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A 70 =) 9 cH(Priest, 1993). Priest(1993), Kulatilake %
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F% Aeluhg AA 1A ko] e 543 v wsied
443 wyle fFEA4E HAFVE S =g
Dershowitz 5(1998)2 AlFgoll4] W23 de) A5 5
o] &3] 34 Ael £¥ 54& 438193, o] Aw
£ 7122 FAR o A% 5L ol HEYgds
TE7E st
MHEL 4 di4ollA] Hel o] by A5 e uds
Eslo] Xy} HA7kA] wEs Aej 2 F Barton-
Bandis Hg| 2lo]| Uyt g 714 vho] AHEs| 3 glv}
. Barton-Bandis 22| 232 3| -&-# 9] 7] we} A
gl o] FHFA ) Ak} ol w4y o g Wala delg
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A71E 73T AREeA U E F3A A ok
o ol A YA de] §¥ £4 o 4 &
Ag 24 - B4} o] E 24 ARE BE3
UDEC-BB##4-% 2838l t}. Fig. 1-2 A7 tidIde]
24 92 Zo|r},

2. K& e

H 24 drA g AL A7 ndelr]e) WAALF
Q A7IHviHE A} o) & BT FHYFE HE
T glem o]FE HAYes Jdu e Ay $8F
o] et H¥slm glr)

HAYFE 743E, 2 (tlexture) ¥ G/doll what
Hulet, A o ereE s, Al Holl= 74
ot} | te] £FEE YA Avighi= F4%
7 23 Foll wet &4 Hvish, 3 Ak, 9
Hulgt o2 78 5227 Flsk 99
T2 Bl SAIEh FE ZEEE o] R0 ¢
4l (melasome)9t 4, FHLE o] Fo|R HA
(leucosome)”t TAT-ZE ER= Zo| EAolc}h F
TABEL A, AP, B ol FAEFERE 7
24, R, SN, AR Fo] AEEIQ e Hdwt
T A2 mFea glek HY L F2 A 9 22
E 7= gleth 7 g wn P4FEL 2
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Fig. 1. Survey location.

28 EAIEE F 4 e a9 £X64 rjyer
A4 E I Qir}, Beddmd Atolo) HEHe] B4 Jehy
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ARy glste]l HAA R (explicit finite
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Qhike A o] AZ Az o] AR 8559 AT
A2 chFoAn], A E5-2 F3aE 247 28l
&=l B a4l 483 UDECE Cundall 5ol
ukgk A g4 ol R4 710 AHEEE 22 ol
o},

3.1.1 Barton-Bandis 22

Barton®} Bandis(1982)t S ] W3 w1} 7o
v X BAgH A7)0 d3ke dH AEA Al
o osle] A ol WAL E A9 X
sl 4ol o] &5+ Barton-Bandis @2 2% (0|3} BBE
ihel 7127 H, ohgo e B4 E 7AYot

7} A o #AAF

BB 29| =758 M 9 & A= A4
oS3} 7l

Une
1-—= 1)

A7) A, u,, = A G 2 H 9 (mm),

K, = 7] 4374 (MPa/mm),
Vo = HF
3

BaF F A 5o dg
o] &% 2 (mm)

geloll 7N 42-$8e] 1 KPad W) Bel9) 27]
A FHARAE ohe HoERE FY 4 Yot
ICS,
-7.15+1 .75JRC0+0.02(T)(MPa/mm)

i

K

ﬂi, tan

)

q714 e 2ol 0 W 27| Al B9 3
ZF(mm), JRCE AEA A7 AS, JICSe AelHe] 3
== (MPajelth. o] wi 27] Al A9 HHe o
& Hog Agge



0.040
JRC(

1CS, <_0. 02) (mm) 3

714 o5 ¢2 9 FH4EFEHEMPa)olct.

