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Fig. 1. Survey location.
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Fig. 2. Parameters used to calculate normal stress
during loading cycle.

ko] ko] ZhAdt, &
Zellol] 9171 wiFoll mke] ofdke] 79 gl Al WA
AR HollA Aeho] Hol= A 57 vlsgh A3k B
Qlch(Barton et al., 1986). ®&A R, S, A, B, C, D
= Al wA A" gk Agliof g

Azk2] 713 (unmated rough) Az Hel| i3t FA
7L g AR A H4 73T o2
th o] w9 HA FAAAL oS A28 A4t

7o) Aele 27| obd

K

n, tan,unmated

Kn, tan, mat

= 2.0+0.004xJRC,xJCS,x0,

(MPa/mm) %)

Hele) A FARE Al 2% FFe A
ot G4 S8 =, BB ol e Pk

ok el e A 9y

27) A4 AL G AoV Fo,

Ky an = Kj(0)" (MPa/mm) 8)

si, tan

o371 A nE 0.615~1.118 MPa’/mmel ™ o] ] 3
F2 0761015 JRC > 4.5% %9 Kj=-17.19+3.86]RC
(MPa/mm)e]t}. 7|14 2-5-5-L2 0.23~2.36 MPaH ¥
o},

dole] Aol P4 ANARE e AL ol
ol e,
Ks, tan = 51 1an(1 TRf/tf) (MPa/mm) (9)

o714 7. Bartonoll 93k AP} = (MPa), t&
A ABAAE 78 Ao A5 (MPa)ol L, RE
0.652~0.887 HH9 gho 2 FF7kL 0.7830] ¢},

Bartonell 2|3k Aeb7E=E (Barton, 1976)% e Hei) &}
3l A SHol Wil o E A eg FHA

t=a, tan(JRC 1og10( )+¢) (10)

)@

o714 & EAEHA 7lelF 3187 (MPa), ICS
£ Bogm o] thEeEtE (MPa), ¢ A4 2F
w2zt o2 Hd FEHMPa), ¢ HL F5H
(MPayoith. A ol 2838} 7] %aol 1KPaoM
R ARYFAE Apole] Y Aol ARAEE 4

Te= cntan(JRC loglo(



Table 1. Constants used for calculation of Av,,,.

Constant Cyclel Cycle2 Cycle3 Cycle 4
R 8.57 4.46 6.41 641
S -0.68 -0.65 -0.65 -0.72
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B, -0.0056  -0.0073  -0.0074  -0.0074
C 2241 1.0082 1.135 1.135
D, -0.245 -0.230 -0.251 -0.251
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Table 2. Measuring items of each surveying method.

Scanline

Item survey BHTV & BIPS Core joint survey
Orientation O O X
Spacing O O O
Size O X X
JRC O X O
ICS O X O
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Table 3. Joint survey methods and quantities of acquired joint data for each tunnel.

Tunnel Name
Survey Method - - Total
Sangchon Daljon 1  Daljon 2 Ansan Sochon Kyonggang
Scanline sampling |10 outcrops - 4 outcrops 2 outcrops 7 outcrops 5 outcrops | 28 outcrops 1,470joints
BHTV 2B/Hs - - - - 2B/Hs 690 joints
BIPS 6B/Hs 2B/Hs 2B/Hs 1B/Hs 2B/Ms 1B/Hs 14B/Hs 1,430 joints
Core joint sampling 4B/Hs - 1B/Hs 2B/Hs 7B/Hs 3B/Hs 17B/Hs 3,320 joints
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Table 4. Joint geometry characteristics in each fracture domain
Joint set 1 Joint set 2 Joint set 3
Domain Lgr(l)gntflai?lf Rock Semitrace . Semitrace . Semitrace .
(m) type | Orient.  Length Sp(z;cll)ng Orient.  Length Sp(a;cll)ng Orient  Length Sp(a;rcll)ng
(m) (m) (m)
1 1,150 G 155/54 1.68 043 264/67 4.08 0.73 072/82 1.0 1.0
2 680 G 162779 2.12 0.4 358/33 2.36 2.15 105/82 1.56 1.18
3 1,640 G 067/70 332 0.56 243/50 1.0 1.40 323/59 1.0 2.12
4 410 G 141774 293 0.30 264/67 1.84 130 200/70 2.1 0.8
5 280 G 217/34 2.08 0.23 156/68 2.88 0.25 347/45 0.60 0.8
6 340 Q 262/81 0.92 0.30 114/78 1.40 2.0 082/80 0.92 0.30
7 310 G 132/79 2.62 1.03 216/46 1.14 2.80 182/66 1.76 7.40
8 80 G 112/73 4.26 0.32 246/71 442 0.56 332/24 1.42 0.41
9 420 G 024/73 1.80 0.63 121/70 3.46 051 071/72 1.96 0.53
10 800 G 160/51 3.00 0.34 273124 3.60 040 071/70 3.20 0.26
11 990 G 123/57 2.62 0.79 305/49 10.48 0.73 011/88 3.28 0.85
12 580 G 186/70 2.56 0.15 292/74 1.53 0.39 068/50 0.80 0.19
13 330 L 190/67 7.26 0.19 074/29 324 0.32 290/72 2.52 0.25
14 240 Q 011/87 13.1 042 073/35 7.36 1.7 296/79 0.98 1.88
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Fig. 3. Boundary of each fracture domain, fault and rock type.
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Table 7. Summary of input parameters for each rockmass class.
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]

