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In-Situ Stress Measurements by the Stress Relief Method

Akira INOUE * Masaharu ITAMOTQ **
Shunji YUI ** Toru KARITA **

Abstract

In-silu stress is one of the important parameters for evaluation of the
~excavation disturbed zone around an underground opening. Many methods of
measuring in-situ stress have been developed such as the stress relief method,
the hydraulic fracturing method, the AE method, etc.

We have conducted in-situ stress measurements by the stress relief method
developed by Central Research of Electric Power Industry. The test has been
carried out at the Tono Mine of the Power Reactor and Nuclear Fuel Development
Corporation.

We used 8-element gauges with which in-situ 3-dimensional complete stress
state can be determined at only one measurement point in a single horehole.

In this report, the results of in-siiu stress measurements by the stress
relief method are described,

In case of measurement No, MS-1-1, the maximum, intermediate and minimum
stresses were evaluated as compressive stresses of 15.5, 13.7 and 13.1 kgf/ci,
respectively. In case of measurement No,MS-3-1, the maximum, intermediate and
minimum stresses were evaluated as compressive stresses of 17.2, 11.1 and 8.9
kef/cl respectively. The direction of the maximum horizontal stress is nearly
isotropic. In case of measurement No, MS-2-1+ MS-3-1, the maximum, intermediate
and minimum stresses were evaluated as compressive stresses of 18.0, 15.6 and
12,7 kgf/cil, respectively, The direction of the maximum horizontal stress
is east-west. The differece between the maximum horizontal stress and minimum
one is 3.8 kef/cd,

Work performed by Nippon Public Co.,Ltd. under contract with Power Reactor and
Nuclear Fuel Development Corporation.
PNC Liaison ----- Chubu Works, Waste Isolation Research Section
Kozo SUGIHARA, Kiyotaka OHISHI
* Rock Mechanics Group ** Kanto Branch
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10 2 20 9.700 -11 -1 -6 -6 9 -4 16 46
11 2 22 9.720 -13 -1 -8 -8 10 ~4 22 60
12 2 24 9.740 -186 -2 =10 =10 13 0 31 7
13 2 26 g.760 -19 -2 -13 -13 17 10 46 100
14 2 - 28 2.780 -23 -3 -16 -17 21 28 66 127
15 2 30 9.800 -28 -4 =20 =22 23 64 98 158
16 2 32 9.820 ~35 -5 -25 -30 29 115 137 190
17 2 34 9.840 . =43 -6 -30 -40 37 181 175 223
18 2 38 9.860 ~54 -8 -38 ~-52 53 304 217 246
19 2 38 9.880 -B68 -9 -45 -67 75 457 269 273
20 2 40 9.900 -88 =10 ~b4 —-65 123 602 308 292
21 2 42 89.9820 ~-114 -10 -55 -36 188 720 332 313
22 2 44 9.940 -131 -1 -43 b0 281 822 358 333
23 2 46 9.960 =111 2 =15 2186 347 807 378 345
24 2 48 9.980 =71 42 25 309 392 947 384 358
25 2 50 10.000 32 i26 41 360 415 971 387 367
26 2 52 16.020 183 182 49 376 428 987 391 373
27 2 54 10.040 245 241 46 382 435 1003 393 379
28 2 56 10.060 260 287 37 383 448 1015 396 384
29 2 58 10.080 263 279 28 383 453 1025 400 ' 389
30 2 60 10.100 261 284 20 382 459 1038 403 396
31 2 62 10.120 260 284 12 - 380 464 1048 404 3g9
32 2 64 10.140 259 284 5 380 468 1056 406 404
33 2 66 10.160 258 281 -2 379 473 1065 410 408 Aba-—-sx8E
34 2 68 10.180 257 275 -26 380 486 1090 413 418
35 2 70 10.200 257 273 ~30 381 488 1093 416 420
36 2 72 10.220 257 272 -34 - 382 490 1097 415 422
37 2 T4 10.240 257 271 -38 382 491 1101 418 426
38 2 76 10.260 2587 268 -43 383 497 1108 . 4186 428
39 2 78 10.280 2b8 268 -48 384 499 1111 417 431
40 2 - 80 10.300 258 267 -52 385 499 11186 420 432
41 2 82 10.320 260 ' 266 -57 386 503 1121 420 - 435
42 2 84 10. 3490 261 265 -61 387 : h05b 1127 421 437
43 2 86 10.360 261 283 -85 387 508 1132 420 441
44 2 88 10.380 263 2862 -89 388 hil 11386 426 443
45 2 90 10.400 264 2b8 -72 387 514 1140 423 448
46 2 92 10.420 263 258 -74 388 516 1145 424 449
47 2 94 10.440 264 254 ~T77 388 K21 1150 427 455
48 2 86 10.460 265 2b4 -81 388 523 1155 427 456
49 2 98 10.480 265 252 -84 389 526 1159 430 461
50 2 100 10.500 264 251 -85 ' 389 527 1163 429 483
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TOKI-HS OC MS-28+4+3C (Tape TOKI