Aelol 27 A4 AR E T o A ol%
Blod wk22l A ™ (mated rough jointyol] TEk 2] €]
F2 &l Ao A FARALAE 7T + drk

K

n, tan, mat

K 1 (Gn—oni)
Tt (g -0,)+K

)
(MPa/mm)
Avmax]

n;, tan
C))
A7 0,2 B FAFHE T Yoo $78H

(MPa), o, 7] ¥3¢8 22 27| HA A5
T8 o Jgk 2SR o E | KPal & 7R Av,,,
= de)we] Ho gtatko g o}g 4o s i}

JCSy\S
AV = R(T) (mm) (5)
1
L2
JCS\P
Av -A+B><JRC0+C( ) (mm) (6)
l

o]7|4 R, S, A, B, C, D& 44 & qt83F 23
AlY 3]epol] whe} o} 2 kg Holwf I gk Table 19
2ok R WA Al A AR A3 ol 4] A
She ko] kel vehbe, eI o] HhERel] we}
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Fig. 2. Paraméters used to calculate normal stress
during loading cycle.
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meke] o gke] gt} Ao el ITFHA 2
Abelol] 917] wl ol meke] Fako] Ao gle Al ¥
e Boll 4] Aejmlo] Kol 53 nlsdt A3E B
olch(Barton et al., 1986). Wek4 R, S, A, B, C, D
= A WA AsA e ghd Agalfof gt

1zl 7| X (unmated rough) Zgl ™ol i H4A &
e 2 Ed AR Ao HA A FAe tE
o}, o] mie] HA FAFALL ob g Al o' ARt

K

n, tan,unmated

Kn, tan, mat

= 2.0+0.004xJRCyxJCS,x0,

(MPa/mm) )

A5l 9% B A
ol J& Pot,

4e o) A4 FABA L
SRt 9 308 AR, 28 BE

. Adele) A wy

27 A4 ADFA L b A2 RE o,

Ky an = Ki(0,)" (MPa/mm) ®)

si, tan

7] 4 n¥E 0.615~1.118 MPa”/mme| ¥ o] =l HF
k& 0.7610]k JRC > 459 7% K;=-17.19+3.86]JRC
(MPa/mm)ejr}. oi7]1 4 8582 0.23~2.36 MPai 9]
o},

dele] Aol HA AL v A% ol
aho] 7o}
Ks, tan = SI lan(1 TRf/"f) (MPa/mm) 9)

63714 7.+ Bartonoll 9|8t A= (MPa), 75 3
A AGAAAE T g9 AFSHMPayel L, R
0.652~0.887 ®H $1 9] gt 2 Ha k2 0.7830lth.

Bartonoll &8t 75 (Barton, 1976)% A Hel| 2}
23 ¢35 ot ok E 4o g FHHD

=0 tan(JRC logm( )-Hb ) 10)
= cnran(JRC loglo(g—:—%)+ ¢r) (1)
714 o2 A& 7% 588 (MPa), JCS

€ 2459 dEUFHEMPa), ¢.-& HeElHo] HF
vz}, o2 Hdl FEHMP), ¢ AL F8H
(MPa)elt}, Aejwoll 2-§3te 735l 1 KPaoll 4
e EEAE Aol FhU F ol ARFEE 4
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Table 1. Constants used for calculation of Av,,,.

Constant Cycle 1 Cycle 2 Cycle 3 Cycle 4
R 8.57 4.46 6.41 641
N -0.68 -0.65 -0.65 -0.72
A, -0.296 -0.1005 -0.1031 -0.1031
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

(99} Zo] 33, W] AR ISt Bl
& 723 o] ALY H9olle A (10)3} Zo] THH
o} =3 Aol A% J3E s Uk ol
=4 98 AL 3 2L glrRe] Eeiddol
A A= 4 (1008 AHg3tch

32 EYSUe BERY

=53 dubllA EQgue] Wik 744, 271§ &
AEogx ulad PHAY ol vt 3 £
dA<mo) AT WAE WA 5 I3 Hd F i
FZE9 AAY T2 ke a2 2388
el JAEQ Hle] SR FAlolEoll hE RS
3 B4 o] 28 gl "oz uby F s wi
Al &85 2 9dv A2 =AM H(scanline sampling
method)®} &A% (window sampling method)ol $lt}.
£ Aol 2AMEE A Esle] BAgHe) U B
A&mo) 7h4 4 Bod4me] arE FARoE E43)
I o] & ulehoZ AN 24 o] Hel e =S 3t

321 A4 B¥

U Aol Bdgrie] ek % F bt
o] Edgme] FEE5A4E vehlis SAIZEE 2834
AA Aol A o] BdgH ks B4 = A F
AF 2l A28 ol aiet A H ubele A
2 HYP3t Edgo] B A F(cluster) 22 PA )
£ Aol 2718 72 9k

w4 ehloll A Bl e] waks 5% o) dAlEe
FAA Wkl 913 £A14 H7| (sampling bias)yE A7
SI=5 g} ohS AR Weke] EQASH S THE S
Hales S =gttt oA 33 EdSHe 23
Fishert¥& 7|22 5] 24T Sd4He) wake 4
3 QABAFIEF @t

