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Shear test of Jointed rock in Toki granite

K.Hata*, M.Maruyama®, M.Toriihara”

[ Abstract ]

When constructing an underground rock cavern at great depth, rock mass around the cavern
is mechanically and hydrologically influenced by excavation. It was also experienced that
various engineering instability of the cavern was observed. Therefore, it is important to
estimate the state of stress and deformation in the surrounding rock mass. Especially, in the
case of discontinuous rock, it is necessary to understand the geological conditions and
properties of joints around rock cavern.

The purpose of this study is to select the representative joint that is influenced upon stress
and deformation of the cavern, and to evaluate the properties of joints. The rock mass consists
of Toki granite, which is fractured rock mass. Physical and mechanical tests were conducted
using jointed core samples from MIU-1, MIU-2 and MIU-3 borehole. Joints are classified into
5 categories with location, angle, shape and filling.

As the result of this study, joint vertical stiffness(K,), joint shear stiffness(K,), joint
compressive strength(JCS), joint roughness coefficient(JRC) and joint residual friction
angle( ¢ ) with 5 categories are estimated. And Barton-Bandis’s model are estimated from

these joint properties.

This work performed by Obayashi Corporation under contact with Japan Nuclear Cycle
Development Institute.
Agreement No. . 12C1018
IJNC Liaison . Tono Geoscience Center, Geoscience Research Group, Group Leader, Seietsu

Takeda
* . Obayashi Corporation, Technical Research Institute
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YaA v b OEMEE

FK—=1 274l

R

EmiE Alem®)

No. | 4 o, oy | - s 0 . =
1 - 112.82 | N3W25E | 32.70 | 33.39 | 32.70
2 291.53 | NA7E1INW | 32.40 | 31.85 | 31.85
3 @ MIU-2 163.62 |  EW61S 31.85 | 31.55 | 31.55
4 MIU-3 143.32 | N32E24SE | 31.84 | 31.64 | 31.64
5 MIU-1 316.32 | N79E24S | 36.34 | 36.57 | 36.34
6 MIU-2 307.94 | NS6W10S | 31.26 | 31.11 | 31.11
7 @ 415.50 | N37E23SE | 29.74 | 29.78 | 29.74
8 MIU-3 464.60 | NSIW2S | 29.31 | 29.26 | 29.26
9 472.31 | N81E12S | 29.59 | 29.21 | 29.21
10 MIU-1 313.30 | N56E 31.66 | 31.60 | 31.60
11 MIU-2 388.51 | N8SWIZN | 33.59 | 33.34 | 33.34
12 © P 397.85 | NASE26SE | 30.02 | 30.02 | 30.02
13 537.15 | NI2E45W | 39.36 | 39.96 | 39.36
14 — 331.36 | N8SW52S | 46.93 | 46.76 | 46.76
15 589.28 | EW55N 45.87 | 45.20 | 45.20
16 @, — 971.86 | NAGEG3SE | 59.14 | 65.73 | 59.14
17 984.72 | N78E61S | 56.94 | 54.18 | 54.18
18 MIU-1 846.18 | NSTWGANE | 71.48 | 72.17 | 71.48
19 o MIU-3 322.76 | EW65S 42.45 | 42.78 | 42.45
20 MIU-1 679.50 | N75E66S | 69.48 | 71.29 | 69.48
21 ®, MIU-2 430.72 | N63ES6N | 56.48 | 55.29 | 55.29
22 509.14 | NSB4OW | 44.25 | 41.35 | 41.35

®), MIU-3

23 527.25 | N75WsSN | 47.31 | 47.79 | 47.31
24 276.34 | N20E21W | 32.90 | 33.44 | 32.90

B MIU-2
25 290.32 | N73%29S | 37.38 | 36.86 | 36.86
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#-5.2 HEMAEICLLIMERL ]S

& _ S

R, | R, | &) | s, | Ics, I

) : JCSueen

1 22.3 27.5 32.6 42.7 37.6

2 29.1 35.0 46. 4 63.0 54.7
@ 25.63

3 37.7 2.5 72.5 40.5 56.5

4 35.6 27.3 65.0 42.2 53.6

5 26.5 26. 2 40. 3 39.7 40. 0

6 31.6 32.5 52.5 55. 0 53.8

7 @ 29.5 35.3 | 25.55 | 47.1 63.6 55.4

8 35. 1 34.9 63.0 62.3 62.7

9 38.7 31.0 75.9 50.9 63.4

10 23.2 24.7 34.3 37.1 35.7

11 30. 7 36.2 50. 7 67.5 59. 1
©) 25.71

12 40.1 31.5 82.7 52.8 67.7

13 24.4 25.6 36.5 38.8 37.7

14 30.6 28.9 50. 4 46. 1 48.3

15 15.8 18. 8 23.3 27.3 25.3
@, 25.72

16 28.8 25.2 45.9 38.1 42.0

17 29.7 24.8 48.1 37.3 42.7

18 30.5 32.4 50. 0 55.2 52.6
OF 25. 68

19 30.9 28.7 51.1 45.6 48. 3

20 30. 2 34.8 49.5 62.9 56. 2
N 25.76

21 29.6 26.8 48.0 41.4 44.7

22 26. 4 28.1 40. 4 44. 2 42.3
® 25. 68

23 36. 2 32.1 67.3 54.4 60.8

24 32.1 24.5 54,2 36.5 45. 4
®y 25. 63

25 26. 4 25.8 40. 3 39.1 39.7
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Shear Stress (MPa)
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FEEAMN B L AR L 2 EERE, TARETES X U7 JRC

