 & (Tablel 2M), I 9HEEGLE
BAEGAN ANED > THWB XD ICRL 5, KEBMETIR MEBIR NI RD ST ETETH
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S 11.3m .74 w) (3.7 w) (10.25 ) (125 )
Stress Relief (16-gauge) H = 140m L wpa
—
Hydrofracturing
H=183m H=173m H = l40m

Fig. 5. Results of absolute stress measurements at Tsuchihashi site. Directions of
principal stresses shown on stereographic net of lower hemisphere (leftmost)
and the principal axes of horizontal stress (right).

Upper: by stress relief method. Lower: by hydrofracturing method.

The values in parenthesis are the depth of the measuring point from the
mouth of borehole. H is the depth of measured point from the ground
surface. Solid line shows the measured values, and broken line shows the
principal stress values after correction, assuming the principal stress
direction N52° E.

Bo Thid, K- VI HABEROIGIIREICH U
WES 201 RBEHL A TH - letedhrd AN
Vo IKEERHEEE & ISTIBRIRIC & 5 K FENOEIST]
Tz l#ed 5 &, KEBREICK S ORISR
HRICH U T 35" I3 S RIS AICEE LT 3 HE
BRONDE. COFR, ISIRBEC LS EEI0m
KB 2 EMRE S—BL, KFEATZGHL R
2005 n—TIEDhNAT EICEE. COREIZEE
LB AP, A—RIEKROBEERICHE EEZL LN
5%
COHEOEHIT, 1. KEBFHFICTLEEDSIREL S

L, Ff, BERAESREETH 1T L, 2. 8RR tan 28 = 2 txy/(ox - oy)
ﬁ@%%, ﬁ'ﬂﬁ&ﬁ%f% I‘%ﬁiﬁ!‘?i‘l}.—f{i}i f&l‘:})’)fs:c 0 = 0x ¢0s 20 + 2 Txy sin 8 cos 9 + Oy sin 28
&’ 3. %F}E}Lﬁ§£%b©?—< » /\0‘7 b —b)ﬁl’(%fg Ox + 0y = ohy + chy

{E-7ch, 2 HFOBIRD HE 3 HEORELY KHIC

Fig. 6. Deformation of borehole, and direction

0m HRATHEEY RAFRLIE -7 L0 S EED ST of horizontal principal stress and planes

bBc WEEMZR—Y ¥ I AOERELE DI HHTF of shear fracture (see text).
U, MBI CRWEEEBEL TV,

ISTIRBIRIC L S 11.25m STOWELEL DRE» SZBLTROIELVHILIEIETHZ LEZLD h
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0T, T TELNIKERKNE XX GHa% Tectonic Stress OFEEZZ NI, KEFEHH SHBS
N7 BRI PIEREEEAE 20° & UEBORANTROEHRE—~HT 5. 2%0, KEBBMCLDAED
BRI, K- VS AOBEERI X D FESROGHMEN LI, BARANIGIEMICEWTR
ICREMEL (BBVRTTIELTVE), COFADIHIELEZNIC BXT2HHOIGNEZEGIZHO
LEZ D, 20T, BRERIGHBAZEHBHREICES N52°E H{REL, KEMMIC XD T & /BT
] N18° E (Y #5H) & N108° E (X #iFA) @2 HADBHELHE LD LTI, 1. DEHES
h (Fig. 6 BR), Lid-T, $BA SPEBNEGHETE 3, BRIV 0.+0,=04+04 Ol
e B1cwd on PREME 0y KOREBIORYRTH B, o 13 0. KD/NELIEY, HELEKX
FAMOTRRBTAEL LB, COLIBMEE LRI, Fig. 5 O TROARDO KL I I, RK
FHENERGNREEOBREZITELL LAY, FNERHEINSBVTEILITHS, R, &
BEET L2 (BIRADEN) A—ARTKERBRETE > i dBREERSE LN, EULBR
HHX T OER, BREGHFATRRLABREABIGHARTSH -1 LRBHTHA 5.

4. WBHERERER

4.1 AR
SPASEILTIZ, 198529 H, AfTEHRSHBITBEFERSILIORETHEROBYOTIC, HL AL

Table 2. Horizontal principal stress values and azimuths at different depths obtained by
hydrofracturing measurements at Hiraki, Hoden and Tsuchihashi sites. The values in
parenthesis are the corrected values deduced from the principal stress direction N52°E.