g5 M3 SERIES #11)

MS2~1E g= 0.0 V= ~2,0 T=180.0
MS3-1C g= 0.0 V= -2.0 T= 0.0
L gms—sor10%
Geo-stress (Components
(Stress) (HENSA)
sig-X ~-16.521 1.8
Sig~Y ~-12.732 1.4
Sig-2 -17.095 1.6
Tau-¥Z 0.403 0.6
Tau-zZX 1.178 0.6
Released Strain (HENSA)
0-deg 45-deg 90~deg
XY~men 405 (121) 233 (104) 54 ( 92)
YZ~men 64 { 92) 224 (1068) 457 (105)
ZX~men 457 (105) 325 (12L1) 405 (121)
SZ-men 233 (104) 244 (1l1i8) 457 (105)
PE~men 237 (104) 396 (104) 457 (103)
Normal Stress
0~-deg 45~deg 90-deg
X¥-men -15.5 ~14.06 ~12.7
YZ~inen ~12.7 -14.5 ~-17.1
ZX-men ~17.1 ~13.6 ~-16.5
Sz-men ~14.6 ~14,7 ~17.1
TZ~-men ~14.6 ~16.4 ~-17.1
L M i
S1G-1= -12.7 ( 0.036 0.994
SIG~2= =-15.6 { 0.75%0 ~0.090
5IG~3= ~18.0 {~0.0812 -0.058
.(5tress)
SIG~S -14.607
SIG~T ~14.646 i
SIG~-2 ~17.095 ; - 5
AU 5T 1 852 S, T. ZOREFROESH &R
TAU~T2Z ~0.548
TAU~ZS 1.118
SIG-1 . 5IG-2 TEATA
~12.7 ~16.5 892.7 | (£~Y PLANE)
~12.7 ~-17.1 5.2 {(Y~Z PLANE)
-15.6 ~18.0 51.8 (2—X
~14.5 -17.2 -12.1 (T~2Z PLANE)
~14,2" -17.5 69.0 (2-5

—— 774 VAD 8 BSOS HETOTH

‘X.Y,Z@%ﬁﬁﬂmﬁmﬂ&tvﬁmﬂ(ﬁmﬂ&ﬁ)

0.101)
0.606)
0.789)

PLANE) |

PLANE)

135~-d=ayg

237 {104) |

297 ( 93) EERICBT BHINTOVTS )

20 53 EOZRBE O F DR bREHE D i245° FoN

298 (108)

135-deg
-14.6 :
~15.3 BEAI BT BI57) )
-13.0 | EOGHRA O E DR b REFHEI D 1045° oM
-17.0 - ,
-15.3

H= =~6.5 = 37.3 L. M. N : A

H= 87.9 V= 5.8 } —REERS, o BUNERT, 0. : PEEES o BRAEED
H= 185.4 v= 52.1 Hz+xﬁ#5ﬁ%ﬁ@bﬁ§bkﬁE.V;ﬁﬁﬁ

BERES o) BUNERIEY, o, : BAERGH |
6 - BINEPIDH OB FVEE O SRR OXE ORI bRREHED i % L A

ﬁ—?(%)” 



TOKI-Hd5 OC tS-1-13

M3l-1g

H= (.9

Geo-stress Components

Sig-X
S5ig-Y
Sig~Z
Tau-X¥
Tau-YZ
Tau-2X

(Stress)
-13.529
-~13.281
-15. 466
0.244
0.292
0.177

=3H

n
Lo N ol el

COC M S

Released Strain (HENSA)