7t Bl ek "o By

Bagmoll tig YT 244 Abel9] ZhEd| wha}
e} o] BAge] HRsicl wAzt gl whet vhgt

22 7HEAE HFsoof et

_ L o
W=—s  5<90 (12)
W AEA
§: ZAAT gAsue] Palol o]k dlzt

71 e &Y 7HFAE 1022 gt oo tl$-
e wAbz § & A 84.3%71 B mAlzte] of
FEr F A= FHu 2L 100] s Aolr)

v BdEH Fo) AHa gy AF

2ol 93 Aeje] AHL AN st F3H
Al Hctol] wiet @ 27} A 4 gl o2 FH
Ql e FHAIE F53817] 98l sl ARHY &+
Aoz BadLure] wike AAss Wiol
Shanley and Mahtab, Mahtab and Yegulalpell <J3i
Eazle] Qv F29)2 B3k oule] Bgma) o]
TR e A S SR 8t FokE
¥ (Poisson process)”} 3t Eolg EXol| A F-2h9]
o Edge] WHE HE Pt v)yE v BEAIHNA
vhe] BdLmoe] Vet $ER gy o] FojRlch
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P(t,v) =

o714 49 v EIESHe] YAUF] HHR AZ
T 4 9)on oA B W3k £ o|F= UFASIZ
P2 I8E 5 Y} = AFE 3 Al Wit
v¥Y o = EdgHe Aol A TS FHd|
A 35 Bdgwe sllgrolth

o] G417} ¢ 9] A7ol wl WL AellA] T
xE Qleje] widke] UL nluiste] FASHA Hrt. of
S et & o g 2o

c=1l-cos¢ (14)

whop TS Qo) YA ZA F2HE W 2
2 THJHE v=c ZFE 5 Ak G UE
e AN AES 27 03t Bk ARAUZ ol oA
ol4ge] gddmo] T3 BEE thet o] Folet.

P( >t,c)=1_i£"i(nﬁ a5s)

=

ol Bod&m o] yio] YFAle]zt ¢ Ul 3]
H 437 ¢ollA UA- (dense)H Qo skaL EQAgmE
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FA ot A ZHHQl Azt P 2y
4%+ At
ZAA 9] Wgko) whet AHEX] wo B RAE X
o} 3 NE ohE3 Zol FojAr,

N i (16)
w= Wi

Y02 w > .00l HAAHLRE N/NE % 15
ol A 54tol9 ghe Zhedl TR AE R4
AH o2 Frhs]o] FAIEANA 2217F AXA FHct.
o] wl&oll Priests thd} 2L AWt AEA w, B F
e ok

Wo.=— (17

MAS) dHaghe JH delEel dE e BaEdast
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g}, Bd<% 9| Fisher %

Fishere WaFe AR s 583 7| B9 & FE7)9]
WRERe mRchol gk wie e FEgcla 7he
vt o] 7HYL o9 Al WellA s B HA
o] gtk Fell FEFoIUvke A 7L FHojrh

2Rkl A F2M 2 AR FRo) Wikl 4wk
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ke i

27

9 (19)
o714 K& #E Y& 2shE Fisher 4,
BRI K A9 W 29 B9lMEZRE 3

Y 5 ek Mol & Aol B ATl A e
Kel #33 ki o 2ot
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289 A7he VehhE WO ZRE goliol Ak
A9 Wagkel EAY BEL e Aot
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o|% cosool A& A o% Wet ohe A},
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71 ekl Sulell A Eaddel 7HHE ol Bl
Eol|4] ohE EdLmriRe A gt B4
o] 24L& BAgHe] Wl ooly ke FEH o
2 PRt A 2¥sie HE2 FEE 2 9ok

BAEH s 2k o] mAslE WA 1A Eolf
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£ A & gfolel 2AAE vk 74 xoll A Kl
o] 4ol dojd BEF Pk x)E o A3} 2ot
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P(x,k) =

waslel gadsn 24 Xezh 4 TE PXt<x),
& Xth xEok & FEL ZA Hol xoljollA =
A4 gAgHo] mASE e 2o