D(i}f)th oy ol  Admuthofay, D(‘jfl’;h oE o Azimuth of 6
Hiraki Hoden
233 38 20 N28.9°W 20 0.92 0.94 N 3L1°W
270 17 09 N47.5°W 925%  (1.49) (2.26) (N 45.1°W)
204 49 0. N83.3°W 35%  (0.95) (1.25) (N 65.5°W)
340 53 23 N43.5°E 40 1.84 2.94 N 77.0°W
373 37 14 N32.8°W 45 2.38 5.23 N 68.7°W
20 73 29 N53.8°W 55 0.95 178 N 81.3°W
450 93 36 N70.0°W 66 1.84 3.66 N 56.7°W
483 32 15 N33.3°W 70 1.67 3.67 N125.4°W
5.5 L5 1.0 N76.7°E 75 1.27 2.32 N 76.4°W
5.5 44 2.1 N84.5°E 85 0.93 1.22 N 74.5°W
600 7.4 3.0 N41.5°W 90 1.48 2.99 N 75.7°W
646 49 26 N34.9°W 95 1.07 1.73 N 88.0°W
200 57 28 NI7.1°W
204 64 27 N 2.0°W  Tsuchihashi
207 52 26 N 9.9°W 140 49 (64) 19 (0.4) NIS4E (N52°E)
217 24 22 N44.1°W 151 7.2 (9.0) 3.5 (4.2) w  (N52.°E)
223 55 2.5 N26.9°W 165 58 (7.5 2.5 (0.8) . (N52.°E)
229 w35 169 45 (5.7) 2.0 (0.7) o (N52.°E)
234 71 35 N26.1°W 177 54 (6.7) 28 (1.5) N23.9°E (N52°E)
240 75 38 N 7.3°W 183 65 (82) 3.1 (1.4) NIL4°E (N52°E)

*Transversal fracture
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Fig. 7. The azimuth of horizontal principal stress at each depth of measuring points
of Hiraki, Tsuchihashi and Hoden.

FKEBRRERSEBOT 2 FDkd, #HiFET 45m OFE, OMETH 100m @ 60mm BE—~Y v
ZITR0, KEBPBIEZEBL TS, ZOMERRI, AMTEOHFRICXDIREIN'?, Table2 iC
Biffco ZDHI19894 2 BT PAE IO R b S8E 0m @ 60mm BAR—Y V7 2HFROIZETHE
U7zo BIFEFERIZ, Table2 iz, EHIFHMIT Fig. 7 iT, /TG /MER Fig. 8 IR L zo AFEANES
FIHFCDNTIE, 200m DIROIBMEDHERIIABRIUETH - cDOTRORNT VERRENH, | AR
T £10° PRI BIZ LT NI3° W THb. 19BEQGNRBEE GEET 108m) Kk 3ES
NHEEGFEROBITAETIE N10° W, 2%, ODFAREREZEE LEHESNLA®, N29° Wt
27° 12558, 198MERIEIC XA LGN AT ORI &Y, KEEHETH 200m ZIRBHTHWAILbhh
DOFTEBFRIL-BLTVAE, e L, 1989FORF R HRETH S0, REOWED I B S
ERERESBIAN, TROBEBNFAZRLTHED, TEOWETRES 15m %o 3 KoKERR
HERHRZEDTHE N34 W &80, N7 v T URIREBENTW S, ZOHFMEIISEDHIE
LHET B E, YHUTERIHIN 20° £EEL NNW 5 NW AricgikL, #E3+hid, Bih
il Tectonic Stress AL EZZ X B2 /BRVIEERKMICRL T B. Zhid—oikid, HES
WKEMETS 260m HNTWVWEZEREZHOLHANITNY, NEORWICXZELILHOBND
BV IHIEHEBOETHNIIRES LI RENIKAMAS EDYD, HIEIUTTRETSEELONDD
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10 M.

LI S 0
A e: Ch,

A o Ohs

DepTH (m)
DepTh (a)

3
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150 150

200 200

250 250~

Fig. 8. Variation of horizontal principal stress value with depth.
Left: Hiraki. Right: Hoden and Tsuchihashi.
Broken line shows the correction value at Tsuchihashi. Arrows indicate
low stress zones at Hoden. Short straight line and chain line show the stress
gradients of oh; and oh, at each site, respectively. The standard stress
gradients of Western Japan are shown by long straight and chain lines.