wLEw ¥ A SR

e = e 1LY

Yo | TR mmmts | e | ® A | mi | o

K. (MPa/mm) [K, (MPa/mm) Tmax(ﬁéa) r . (MPa) | ¢ ,(MPa) JRGs 15? fj.
1 95.6 0.383 0.143 0.081 | 0.070 15.63 1
2 o 667.2 0.221 0.116 0.066 | 0.072 11.88 2
3 235.1 21.571 0.151 0.078 | 0.073 13.90 1
4 133.6 2. 605 0.123 0.084 | 0.073 12.37 3
5 236.9 0. 565 0. 146 0.073 | 0.063 15.43 1
6 313.0 0.342 0.125 0.074 | 0.074 11.73 1
7 | @ 310.1 0.429 0.119 0.077 | 0.077 10. 89 1
8 337.8 6. 864 0.302 0.163 | 0.078 16. 70 1
9 500.9 2.097 0.616 0.127 | 0.079 19.20 1
10 130.6 8. 357 0.134 0.078 | 0.072 14.54 1
11 @ 159.6 1. 028 0. 248 0.201 | 0.068 16.33 2
12 70.4 1. 066 0.100 0.071 | 0.076 8.48 2
13 414.9 1.100 0. 103 0.063 | 0.058 13.37 1
14 86. 2 12. 250 0.196 0.128 | 0.049 16.67 1
15 @ 151.7 0. 469 0.078 0.059 | 0.051 13.43 3
16 ! 197.5 0. 187 0.054 0.027 | 0.039 9.61 1
17 226. 1 0. 285 0.091 0.052 | 0.043 13.27 1
18 @ 334.4 1.553 0.119 0.044 | 0.032 14, 34 1
19 I 283.8 3.000 0.210 0.066 | 0.054 16.11 1
20 & 74.9 0.144 0.053 0.036 | 0.033 8.81 2
21 ! 168.7 1.242 0.091 0.059 | 0.042 12.32 1
22 33.1 0.813 0.081 0.051 | 0.056 9.79 2
23 ©n 197.7 1.019 0.149 0.108 | 0.049 13.41 2
24 700. 8 0.163 0.113 0.070 | 0.070 12.43 2
25 ©u 59. 0 6. 400 0.120 0.067 | 0.062 14. 36 2
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#—-54 T4NEF

BRI L AEFA L JRC

(EERYE

HHEE

EHHIC X AT

ok FEEL)
No. 2 al’ ) 7,4, (MPa) W 0 ,,°COS a JRC;
(MPa)
1 55.5 0.000891 7.40 0. 000505 7.03
2 51.8 0.001063 5. 89 0. 000658 5.64
3 @ 54. 0 0. 001090 6.35 0. 000641 6.05
4 55.4 0.001052 6.71 0. 000598 6.38
5 60. 1 0.001063 8.02 0. 000530 7.52
6 45.9 0.001027 4.26 0.000715 4.12
7 @ 50. 9 0. 001035 5.28 0. 000653 5.06
8 55. 3 0. 001068 5.93 0. 000608 5.64
9 47.2 0.001120 4.26 0. 000762 4.11
10 52.4 0. 000606 6. 24 0. 000370 5.98
11 ® 48.7 0. 001003 4. 60 0. 000662 4.44
12 39.3 0.001064 2.40 0. 000824 2.35
13 50.5 0.001047 6.02 0. 000666 5.77
14 69.7 0.001041 9.34 0.000362 8.50
15 @ 46.4 0.000723 5. 66 0. 000499 5.47
16 ! 53.6 0. 000815 6.00 0. 000484 5. 81
17 63.0 0. 000750 7.99 0. 000341 7.45
18 @ 69. 4 0. 000677 8. 30 0. 000239 7.60
19 f 64.8 0.000975 7.82 0. 000415 7.25
20 ® A7.6 0. 000672 3.61 0. 000453 3.49
21 ! 46.9 0. 000806 4.01 0. 000551 3.88
22 ® 28.9 0.001015 0.36 0. 000889 0.36
23 ! 39.4 0.000982 1.89 0. 000759 1.84
24 ® 47.3 0.001151 5.24 0. 000781 5.05
25 8 29.5 0.001077 1.57 0. 000937 1.55




#£-5.5 ORI LLABRER B

o B 2 S BR At AT SR F 4V P RER
No. | 438 o s s
HE | MRS REE | ERWE | ARERA
(kN/m3) | o. (MPa) R s, (MPa) ¢o(" )
26 | @ 25.63 139.43 51.5 148. 44 31.6
27 | @ 25.55 136. 69 47.5 119. 67 32.3
28 1 ® 25.71 128. 87 46.0 112.39 32.2
29 | @, 25.72 84.29 45.7 110.75 33.1
30 | @, 25.68 139.05 45.2 107.51 34.9
31 ®, 25.76 124.92 43.8 100. 67 35.0
32 | ®; 25.68 126.92 43.9 100.48 34.8
33 | Gy 25.63 134.70 50.0 137.32 31.9
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#—5.6 EREBEEAOHRE

