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(a) Sectional Profile (b) Longitudinal Profile

Fig. 2 Application of Ground Mass Rating
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o 2 FHSG FolM A58 FFHI FFol %= Bieniawski o
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A 2 4 .
RMR = 9 InQ + 44 ... ..o iiiiieniiiannn, (1)

o7l A<t® GMR of 2% Ground Mass Rating (R) # Bieniawski 2
RMR o] 43 BA= sldMoe 4 Q)9 o] A ¢ 4 dov, =% R I
Barton 2 Q 2 AL A ()3 ol HA § 4 leon, oF 4F BAL-

Fig.3 of 29 wute3el,
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R= 13JRHR = 30 'vvrinrvernrnennnnn, (2)
R = 7 1InQ + 57 ieiiiiiiniiennnrnnnn (3)
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Fig. 3 Correlationships among R, RMR, and Q
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4. Ground Mass Index (GMI) of &% XRI = B

& F2E 2 dAdMSE B, HdT A Ad RN 2R
o o] AY AW YA Aest ATY £ ook ¥, ERAMNE HE
¢ ubglE GHR % 25 NAE ¢ A wAHAA, GUR Rating BE) €9 9
27 R ¥4, AT i 4A REE 2718 Ground Hass Index (GMI)
& A¢gn, 2 A GNL of A4S eld AFAT R AT 28 ALY
T 9eE AARTA o,

4.1 Ground Mass Index (GMI)

Ground Mass Index, I ¥ Initial Maximum Stresset ¥4 (&FL ¥F)s2 4=
TRz nlof N AR Is, eld HB 3 Joint Spacing 2o XA A
4-2 1b % Joint Conditions of @& Ij o §o2 Aos=n, = A3 P2 4
(4),(5), @) A AAH uvte} . ol Is, Ib, I o AA wiZ2 eldq
GHgo] T zNte FEHA, Joint 22, el 27139 S AL A
doAt HH2 o, ede a2y R FF, TAZF da A ¥
Sol=® 32E ¢7) WEolct.

o

E®, T = Is+ Db+ 15 errriiiiaiiiineinnn. (4)
od7lA  Is = (qu/Po)® ...l (5)
Ib = (a.ds/r)* ...l (8)

Ii = ROD/EJ  eevivinnnninnnnns () olth,

1 : =44 (Ground Mass Index)

Is : 4d $¥z24 (Relative Stress Index)

Ib: 4d ¢=2z4 (Relative Block Size Index)

I+ 2&d #AHel=x4 (Relative Joint Condition Index)

qu ¢ U8 UHYH L= (Uniaxial Compressive Strength
of Intact Rock)

Po : otwt Al 27|29 (Initial Maximum Stress at
Tunnel Invert)
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1 | L 1 1 | LR
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1 ) U I N S S | | 1 .l -

)
20 100

Po , INITIAL MAX. STRESS AT TUNNEL INVERT IN T/M2

Fig. 4 Variations of Relative Stress Index, Is
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BLOCK SIZE, Ib

RELATIVE

Tbz( a Js/r M2
@: CONSTANT

EQUIVALENT TUNNEL RADIUS, YT N M

e

Fig. 5 Variations of Relative Block Size Index, Ib
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INDEX,Ij

RELATIVE JOINT CONDITION

Ij =RQD/FJ |
RQD:=1.0
- 0.8 7
0.6
[ 4‘., 0.4 N
“ 0.2
i L 1 I\ | | 1 1
2 3 4 5 6 7 .8 9

FACTOR OF JOINT SMOOTHNESS , fJ

Fig. 8 Variations of Relative Joint Condition Index, IJj
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a : 44 (Constant)

Js ¢+ B AMel7+A (Average Joint Spacing of
Rock Mass)

r ¢ X €9"73 (Equivalent Tunnel Radius, r = VA/x)
A : FT2%AAHY (Excavation Area)
RAD: Rock Quality Designation (0--1.0)
fi ¢ Ao A% (Factor of Joint Smoothness)
f§ &2 Joint Fehol what AA=E F4ol,