T, BX T0m iCh7z->TRE—ETH B LN T ELOAZEOBORIBFPHFIC L ZETIRIEL, WE
BRI & 2 ATREMEASE o K e RIS/ AMI Fig. 8 EXpob» 5 K3, 198FED o, a2 OH
BRI HIC T H A QEESEE 04,=2.5+0.029 H, 0,,=1.0+0,020 H IC t~THH SIT/AE AL, 1989
FEOHETIE on OFERHBVEMUTVS LHKINE, 2 D ELNTAERARICERIHES, 57
HRGBEML - TEEELRS 5. ZORRELTEILONDDIR, 19834E5 A, M=7.7 O AXEHIETHERL
%, EHEAAOHBRBEESBMLIIDCE, H30VRKICHENS LS ICBREOHMBEEIC X 5I5/7H
BEXCL b0 baniEsnds, REBRERTHEED TV,

4.2 ERERS

19884, 9 B 3 KITSHHEMEOH 30m OHMET, 60mm FFEX 100m OREF-Y v/ Z2EH
L, Table2 it/RTL51C5—10m FBOI2ETKERBBIEZITE 2700 BE 25m, 35m TIIMRAR
DRERT, HRABHLSEENICRD LD TH B, KERAFGIHFAIZES 20m, 25m, 66m,
Om AHETRENS S8, 5D 8 AORETREE N73° WL7° TI6ETIK & 3GIMBBRE, 3 KTKER
PEOBRE HIT—HT 5. chieHl, BREGHEOENZHE LY. LHL, F#MICRS &£12iZ 20m
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R TREMNICEISHEOERIBENEC ADHD,
1.5-+0.035 H (MPa, H ¥£X m)
0.35+0.029 H (MPa, H & m)

D2ODERERAFHTHEIHICRZEI . HEOHRIRVESBVSHBTOME (CHEDHE) BRILD
1.2MPa 12EDENHE. 2D, 100m FTOMIC, 20m FET 1.2MPa BEEHEISE LTSS
b s EBbhzd. ERIFABEOEGHOBER OO THERHRIC, 10m PLEOMRTA S/IHEHS
B0, COMMBHBRAEIET oy 7 EUTHRINTVS, 100m 0FX—Y v7oa7ER0E, AKX
VIETTHETHY, £ Y/ ERRESHEERIRONT, #IFKSELBHLEL -0 L LR
DIFERNE L, ZOT0KEISIIC L HERY THNMIT O BELCTH S AREENH 50 7/, 60m LL
BETIROVPERL, 2O FHT/MIBLBMMLNS DO TRV, E HEINS Y, 85m LETIHHIED
BENDRFOREDEEL NG TZTO0BH ENIBNTOREITRSERE TH LThIBEBEED
ERSHERLD T URENT &2 5. B/NERNAERREENCANIBEELNHE S IIZE L,

4.3 RN

HETF 140 m FEAEOESRI R, EBEREIETH - o UL, COMRLLOREFR-Y v
TR U7m CHEREALNGENS D, 2OTHRIFENDA—AIENENES 60m KELTHZD
BRSSO ce A—AIREBHEE LT, Lkl THBESHEEL, BB BEUL, 7y 1 —HEH
BB Sy H—DEA, BIXBT NIRRT Ui, T, FBOEEER, IHH0&EM
DD THAHS HBKEBRHMC & 2 BEHSFART, $-BROMN L FAEROKE—RERbEN D
BB otz UL, 4ETHEL, BHERD Cy #—IKE3ETF2HOBROBND 2L, B 29m (HhE
X0 169m) SO D%, ABROID, Sy A —-BLDAEH, BE LFRAEENRD, E2 doBan
BRI FFIEZ S - foo BID SN/ BZGFIS Table2 L Fig.5 KRTHMD THBA, TTTEL
1 BEBIL 3.3 TRNICEDEARTRDAEOLMEEL b5, BRAEMIE/I%Z N52°E L{RELK
EADWIEHEDS Table2 DFMANICRTETH 5. BEIGIBREICLZHEE 3¢4°£10°FTHhTHT, A
WEEERALZR LY ANEEE & 123—HT 3 LR, Bt /cEYTHS. BMELTRDIEKX
FREPER, BIBRBETROIEETANNTH 5. WEREICERDIES O TIHIAEIIIRET 1504,
BEHRD 0, OWEIIFOABEIE S 2T 5. BDESTTOVTIMERMDOEDOTRLD KW E
ZTRTXH5THS (Fig. 8 2®),

