2.1

(1999) (2001) (2003)
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Oliveira (1993)
(Deformation) (Unconfined Strength)
(Shear Strength) (Time)
ISRM (International

Society of Rock Mechnics)

(ISRM) (qu)
2-1 0.5MPa 25MPa
ISRM (Hard
Clay) (Extremely Weak) (Very Weak)

(Weak)

Bieniawski(1974) 1  25MPa



2.2 Bieniawski(1984)

(ISSMFE) 0.5MPa
25MPa 0.5MPa
0.5MPa

25MPa

Clays

Very . . Very
Sot | Soft | Fim | SGff | g | Hard

Rocks
Extremely -
Weak 3 Med. Very | Extremely
Very Weak Weak | suong Strong Stong| Strong
r T T IR AR AR T
0.01 0.10 1.00 10.00 100.00 1000.00

Uniaxial compressive strength , Qu [MPa]}

2-11SRM

(Johnston, 1993)



Umniaxial Compressive Strength , MPa

0.1 1.0 10.0 1000 . 1000.0
i " L ) L Ll N Y s il " L FESa|
Very Weak Weak Strong Very Strong Coates
1964
Low Medium | High Very high Deere & Miller
Very low swength strength| strength | strength| strerggth 1966
. . Moderately | Moderately Very Extremely Geological Society
Very weak Weak weak strong Strong strong strong 1970
Soils = Rocks
Extremely low | Very low Low Medium High Veryhigh | Extremely high Broch & Franklin
strength strength strength strength strength strength strength 1972
Soils Very soft Soft Hard Very hard Extremely hard rock Jennings
rock rock rock rock 1973
: Low | Medium| High Very high Bieniawski
Soils Very low strength strength| strength | strength strength 1973
Very low Low strength Moderatd Medium|  High Very high {Sgl;\;vl
T T — Ty T — T T T ———T
0.1 1.0 10.0 100.0 1000.0

Umaxial Compressive Strength , MPa

2-2

(Bieniawski, 1984)



2.1.2

1981
(1)  (Soft Rock) (2)
Rock) (3) (Weathered Rock)
Barton (1993)
(Barton, 1993)
(1) (aging)
(aged sand)
2) (mid diagenesis)
(interlocking)
sand)

(3) (induration)

(Fractured

(bonding)

(cohesive



Dobereiner et al.(1986) (weathering)

2-3

{ Restdunl o

|

—_——
’ Sedimenl

HLNIIN

rock

| roCk

>
A
P mect

fiock

Metamorphic
rock

Igneous rock

2-3 (Dobereiner et al., 1986)



2.1.3

Johnston(1993)

(1993)
Oliveira(1993)

(dlaking)

Oliveira(1993)

Dobereiner et al.(1986)

(1993)



(leaching) (void)
(fissures)
10% 20% (

, 1993)

Bell(1993)

35%

2-4

(Johnston, 1993) Johnston and Choi(1986)

(synthetic soft rock)

Lin and Hung(1982) (1)

(2)

(dissolution)

10



0+ /
15 -
=
a
b3 /
3 / e
e 10 / ///
@ R
3 S
< i
//
S e
I/ ’
—==mr 7 T T n
0.1 0.2 0.3 0.4
Axial strain (%)
2-4 ( ) C )
(Bell, 1993)
Oliveria(1993)

500-5000M Pa

11



10°%

(Tatsuoka and K ohata, 1995)

D)

(2 (Bedding error)

10° 107
Stimpson et al. (1979), Burland(1989)
0.1%

Kim and Tatsuoka(1994)

12



Emax

Ed Emax Ef
Eq

Esec Emax

Hight(1995)

=

Eq

2-5(a)

13

0.1%

400

2-5(b)

1000



()

Uncracred

Cracked thgh P

W,

~ € (log scala)
E )
&
¢ {iog scale)

(Hight, 1995)

14



2.1.4

2 -1 (1987)

15
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12 MPa

0~30%

17



2000

20~50
(cuesta)

(hogback ridge)

40 %~60%

20 MPa

18



2.2

(1997)

(1998)
)
1.92~2.2g/cm®
13%~60%

(1995)

2.0~2.6g/cm®
(2001)
2.64
0.7%~3.3%

2.64

1.87g/cm®

0.26~0.38

2.09~2.30g/cm®

19

2~0.075mm

2.56~2.75

38%~72%

0.32~0.41

0.31~0.46



14.27%~16.7%

(2002)

2.65 1.84~1.88g/cm’ 0.62~0.64
10.36%~10.74%
Dso 0.08mMm~0.12mm 2.39~2.65
1.93~2.30g/cm’ 0.23~0.61

14.2%~20%

2.65 2.25~2.43g/cm’
0.21~0.32 5.94%~13.42%
(2003)
Dso 0.08~0.012 mm
V m 2.09~2.33 g/cm® 10.3% 21.0%
0.25~0.46
(2002)
2.63~2.67 1.93~2.26g/cm®

