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Tanaka (2009) Initial rock stress state at deep underground in Japan - Based on the data measured by using stress
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Abstract: Initial rock stress has been measured to provide necessary safety information for the construction and
maintenance of an underground structure. While valuable in themselves, no attempts have been made to organize
these valuable but scattered data into a database-like form.

Here we reexamined the published data from 75 papers in 15 journals to extract the reported value including
the information of depth, rock type, etc. at measuring points, and recalculate critical values on initial rock stress
such as three-dimensional principal stress, its direction cosines and six stress components with a viewpoint as the
database.

We also investigated the relations between the depth and the initial rock stress, the elevation and the initial rock
stress, the rock classification and the initial rock stress, etc., for each of the three rock types (sedimentary, igneous
and metamorphic).

Keywords: initial rock stress, initial stress, rock stress, stress relief method, in situ stress measurement, overcoring

technique using multi-element borehole deformation gauge, overcoring technique using multi-element

strain cell, horizontal crustal strain
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BOWUBKENWZEHE LTI T3, 1l
JEAEL 2K E LTX, ZhE T RADN
REDNL DL DREE L T35, Voight (1966) iF
N X BI6 ) & EBREIG I L, Obert (1968) 1%
FEINZ K BI0H &SRS 6 75 55861 & RIS
T 6 2 5 NERIRJIC 38 L Tvr b, Fairhust (1968)
BB & HUSRW 2B ) A TV S, FRIE T,
Amadei and Stephansson (1997) ZAMIR 1D FHE %
DOBEFNZDNTHE 6.1 KUIRT LI ICHEIEL T\ 3,
FHe61XTX, ¥, SIS HhFEMESD (WM
HIFE) & AR ARE o R (CXE) &I
SR EN A, XIS, PIMMEIEEIIC K BB, R
eI, RIS, HWERRFE OO 4 DIchfEh b,
ZNEFROIETIIERD &S IZHH NI 5.
CEIZKBIEN  WEORBIC K BIE N &
CEREIE ST AN 2 HHIC S h .
—WEREERIR ), 7L — PEENIE S TE T BRI
071, HBEWNEFER, T4V 28T 4 v o i),
VY AT 27 =D, KILFE#HPLe — 70—

Rock stresses

ST & B HUEIN 20T,
—FRRREENIS T 5 RIS EERTH 5 4, #Eith
RWrIEHE B D & 5 2 MBS T 5 6.
CFREIS T R AE, SSEH, ZRIEH, v o<

OwWH, MEEORIMEIZ X 360

- WERREA OB )« EEIRERE AL, HEREY, 2
* V) HFIZKBIRN

Pl X5z, FIHHER4E U 3 720 O K FHE R
BELSDFohd, ZThoDhTEENZKLBIEN
LB NP R KELEELERITL TS0 -
bha. £/, UIEAMEORIERSRICE, WERED
WEIZ B 2 EBOAREVEDORE S ETE 50,
DIz, EZBEOMERITA LN S\ L D2 OBER
IZOWTR 3.

6.2 M OXE

PO R O —D1%, HHWSITHIBL 72
HROAETH 5. HEMEDAE S A HADIEH
LOBAERTFASR T, BB TORATICIOT I

/\

In situ (virgin) stresses

Tectonic
stresses

Gravitational
stresses

Residual
stresses

Induced stresses
(Mining, excavation, drilling, pumping,
injection, energy extraction, applied

loads, swelling, etc...)

Terrestrial
stresses

» Diagenesis

* Metasomatism

» Metamorphism

» Magma cooling
e Changes in pore
pressure

(Flat ground surface and
topography effect)

Active tectonic
stresses

Broad scale Local

* Shear traction = Bending
+ Slab pull * |sostatic compensation
« Ridge push * Downbending of

lithosphere
= Volcanism and heat flow

» Trench suction
« Membrane stress

Fig. 1.8 Proposed stress terminology.