Figs.4, 5 R 8 A ME Z71cd M g A Adagol I 2 A5, &
Is, Ib, ¥ Ij o ¥ & v,

4.2 %729 AURKM

B9 ZAE ARTo| AASs] M ALAMA AnkES AY ¢ 4 A+
A #E EALT ATHH Cyele Tine AAod A J2E sV, AP
& AT Fds FAL Fd) FHELe) 25l ABAA, g T YA
22 2% ¥ 4 U,

Tu T 8. fv.0s ittt ee it (8a)

H
[
=
I
2]
]
<
-~
-
[
~
xR
~
-]
b
©
—
o
—t
+

(1]
~

od7l A, Tu : = A A7+ (Stand-up Time of Unsupported
Tunnel Span)

fw : 2 %44 (Vater Reduction Factor)
A Fod Ao ot AA

fs ¢ €392 AM4 (Tunnel Shape Factor)
B ¥ dol wa FA

fv : Fz212 MAHAS (Factor for Unsupported
Tunnel Volume)

fv = (dd>/V)'®

V : Unsupported Tunnel Volume
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o'2k Cs=¥l- exp(bI+cC )
byc: CONSTANT

oM |-

0'ok

Vsz2.800 M/ SEC-«\

IOQF 1.900 —j

1.300 ——

700 /

SHEAR WAVE VELOCITY COEFF , Cs IN SEC.
o
@®
T
i

102 1 L L L1 1 L 1 1 11 1 L
] 2 3 4 S S 7 8 9 10 u 2 13 14 15

GROUND MASS INDEX ,1!

Fig. 7 Variations of Shear Vave Velocity Coefficient, Cs
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Cs : M2al £ % A4 (Shear Vave Velocity
Coefficient of GMI)

Cs = (Vs/glexp (b.I +¢) ......... 9)

Vs : Mgn &% (Shear Vave Velocity
of Ground Mass)

g : %9 7}4% (Gravitational
Acceleration, $.814 m/sec™ )

b,c,d: 44olc},

Mg, GMI of d® Shear Vave Velocity Coefficient 2] ™ 8§
B M zdte] MPao] 5ol o] Fig.7 of A,

4.3 Shotcrete2 7

Tunnel I A VE Rxsm olghy gzl F=E Wxisho] Fa 3o
THASTE HAHE A¥gE FILHT Shotecrete A FAE, ego F
TEM A Felol wal Y (9) Fo] EUY £ Yo, 2 HY§ Fig.8 o
vdedglic. 2% A ved utetdel Shotcrete FAE AL Scm 2w
FANM FAE BT AT R dHEed F2E A 5-10ca B F YA
gds= Hol Fo. o] Yo olsted Faol W Shotecrete FA tS & €Y 9
T4, AFTE., AAY F& me] Az Scm THE 2R JdA YA
A Aol uF Ao,

tS = (/fs)WA /1000 (h ~IT) ooviiia, (10)

ofzla A : eld @9 AH (Cross Sectional Area of Tunnel)
fs :+ eld %3 AL (Coefficient of Tunnel Shape)

h o+ 4o,
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M

SHOTCRETE

THICKNESS 1S, IN

fsz}'?%( h ~yT)
h: CONSTANT

L
ol
-
-

GROUND MASS INDEX , 1

Fig. 8 Determination of Shotcrete Thickness
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4.4 Rockbolts] Zolet 24

AT g BT A W ofotal WY AEo Yl FHRE
& % Rockbolte] Fels zt3el, eldel ol F¥oicel FHMAY R 42
+ Rockbolt 8l FZ Az BASE Aoz sz H(A1)a Fol EUHR

9. o471 A Rockbolt 2l Ze] IR L& dF ARY 5% nolde 0.50 THos
HEEHS A4 g FoAY, AFTE, AAE S nedod JYAR=EE O