5. KFEAADFEHGHEBRKEBARKICHDOE #n

WIRBEESIC X 2 BEOET, TROEICBT ARG, BRISIE2ZEhEN 1, 0, ETBE
T=T .+ U0,

ThobE¥Nb, TTT, tc 3HEN, ¥ BRTBERITH S, —F, KEENOFIEN os=(on+
0n2)/2 EBAREAMIGT th=(0m—0s)/2 D pn i, (os, s DBE, 2XITMCEZ T EDOTHT
NEBBEOATHBH) p=tand (¢ : PIFEEEMA) KWL r.=0 OFE, pn=pcosd (=sing) OBRICH
Bo LIetioT, FIEMEDPD tn 2RD, pcosdg KENIZFHEOPEANT, ZOHBITDBE HR)
RECEBREIGEOPELOBRICIEE W, UL, HRICBIZENHE, H20IE pn PSS E
Vo THIBOSTEET ARIICBOTS pn BNIVERBLIIV. BATINTI, B/NEGHORE DAL H
Bick ~TRERZ0DT, ThhoROLIEEHOREICH T3 RAMGIONEEZ L 2D0HEE L. &
s, BR, B, LECABOMEHERZ, ISMED 7 Y+ BRECOT, HESEEGRERD
BT LRTERV. 2078, MEINRAKIGIEOYELIEICHT 2% & -1, (Fig. 9 )

Fig. 9 LRAO@ZIIHEDRETH Y, ARRIVBEDISHBBBIC L ZH E M RP SRDI 16 D 04
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MPa ®: 1985
Hirak1

MPa
TSUCHIHASHI o
q -
<) ° o
3k
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0 o, 1 2 3 4 5 6 MPa

Fig. 9. The ratio (,) of the mean stress value 65 = (03;-}+042)/2 and the
shear stress value 7, ={(06,,—0},)/2 at Hiraki (upper), Hoden (middle)
and Tsuchihashi (lower) sites,

ICHTBHTH B0 ptm 1312120.4LLFTH B0 OIZIBIUEDRETH 50 B 0m T TOHETH 205
o5 Z19EDORE L /NS ODIZERTH B3, ftm 1320 46~0. 5OFNMEM 6 BFTRONZ. TaDD,
19854EDRITERER & 0 HAWISIHERPPE 18> TOAHASR SN,

Fig.9 H¥i3, ERICBIBETH B, 0m OESEITOUETHSILdhdb 5T, TR (a) DEHA
KHANTEEEESEAMIGIES /NS, #.=0.38 LT THE5Z &0 h5%.
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Fig.9 T2, 1fBORT, WEIN/ELO@T, EIEHIH%E N52°E & UTRIELEEZOTRL
7oo PESTIHEIRMRE S50 (Fig. 6 HOXBR), BRIGIEIRKRERD, B/NSHEINSL1IEED
T, HABGHEBERICREL B> TERICEDREV. Thid, HBicbdtc kD icBHOHRESFAE
TWOEUERDID/NILBENT Ecd EEZEL oMb Lkd-T, CONRBECEED B,

Byerlee It X B3EBRDMRIC LB L, 0,<200MPaDE 7=0.85 gy, F7c, 200 MPa<0,<2GPa D
& t=50MPa)+0.6 0, THBo £=0.85 LT 5B &, pn=0.65 [THSFL LT RDBEBEHFEAET 5 kD
KENT &L B0 198EDEARLIIBEDORBOHEMRIL 1tn=0.4 LITTHY, 198EDEROHE
Tid tm $30.46—0. 5F  ITHINT B0 LU pm=0.65 B EWHBEANATOBEATESLLELTH, on OB
XL AEMBAVNZ VO E MR TCREBRFELIINC L8319, 1,<0.52 OBEEHBRATI D
BRIBE LBV EREINTOEH, BBKENEL K &AL g BRELIEZOTERIBIHE
ORRICESNTNS EEZZLDNIENT E BTV, XBFHARDEERIHEM, DRD I un 133 KITAYIT
130.43, 2%l CKPEEAR) i 0.2 THEH» 5, HHEILEBD g BREEL X ->TV 300 dHNIK
Vo FEIDT — 2 RAFTETH S, HEROMEIE UCIHBREDERBEHET 2HERLE 5.