= Seasonal tp® variations

* Moon pull (tidal stresses)
* Coriolis force

= Diurnal stresses

Remnant tectonic
stresses

Same as residual but tectonic
activity is involved, such as
folding, faulting, jointing

and boudinage

55 6.1 ARSI D5 E 7 DK (Amadei and Stephansson, 1992)
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BOWTKFIZHEZRETS 2A0K -1 v 7 fLaHWTH
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550D 2 FHIDAE =) V7 LK 30m EHEA - ¥
7 L& HWT, KIEFEEIC & 5 = &oos llE 2T
bz (HHIEA, 1990). Z OMldE sk, 1978 4
12 HoJlE A & ACE-FEEET 120m @i T 5. 2R
6.4 XiZ, HIHIZA (1990) @ Table 1. & Fig. 3.1/
I 1978 412 A & 1989 4 4 A DMIERER %2 /R7 .
HrpiEAa (1990) 13, milERSRZ L, RO LS
IR RT3,

[(B5 0 B E 108m TO) IRIIEBEEDRERIE, §HE
RN BRRKE L, WA SI2MER 48° TILPg 126
W\, HBEOEEEZTITWEEEZILNS. K
FERE IS K 2R IRE 16m fHEOETH D,
RV FEISINIEIHE D EL DR R E HEAH LR T
W5 A, BNEIBINFSREISE L, Rk EIR AL
WH—MHETHS. Thabb, (HOHEX108m TO) b

200 400 600 800 (m)
= ——————|

Fig. 7. An example of measured results of in situ stress (a case of
topographic influence, site No. 4).

F6.2MX MR E R MEFH] (Kanagawa et al., 1986)

. 1000m

FSE FRELOENWES R 205 WP L WEShic £G

Ay
55 6.3

WIERNIR % 2\ 72 . PARFALTO 1978 44 12 HOWERER (Hh - 778,

1980)

— 438 —



ISHRIBGAEIZ & D JIE & M 72100mATR O I T IR ECE B OVIIEIRE  (RIZA)

Table 1.

Results of absolute stress meast

Hiraki site

Stress Relief Method

MPa Azimuth Dip
0, 4.940.5 N 53°W £15° 48°410°
O3 3.14+0.7 N169°W -+ 18° 21°4-20°
03 1.940.5 N 86°E +25° 54°+4+10°
on  3.6+08 N 29°W427°
ony 26407 N118°W+27°
gy 3.740.4
Hydrofracturing Method

MPa Azimuth Dip
0, 3.04-0.4 N 45°W4-12° 25°+ 8°
Oy 1.94+0.4 S 39°w412° 13°4-10°
O3 0.240.6 S 76°E +16° 61°f 9°
o, 2.640.4 N 34°W4-18°
ops 1.740.3 N 56°E -+18°
Oy 0.84-0.6

1MPa
L—.—-L
Stress Relief Hydrofracturing
H =108 m H=16m
Fig. 3. Results of absolute stress measurements
at Hiraki site.
Upper: directions of principal stresses
shown on stereographic net of lower
hemisphere.
Lower: the principal axes of horizontal
stress.

H64X FEARFLTO 1978 4 12 A & 1989 4F 4 HOMPEREE (HHIEA, 1990)
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BEL =T 5. 2%, BOHEZ 108m TD) IE&h

fRBCEDFER ZHTZ HE D 728 12
BB RKRELS Loz BZELONDH,

M pha

AR RN)
LS AT RS

NN 5 DZET—HT 5. | GENNIZEE S NE.)

6.3 AROTHEROZE

RO B 2 ANV 2N RN O AT b R

TEHLEOWMENN DR ENS.
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6.3.1 IKERIELEREICE T IAES (BE:

8AE)

