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(discretization) & E8E o} o FEH #4A FAHAEH Ftassidel Algd 3
QA4E £ glo] ApEE It Aol 3le 7HE A B 5 (weighted integral method)

N
AbgstRoem FAA JtEAEY dE o8

< £ 2 E ¥ (Takada, 1990, Deodatis, 1991,
422 w83 1993 Y47, E@F, 2003) 0.2 thA szt s

AAd 2 FANE WEET AOFTT AE(EHAE(F), 2003a, AL (F), 2003b)E
|83t BHgAdA Ao B¥ASF] BEAEALS e FEFTLA HAL sHsATY
Table 12 BHFAA 42 23 2 FHEAES o] &35t Aite duts3d A A
#E vERd I Qo

Table 1914 B %ol dFAHoZ ZAE AGAF HAE vf$ 2 Aoz Vet gl

CoEbA AA BHEAdANA MEASe A2HS AAANEH o AFaEo] At AE
AEg viygoz I #e 57‘40}4_ AT B AFAME dA A Hew HPAso A
Ax o] W F A4 (coefficient of variation, COV)E 10%, 20%, 0% 2 WA 7= BAL &
gatFt £ B A AtEd dAAE tHdZo g mst o|Fojz WEHASF ghol
oz obute] WEASL e A FrE Aol st ulela okube] HEASE HHA
S o83 HFATY FEFAYPA s 2AbE WHEAF AdePTOoR o] A
g BN T BEASF] AEASF 712 5+ U HYE AES Ao Table 2
2 F8A =AE HEASY Hd 2 EFFAA the Aol
Table 1. Summary of Em for RMR values (after @7 A (F), 2003a). (Unit: GPa)

Rock class I a Jill v \Y

ock clas RMR=100-81] RMR=80-61 | RMR=60-41 | RMR=40-21 |RMR < 20

Nicholson ~299 29.9~9.3 9.3~29 29~0.9 -

Mitn ~59.4 50.4~245 245~10.1 10.1~4.1 -

Empirical RQD ~49.0 490~71 7.1~-05 0.5~0.005 -
Pereira ~58.4 584~185 185~58 58~18 -

Aydan ~54.2 542~199 19.9~49 49~05 ~

Goodman jack test ~15.1 30.1~13.2 245~-86 196~1.0 -
Design value 19.6 14.7 9.8 2.5 0.25

Table 2. Summary of mean and standard deviation of En.

Mean(GPa) Standard COV(%) Rock t
ean(GPa oc
deviation(GPa) ’ ype
Kim and Gao 19.76 9.88 50.0 basalt
(1995) 9.98 4,90 491 basalt
Gokceoglu et al. 6.74 6.9 102.3 qgartzdlonte
135 58 43.0 limestone
(2003) 111 11 99.1 marlstone
Hof A H ()
e 24.124 8414 34.9 hard rock
(2003a)

- 254 -



= A37t yg

(2003)2] ztgAA HEFAF gho] 100%E E

=
=

Table 2914 Gokceoglu

2

ﬁo

2 4

T3 2 goly] o2 gt Table 3

A2

A2 (F)(2003a)°1M A48 RMR 713 RQD 7[€9

o] 1, 2%

=
N

olt}. Table 3ollA] E

oM oF 141%~

with respect to RMR and RQD.

Table 3. Summary of COV of E,

COV(%)

55.3

141.3

36
39.6
153.8

Standard
deviation(GPa)

22.330
15.926
8.394
16.289
8512

4.200

Mean(GPa)

43.679
28.792
5.940
45.307
21.436

2.731
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Fig. 1. Finite element model and support system for a railway tunnel in Korea.
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Table 4. Rock mass properties of the railway tunnel

Em Em Uﬂit
c
Rock type | (design value, (empirical and v (kPa) ¢ (°) | weight
a
GPa) experimental, GPa) (kN/m®)
soil 0.05 0.05 0.30 1 35 20
thered
weathere 0.25 0.25 035 | 30 35 22
rock
soft rock 25 5.267 0.28 300 35 25
hard rock 10.0 13.141 0.24 800 35 26

* v : Poission’s ratio, ¢ | cohesion, ¢ ! internal friction angle

3.1 HdAXE ol % a4

=] MY = 4.002mm, WFHEYE 3.00lmmE A4 HSA
Sl H9: 4289mm, WEHH: 1.716mm)}t vlug o
=) 59 AxE pelvy A Mg ¥ SHHAEE
£ B9 E Table 591 YeEhfich W& ASo H4aZel7t 5mY
e 999% AlZ ez o 1288 F, oF 512mme] AT 24T JtsAAE UEWR
At

Table 5. The ratio of maximum roof displacement to expected roof displacement using

design values.