XY-men
YZ-men
ZX-men
SZ~-men
TZ—men

0—deg
231 ( 9
209 ( 7
405 ( 7
198 ( 8
242 ( 8

Nocrmal Stress

X¥Y—-men
YZ-men
ZX~-men
SZ—-men
TZ~men

SIG-S
SIG-T
51G-Z
TAU~-S5T
TAU~TZ
TAU-ZS

U-deg
-13.53
-13.3
-15.5
-13,2
-13.6

SIG-1= -

1)
1)
1)
1)
1)

13.1

SIG-2= -13.7

SIG-3= -

{Stress)
~13.16l
-13.648
-15. 466
0.124
0.081
0.332

51G-1
-13.1
-13.2
-13.5
-13.%6
-13.1

15.5

SIG-2
-13.7
-15.5
~15.5
-15.5
~15.5

{(Tape OKASYO-S 0.2 #1l)

-2.49 T=18v.4 MS 1_ 1
45-deg 90~-deg 135-deg
198 ( B8l) 209 ( 71) 242 ( 31)
281 ( 73) 405 ( 71) 333 ( 73)
302 ( 80) 231 ( 31) 334 { 31)
272 ( 76) 445 ( 71) 332 ( 77)
3ls (7T 405 ( 71} 331 ( 78)
45-deg 9u-deg 135-deg
-13.2 ~13.3 -13.56
-14.1 -15.5 ~14.7
-14.3 -13.5 -14.7
-14.0 ~-15.5 ~14.6
-14.5 -15.5 -14.6
L A I .
( 0.517 J0.844 0.142) H= 58.5 v= 3.2
(—-0.853 0,522 0.J01) H= 148.5 v= 0.0
(~0.074 -0.121 0.980) H= 238.8 v= 81.8

DATA

LA
BN b ] 0O
L

OBt

8

+ L4 .

8

(X-Y PLANE)
(Y-Z PLANE)
(2-X PLAWE)
(T-Z PLANE)
(z2-3 PLANE)

fF-T (98)



MS—2—1+ MS-3—1

TOKI-H5 OC MS35-2E+3C (Tape TOKI H5 M5 SERIES #11)

b

MS2-1E g#= 0.0 V= -2.0 T=180.0
MS3-1C g= 0,0 V= ~2,0 T= 0.0
Geo-stress Components
(Stress) (HENSA):
5ig-X -16,521 1.8
Sig-¥Y ~12.732 1.4
Sig-2 ~-17.095 1.6
Tau-%Y 0.020 0.5
Tau-YZ 0.403 0.6
Tau-ZX 1.178 0.6
Released Strain (HENSA)
0-deg 45-deg 90~deg 135~-d=g
X¥-men 405 (121) 233 (1904) 54 ( 92) 237 (104)
YZ~men 64 (.92) 224 (108) 437 (103) 297 ( 35)
ZX~men 457 (105) 325 (121) 4905 (121} 537 (103}
S5Z-men 233 (104) 244 (118) 457 (105) 446 { 57)
TZ—men 237 (10¢) 396 (104) 457 (1035) 298 (103)
Normal Stress
: 0-deg 45~deg 20-deag 135~deg
XY~men ~156.5 ~14.6 ~12.7 ~14.6
YZ~en ~12.7 -14.5 -17.1 -15.3
ZX-men -17.1 ~15.0 ~-16.5 -13.0
SZ-men ~14.90 -14.7 -17.1 -17.0
TZ-men ~14.6 ~16.4 -17.1 -13.3
: /
L M B
8IG-1= -12.7 ( 0.036 0.99%4 0.10L) H= 87.9 V= 5,8
8IG~2= -15.6 { 0.7%0 -~0.080 0.606) H= =6.5 V= 37.3
51G-3= -18.0 (-0.812 ~(.058 0.789) H= 185.4 V= 52,1
.{Stress)
SIG~-S ~14,607
51G-T ~14,56406
SIG~-2Z ~17.095
TAU-5T 1.894
TAU~TZ -0.5438
TAU~-ZS 1.118
3I1G-1 5IG~2 TEATA
-12.7 ~16.5 82.7 | (X-Y¥ PLANE)
~12.7 -17.1 5.2 (¥Y~Z PLANE)
~15.6 ~-18.0 51.8 (Zz~-X PLANE)
~14.5 ~17.2 -12.1 (T-%Z PLANE)
~14.2 -17.5 69.0 (Z-3 PLANE)

-1 89



TOKI-H> OC M3-2-1C

Ms2-1C

B= 0.0

Gec—-stress Components

Sig-X
Sig-Y
Sig-2
Tau—XY¥Y
Tau-YZ
Tau-2X%

(Stress) |
-15.817
~10.756
-14.948
0.470
1,985
0.476

V=

HENSA)

Released Strain (HENSA)

XY¥Y—-men
YZ-men
ZX-men
SZ—men

TZ-men .