FRRC O HIHE T 2 35 1) 2 MU I T 22l 2

FEREYTN T, WIHHEDOMHIE B % X,
D E BT TR T, HIEME O D HE X A 335m, 4

B 460m TdH 5. PIHHEMGE R, HEK

TEHD
HE A

OgHE 5

BROTTRUIIER O AGHERT) & UERO$ A% CFif) O

2MTHEL T b,

55 6.5 XUZ/R 9 R T D Fig.4 (12

o, WENERAO S

WS D AR & Ml E B ORI EM E SR ST 5.
ZORIZARINDS K H1Z, T OMERE L ED SR
AYETHS. Nol, No3BEXU Nob DK== v

LT O A, No2 & Nod DAR—Y /7}L’C?L
JEOFTARENEBE TS, F e, XPICIEER
FTAREOMEMEIZZNZNE (Uf&@@%ﬁ) D
BATRAEN TS, ZOE (OTARERE |

B TA =N =37 ) V7 ENTZOF AEFHIEY ’éh
72 E ED T & O THEIKE = #lEE 2 170, ifAKE
T 20T A NOBRERL 2R ETHE.
HEAIATNIBIZ LAY P MRS -VEZATVS
720, HHBOMMEZEDEOTIE AW, WEEOS
AEDMIVE & J e X ?L"CW%

% 6.6 X0 Table 2 IZHEERO§ ATEIZ I 5 AT
Casel~3, § & H No.l }L@(ﬂﬂﬁ?‘ CEOE IR
No.1 fL& No.3 fLOMIE 7 — % O F¥fi, ¥ LU No.l
fl, No.3 fL, No.5b fLOAHE T — & D F-HHEI R S h

T3, 72, Figb IZZDFEEBKINE N T 5. 5
6.6 X[IZ/R L 7z Table 2 & Fig6 THS A K S, &
HEOMMENR K E L & 3IFEYHIE S K E L 7&/)‘(“
32 Enb, NPELERNOIS 5T —H Tk
<, M PWEBRRLD B2 AHBTLY KEL
JEAEIS A EC T B ERE N TS,

5, XMTIRHMBOTALELIIEOTALED
HEAEROHEIZODWTESE R LTS, F67XOD
Table 1 # KO Figh IZHIEMSR ARSI N TEHD,
JIBHAEEME & BICROW—HAERL TS, LaL,
FRWHOKZEXIZONWTIEENALGN, ZTOFKE L

— 439 —



WE A AT

. point of measurement with the

hollow inclusion gauge

point of measurement with

doorstopper-type 8 -element

gauge

" strain sensitivity
coefficient of the
hellow inclusion
gauge i

Fig. 4. Geology and points of the in-sifu stress measurement,

20094 H60%E WHT7/8%

Rock class
Edcu~B

EZ)Cu~Cn
EsECu~Cu

Intact

Weathered

Nos. 1, 3 and 5 are
Nos. 2 and

the bored holes for measurement with the hollow inclusion gauges.
4 are those with the doorstopper-type 8-element gauges.

§6.5 X FHIEROAREIEO BRG] 1 e LE L O S RIRE (R - &)1, 1987)

— IG_
Table 2, Data used for the determination and magnitudes of the determined princi- E
pal stresses, = o - |
Case Data B gnitude of principal stress (MPa) Q
s;u:-'gol B%‘rﬁb”ﬁ ©pay | O | O | Oy |(oitatalf3 ,@ gl
Im| | |6.3]6.6/9.4[11.7| 9.2 it %
2A| 1,3 |5.8]5.5/7.3] 99| 7.5 $ 7
3@(1,3,5|4.9]4.6/6.2| 9.0/ 6.6 E{ 5
_——_J._——‘—-—l-——hv

Data:Data used to determine the stress state.

data were obtained are shown in the table.

F': Average of strain sensitivity coefficients of the hellow inclusion gauges

used to determine the stress state.

Bored hole numbers in which

5 6
E' (GPa)

Fig. 6. Relation between the mean normal
stress (o,+o3+0,)f3 and the average
of the strain sensitivity coefficients
E’ shown in Table 2,

;

96.6 X AMOREVEORELEG] 1 - LR (GE - 41, 1987)

THE FEONDGE, O3 2SR D PIELEDME,
HIERLE DN K 2 IS TMEAADOHE R &, e D
HHHBEALND L LTS,

6.3.2 FHild b RIVEEERRNICH T SRES (BE:
BRIKE)
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R ENTz X JiIE (N3OOW DAEJFIA) OB I 7E 1
JE& Uil ko R %, 2 6.8 KITRT. 22T,
HEMNEOHAOBEIZL D, WKWK S 2 e Eb
N5 [AHE1 LR e Bbh s [EE I (3l
ERREX ST LT R N FATRLTWS, 20
B FLESHE & AE B TR X T IO IS B 45 O kil