0.33~0.52 10.86%~12.43% Cu

20



9.19~12.87 Cc 1.00~1.96

(1995) (modulusratio)E/oc . E
O 50~500
10~200 (poisson’s ratio)  0.2~0.5
0.3~0.5
(1997)
7~13MPa
1.5~-3MPa Y 41°~43°

52MPa 29°
Cc 1.62MPa 23°
(1998)
0.14~27.4AMPa
30~300
SCuU c” 40kPa g ~ 53°

30kPa Y~ 54°

21



(1998)

5.76x10°(cm/sec)  3.7x10°(cm/sec)

Hoek-Brown

Mohr-Cloulomb

(1998)

(1999)

2.7x 10%~3.2x 10*cm/s

8.6x 10°~9.1x 10°cm/s

(1999)
3MPa Emax 4GPa

Emexd Gpmax 320

22



(1999)

1~2%
0.05~0.28MPa 0.17MPa~0.58MPa
1/40~1/15
1/30~1/15
0.1%
0.005%
1% 10% 30%
(2001)
5.5~6.5 MPa |SRM
1%~2%
4
15 1.1 MPa 04 0.5 MPa
1%~2% 5%~6%
c= 0.74

MPa ¢'=31.0° Emax 400~2000 M Pa

23



¢'=0~ 0.71 MPa ¢'= 21.4°~32°

Emax 250~700 MPa

(2002)
0.09~1 MPa 3~8%
0.25~9.36MPa 2~8%
0 ' =0.98MPa
EmadO "o 100~1200
Emad T 'ho 700~1100 Emad T 'ho
400~1200
(2003)
¢ ¢'=39.17° 10 kg/cm?

24



2.3

Johnston (1993)
0.C
N.C
brittle-ductile Goodman (1989)
brittle-ductile
Bell and Culshaw (1993)
- "
(E)

v) -

(Hysteresis curve)
Brace et a. (1966)
1/3-2/3

50 -70

25



dilatancy
opening propagation Lamaand
Vutukuri, 1978

(1997)

( 20MPa)

50 (

(40MPa)

Johnston (1995)

2-6
2-7 2MPa
0.4 0.5MPa-34.3M Pa
SMPa 17.3MPa
2-8 80MPa

0.15 100M Pa-600M Pa 100MPa

26



'rl‘v"

La

v Dhlanion

2-6

27

100M Pa

CuU

Dilation

Marmally

(wverr-
consolhidated consohdated
(M) (OC)
(Johnston ,1995)



60 T

I ! i i 1

2" = 34-30 MPa 2" = 34-30 MPa

17:30 17-30 :
10-55
6-90
5-31
-56
258
5|
15
I.:]: 4}{_.‘
2-7 (Johnston ,1995)
1000 T I T T T
2T — 800 MPa B
400 MPa
a
= 500 N
iy —— 200 MPa
100 MPa ]
! ] L
GO ! 1]0 20 30
Eat Ya
(a)
= :
Contraction 2 = 600 MPa
Sl 400 MPa
= — 200 MPa
e L L
(] - : : Eeal Vo
) 100 MPa
—3 |- ]
_g |_Ditation
! ()
2-8 (Johnston ,1995)
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2.4

24.1

Tatsuoka et al. (1993)
(Plate Loading Tests)
(Pressuremeter Tests) (Uniaxial Compression Test)

(Triaxial Compression Test)

( 29 E Eghir
EDBA
Eq
E, 212  E
(Kimet al., 1994) Eniia E
Eres 0.01 Es  Ema
0.01
0.01%

0.01%

29



=

(

2-10)

EDBA

Emax

30

=

EBHLT

Emax

=

=



Depth (m)

Young's Modulus E (MPa)

31

(Tatsuokaet al., 1993)

o]
Elnlﬂai @—
E suspension)
/// ' o3 t(suspensio
O EDBA
M’ S ’
.. ®o 77 o\ ¢ /® ¢ h
@)%mo ’.6 ..... %.2 oo& /
OO ‘8 o LI J‘ ..-.-4.02.. O % '7% ]
\ o
* o EBnLr Emax A (a)
o & / i Jw
o Oj ) |
0 C!ﬁo ° E, ™
\'4 \
19---? ° ™
! oi o R;=125, R =156
A
& /g%\o
f 0 0 qu f
o) o o \ a
i : R_.=0.31 T
ago ° a
T
! _Fg .
(down-hole)
! o
A 0 o o .
0 1000 2000 3000 4000 5000