0~deg

455 (25%)

-1 (20

4)

376 (256)

135 (22
269 (22

Normal Stress

X¥Y-men
YZ-men
ZX-men
SZ-men
TZ--men

S1G-3
SIG-T
SI1G-2
TAU-ST
TAU-TZ
. TAU-ZS

0~deg
-15.8
-10.8
-14.9
-12.8
-13.8

S5I1G-1=

8)
8)

-9.9

5I1G-2= -15.5
S5IG~-3= -lo.1

(Stress)
-12.817
-13.756
-14.948
2.531
1.067
1.740

SIG-1
-10.7
-10.0
-14.7
-13.1
-11.8

SIG-2
~15.9
~15.7
-16.0
-15.6
-15.9

-2.0

45-deyg
185 (228

9 (228
373 (242
124 (235
227 (234

45-deg
-12.8
-10.9
-14.9
~12.1
-13.3

L
( 0.103
( 0.606

(-0.788

TEATA
84.7
21.7
23.8
30.4
60.7

T=180.0

)
)
)
)
)

M

(Tape TOKI H5 45 SERIES #11)

90-deg
-1 (204)
376 (25%)
455 (25%)
376 (256)
376 (258}

30-deg
-10.8
~14,9
-15.38
-14.9
-1l4.9

N

0.522 0.372)

-0.3

55 0.712)

~-0.152 0.5396)

(X-Y PLANE)
(Y-2 PLANE)
(Z-X PLANE)
(T-7 PLANE)
(Z-3 PLANE)

135-deg
269 (228)
366 (228)
458 (242)
437 (234)
419 (235)

l35-deg
-13.8
~14.8
-15.5
-15.8
~15.4

H= 33.6 V=
= ~30.4 V=
H= 190.9 V=

oy
]
O s A

b B

-7 (100)



TOKI~-H5 OC MS~-3-1C

Ms53-1C

Geo-stress Components

Sig-X
3ig-Y
Sig-2Z
Tau—-XY
Tau-YZ
Tau-ZX

Released Strain (HENSA)

XY-men
YZ-men
ZX-men
Si-men
TZ-men

Normal Stress

XY-men
YZ—-men
Z¥—men
SZ-men
TZ—men

5IG-S
S3IG-T
SIG-2Z
TAO--ST
TAU-TZ
TAU-ZS

H= 0. v
(Stress) (HENSA)
-12.,249 1.2
-11.145 0.7
-13.830 0.8
-0.,379 0.2

0.2%1 g.2

4.055 0.5

0-deg
234 ( 80Q)
134 { 45)
376 ( 56)
218 ( 62)
150 ( 62)
0~deg
-12.2
-11.1
~13.8
-12.1
-11.3
8IG-1= -8.9
SIG-2= -11.1
SIG-3= -17.2
{Stress)
-12,076
-11.318
-13.830

0.552
-2.661

3.073
51G-1 S1IG-2
-11.0 ~12.4
-11.1 ~13.9
-8.9 -17.2
-9.6 -15.5
-9.8 -16.1

45
218
229
-60

21
503

45

—

L
{

-deg
( 62)
{ 51)
( 20)
( 74)
( 48)

-deg
12.1
12.2
-9.0
-9.8
15.2

0.773

(-0.011
(-0.635

TEATA
72.8
6.1
50.5
32.4
53.0

7.0

0.9

(Tape TOKI H5 MS SERIES #11)

90-deg

134
376 (
234 (
376 (
376

45)
56)
80)
56 )
56)

90-deg

-11.
-13.
~-12.
-13.
-13.