IR = (1/fs) (3Wu ) (k - m.1nD)  ..ooevveannn... (11)

o4 7]M, Vu : Tunnel Span Volume (Vu = A.S)

S : Longitudinal Rockbolt Spacing °]t}

kom: 45

Rockbolt &4 24 e1'd%F, Rockbolte]l ZFeol R =zt Fefof ubat A
Hed 4 (12)9 7ol RUY 5 . o] 4og £ nR 2 T2 22
olgtodl A WEW HEX 3 el Y4 R AFIY, A L AT T
el ZF sl ¢ Aol

nR = (/) (WI/EW k' - a'VT ) evvvevennennnns (12)

ol 71 M, Cv : Coefficient of Tunnel Span Volume

ket 44

4D (12)of 7z dEHA &g F FAHHT (10-2007) 2 4 %
A (40m) P zH KA (80w*), AT eld (12087) Sol Ao Ground
Mass Index (I) 2 Rockbolt 2] Zo] R et Ay oo &# BAAF Fig.9 ¥
Fig.10 of u &bk, =wto] AddMeog Fat Fe: Yoo falo

Rockbolt & 4 x# = Random 84§ HAH=E 8,

ol da 7] R H Rockboltel AAHANE elde ¥4z 2T Fedo] o
A

4w, 89 ®ol7t 24

s AAHEA Y Bol aAY 2te] Prgss

G zo] HLYLE UL E FYMCE Rockbolt & WMAMHE Ro| Fob,
i -107-
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M

iN

OF ROCKBOLT,&R

LENGTH

AR=FE WG (k= m 2n1)
k,m . CONSTANT

GROUND MASS INDEX I

Fig. 9 Determination of Rockbolt Length
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nR

NUMBER OF ROCKBOLTS ,

H ' -m
nR ﬁ; AL T
K. m'  CONSTANT

}

8 __RANDOM BOLTS
6l N i
\\
4 |- \\\ ]
NN
S~ NN
\\\
2 1 1 | 1 1 L L Il ] | 1 1 e
| 2 3 4 5 [ 7 8 9 10 1] 12 13 14 15

GROUND MASS INDEX I

Fig. 10 Determination of Rockbolt Numbers
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29} Vire Mesh \ Steel Rib & Table 2 of ‘et upel7do]l dAAst=s o,
2y B4 W Sol 4= Vire Mesh & 78t~V ZARTE Nu AInFos
daess o] FE& HAol'd., = Forepoling olut Grouting &2 2= FYH2
8% A Ho] uwal WA FL slezd FZo] 2o 4A, HE sloof ¢
Rolct,

5. HMEM RE

ARF AAAN AR o3 4452 e FHFL el (Joint) 2H,
AHs U2, g ¥25el wat AU FUYNERA o] AES AA
Mg eldol e A2, AFF 2eln %4 (FEM) Hd=2-g o9
o] M deolxlm gl EE olet YA dF4YA HEH7] A=
delF R drols vk F2 elde AFol HdHol Yatd, VAR
FTULAE T AT elde AsEAd deg +%Y i A2 AR
FeEHse no dHHm FANI el dAsIdez wAH Ao ¥
Rolg,

X rRge gow e eldol HEslel HASolof HAAY, 4FY F
o AL, Bopgt Fol AAGLD ohs HHY ATdodAz ¥d HEdo=
FES FAZE vo: Sy WS FASTe] A 2A el FA
dge oNEs Hog #3ck, s A4A AZD ddF otAY == ¥Y¥9 2T
W (2eA 10-20n), $CY (PN 40p o)) ¥ ALY (PN 80 a U2)
of sl s 2 FHotol o ANT AHYE olFHod X EF HEAYL
gdgot, Hogd (T 120 a7 o)l AHANE A FoAS BF 8o
sz st olFolalx fon, = AZo] RS B eldTold AHE
A5 olF ol ggteng olEof dUdAME AHAHL g A7 HYe
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