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Table 1 XRD results (Ant:antigorite, Chr:chrysotile, Liz:
lizardite, Br:brucite, For: forsterite, Mt: magnesite, ++++:Very

abundant, +++: Abundant, ++: Moderate, +: Little, —:None).

Sample Ant Chr | Liz | Br | For | Mt

Massive - S I e i

Clayish - ++H+ |+ | — - | -
Fig. 3 Monitoring section for the displacements 1-5 and the

Veryhard | +44+ | 444+ | = | 444 | 4+ | 4+ definition of convergences A-D, viewing from the entrance to

the face.

Atown 4686 m B town 0

Basalitic pillow lava

Serpentinite Hyaloclastite

!

Mudstone-sandstone

-100
Mudstone

2 -150 o New Year holidays

Displacement (mm)
wv
o
L
JI

-200 T T T T
-500 -400 -300 -200 -100 0 100

Time (day)

Severe damage Sandstone

Fig. 1 Simplified geologic sectional view (after Arakawa et al.,
——1 —A—2 %3 —¥—4 ——5

2016).
(a) Vertical displacement
200 m 0 -
Face squeezing E 100 -
S — g
I Floor heave, buckling of invert g -200 - >
el . § New Year holidays
| | M) & -300 -
] | ©
M. -400 ‘ ‘ ‘ ‘ ‘
mo__ N ey -500 -400 -300 -200 -100 0 100
: : Time (day)
V2110 s . —A B ——C =D
| Roof fall !
| |
:3 A (b) Convergence
Fig. 4 Monitored deformation at the section A (56.8 m behind
Fig. 2 Schematic figure of the severe deformation (after Ogawa the face). Negative values indicate (a) downward and (b)
etal., 2020) contraction. Time is set to zero at the discovery of the damage

(Jan. 6, 2014).
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(a) Vertical displacement Fig. 7 Example of stress-strain curves in uniaxial compression
o test (0s08).
g-loo 1 ! # 6
3 5 |
§-200 | / Massive
g 4
5 -300 f ]
© New year holidays  Roof fall E3 Foliated
-400 ‘ ‘ ‘ ‘ ‘ 2,
-500 -400 -300 -200 -100 0 100 Clayish
Time (day) 1
o~ wn ~ o o~ wn ~ o
S} uh =3 < < - s N
(b) Convergence UCS (kPa)
Fig. 5 Monitored deformation at the section B (296.5 m behind
the face and the edge at the entrance side of the roof fall). Fig. 8 Distribution of UCS. A mixed specimen of A and B was
Negative values indicate (a) downward and (b) contraction. counted as 0.5 Aand 0.5 B (10 °s ™).
Time is set to zero at the discovery of the damage (Jan. 6,
A BN BN B
120 + ° g
100 |- 4
L]
c 80 r=021 -
60 . g
L]
40 °% -
PERFEREEN I B SR
0 50 100 150
UCS (kPa)
@
T T T T
120 - ° -
100 R E
c) Clayish (0s03 d) Very hard ]
| OCHyish(es03) (@) Very _ sl o
Fig. 6 Examples of the serpentinite specimens. 60 L —]
L] ° 1
40¢ o° o
1 n 1 n 1 n 1 n
6 8 10 12 14
Water content (%)
(b)

Fig. 9 Relationship between n and (a) UCS (d&/dt = 107 (s %))
or (b) water content.

&R - RIEESR Vol.7 (2020) No.2 (% - &)



100 ; ;

30; Stress 410
g1 o
= 60| Axial | &
2 ot £
£ 40 40 £
w L (2]

20 1

Radial
! L -10
0 0.1 0.2 0.3
Time (h)

60

50 A A
A A
A
40 - S
A
30 A ‘
= ) A
20 A
10
0 : : :
0 2 4 6 8

Confining pressure [MPa]

Fig. 10 Example of the results of the uniaxial creep test.

(a) Differential stress (r = 0.21)

140
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log (stress (MPa))
o

—

100 .
A 2
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60

2.

5

5 7.5
log (time to failure (s))

(a) Creep stress vs. time to failure

10 40

20

0 T T T
0 2 4 6 8

Confining pressure [MPa]

7.5 L
5 (b) Total stress (r = 0.27)
< Axial
< 25 ° Fig. 13 The n'-values from the alternating strain rate triaxial
a ® e test.
0 A =
A Lateral T e a— T
-2.5 L
0 25 5 7.5 10 [
log (time to failure (s)) @ 5 k 1
£ L Avial ]
(b) Strain at beginning of the creep control vs. time to failure B ol ]
Fig. 11 Time to failure in the uniaxial creep test. The arrows ﬁ
denote that the specimens did not fail. ]
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Fig. 14 Example of the results of the triaxial creep test.

Fig. 12 Examples of triaxial stress-strain curves (0s45, 6.8

MPa).
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