-0.0438

96

-0.377

(X-Y
(Y~2
(2-X
(T2
(3-8

1
8
2
3
8

0.633)

0.090)
0.769)

PLANE)
PLANE)
PLANE}
PLANE)
PLANE)

135-deg

150
282
670
574

24

62)
51)
51)
48)
74)

135-deg
-11.3
-12.8
~17.1
-1l6.C .
-8.9

H=
H=
H=

-3.6
80.7

186.9

-7 (10D



TOKI-H5 OC MS-1B+28+3C{Tape TOKI H5 ©3 SERIES #11)

MS1l-18 H= 0.0 V= -2.0 T=130.0
MS2-1E H= 0.0 = 2.0 T=130.0
M83-1C H= 0.0 = -2.0 T= 0.0
Geo—-stress Components
(Stress) (HENSA)
S5ig-x -15.467 1.3
Sig-y =12.929 1.4
Sig-% . =16.507 1.1
Tau-XY 0.093 g.4
Tau-YZ 0.321 0.4
Tau-ZX J.870 0.4
Released Strain (HENSA)
0-dey 45~-deg 90-deg 135-deg
X¥—-men 344 ( 86) 222 ( 15) 115 ( 06) 238 { 75)
" YZ—-men 116 { 66) 248 ( 74) 438 ( 72) 300 ( ©3)
ZX—-men 438 ( 72) 313 ( 82) 344 ( 39) 459 (75
SZ-men 222 ( 75) 254 ( 78) 438 ( 72) 406 ( 71)
TZ-men 238 ( 75) 373 ( 74) 438 ( 72) 303 ( 715
Normal Stress
0-deg 45-deg , 80-deyg 135-deg
X¥—-men -15.5 -14.1 -12.9 -14.3
¥ Z—-men -12.9 -1l4.4 -15.5 ~15.0
ZX—-men -16.5 ~15.1 -15.5 -16.9
S5Z-men -14.1 -14.5 . ~16.5 -1l5.1
TZ—-men -14.3 -15.8 -16.5 -15.4
L M N
5I1G~1= =~12.9 ( 0.071 g.992 0.105) H= 85.9 V= 6.0
SI1G-2= -15.0 ( 0.871 ~0.113 0.479) H= =~7.4 V= 28.6
SIiG=-3= =17.0 (-0.487 -0.057 0.872) H= 186.7 v= 00.7
(Stress)
31G-8 -14,105
SIG-T -14,281
S5IG-Z ~16.507
TAU-ST 1.269
TAU-TZ -0.388
TAU-ZS 0.842
S1G-1 51G-2 TEATA
-12.9 ~15.5 37.89 {(X-Y PLANE)
-12.9 -16.5 5.1 (¥Y-2 PLANE)
-15.0 -17.0 60.4 ' (Z—-X PLANE)
-14.2 -16.6 -9.6 (T—-2Z PLANE)
~13.8 -16.8 72.5 {(Z—3 PLANE)

m-17 102



8.

F 2 R B 5

-8 (103)



BH
b
z

EH 3
HERbE
£

{EasfRid

BE 1 R-Uriedy
(FoHh-T

(JLRE NATH HU5E)
A =

(et Eéaﬂ‘%% )

P

BERiR
SE)

-8 Q04



Qo

B - VS (621 8mm)

EE6 B ARKRK
-8 (105)

(Ms-37)



_—

EH7 MAK®R (HS-17.)

BEY BIALRR
-8 (106)

(Ms-37.)




T {1 | MS—EH _

s

BE 12 b-FI5T E S MAOTHE (H5-37)

-8 (107



B AR ST T TS

EE 4% B H

F—8 (108

s




"

B Al sy T S E {33

T2 16 RMHEAERRR (S-20)  BE 7 RRHEAERRE (HS-37)

+~8 (109



F PP Y FEEE

BH 18 4 ~/<—27 U Y SRERR | =) IS T U 5 ;
(Hs-171) BR 9 A% ary ﬁ)ﬁ;ﬁﬂﬁﬁfﬁ‘;

—e e Al
FE 20 & ——~a7 Y 2T RERR (MS-371)

-3¢ 110



e P — I FAI A

f—8 (11D



F—si—FUH EISE 3D

i

Bl 5 F-EvrERTLE

#—=8 112)



T S B R ST EE ¢ 1

!

pRaT U YA DAL
fnn AU
¢T3 R ERBL

. a0

BE 26 B (F—5-07) 0F 4
v BV (BEHORLAS)

FH 27 #Rldote vy EVT
(RmERASD)

fi—8 (113



2>

A
: St s
R e, T i WL

EEWIALARAY—-TOEE

#RE

ic

& L

9B

=
L

HBEEOLLE

BH 28

Wt b

BH 0

-8 (11d



T A EEEEERAR (3O

EE 13 OTABERBRT (45-30)
-8 (1



OIT) 8 —§

BH 3 ERTERORERRE (E55Uus-191,H5-2 . 4s-3 7))

T B

=20