5000 ~ — —~
a -~ --a g_'=363(kPa)
o 4000
2 - - -8 0_'=628(kPa)
£ 3000 T
w 0_'=343(kPa)
2000 0.0001 0.001 0.01 ) 0.1 1.0
Axial Strain Rate (%/min)
2-10 (Tatsuokaet al., 1993)
Kim and Tatsuoka (1994) Gt (
Field Shear Wave Velocity M easurements) Gahit (
Pressuremeter Tests ) Gpr (
Field Plate Loading Tests )
(0.0001% = 10°°) 0.1%

( 211 )

2-11
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2-11

Gy s Estimated field G,q — 7y relation

(Gsec)tiols = (Gsec/Gmax)\aboralory x Gy

—— e cepu—

Gaec — ¥ relation from -
relevant monotonic loading ~
tests in the laboratory ~—

log v
(Kim and Tatsuoka., 1994)
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Petley et al. (1993)
(Grain Fabric)
(Intergranular Bonding)
(Brittleness) Yoshinaka et al.

(1996) /



2.4.2

Sun et al. (1988)
( 2-12) ( 2-13)

(G/Gmal)

25%

2-14)

( 2-15)

( 2-16)

Malandraki and Toll (2001) ( 2-17)
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(Iwasake et al., 1978)

M\a\
-."*-‘H‘
| srd NukBbusii o N
Fo= 1.0 kas s
i 3 [} : g it ; Y S 3
Sisgle Amplitude Shear Siroin ¥
2-12

L]+

60 -
40 8
& DETROAT CLAY
B LEDA CLAY |
£ FORD CLAY
) EATON CLAY
20 <> BENTONITE SiLICA FLOUR
@ SANTA BARBARA CLAY
o L 1
o= ig~¥ o=t
STRAIM AMPLITUDE | ‘.r'". %%
2-13

(Anderson and Richart, 1976)
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L ilh.lll

| N A _d L &

L] Illl-l1|

1.0

o

-.'F Effective

o ST Confining

- - . Symbol | Pressure

=

_E 0.6} o 10 psi

= Fit 20 psi

E i v | 40 psi

n 0.4} o BO psi

=

o i

[=]

E Q2 t=2 doys of confinement

= ol each oy,
ﬂ_ﬂ i L p i naaxl i

0.0001 0.001

0.0l

0.1

Single-Amplitude Sheoring Strain, Y, perceni

2-14

(Stokoe and Lodde, 1978)
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1.0
a.a
o.é
"
=
o
= 0.4
0,2
0.0
1 1072 1072 1wl 1
Ehear Straim - percent
2-15
(Zenet al., 1978)
1.0
i Haxileo Cicy l:ll:r-
0.8 =
o 0.6 |- 1
[
[ ] | wold ratie N
Bagmrome
™~ 0.% to 1.0 i
@ 0.4 - 1.0 to 2.0
B 2.0 ta 3.0 o
3.0 to 4.0
ﬂ.E " -
0.0 3 i 31 aidrnel 3 g pigarl g paanpel 1 pop rgeael B d i B il
10- 10~ 10 10~ 1] 10
Shear S5troin, percent
2-16 (Sun et a., 1988)
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2-17

(Mal andraki and Tol | 2000)
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2.5

Lade et d. (1976)

Eldin (1953)

(1999)

(@) —
(b) —
(©)

Ko et a. (1967)

40

(Yielding Function)

Bishop and



(1993)

Jardine (1992)
2-18
Y1 Y2
Y2
Zonel

103~10° %

Zone 3

Y3
Y1(first yield)

Y3(find yield)

Zone 2
10° %

Zone4



Y3

zoned
Y1: N RZ)
Y 2: 20
Y3:initial
sur face
Zone 1:
Zone 2:
Zone 3:
Zone 4
>
/ P

2-18

42

yielding

(Jardine, 1992)



2.6

Dobereiner DeFreitas 1986
saturated

moi sture content

Johnston 1993 Bedl and Culshaw 1993

35%

Linand Hung 1982

(E)

43



dissolution

@) — 11 23
5MPa 01 0.2MPa 196MPa
1MPa 27° 13°

(b) — 75

50 75 100
17
(©) —
1996
@
20 60

(b)
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2.7

(Pan & Banerjee, 1987)

(initial elastic response)

(stress reversal)

(current yield or loading surface)

(2001)
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10
025 9 c ¢ B y Ean Eg P y, w

c ¢ B v En Es Py w)

(disp) (press)

(DISP)
(PRESS)
(DISP) (PRESS)
(disp) (press)
? 0 :i(DISPi—dispi)z
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=7

0 (
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fitness value



cy B vy Ea
iL EB Pc y 3 (P
Strain-Stress
~_~
igi o L
(input) ¢L
::ram c Y B y En B8 Po ysz o
Stress ¢L
4L
4L
Strain —> disp DISP
or or
Stress ——> press PRESS

@

:

NCEL

i=n

or

i=n

(

_dispi)2

3" (PRESS, - press)?

1/ (

2-19
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