O3poO0oooooooooooboooOobooOODOo0Ol
goo0oooogozoo7r00oO0ooBoonOe

1* 1 2 1 3
1 615-8540 C1
2 110-0015 3-3-3
3 550-0012 4-3-2

*E-mail: kishida@mbox.kudpc.kyoto-u.ac.jp

Key Words : soft rock, strain-softening, permeability, dilation, numerical analysis

1.2

3 20 m 100 m
EDZ

-1
4
P i L
110m Head=220 [m]

<«t— 200m Drain boundary
Pressure head=0 [m]
220m «

. D=20m hydrostatic
400m

>

‘ Undrain boudary ‘ VAN

-1

-29-



-30 -

-1 -3
KN/ 200 i [MPd] 640 ) ) . Stress release ratio on
E[MPg] 2.808x107 a 0959 Time [min] Adtion excavating process [%]
v 017 o 100 0 Gravitational stress analysis
Rf 6.00 T 0.09 100 Excavate the tunnel 0
G 100 Df 085 200 Stress release on excavating process 1
C 004 300 Y 2
400 v 3
-2 b 4i00 \L 40
Ca 1 2 3 4 &m0 I ®
b[MPa] 033 330 : . .
Klemiseq] | 30x10° 30x10” 30x10° 30x107 10100 Finish the release 100
: -4
Casel,2 (Axial Stress)
2 Y . T B Case3,4 (Axial StI’E‘SS) """"
==A- - Experiment (Axial Stress)
: : <
E‘ ,,,,,,,,,,,,,,,,,,,, g
s | 3
—+
3 >
3 )
5 2
—= o
S 5 -3
% —
< | | | | S
! | =0 Case1,2 (Volumetric strain) 3 = -3
-2 ] =O— Case3,4 (Volumetric strain) o
= =A== Experiment (Volumetric strain) 4
0 4 6 8 10 -3
Axial Strain [%0]
2 1
@
-4
b -2 (tL, s1, f1)
1 0.01%/min 2000
-2 min
- Casel 3 Case 2, 4
- b
Case 1, 2 Case 34
b
-2
Cb
0.1MPa 0.01%/min Case 1, 2
Case 1, 3 Case 2, 4
b
-1, 2 -1
3) 05D ©, s2, 2)



§2JQ°5[hﬂPa]

'
N

@ Casel (23)*° 0.4
0.5 — = )
00— Case2 @) ‘,‘0 <
+ =)
1" -0.2E
g 3
=
-L7o® -O— Casel Volunetricstrain | 0 ©
I} ==O==Case2 Volumetric strain @
I\, A
2 Or i —
= ‘ 3 02 =
oL o om| S
T O o
[ [lday 5 days 0.4
0 2000 4000 600_0 8000 110
TIME [min]
(@) Elementtl
»4 -0.4
z J" <
o
aal 02E
s 3
% @
- J =
' 1%
\ —
\ =
R 2,
| Qu, 02 >
\ Ty - "
“h o O~ O— R =
O TR - .O?f - .é;.
1 dayj 5 days 0.4

2000 4000 6000 8000 1 10°

0
TIME [min]
(c) Elementsl
P
‘( #3q-0.4
e g
o -0.2 g
- I
=g T =4
i ¥ 0 =
I a
1A =
1 =3
_‘f,gz\ 02 >
Nao T O e O O e 'g,'
T e @ = o = O 2
e 1 day | 5 days 0.4
0 2000 4000 6000 8000 1 10"
TIME [min]
() Element 1
4

&)
Casel 3 Case2 4

-31-

2 -0.4
<
=)

= 1 -0.2 %
o o = 5]
p= o _ o 1= ¢ s,
= 0|lapg® S S— 0 o
2 o ° v T @
N T ——, | o
) ity =0 =
N 0.2 3
S
2 0.4
1day‘ 5 days
0 2000 4000 6000 8000 1 10*
TIME [min]
(b) Element 2
T

2 -0.4
<
=)

— 1 02 ¢
g 3
> £ " . oA rot =
o 0 e e gy 0 o
E “o.. e ﬂ
N - —_— | -
D = O e - Q.
O] 0.2 i
S
21 1 day 5 days 0.4
Y i Y
0 2000 4000 6009 8000 110
TIME [min]
() Elements2

2 -0.4
<
=)

— 1 -0.2¢
© 3
o P -.. = D
2 g._ PRGN g * D B =
o Op=g8—- Ol 0 &
s | o M Il
N - -
Lo R O QD
~O = - =.

