95 XU|&3| Y SSWHs|FIAcdsts| Gl CHXIASEIS|1995A 3H 31

g39¢834E 018% g4 FUU 280 U
NEdAo0 ae A+

ol ¥ ol g2+

3

*1 - M2Uste Zatist At
*2 ¢ MEUstn Sadst X

1. M&
NATMZ oA ARE F2 ¢vh-g34(Ground Reaction Curve, GRC)3olA AAH
k. 234 GRC: %E-ﬂ’ﬁﬂ]/ﬂ 22 1AL Y Aol AlF AAH HkgGdrlde g

FAE Ado), 53] FGA|Yel g7 24AF] BAV AFEA &, gute] Aol B4
o) 48 @ol e AAAAME GRCY 7t Fd 3l T ASAG= M3 &
A3 F9 3ol B dFoME Ed4 gyt F%Fe] dig NATM AlFo] 7Hs3te
2 Hd4Ae u3 g EE9-3I4(Block Reaction Curve, BRC)-& f =31, ol ‘&lz]]
AFQ FF A3l 83 iil“:]' FEFAAME HEH8A T2yl UDECH &

A AR TIPS ALE-SPT

2. BRCO RE=mA} afla R N2

BRC9 fr=abgelr] B ATl AHE-& /M3 7157 FL ot ek 2ot
@ slde 221 Bl @oln, £5¢ olf = Ed4WY LS HEY S0z B
siokar 7HR ot
@ EEL Afwdd 34 37gAARE neidd. Q@ 252 A¥ss3ith
@ vjneld Ads o= ¢ 9 g rugAs e
® EE2 olFv EAE4YA Fol )Y x¥Fd e EALAE ‘WA-1olg 3, &
()9 x4k Je EALEE HH-2'2 gt
® ARG AGA] EF] JAL Qe Ao /MY E
A ALEF A B2 Mohr-Coulomb Edeo)n, 442 Barton-Bandis® 9 o]
th 714 FAE AL ALt Ao AIZEQL AN AAIZEE 9] @Al ol AFH A%
Ashdgl el BAE o83 AAT 5 ULk BRCAS ARAIFFo] A= AL A A3t
Zol7} Wi og AS A Hwd} ARE AR AAIEE Fotdlof & Zoln

=2
=

41



BRCE o]4% 4wt XNRAAMNYL ofd] 21 15} Ao, oA #F& AR 7
BRCE ARG P7} (+)o]d, EFo] guhfidA A A& Yehila, (-)o]F EFo] ¢t

! Jel Datet BARE A uE
Integrate stresses of each
plane into shear load (Si) & Jdcl 29 2= AY3AHQA BRCE RAFE
normal load (Ni). - o v - u
T o 34 A9 A$= Eg¥He EE9
5 o
—iterati Tranform these loads into e 73_'%’-"—‘?1 BRCO]E}' As& 27 4
A-tieration global axis force Fx, Fv. GAlZ Vo] AhE 4 loen, 4 @
' AolA el AFL olelsh ek
Calculate resultant force F
& its direction a. Determine O 229 HEHNA Reo] o]gts]
the movement type and - TR -
calculate support load P. E 97 - B8] shitelA 2571 A
| AspEy 2 BasAdNe 3] 7
Plot it load P vs. _ ,_
® ehemont 1 &37] A o GAGAE BSo
I koA AT e EAF
Determine the supportload
Ps & displacement us of Q—'% £ 399 ehyto] o]gtsl= T
support time(i-th iteration) . B 230 A m B=o
on BRC : 2ol A& mAUYeH EBEFZ
| AL e FHY9 vtz EEo] w
. Ins‘tan support.at i-.th AU BE g olFFot utA
iteration (calculation time)
& investigate support effect. OAl E23 ¢gitrlole] HFo] FUtel
Fig. 1 Procedure of the support design using BRC 1, A B o] Z713= Aolth F gt}

A9} AR Yol Fastrl Asln, BagRolAe) Falst 2EHo 2 AYs] GRo @
Aste @yolEE olF BEo| A dAAAGL BRAME S

@ 229 Reto] RANEE Tl | B59) W7 39F TARAL, BASANA) 22
7} 43 G ey 2t 2aswe) 28e 002 HAadsl Agdt.