ELTIEENRO ONDH, & EICHENEHE Db
hd AR Tk TAE LR L fiE S h
T3,

6.3.3 MEMFOERAICHE T IEES (A& : EE
&)

FEEC DB 0 ¥ XK 70m DO HMEHTN T & 7= HEE%
O Atk e AE LEOMIER RS Kanagawa et al. (1983)
D Figb lIRENTHD, ZOXES 6.9 KNIZRY. [H
Tk, MR- oS (BYEER» 5 A
) T, e AR — ) v L T O KGR ) A HER
OTAEE AEETHE LR TH 5. ARNERIEE,
ISR EBMEIZ R >T0DS, 2, K=Y vrar
ZHOCTHE S HIEISHITE U 72 P s ol & 5N
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Table 1. Results of the in-sifu stress measurements with the two different types-of

gauges.
Hollow inclusion Doorstopper-type
gauges 8-element gauges
MPV SD MPV SD
o 9.0MPa 1.0MPa 15.9MPa 2.0MPa
1
280°/84° 10°/8° 284°/86" 5/
o 6.2MPa 1.0MPa 11.3MPa 1. IMPa
! 15'/53" wer | 38/7"
o 4.6MPa 1. IMPa 3.IMPa 1.8MPa
3
183'/38° 13°/21° 193'/13° 5/
oF? 5.2MPa I.IMPa 10.6MPa I.IMPa
Oumia | 5.6MPa | I.IMPa | 3.8MPa | I.9MPa Flg::3,; Orientations of the principel areesss,
Closed circles show the result with the
8.9MPa |.0MPa 15.9MPa 2.IMPa hollow inclusion gauges. Open circles
Ohimax = _ = show the result with the doorstopper-
NaI'w g NT76"W 5 type B.element gauges. Error bars indi-

MPV : Most probable value
SD : Standard deviation
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Bt 3 3] g0 M
~MIEE 2] 2
#m xR i 1]
20,4040 80 160 120 MO WO 780 3 70790 40 8 00 130 W0 1S 003D
AW L0 Oh') T HE ik
= ) ]
I-X o :
Es Ea
£zl L& k]
lestrasll E 4 gl
B 5 00 Mo £
LBhhe - 4
E5 3, ) e
2 2 20 ot
ECTb e N h
R Y e d 20 0 i B0 D 120 38 k0 186 20
WRICE (o) LR e fr Pt}

6.8 EHBOARIEMEOREEN 2 (&)INEH, 1977)
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1000 2

boring depth (m]

Fig. 6 Dependences of boring depth en A. E. and

Overcoring results

% 6.9 BRORE OB FH 3 (Kanagawa. et

al., 1983)

cate the standard deviations in each de-
termination. (Stereographic representa-
tion of the lower hemisphere projec-
tion, S=0)

FROFAEL JUROFAEOMEHER (- 411, 1987)

IFEREL BT S, PR AR & E DM
NHBHDT, PUPCHE S HNECE G SR E 51 5.
ZOZENE, HBANIBHEZ, AROMENRKEVE
ZAIFE, KEBIBNEHEL T EHfExhTn
5.

6.4 ABOBEIDHE

EE O X R RO D HAN O P 12
THEOWMEN DD, ZZTIE1OOXHAEFIFAL %
Mo, HHOMX & EDOMBIZONTIRNG,

6.4.1 A ILERTICET2 2Ha0BIES (&
B RiE, fEEs)

FBERCIE, ECRREREEC X I & 7 Skm B 7z 2 Mol
TR 35 1 B K BUBE T J8 7E i 2R a% 1 7 th oD A
HINT, BRI NOMEREEh7=eDThs. Zh
5 OWEH IR, Site] & Site Il & T TV 5.