6. ¥ L

6.1 JHEAMREE & KEBRRIC X 5 3 BTG REORERIL, ZRICI—H LBV, COHEBIE, VWAL
AEZ bNb. —2ICiE, BHEREOBES 1 EOX~Y ¥/ TR, BECEWEA (8 EZFOHS, K-
) Y IEAIAD) BB BT &, #HFEL TRIBIHEZ Db O END THNICHECHE, WEME,
TFTROBEIELEEZFPTNL ERENRBF 5N, k7, INOHUETRIEOHFELEDORE, FBIcks
WBADFRIEEMEFICLDRLD, ZhoORENIR->TOAHE, HER/ASTERICH-MNETRRED
FoHDESEND. UL, AEERTEGHRIZEAEDEE, 2O0HERLZEREL, LELRES
AL 100 m BENTOTH L —HT %0 2 DHEINLFISHEROIEIR, FHELLEICERII DL
Z2 oh, BFic X 352 0E N (Fig. 1) BRIE LOFEE VWS X HBENEHERLTVW2 50 L8bN
Bo IHIE, HBATAREE TN, IRV TFAOEA LR, MROBFICX 2BEERDOENCK
BINAT EHDRL, BB TRESIHASHBER EETTH S, AEEAXGHHMEHEDE
NBNDTHEADe COLEREZLE, YARTO 2 BAOHEEEMNRT 20° K SHMNEREBIH R
DORERMWELTH 5 ATREESE V.

6.2 JSIERERRIR—RICTE ARG IARICIZIZE LV, BEOUETRPLPEL Y2255,
BB BEOOTE DICEBTRUEIGE > TV AREMDH 508, RIS UTRYIETH S
EHicBbihs,

SMEGHEEEAMISHOH e SRIEAPBOO TEREHET 2B TSV, FAROIIBYE
OHTERERIY un BEELD EPPREV XS KBDNS,

6.3 A LD AREM:

EATIRIIBMEDHE I LIISHEDRITERERIZ, FRNAHHNT 20° BEICTWFIRICHEEE U/ ARk
&, FRISTEERER, & IOKFEERIE on OREISHEALUTHAEAEZRLTNS. L >T tn
DOEDHPREMULT NS,

i) 19834F B AYG ISR LK B AD HBEENIEIN L L Ebh T\ 5. RESADERIGT 45
T DRI SRk 2 TR L 1985—19894 fASSEAR COBRDEBIRIC S /2 5 T e D d LHIZ, 198941
(3 SRR TEERO M ILREE & 2 P HRIEBIERLOBEASRA TS, U LR TI988F11 BITIS IR
WEAFE LU SEEIREL > TRE R0,
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i) —J5198748h SRl (EROEGH 40km) I TERSHBESIFHENTED, TO—HOMEE
Bk D EARZED I HUHB TN OBEEIBH D, FRRZOHEERT LD EELLIHBRLPS
HNIS,

FISHHAZACR 20° IR0 RSO, FHRE D TR 7 4 ) EVES V- Micks NWIHEN
OEFHOBICH UKREES V- H 30 RIERET LV — + OIS HHE2E LN, UBNICEIGCEE
LTV ARIESItERTIZ, TSHHAMSEEY 3 TEENE. i 1) ZERLANT, HRICXD
Stress Drop %, Tectonle Stress DIZAD—PTHBEWVHABLE, REFTHDLVOHIBANHB &b

o, BETHB LTI 20 MOIEHIFRAOELIITEETH 5o

6.4 [SHEED BEREERPIZVE NGO > TIN5, MEHKROBER MEFEFLD SO LAERE
OHEBEDHEDRBIC LD, COBKT, HIETIIEBRIIEL L TEERRRES . HITHEROMNEST
L NI EEDHEREIIRL Y, SETEGHIENIEEE THTORITREEZRD, BHEDH
WISHEED D, X 5IKEROHENTEE LS. BAE 60 mm B/KEBMETI, BHMHIC 500 m BED
HIENTRETH 5, ¥~V VI RBREOKDBEED L CHEMT &,

AR - RBOH | BORER, YROAFEREE, PRBEOLPERARERSHOLLIE - TRBLALSDOTDH
%o KEBPRECEUTRIIARZETHRKERPEE, EHFEUBRORHICL S, RARFETIER
HEBEBRIC L BI6RT — THEMER I W TLR, IGHBMRCR ZOBELZRAEETHNITV S,
BIFEHATICE U TR AT SRS BN BEREIC A FIr$ . TAMTE I AHOBMIEREEEN
EURBERERICLBEARDT —~ 2 2 EAIETHO . HETBHOBERTIREBETH 5. & 7 IR
# K. K. ZAZUAKEZFR, SROMBEHRAGEAENAFREER, ENEXHESE, AHNAEMIERH
PRER SO AR B RS (LRI EF RIS HEICIIIER G2 MRS, e OMEE
LIRS - o REEARBHEZERANTES, X 5HECEE VMBS &EBE) 28 - - BILERAE
BRI CERABKIERER) o UBFE TR ELE L ET 3 RETH 5.
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