CDe. COVar Confidence level
90% 95% 999
10% 1.02 1.02 1.03
™ 20% 1.03 1.04 1.06
30% 1.05 1.06 1.08
10% 1.05 1.07 1.10
5m 20% 1.10 1.13 119
30% 1.16 1.20 1.28
10% 112 1.16 1.22
300m 20% 1.24 1.31 1.44
30% 1.37 1.47 1.66

* CDgm : correlation distance of Em, COVEn : coefficient of variation of Em

- 256 -



=
pile!

i
B

T

g

B
)
op

preat

o

N

Mo

g 50%7t 2& 4
=% Bt 3Y F9E

3}

INETE
2,

.

7

o 125 ZolAE HE7)

o] A

Al
A

2R 4

F€ Aolth. COVen©

Yoo
L.

ZAA(F), 2003b)l = vERY e FEolth Fig. 32 ¥ A9
3k safety index(B)9]

A & & dedH o

—

o

4
o
ol
s

1

ol
g
go

olJ

%5
2|

3

Ho =

X
A gl Ao s BdEge] Hak AYE vehdnt

Z3
s

7vebA A Bk

=
=)

Els

I

i

[e]

(3) COVem = 30%

(2) COVem = 20%

Fig. 2. Distribution of factor of safety using design values.
Fig. 3. Distribution of safety index for three different COVgns.

o]

[

s

(1) COVgm = 10%

T
.

]

Le]

I
®

7ol

=22 ol

S
=

3 B A

A
Al

T
[\

aHA

b 1 ghol A

&

%

Table 1o &t

- 257 -

Z(Table )08 ALE35F 3]



5y
g
o

do

ol
F
)

—

=

1.96mm WEFHYE 1.64mm7t LA sF . T+l

Hae s

3l

Z

342 9

A7} Table 60]th 99% 2124l

2.90mm7A = 2

=
I

Al Ao oF 1.484)

Tahle 6. The ratio of maximum roof displacement to expected roof displacement using

empirical and experimental data.

o o0
(=)

o) =t
[@)] —
o <y
X

e ™
(@) i
~ O
X

) N
(@) -
B

o |
- & g
g |
e | § E
[45) ()]
Tz A
cmOC
5 10
O

%
H

o
wr
wm»
w

oA =

1% safety index

7] el AR

jead
5

tel A =

H] &

1] safety index @)

S

o H

ol

o
Nr

Aol s sge] A Gtz

is

<}
i

Fig. 4. Distribution of factor of safety using the average values of empirical and

experimental data.

<
Ik
=
il

o
ﬁo

.

AME ARE oE

B

- 258 -



A

dA-O
MMO
ek
0

T
g

ol

4

B
B

4

ok

i

of HEAF

A
T

4 Utk e WEA

o WEASI HBF o

Fig. 5. Distribution of safety index with COVgq of 50%.

T
ALl

i

.
o

B

of ojstod
ok

of
O

= 7}

3

< ol&

3

b

A% 7 2E

H
N

puse]

X

o

ol

nMO

@o

w
juis

Tod

—_—

)
i
B

)
w

o}

2l

73 Aol Alg

- 259 -



LuRE, 100, ASTEAY FEFLALAE AT FYVE 18T A5H Taky
,

13, N05 pp.397 ~402.

3. HAZ, =8, 1993, ARY 84F o]&T FARY FdoLsdY, NIEEFTEI=F
A, A134, #A5%, pp. 29~37.

4, A AH(F), 2003s, AAM H R MiFEE AOTF(HEI~FGH H44E A
AEFA AEAIR DA, E5 p 859

5. @AM (F), 2003b, FHM 2 BAME #FHE AOFTF(HEFIN~IY) HHHA
A43A 72 2 FEAAA X, ES(EE), p. 887

6. Deodatis, G., 1991, Weighted Integral Method 1 @ Stochastic Stiffness Matrix, J.
Engng. Mech., Vol. 117, No. 8 pp. 1851 ~1864.

7. Deodatis, G., Wall, W., Shinozuka, M., 1991, Analysis of Two-dimensional Stochastic
Systems by the Weighted Integral Method, Computational Stochastic Mechanics,
elsevier, pp. 395-406

8. Gokceoglu, C., Sonmez, H., Kayabasi, A, 2003, Predicting deformation moduli of rock
masses, Int. J. Rock Mechanics and Mining Sciences, Vol. 40, pp. 701 ~710.

8. Kim, K. Gao, H., 1995, Probabilistic Approaches to Estimating Variation in the
Mechanical Properties of Rock Masses, Int. J. Rock Mech. Sci. & Geomech. Abstr.
Vol. 32, No. 2, pp. 111~120.

10. Takada, T., 1989, Weighted Integral Method in Stochastic Finite Element Method, ].
of Probabilistic Engineering Mechanics, Vol. 5, No. 3, pp. 146~ 156.

- 260 -