Ishiguro et al. (1997) @ Figure 1. ¥ & U Figure 2. (2
il Site DALE & 1L AS, Table 1. (21l Site ¢ Joint Space
(em), RQD (%), Yong' s modulus D7 — & /R &1 T
B, Th5%E2F6.10XIT/RT. Site I DHEIXFM
BThD, O 340m Th 5. Site [HIfERE T
b, BEOE XL 550m THh 5. i Site D Joint Space
(cm), RQD (%), Yong' s modulus D7 — 4 % g4 5% &,
JEAT S ARIZEA S 2012 Site T K D Site 1T O 3 VE TH
HOLBENERTH DL Z b b,

PIMIHLERIE i, Site I TIRAMEEO$ AL (BDM) &
fUBO§ A% (P, MDM) @ 2 F328, Site 11 Tl
MR A, JURO$ A (8, CBT), KM
% HFM) O3 TR, ThthFEEIhTnd, X

— 441 —



WEEHART O 2009 4F

7

Site I

FH60E HT7/8%5

Figure 2. East-west sections through the sites.

Figure 1. Geological map of Lhe sites.  (Gr: granite; Rh: rhyolite; Ss: sandsione)

Table 1. Comparison of the geological conditions
and the Young's modulus of rocks al Sites 1 and [1.

[Condition & properlies Sitel | Sitell
Rock Lype Rhyolite ] Granile
Depth {m} 340 350
Joint spacing {cm) 50 200
RQD (%) 69 o
The Youngs modulus of core| 39 38
under  uniaxial compression

{GFa)

The Young's modulus of rock] 13 23
mass by in-situ jack lesl (GPa)

5610 X FHEROM S RBHROEEDR

ik 1) @ Figure 3. #5 & U Figure 4. (BN E AR &
Tk, IThHEFE 611 KITIRT. Site 1TIE 1 &
T2 FhEHOTMENEHE N TW5S. Site 11 TiE,
Point A~D ® 4 f&ffiZ$ T, Point A Tid CBT T,
Point B TiZ BDM % & CBT %, Point C Tid BDM &
CBT #:& HFM 7%, Point D TiZ HFM D 1 FiklC &

DHlENFEEE N TS,

Ishiguro et al. (1997) @ Table 2. (Site 1) B L
Table 3. (Site I1) (2 & FIEED TR A3, Figure 5. (Site 1)
¥ L O Figure 6. (Site 1) (ZIZFIBHDHIANZ T LA
Fv b (F¥ER) TREh Tk, ZhoE2$612[X
IR, “RILRAFEIR IO IR, Site R MIE T
IZEbHET, ZIEE-HFRETH -7z ZOHAE, K
ST L = FAHARICER L TS R, Al
TRO 2 HREB I EEEL T EilRE T
5.

Site I & Site I DS % LT 2 &, #0 X D
E (210m) #BELTE, MIHELDBEDHHEDH
EFEIZBWTERELMEER LTS, ZOFKE L
THBOW X ORLEIZ K > TEHBAZ T FDIE T 2 57
BHEWEIN TS,

6.5 HFWICHDIE
W PRI OB T, MR COMEIL S0
ZALOH L HE T kA BT TS, 2055

B - SR (Ishiguro ef al., 1997)

T, WL 2 s E A T WS, ZOREITIE,
L L O SRS CAT DA 72— 0 b s 7 I el 5
ERHITT 5.

SERGEUNE A A D) VB A S AGhLT, EEMEIRA
AR IITRACE Th 5. FARFLLIE, 1995 12 FE L
- LR EE (M7.2) O YL 649 40km JEIZ A7
BT 5. FARHNTIE 1978 440 5 1992 412 H 1) T,
% 6.13 XNZ/R 5 Mo THIELRfTbh 5 (Hfh
(1993) @ Table1).

FIBHTORE ZBHOEIICEDELD 2D, Z0D
IR TE Vo, Hb (1993) 1F, AFEP
N3 2 A mkE AWIS IO m & FWT,
B OREEZAL A BRE L T B 614 Xz, W
(1993) O Fig. 4. Z/m¥. ZORNZZ, EARFELTOD S
B HHlE TR 6 2 KRR FEIB IO BN L 4m
DEABALTRENTNES, ZORITR X =R &
0, Hrf (1993) F, [HFEIZMNEAS L, pm Ofl
13 1978 £ 0.16 A 6 1992 -0 0.53 F TR 4 (12BN
LTWB XS ICRAS. ZHUIHEREDERHRE 2 E
FoTWBEIZLERT. | LERTWB,