PXt < x)E THIEEE F2 vh3t 2t

F(x) = 1-¢ ™ (24)

FEUEEE f(X)E FHEE FX)E xoll tishA ¢

2} uj B8 Zejmg
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dx

f(x) = =Ae (25)
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wo} F41& 05} | Aol Fakg| MR HE| Tolf
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4. Fel =AF ; AH

4.1, Z=AL WY W EAL FB

Ae] £¥ 54 A 2FllAe 2AMHE ol 83
of Ao e ¥uk opjet 7+, AAAE A 24
ek A8 del B 24 e 2E ASF e
259} Ao} oln|z] d4-g ©]8-& BHTV(Bore Hole
Televiewer), BIPS(Borehole Image Processing System)E
3 = g35t3ith. Table 201 7+ 24wyl o] 54 A
gletgleh. Astel el ¥ 54 AL 913 BHTV,
BIPS & A|FZolde] He| &A= A2F A7) /3
oz Qlsie Hele) 271E AR + glvke 2ol
At

A301% 0| §8 He] ZAH: AFToll] EAISE 2
Zlofl 3k 2ALZ MH L4 A2 Y BHoE o] 8H
£ ¥ AR7] A4Joint Roughness Coefficient, ©| 3t
JRO)® Aelw &7 =] JCS(Uointwall Compressive
Strength, ©l3F JCS)E ZAHa17] 913 5o $33}
et

Bld 247 86 kmE Ao 2 287049 =Fo)A
ZAAH LR AR A ZAE TR, & 1674
o} g4 BHTV ¥ BIPSE AA8RE, & 178
o] A|FFolol dizte] 3o He] RAE T3] F
6,847719] Azol} tigt dle]EHE B St 7k 24 W)
e &3l 22 2e dlele] & Table 33% Zrh.

42 ol A& /Y A X2 XM

A FHo] A viF & 5o 7 A FFollA HelHe
z23ldy} u|E sie] vbileg Sk el
9] Z2vlYdL Z2IY AlolX & o] §-3sle] FeHo 3
AE FE2%T JRCE ZEAY Alo|A 2 &3 4
W AL ¥FF TE9Y F4(Barton & Choubey,
1977y ko2 nliwste] 1~2074A19] 3k £ 3t ghe
2 AR ICSE 7 E sin] yhiAlgs, RE B
ZrEol gt B ¥ g Aol vy st AA st
(Barton & Choubey. 1977).

JCS = 10088)‘[{ + 101
5. AP P&

W, A4, 24 F9l Aol EX A2 ol £F
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Table 2. Measuring items of each surveying method.

Item Scanline gy & BIPS Core joint survey
survey
Orientation @] O X
Spacing O O O
Size O X X
JRC O X O
ics O X O

9] A, 77, SR E H9817] vl NHRAHE ol
43 eld M4 didol F83% oY xle ' FaE
wheba A H ol A4 Ae WS A E B
T7he] hbol] EXde Al EXEAE A= A
o] £8.3}r},

3 Ao BE 548 A e A=HE ofE ok
& Holu}, YA We Mollde fARE ¥ EA4E Hele
o] EAzto], o] d4-& FAHE] JA(fracture domain)
olg} gk, whebA) £ oA toliMdE ANE 24 9 He
dlole] 24 2 F QlF 24 41X Aol vinE
Eole] #AAE 99 g FEE 7 g e He &
£ EAE AAsic

A7 s TGS S R e =
A 5 7MAZ B F gl BAlE Sl 93t uhy
o2 Al WS vlwshs Weldh & AW
ZAF 12 HAR AR Jeh s S A 24
1216 F37 vlaste] dald Fawake] $44 97}
of] Z78le] FEg}. 5 Al a2 iterationol] 9%
W o2 Dershowitz 5(1998)0] A3t Hielc}, o) &
£ 22 AFPAA Axel w2 e EX 54 sy
= HA% F A5 FAAE Y FEI AR
e X EAE 83 ATEA Q & EYsigiod,
Ao & Qo] W3 o F-Ao] 7) 28] 4 Ko
wE g dY g TR o5 Eat Helre
B ek A a7 A, Fisher 445(K), Spherical
EEHRE, B AAEAALG Aol 4, RS E
QEZ AT + Aeg FHsiort £ dydAe A
HA WS o] g8lo] FAEe g TR =3
3, GEFAAE FAEE 9y T & s