No e R | KR REE | BEEEA
. ‘ ?5 b(n ) R ijean ?S r(o )
1 24.9 21.3
2 32.1 24.0
3 ® 31.6 51.5 21 511
4 31.5 23.8
5 26.4 23.4
6 32.1 25.8
7 @ 32.3 47.5 32.4 25.9
8 35. 0 27.0
9 34.9 27.0
10 24.0 22.6
11 33.5 26.7
12 & 52.2 46.0 35.8 27.8
13 25.0 23.1
14 29. 8 26.1
15 17.3 20.7
T @, 33.1 45.7 0 219
17 27.3 25.0
18 31.5 28. 8
19 @y 34.9 45.2 29. 8 28.1
20 32.5 29. 8
21 ©, 35.0 43.8 28. 2 27.9
22 ‘ 27.3 27.2
23 ©y 34.8 43.9 34.2 30. 4
24 28.3 23.2
25 ©q 31.9 50.0 26. 1 22.3
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1 Loy | 11262 | NOW2SE | 3270 | 95.6 | 0.383 | 37.6 15.63 | 7.40
2 291.53 [N47ELINW| 31.85 | 667.2 | 0.221 | 54.7 |11.88 | 5.89
3 © iz Ties.02| mwers | 315 | 5.1 | 21571 | 56.5 |13.90 | 6.35
4 MIU-3 | 143.32 [N32E24SE| 31.64 | 133.6 | 2.605 | 53.6 [12.37 | 6.71
5 MIU-1 |316.32 | N79E24S | 36.34 | 236.9 | 0.565 | 40.0 |15.43 | 8.02
6 MIU-2 |307.94 | N86W10S | 31.11 | 313.0 | 0.342 | 53.8 [11.73 | 4.26
7@ 415.50 [N37E23SE| 29.74 | 310.1 | 0.429 | 55.4 [10.89 | 5.28
8 MIU-3 | 464.60 | Ne1w2s | 29.26 | 337.8 | 6.864 | 62.7 [16.70 | 5.93
9 472.31 | ¥81E125 | 29.21 | 500.9 | 2.007 | 63.4 [19.20 | 4.26
10 MIU-1 |313.30| NS6E | 31.60 | 130.6 | 8.357 | 35.7 |14.54 | 6.24
11 MIU-2 |388.51 | NesW17N | 33.34 | 159.6 | 1.028 | 59.1 [16.33 | 4.60
219 397.85 |NASE26SE| 30.02 | 70.4 | 1.066 | 67.7 | 8.48 | 2.40
13 M3 o 15 | NizBasw | 39.36 | 414.9 | 1.100 | 37.7 |13.37 | 6.02
14 J1y 33136 | N68WS2S | 46.76 | 86.2 | 12.250 | 48.5 16.67 | 9.34
15 580.28 | EWSSN | 45.20 | 151.7 | 0.469 | 25.3 |13.43 | 5.66
6> g | 97186 [MGR6SE| 59.14 | 107.5 | 0.187 42.0 | 9.61 | 6.09
17 084.72 | N78E61S | 54.18 | 226.1 | 0.285 | 42.7 |13.27 | 7.99
18 MIU-1 | 846.18 |Ns7We4NE| 71.48 | 334.4 | 1.553 | 52.6 |14.34 | 8.30
o 1O wius 322,76 | EWeos | 42.45 | 283.8 | 3.000 | 48.3 |16.11 ] 7.82
20 MIU-1 | 679.50 | N75E66S | 69.48 | 74.9 | 0.144 | 56.2 | 8.81| 3.61
11 Tuiz Ta30.72 | Ne3Esen | 55.29 | 168.7 | 1242 | 4.7 |12.32 | 4.01
22 500.14 | NSE4GW | 41.35 | 33.1 | 0.813 | 42.3 | 9.79 | 0.36
23 O | M08 1 NioWooN | 4791 | 197.7 | 1019 | 60.8 |13.41 | L.89
24 276.34 | N2OE2LW | 32.90 | 709.8 | 0.163 | 45.4 [12.43 | 5.24
25 ®n| W2 1 T N3W205 | 36.86 | 9.0 | 6.400 | 39.7 |14.36 | 1.57
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No. g 5154%%/?@]}%@@ . Ei%; é/i%}‘if ? ﬁi%’ﬁéﬁ;t@ﬁa
JCS (Pa) JRC D
@ 50. 6 13.45 23.3
@ 55. 1 14.79 25.8
G 50. 1 13.18 25.1
@, 39.6 13.25 24.2
@, 50.5 15.23 28.5
®, 50.5 10. 57 28.9
Gy 51.6 11.60 28.8
Gy 42.6 13. 40 22.8

Barton -Bandis E7 WV . r:gntan[JRmogm JCS+¢T)
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