1995 41 HiZ, EARFILA 5 FIZH 40km O E %
YLl LT, M7.2 O BB RSN L 220 B
KB EFEMFZE AT I, M2 O AR G011 T O b7 s 1)
RREDZAL A B 2 72012, 1995 4F 3 F IS AKHERE
PIC X B =TT ITHE 217> 72, ZOWPEIZIE 1992
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O : Borehole deformation method
( BDM )

M : Modified doorstopper method
(MDM)

Figure 3. The location and arrangement of 1he boreholes and measurement points at Site J.

HFM-10~14

© : Borehole deformation method (BDM)
M : Conical - ended borehale techrique (CBT)

A : Hydraulic fracturing method (HFM)

Figure 4. The location and arrangement of the boreholes and measurement points at Site EL

%6.11 FEOM S RLBHOFMOFENR] - FHERIL (shiguro et al., 1997)

FI2AERUEAR=Y Y I3 AR H b (HH,
1996). %5 6.15 [Xlid, Ikeda et al. (1996) O Fig. 2. &
Fig.3. 1278 & 7172 1992 4F- D I K5 & 1995 4 Ml
WRTHS. Ikeda et al. (1996) (&, [IuilR Rtz
DOHIET, WAEIRHOKRZ ZIFETL, PREFEIEH
ERNEBTIORE I BHIML TS, B0tz 5 &,
AT /N EIR IO, 4.6MPa 2> 5 2.8MPa
AL, RREIRN ERANTFISTO#HITANE D -
TWb, KFERAREIRSIOFNAITIEEEHE D 12 36° [
LT3, | &ilRTn3.

%5 6.16 [X|, Ikeda et al. (1996) @ Fig. 6. IZ/R SNz
AR ARIBTID T E pm OEFIZA(LTH 5. Tkeda et

al. (1996) &, [EERMEIHRBEDH & TIE, pm=0.2
FTTA-TEkD, #MWEI0FIEFERART 2EHIICE >
722 AWIG IS AR O ME L NIZR 5 7=, | &
WRTN B,

7.%ED

VI, T AR TG do 1T B M T RS O
W MR ORISR s ERE LT, Mg
17 5 W ISR L 2 gdS h & WO BlE T, Th
THIE SN TE Az JIEGERIC ST A OB,
R INBUGITHEH SN TE 72, ZOWWEIRL TR

— 443 —



WEFAEMTHE 20094 F60E HT7/8%

Table 2. Initial rock stresses observed at Site 1.

Siress BDM MDM
o, (MPa) 9.0 15.9
azimuth N100° E| N104° E

dip 6° 4°
o, (MPa) 6.2 11.3
azimuth N195° E[ N204° E
dip 37° 73°
a, (MPa) 4.6 3.1
azimuth N3® E| NI13° E
dip 52° 17°
O,.ve (MPa) 6.6 10.1
o, (MPa) 5.2 10.6
N
No;

Ty

O : Borehole deformation method (BDM)
B : Modified doorstopper method (MDM)

Figure 5. Orienlation of principal stress at Site 1.
{Stereographic lower hemisphere projection)

%5 6.12 EHROWE X R RRDOAF D

Table 3. Initial rock siresses observed at Site [I.

Stress BDM | _CBT | HFM
o, (MPa) | 219 281 26.9
azimuth | N102° E| N89° E| N286° E

dip 17° 25° 5°
o, (MPay | 11.2 11.4 14.2
azimuth | N193° E| N353° E| N184° E
dip 3° 13° 18°
o, (MPa) 6.1 7.5 85
azimuth | N293° E| N239° E| N21° E
dip 73° 62° 71°
Gage (MPa) | 13.1 157 16.5
o, (MPa) 74 11.3 92

(O : Borehole deformation method (BDM)
M : Conical - ended borehole technique (CBT)

A : Hydraulic fracturing method (HFM)

Figure 6. Orientation of principal siress at Site II.
(Stereographic lower hemisphere projection)

SR WIEASR (shiguro et al., 1997)