S 02 3
S

2F— 1day 5 days 0.4

¥
0 2000 4000 6000 8000 1 10*
TIME [min]
(f) Element 2
-5

Casel, 3 Case2 4



14 T T ;
-@— Casel Pore pressure
1.2 =O— Case2 Pore pressure
g 1
Z |
o 0.8 -‘,_
>
2 o6l
o 0.6 -
S Q
g 0.4 S
° OO e Oy - o Tl
0.2 ;
®srice 00 @
. ;
0 2000 4000 6000 8000 110*
E [min]
(@) Elementtl
1.4 y
1.2
$ 1f
2 |
© 08|
>
% .
o 0.6 -0
o |
£ 04 00
OO0
o ® <O = —=0-0 -
0.2 @ i ie
N
0 2000 4000 6000 8000 110°
TIME [min]
() Elementsl
14
1.2 -
e 1f
= |
© 08
8 ‘O
8 06p
o g
S04} ASZ
8 [ ] © " OO =i ety
0.2 - rrrrrrr 00 @ o OV e
0 i
0 2000 4000 6000 8000 110*
TIME [min]
() Element 1
5
©)
s -t (S = (Gl’+63’)/2, t:(Gl'G?,)/Z)

Pore pressure [MPa] Pore pressure [MPa]

Pore pressure [MPa]

=
~

1.2
1
0.8 _2 O ~—O-O- O O-
0.6
® °
0.4 ht
0.2
*
0 i H .
0 2000 4000 6000 8000 110
TIME [min]
(b) Element2
1.4
1.2
.O( .
1}-e 000 =m0
0.8
° [ ]
0.6 L2
0.4
0.2
ol v
0 2000 4000 6000 8000 110°
TIME [min]
(d) Elements2
1.4
.O(
O
) OO .
1.2 1%a
1
* °
0.8 *
0.6
0.4
0.2
0
0 2000 4000 6000 8000 110
TIME [min]
(f) Element 2
-6
10%
40 -4



3.5 —
-@— Casel
-0— Case2
3
— 20%release(case2 and case4)
g I
. A
z 2.5 3
4+ 109orelease(case2 and case4) g 8
fal
'Y
, -~
2 T Y ’5\
20%release(casel and case3,
: 10%release(casel andicase3)
Ithitial point of all case
1.5 i
1 1.5 2 2.5
s' [MPa]
(@) Elementtl
35
3
20%release(case2:and case4)
T 10%release(case2 and cased)
25 -
p
ed
+ e S v
2 / 10%release(casel and case3) T
\
20%release(casel and ¢ase3)
tnitial point of all case
15
1 15 2 2.5
s' [MPa]
() Elementsl
35

20%release(case2 and case4;

3 w‘y 77777 D
10%release(cage2 and cased) p.S %

$ A

o o

AN

Itnitial point of all case

g

2.5 B N S
z -
=

10%release(casel and case3)

2
20%release(casel and ¢ase3)
15
1 15 2 25
s’ [MPa]
() Element 1
-6
-4
1000 min

-5

-33-

1.85

!
o
A
o
1.8 Al
A
[al
T (¢ °
o 1.75 o Al 20%release(casel and case3)
SrE
— Al 10%release(casel and case3)
- ,

fe

Itnitial: point of all casd

10%release(case2 and case4)

1.7

20%reldase(case2 and cased)

1.65 L
1 15 2 2.5
s' [MPa]
(b) Element2
2.3
o)
[a)
[A]
[a)
2.5} o
20%releape(casé2 and case4) °
lEl . ™~
a 3 °
S 22 £
[ O’ ’,v‘\
+ 1& y P0%release(casel and case3)
=g \10°orele&e casel and case3
2151 A . ( )
Itnitial point of all case
10%r+ 2 and case4
2.1
15 2 2.5
s' [MPa]
(d) Elements2
2.85
la)
2.8 9
9.
< 20%rielease(case2 and cased) 2
o o
2.75 - -
.g. o o
— e
27 ' &7 20%release(casel and case3) B
8<
/ & T 10%reélease(casel and; case3)
10%reledse(case2 and cased)
Itnitial point of all case
2.65
1 1.5 2 2.5
s' [MPa]
(f) Element 2
40

Cael,3 Case2 4



05D

®)

No.15710058

Casel1,3 Case?2,

D

2)

3

4

6)

No.
596/111-43, pp. 1-10, 1998.

No. 666/111-53, pp. 117 —
126, 2000.

pp. 231236, 2006,

(ED2)

2005
pp.40—45  2005.
Zhang, F,, Yashima, A, Ye, G. L, Adachi, T., and Oka, F. : An
elastoplastic strain-hardening and strain-softening constitutive model for
soft rock considering the influence of intermediate stress. Soils and
Foundations \Vol. 43, No. 5, JGS, pp. 107-117, 2003.
Adachi, T. and Oka, F. : Constitutive equations for normally consolidated
clay based on elasto-viscoplasticity, Sailsand Foundations Vol. 22, No.
4,pp.57-70,1982.
Nakai, T. and Matsuoka, H. : A generalized elastoplastic constitutive
model for clay in a three-dimensional stresses, Soils and Foundations
Vol. 26, No. 3, pp. 81 -89, 1986.

NUMERICAL STUDY ON STABILITY OF UNDERGROUND CAVERN
CONSIDERING PERMEABILITY OF SOFT ROCK

Kiyoshi KISHIDA, Tomoya SAKATA, Atsunori TOMITA, Takashi HOSODA and
Toshihisa ADACHI

In excavating the underground cavern into the soft rock, it is not clearlty known how the various
permeability parameters with geological formation and the influence of excavation are affected to the
stability of underground cavern and the seepage issues. Applying the elasto-plastic strain-softening model
for coupled hydro-mechanics interactive problem, the numerical studies on the stability of underground
cavern are discussed. In practical, the numerical analayses are performed considering permeability and b-
value which controls with dilation. Then, the influence of permeability and volumetric strain to the

stability of underground cavern is discussed.
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