@220 Ba5E Wil BE AE WML $0] 00] £, BASH] BF 2= o]

He F5o uigdd Qe BEo Y, ARAE HAFH olF 2] =4 disgt BRCAA &
At 1Y 3L AEE MHXF olFe] BRColt}t, XK 2] AJFL 19Al0A 2@AIZ dolrte
AAQolw, XA H ARG 2 A Ruolt)h AHEF ARA= SEEO|H XK

49



43) oMol TYE A% Rolort sAFelA BEE AAAE BT ve-uTE9 ¥4
7F o] WA olF o eXAAM AFE HFA ol dATL olAHA e Uit AAHF
od, #EV R $122 APolth, wEtA BEJL U 4L ot 2

K(bolty=—2E—
—Us
P P
A )
+| Step-1 | Step~2| Step-3 | Step—4 + After supporting
0 0 —
S /
S B
\
/ ’ >
ua > u us ue —-u

Fig.2 Typical BRC of unstable & stable block Fig.3 Typical BRC of supported block

3. 289 9xXle ZYA 4 vistol IE BRCO #at

Zo] 10mQ) AAZH ] FEo] At 45°U F BEAEE Lol EAME, TE 3P
2y ulg] FUF FAel AAE F1EZ0] A7 o] Ay AR +F FHd SAE

£ 71854 9% BRC ¥4 &l ¥ttt 2 A 39 4, 59 deht itk 29 5914 B
T Ad o] Fud EAE B2 A9 o] W] & B ATdME A3}
28 AFE B

a9 6, 72 ZAASE 2 W AdiAEgT ARAY ] WA uy Aotk
A ARge XNHYFYo] B59] Y WFo2 ESAT o 71 AXH, ARAHY
e A F77t 245 Ik oy @ d A B AT AT E3E 3
g2 BEd disiAnt 487153, digiAgvlE o3& Aot

4. SX S0 Uiet Y Tk 3 Y2A

A 24FA FF U A S AEA2 7P AwrHd GRCE frEste] Y
BEH Y2 3 FFS Eole 30mols 75md 48A BRI ZAL QAR o7IH AgEe B
H71&4L Heok & Brownd ZAPHIA7IEAE AMg7|2 foh ol o HAFA7|EH]

43



Mohr-Coulomb®] 4]0l uj3} ol @& £499E vdehil7] dEd 2483 g3l F52 ¢RI
Agol JeAE F o goly] Aol AN Ade 29 84 ZAIHY ot HAH7} 1.76mm &
At Aggodol A AlZsie], 9eme] A4l B, O o) EAHA %z, HFH
£ 22 mmdl @5 0] AE S w&th olu9] Auglo] 0olnZ T oY o} ARE HAA &
olx &L dHEH.

& & F5ol g3l BRC dl4& 4A8712 &2 28 92 A9 7154 U@ BRC 34
& Ueld Zolth B Al 2A4Y frAe st WA-1& SANEA F48 £
A, 2% 2 AEFAAY $o] 0olso] SRH T i}, mA WA-12 AYF FoE o
o] gGui-2¢] 7t 4338 AL dejol7] W A2 E S2AF olF FU-12 vl Pl A
Zs7] A9 A4 ARFES AR APo2 AAHA. ol ARF P, = 1383 MN o]n], AxA|
A9 89 us = 473 mmolch. WM YR ARIHF L 415 MNolt, 2E AF L "ojoln], A x}
< 18 MN, ¥4l 666 mmolA AEE A BES] IAREAA #A7L A9 wYd}A gt
71 WEd ZE7}F HHE 3L 9330 MN/mejdh.

a9 105 5 F49 e E5d dig BRC £42 veld Aol wiA-1 237A= £80)
ob2] ghyhdiel Q171 W&ol HLA7E Yol HAFA G Yo ARYE FF0] HUT. o] Fd] W
A-27} 2FHAAN EZE Afdd ¢ o] Ho| F438] AHste] Fasta] BAAFAAM A=
di= EFo] FeE i girh F4o] B2 HAoR AF AFL Ro|T Yo}, ARAY HH9 of

&€ Bolx ot wahA Hxa AHgto]l 47t He AYS AH{P. 29 MY P = 9
MNel®), AR dxjAle W9 ue= 257mmelth. @by o AR 27 MNo|th. ARA 3R] o]H 9
A B0l 02 olfE A9 £Ed uid ANurt FHEZ Y XA o|Hq) dAHo FHE
d g L7 vHARY] s Eolch ARAA o)A Bt Ao ¢ & ()9 g2 R ol
T %9 BEo] hile] Wits|o] kY] o S EE] BASHA F 8= 4 &l
AdAoz A7) QqRo2 Agdrt Yo AL Fu-22 nuAe A9, ALY 4-8
MN, #9565 mmai4 AsS FF:A

JH

roJu

5. &8

B ddA Qojd a3 AHAE 8ok ol s} 2
(1) reg 2do) i BRC 34 A3, AR Y& 7/1E59 3% BRCe (22 35 A
g agEe g EE Aoz veyt oldd B¢ AR AP B2 7 FudA $Ho| Fa



3lo] BRC 49 Angte] H4st HE Hzo) Agez 3% 4 .