Table 1. Operation items for crustal stress measurements at Hiraki site
#: azimuth of max. horizontal stress
tm: ratio of max. shear stress value to mean stress value

No. Date Method Item Depth (m) i) Hm
1 1978 Dec. Stress Relief 3 Dimensional 108 N29°W  0.16
2 1985 Sep. Hydrofracture Depth Gradient 200~240 NI15°W 0.35
3 1989 Feb. Hydrofracture Depth Gradient 23~65 N37°W 0.40
4 1989 Apr. Hydrofracture 3 Dimensional 25 N34°W 0.21
5 1992 Dec. Hydrofracture 3 Dimensional 108 N10°W (.53

6.13X  EASLTOMRIE ME (Hd, 1993)

flizcd DTIE AL, ThE TOMEAERIZIEREICEE
KT —REEAS. @EOWWET — 2 #NEREH L,
FeAE OPHAEIRREIZ DO W TR L 22 L B < D
PROENDS. IhbmXid, HB2E|ICHAT LA Lr
L, TI5 DX TR S M= IIE D A D A%,
FESA PDADT — 2 /%K, HHPAREIhTOE

WTF = XD EN L, T4 R-ZAMNEMRKT
YRR X M 72 SCRRIIER IS D e,

ZZT, KX TIE, @HEICSAK S Nz
TEAERAZ DWW TR A - 21TV, W1 IR
DELIZBWTBEEEDNSHE B2, o,
HERLE D EIRIL A £) &L, ARIhT -
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HIRAKI

| I I 1 \ 1

1978 1980 1985

1990 1993

Fig. 4. Variation of max. horizontal stress direction and change of p,=(oy; — an)/(on, +012) With time.

®: Hiraki, ©: Hoden

H6.14 X EARELITOAE-FIBIN A B AR AWIE IO om OWFRIZEAL (I, 1993)

AT AAR

SRR
Abeﬁﬂﬂ“WbOQ
LRI
TR

==== NG H

@ 1995, 3 (after the Hyogo-ken Nanbu Earthquake)
o1= 50=%13MPFa
og2= 35%12MPa
3= 22%07MPa

O 1992, 12 (before the Hyogo-ken Nanbu Earthquake)
gl= 59%14MPa
g2= 32108 MPa
g3= 13 *21MPa

Fig. 2: Principal stress axes at Hiraki station on
the stereo-graphic net of the lower hemisphere.

HIRAKI

o] S5MPa

1995, 3 (after the Hyopo-ken Nanbu Earthquake)
SHmax = 4.9 * 1.3 MPa (N45.8" W)
Shmin= 34 * 13 MPa

‘;-v-- 1992, 12 (before the Hyogo-ken Nanbu Earthquake)
: SHmax = 54 * LS MPa (N10.0™ W)
Shmin = 1.6 £ 1.0 MPa

Fig. 3: Horizontal stress change at Hiraki station.

55615 X FARFEILITO 1995 4F-Leff L i i 52 AiT % 7C oD Mg s ) T s R
K 1992 4F12 A, 45199543 A (Ikeda et al., 1996)

& 7 6 A RE 25 R O 1 A7 O Y b IR BE 2 B AR T %
55912, ZXRICERNTEZNE DO HFHFRER 6 BT
B EEIHL, T—8XN=2L LTOMHMDE LIz —
BRPATERRNL 72, &k, PUERA L 229 E 7 —
SET — 4 DEHEOB N2 S IR NEBGEIZ L DES
NE=TF =2 DHREMFHL 7.

B XN2F— 2 EHWT, {ERERHMENTE =4
Wi IR e O, HEBUZ DWW T 5 ETHHT - ZET
eI, 6FITHEWT, YA I RIT§ K FEH
KOFEEAEFIR L7z, BAENZH T 2 H FAEBRNOY]
B FIRRED R BIZ DWW TIE, @EICAEINT —
AEERNLZT -2 EHOWTHNET> T30,
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B 6.16 X FARFLITO 1995 - B R R §i % COAE- IS TIcx %
A AT AWIR IO pm ORERIZAL (Ikeda ef al., 1996)
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720,
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