AA eld 77 8.6 km TFZHE 14709 #FAAD A
oz PEANE, 72 99 He| B S4E A
vh 7t 4o A 2l Hel £ 3 542 Table 49 7
o}, Table 4014 HeEte] oiE 932 Ak Az
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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/Hs 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
oz vehligleh. ol Gt Hrlek, QE T, L& Helel HE S4 25 542 Bt ooy S
A3)ehe ou(dict. z 7R A QAL 80~1,640  E o] FolR BE E4L ZAMHo)] 93 AEE EA

mE H27t ol A3tk Fig. 30 A Bld T2
1709 AR g AR L I 2 HFAAE 28
3922 UERNgic}. weka 2AAloA AZEEQ 7
A g AE TR, ZF 9o YollA He] £ B4
= —‘?—4‘]?}.9&4(1 ME LA fAA) Heg Ao st
ARE S T A9k

6. Bd d¥

6.1 /ML

FANAA EEsiE Aol AL U B4l 4
4ol el #Rc). weba el del, AR
e 59 UY B4 Aol YA Azl

M 8L N 2L BT i £5 4ol

2 714l 28l Al ste] FAARGPEE A

6.2 2|9 H¥X Y

A 84 Aol A Hele] g8 Apg FHoR
¥¥317] S BB 292 A &35t dA7kx) A7A
ool 95iel BB 2 AHE& A 47 MC 298 4}
B3 7ol wis] A4 ko] A5l K} 772 a4
AIE AT F Yol LA YHFHAE 5, 1999).

BB 29| 8 422+ JRC, ICS, 7| & np@zt
o] Ha3lrt. Fig. 4= AIFFHE JRCS JCSE A
X2 37 B3] Hagh 2 TEHAE 73 Ao]
t}, Fig. 5ol 2 A1 %24 JRCS JCSE 39 54 5)o]
T3 H#ghE vehlh A% JRC, JCSE ¢
EEIg WStk s Hojr, -2 #8299 Wl 9}

Yosjch Hel BAES HUY TS AW RIS sl £ AEF AololE WAL A BAT 5 Ak &
Table 4. Joint geometry characteristics in each fracture domain
Joint set 1 Joint set 2 Joint set 3
Domai I.;e)ngﬂl -Of Rock Semitrace . Semitrace . Semitrace .
oman (Eiu;m %YPe | Orient. | Length Spacing Orient. | Length Spacing Orient | Length Spacing
(m) (m) i (m)
(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 162/79 2.12 04 358/33 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 1.0 212
4 410 G 141774 293 0.30 264/67 1.84 1.30 200/70 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 4.26 032 246/71 4.42 0.56 332/24 1.42 041
9 420 G 024/73 1.80 0.63 121/70 346 0.51 071/72 1.96 0.53
10 800 G 160/51 3.00 0.34 27324 3.60 040 071470 3.20 0.26
11 990 G 123/57 2.62 0.79 305/49 10.48 0.73 011/88 328 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 3.24 032 290/72 2.52 0.25
14 240 Q 011/87 1 131 0.42 073/35 7.36 1.7 296/79 0.98 4L 1.88
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Fig. 3. Boundary of each fracture domain, fault and rock type.
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Fig. 4. Determination of JRC and JCS.
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Table 7. Summary of input parameters for each rockmass class.

2 s # Type-1 Type-1I Type-III Type-IV Type-V
. Gneiss 45.0~474 17.0~39.1 45~28 1.6~9.3 <31
Def°"nitg’l§a)l‘/[°d“1“s Quarzite 46.0~54.5 19.0~54.5 5.0~20 1.75~5.62 <58
Schist 42.0~46.6 15~322 3.8~213 1.0~6.8 <21
. Gneiss 114~16.0 50~139 243~50 13~243 <11
CE’}’MES;;’“ Quarzite 145~182 84~123 47~64 26~33 <16
© Schist 87~175 42~87 22~42 11~22 <11
o Greiss 46~55 42~499 38~42.5 3~38.1 <33
F“C‘“("é )A"gle Quarzite 47~497 44~468 40~44.1 35~39.6 <35
Schist 46~48.0 43~46.0 38~42.6 34~382 <34

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.
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