@ 2ol 31t B9 3% HAol WS & A7 TH BRCZE A4a77t YETh o
A A% ANAZ Belse A nngel g4 |, AEYge] A4t He AHL AR
o Yoz HA% £ Utk

(3 EQAF7L ¥se o, @2 271880 & Wgoz 71859 FHo| F3 S W NG &S
Augte] Wasit EF 27) $e) 430 £ 42 B9 Bol AW Wz} A
2ey olg@ ATE B AT A SR P49 BES0 gaNT A 5T Aol

(4) X FF o thal Hoek & Brown %317124& o]8# GRC a4 & A7 A4Jdo] g%
dgsgot 2 Welst 22 mm BT £YHAG olAF A4 MY A3 A4 FE ¢
BRE A AREE a4t 9k Ao2 Juiyd 2} BRCEAL ¢ 23 A% g Bs
o A% WA-1¢ SARHE | £ 7i5A0l AT, $5 394 A& B2 FS W28 27
d9e W ¥ Aol AE Aoz ey,

(5) GRC &14 Azt b4 ool Yrtata BRE 4 Y& AFFolAE BA4AL a3
Qe dolE e BAZL Arle, A8 AXe) WaKe| cketn BYY 4 Stk

© 2 Q77 BAHe 2 A4 Bygs] daME oz 34YAY Ard BAd 9§ 7)
229 79, EFHAL hFF B2 G4 0P ARG A¥TAY ol WA Aol BF A
HAHe) AFo] AT M=) JANE AZo] THRI\EE Zgsolo} dnl, FHN Fol
AEsle 3t 7hsd @ 2Absojof $ok

H02¢

ra

1. JL. Yow, Jr. & RE. Goodman, 1987, A ground reaction curve based upon block theory :
Rock mechanics and rock engineering, v. 20, p. 167-190

2. M. Voegele, C. Fairhurst & P. Cundall, 1977, Analysis of tunnel support loads using a large
displacement, distinct block model : Proc. of the first international symposium, Stockholm, p.
247-252

3. RE. Goodman & GH. Shi, 1985, Block theory and its application to rock engineering :
Prentice-Hall, Inc.

45



z
£
E -0} increase loadis 1.9 MN. 1
This amount means
= load applied to support.
2
S 5L [ Swportngpoint i
17}
----- Before supporing
2 % ——Aflor supporiing i
25 P L. —t 1
0.000 0.002 0.004 0.008 0.008
Displacement of centroid {m)

Fig.4 BRC analysis of roof block (K=0.5)

95 95
s 4

90 // 90
s / 85
z r/‘V %
2 80 h 80 9
o L 0— Support load 2
3 z |-m— Displacement at Z 8
30 suppor Sme 0 B
8_ |—-w— Failure displacement €
o )\ g

7 25 25

@

4 — g
" T a
20 20 @
"8

15 L—j»r e d 15

1.0 } 10

0.5 1.0 15 20

Geostatic stress coefficeint K

Fig. 6 Comparison of roof blocks for various K

10

increase load

Support load (MN)

is 1.5-2.5 MN.
Before support
~——— After support
20 1 i i A 1
0.000 0.001 0.002 0.003 0.004 0.005 0.006
Displacement of centroid (m)

Fig. 5 BRC analysis of sidewall block (K=0.5)

45 45

4.0 4.0
L

35 35

el
o

// JF’

Support load (MN)
: ‘\.‘&

Displacement of centroid (m)

1.0
~0— Support load
o5 —A—Displacementat |—— 0.5
support time
—1
0.0 1
o5 0 v 70 0.0

Geostatic stress coefficeint K

Fig.7 Comparison of sidewall blocks for various K

100
E 25
2 Po(8.32 MPa)
o 8.5
g Plastic-elastic transition
g point (1.76, 0.066)
= 15
Q
§ 04 Final displacement
[ X (22mm)
@
0.2
01
004 y )

T T —T T
000 028 05 075 1.00

T T T
125 1% 175 200 225 250

Displacement U, (mm)

Fig.8 GRC analysis using Hoek & Brown criteria



Support load (MN)

Support Load (MN)

1 1 ¥ T v i T
40 =
- ——  Gallery : .
2 excavation . -
o N )
0 .t e .
-20 - [ -
.
40 Bench-1 -
Support point excavation
-60 ™ —
80 After support .
------ Before support
-100 A 1 " 1 2 1 1 {
0.000 0.002 0.004 0.006 0.008 0.010
Displacement of centroid (m)
Fig. 9 BRC analysis of roof block
40 1 1 v ) ' 1 v i v 1
1
support time
20 - -
O . LN A .‘-I
i @)
20 |- : ) .
" Bench-2 excavation J
-40 |- - n
| .__ Installation of
60 - / support for roof block 7
: H ~
80 | P Before Support. 7
All movement is falling.
100 b After SuppOft. -
All movement is sliding on plane 2
-120 " 1 N | I 1 N 1. 1
0.000 0.002 0.004 0.006 0.008 0.010

Displacement Of Centroid (m)

Fig. 10 BRC analysis of sidewall block