@ Type-1 Type-11 Type-III Type-IV Type-V
‘ Greiss 45.0~47.4 17.0~39.1 45~28 1.6~93 <31
Defo“nag’l’,’a;“"d“lus Quarzite | 460~545 | 19.0~545 5.0~20 1.75~5.62 <58
Schist 42.0~46.6 15~322 3.8~213 1.0~68 <21
. Gneiss 11.4~16.0 50~139 243~50 13~243 <1l
Cfﬁe;:)’“ Quarzite 145~182 84~123 47~64 26~33 <16
Schist 87~175 42~8.7 22~42 11~22 <11
- Gneiss 46~55 42~499 38~425 3~38.1 <33
F“c“?IJ )A“gle Quarzite 47~49.7 44~46.8 40~44.1 35~39.6 <35
Schist 46~48.0 43~46.0 38~42.6 34~38.2 <34
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Fig. 8. Calculation results at the final construction stage.
(a) Displacement vector, (b) Principal stress, (c)
Shotcrete axial force and joint shear displace-
ment, (d) Rockbolt axial force and joint shear
displacement.

2) Hd7zhe & 1409 AR GG o8 FESto]

7t Ao 2] B 548 AAsislen, ol& e

& 44 BE T TS 9T JHARE B
ZAAAAGNA B Aol ZAlsHs 3] A5l o
& Aol LASIAT B 24 HSR =¥t BF
Balchs A% 2A02 Qlsle] AUE FIAR T
Pol FolalA QAT Belel BT 54 Bt okt o
F 9%, 78 A4 TENE FPH LR 2Hislel AP
4ol o TEY S Jolch. FARAGA TRA
ARG RIS S Bl S AgIE,
ol WS chips) FUHY 847 AUYY S Yomz

F o ARHQ TRl Thsd B4 gel 9F A

7 S Rolg 7 ke AFES 24 RS
¥ 240 Hgalgrh. of ool W2 ARE 5
37 b Aol AELL NS F4T o) Hel o)
54 B4E AHT & okt Dol gk wetA
5 2o e A% S AU
W 27t Aol WY Aoz ARA

4) P29 BHE 4B A% 54 Aol E 2
Palo] YEUE hE o2 AR EF B &
B4 49l B4 F shipt ERARAR 454 €
ARG RS Heislol EEARAY A 277
e RMRO 9% it SEE AgsRon gt 5
Y Wolgke 2 AYslel 13 Aok AU a4
o) 4 gselet

5) qhike] Bdguel W,
SEEEPEEREEEL
!

i=1
o4 g e 52 4 e

-

=
)
)

L gy

Aol 244
0§ stod 7
4 sl
o)k,

(in)
L.

off ko o

agel BEUg AHTeR

)
po )

o n%

bu



290

6) Barton-Bandis 2] 29 AHgho 24 YHEA
Q Azle) A4, BEhe] BE F5 AU A
&3t FAROE o A5l A A Torn A
Hose Bas 4849 AEE € T 4

Ro.z s

g1n&

r2

1. A%, A4, 1999, Barton-Bandis joint models
o} 3 el Qb A YA Y, FIbIT Y
A, 533} As+F7h, Vol. 9, pp. 141-148.

2. AEMbEEE F, 1999, A7 S A% ARzt
4 Al¥ 71, pp. 599-617
Barton. N, 1976, The strength and rock joints, Int.
Rock Mech. Min. Scl. & Geom., Abstr, Vol. 13,
pp. 255-279.

H X #

19831 Al-goish FoAHs ARF
o), F3hAt

19854 A2 gw A 2033
3}, FE4 AL

1990 AErish thehd 253
3}, Fhaka

el : 0652-290-1468
E-mail : kimchee @hanimail.com
Q7 SANR ER T 2ug

. Barton, N. and Choubey, V., 1977, The Shear Strength

of Rock Joints in Theory and Practice, Rock Mech.,
Vol. 10, pp. 1-54.

. Barton. N et al, 1986, Rock mechanics modelling of

the Ecofisk reservoir subsidence, Proc. 27th U.S.
Symp. on Rock Mech., Alabama, pp. 267-274.

. Bieniawski, Z.T., 1989, Engineering Rock Mass

Classification, John Willey & Sons.

. Dershowitz, W., LaPointe, P. and Cladouhos, T., 1998,

Derivation of Fracture Spatial Pattern Parameters from
Borehole Data, Int. J. Rock Mech. Min. Sci &
Geomech. Abstr., Vol. 35, Paper No. 134.

. Kulatilake, PH.S.W., Wathugala, D.N. and Stephansson,

0., 1993, Joint Network Modelling with a Validation
Exercise in Stripa Mine, Sweden, Int. J. Rock Mech.
Min. Sci. & Geomech. Abstr., Vol. 30, pp. 503-526.

. Priest, S.D., 1993, Discontinuity Analysis for Rock

Engineering, Chapman & Hall, London.



