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Measurements of 3 Dimensional Stress and Stress Gradient with Depth
— The Hiraki Mine and The Tsuchihashi Mine
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The Research Group of Crustal Stress in Western Japan
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Table 1 Operation items for stress measurements at Hiraki and Tsuchihashi sites.
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Table 2 Results of absolute stress measurements at Hiraki (left) and Tsuchihashi (right) sites.

Stress Relief Method .

MPa Azimuth
o1 4.9 % 0.5 N 53°W215°
02 3.1 0.7 N169°W18°
gy 1.9 £0.5 N 86°Ex25°
oh; 3.6 £ 0.8 N 29°W:27°
ch, 2.6 £ 0.7 N118°W227°

ov 3.7%0.4

Hydrofracturing Method

MPa Azinuth
01 3.0 20.4 N 45°N212°
02 1.920.4 S 39°W£12°
oy 0.2%0.6 S 76°E216°
chy 2.6 % 0.4 N 34°W:18°
chy 1.7 £ 0.3 N 56°Ex18°

Stress Relief Method
Dip MPa Azimuth Dip
48°10° g, 6.2 %0.6 NA49°Et 9° 11°%18°
21°+20° g2 5.2 £ 0.4 N 65°W34° 65°t14°
54°%10° oy 3.4%0.6 S 36°Et8° 22°*11°
....... . oh; 6.2 £ 0.6 N 52°E£10° -------
....... ohy 3.7 £ 0.6 N 38°W2l0°  -------
....... ov 5.0 20,4 ceccccceen emmo-e-
Hydrofracturing Method
Dip MPa Azimuth V Dip
25°¢ g8° o1 4.9% 0.7 S 20°s10° 6°£10°
13°£10° 02 2.3% 0.8 N 66°WslS° 34°223°
61°t 9° o3 0.9 %t 0.8 S 79°Es21° 55°223°
------- ohy, 4.9 % 0.7 N 18°E$ll® -e-----
------- cha 1.9 & 0.7 N108°E¢l1®  -------
....... ov 1.4t 0.8 --.-------- P
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Table 3 Principal horizontal stress values and azimuths at different depths calculated from hydrofracturing data
at Hiraki site (upper) and Tsuchihashi site (lower). The values in parenthesis are the corrected values
deduced from the principal stress direction N 52° E.

Depth(m) oh, (MPa) Gh,(MPa) Direction of oh;

[

23.3 3.8 2.0 N28.9°W
27.0 "1.7 0.9 N47.5°W
29.4 4.9 0.1 N83.3°W
34.0 5.3 2.3 N43.5°E
37.3 3.7 1.4 N32.8°w
42.0 7.3 2.9 N53.8°W
45,0 9.3 3.6 N70.0°W
48.3 3.2 1.5 N33.3°
52.5 1.5 1.0 N76.7°E
56.5 4.4 2.1 N84.S5°E
60.0 7.4 3.0 N41.5°W
64.6 4.9 2.6 N34.9°W
200 5.7 2.8 N17.1°W
204 6.4 2.7 N 2.0°W
207 5.2 2.6 N 9.9°W
217 2.4 2.2 Nd4.1°W
223 5.5 2.5 N26.9°W
229 — 3.5 eeeeee-
234 7.1 3.5 N26.1°W
240 7.5 3.8 N 7.3°W

Depth(m) chi(MPa) oh,(MPa) Direction of oh;

177 5.4(6.7)
183  6.5(8.2)

.8(1.5) N23.9°E(N52°E)
.1(1.4) N11.4°E(NS2°E)

140 4.9(6.4) 1.9(0.4) N18.4°E(NS52°E)
151 7.2(9.0) 3.5(4.2) ----- (NS2°E)
165  5.8(7.5) 2.5(0.8)  ----- (NS2°E)
169 4.5(5.7) 2.0(0.7) -=---- (NS2°E)
2
3
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Fig. 1 Location of the measuring site for crustal stress and azimuth of maximum horizontal stress in Northwest
Kinki District.

Hi: Hiraki, Ts: Tsuchihashi, Ho: Hoden, A: Akenobe, I:Ikuno, O: Otani, T: Takatsukayama,
S: Shiromidai, R: Rokko-Suwayama
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Fig. 2 Direction of boreholes at Hiraki (left) and Tsuchihashi (right) mezisuring sites.
®: hydrofracturing points.
A: stress relief points.
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Fig. 3 Results of absolute stress measurements at Hiraki site. :
Upper: directions of principal stresses shown on stereographic net of lower hemisphere.
Lower: principal axes of horizontal stress.

—402—



Ny

AR

(7.71 @) (.74 w) (10.25 =) (11.25 @)

H=140m 1 MPa

Hydrofracturing

H= 183m H=173m H= 140m

AR B3I ARTILIBEREE :
ERNEH MO TERAT LVARE (W) L AFEATGE
EER BB XD, () RRAD L ORIESEE
TE I KEBRREC IS, Hiz#E» b OJIE S EE
RRIPEME, RBREGHHLENS ELEELT, RELDOTEHE,

Fig. 4 Results of absolute stress measurements at Tsuchihashi site. Directions of principal stresses shown on
stereographic net of lower hemisphere (leftmost) and 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
dotted line shows the principal stress value after correction, assuming the principal stress direction
N 52°E.
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Fig. 5 The azimuth of principal stress at each depth of measuring points of Hiraki, Tsuchihashi and Hoden.
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Fig. 6 Variation of horizontal principal stress value with depth.
Left: Hiraki, Right: Tsuchihashi, Hoden.
Broken line shows the correction value.
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Fig. 7 The ratio of the mean stress value oh = (oh1 + gh2z)/2 and the shear stress value 7h = (gh1 — ohz)/2
at Hiraki site. The measured values in 1989 show the tendency of slight increase of the ratio y.
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