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ABSTRACT
Received: March 9, 2018 The OO mine has irregularly developed stratum around the ore body. The purpose of this
Revised: April 9, 2018 study is to array irregular stratum thickness systematically for effective roof bolting and to

implement a supporting system corresponding to it. The number of 81 cases combined with
stratum thicknesses was limited to 9 cases by robust design. For each case, the load height
which can act as a roof load was determined by the characteristics of stratum and RMR. The
load range due to the load height is calculated assuming block shaped and arch shape. The
support load of the roof bolt was considered as the average load of the two methods.
Numerical analysis results of the support design showed that the cable bolt was more
effective for the roof supporting fully grouted than the anchoring type. As a result of the
construction, it was possible to control the roof, but all of the roof was gradually sinking
downward due to the deformation of the side wall of the mine tunnel.
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Factors Factors Factors
Rm | A | B C ||Rin| A | B C|/D|E |F |G ||Run|A |B |C | D
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4 21211 4 1 2121212 |11 4 2112 |3
5 21|12 |12 ]1]|2 5 212 (3|1

5] 21112121 2|1 6 21312

7 20211 1|12 |2 |1 7 13|13 |2

& 212 |1 201 1|2 8 |3 |2 |13

g 313121

(@) L,(2*) array (b) Lg(2") array () Ly(3*) array

Fig. 1. Some commonly used orthogonal arrays
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Table 1. Status of stratum of OO mine

Classification Thickness Remark
Min. Average Max.
Sandstone 4.0 m over Massive rock
Factor levels FI(1) F1(2) F1 (3)
Upper tuff 3.0m 6.0 m 9.0 m Weak rock
M3a (Manto3a) 0.5m 1.5m 2.5m Interburden, soft rock
Lower tuff 1.8 m 3.0m 42m Interburden, weak rock
M3 (Manto3) 1.5m 3.0m 4.5m Swelling, moisture, soft rock
Conglomerate 15.0 m over Massive rock

ZUEA 0| 2l SMFH HHE
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BE A2 s19), w275 APl GRS vl S el Bo] dlokEo 2 SlEERE M3, 5 3?4%*(1ower
tuff), M3a, A*-6-3]L(upper tuff) 52| 471 S4olct.

Table 2= FATALAE $1 QA0 2 Level 12 25:2] 57, Level 2252 B2, Level 32452 41
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Table 2. Factor levels for array of stratum thickness

222190 Lo(3%) 0] A Wa G AFg51e] 9719] Al 2 245}

] okt GSI9} R ILEE o] Atk f’_\}%(anchorlng)oﬂ ot

Factor levels M3 Lower tuff M3a Upper tuff Remark
1 1.5m 1.8 m 0.5m 3.0m Minimum
2 3.0m 3.0m 1.5m 6.0 m Average
4.5m 42m 2.5m 9.0 m Maximum
Table 3. Orthogonal arrays to stratum thickness
Factors
CASE NO. M3 Lower tuff M3a Upper tuff
Factor(1) Factor(2) Factor(3) Factor(4)

1 OAs(1), 1.5m OAs(1), 1.8 m OAs(1),0.5m OAs(1),3.0m

2 OAs(1), 1.5m OAs(2),3.0m OAs(2), 1.5 m OAs(2), 6.0 m

3 OAs(1), 1.5m OAs(3),4.2m OAs(3),2.5m OAs(3),9.0m

4 0OAs(2),3.0 m OAs(1), 1.8 m OAs(2), 1.5 m OAs(3),9.0m

5 OAs(2),3.0 m OAs(2),3.0m OAs(3),2.5m OAs(1),3.0m

6 OAs(2),3.0m OAs(3),4.2m OAs(1),0.5m OAs(2), 6.0 m

7 OAs(3),4.5m OAs(1), 1.8 m OAs(3),2.5m OAs(2), 6.0 m

8 OAs(3),4.5m OAs(2),3.0m OAs(1),0.5m OAs(3),9.0m

9 OAs(3),4.5m OAs(3),4.2m OAs(2), 1.5 m OAs(1),3.0m

Table 4. Arrangement of stratum thickness and rock properties by orthogonal array
Classification Case(1) Case(2) Case(3) Case(d) Case(5) Case(6) Case(7) Case(8) Case(9) GSI

Upper tuff (m) 3.0,(1) 6.0,(2) 9.0,(3) 9.0,(3) 3.0,(1) 6.0,2) 6.0,2) 9.0,(3) 3.0,(1) 30
M3a (m) 0.5,(1) 1.5,2) 2.5,(3) 1.5,2) 2.5,(3) 0.5,(1) 2.5,(3) 0.5,(1) 1.5,2) 15
Lower tuff (m) 1.8,(1) 3.0,2) 4.2,(3) 1.8,(1) 3.0,(2) 4.2,3) 1.8,(1) 3.0,(2) 4.2,3) 20
M3 (m) 1.5,(1) 1.5,(1) 1.5,(1) 3.0,2) 3.0,(2) 3.0,2) 4.5,(3) 4.5,(3) 4.5,3) 15
GSI (case) 23 24 24 24 20 23 22 24 20
GSI (anchoring) 23 20 20 19 19 19 15 15 15
RMR (anchoring) 28 25 25 24 24 24 20 20 20

ARE GSl(case)= 5419 GSIE

A T tist] 7 Ew(weighted average)=
RMR(anchoring)-2 541 GSI19H Al SEE 2} 914]0] tiet 54 GS19] 715 Bat & 2
RMR-Z 445t Ceballos et al., 2014). o]0 RMRAES AREE 20~28 =2 EA %St

#gate] Wt shgick Al

O
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RMR =GSI + 5 3)

A IO RMR 20 0Jehs B7HIS 741 A5 AR A1971 of ek, 2 3410] 39 |3 Folek B0 2 clslo]
RERMR 215 700 71 IR SR ST AR I el R Sl S 200 2

0m>~

A AT M3S2 JAl=A Al o= ZedohH, A 741 89 M3asoll 212 3-8 501 4% 4771 .

ofgt 9ol A1 58 A gskrk

HUIS1E
32 oA A3 3IeF ook BE EL ol A|gel2 0|9k 4 9l A0 shaks), olpk o] sHEg Aol A83)
SHupper tuff)o L} AlgkEe] Aol BE 502 Ts}7] 9t SHEAR Longwall gated] 483 B S S-g5isir), B2

B ] QHtolg-2 Table 59] 7HE 02, oFX| P2 550| 7Iolld whi= Table 62] 7HE.© 2 A5t modification from Dennis
et al., 2000).

Table 5. Detached block of failed roof supported by cables (Dennis et al., 2000)

Stable roof
structure

| o | G @
‘ Detached block | where
S — - = F,,, = weight of rock per line length, kN/m

/ W, = effective width of opening, m

Cable bolts Retaque, M3A
= distance from roof to parting plane, m

~ =rock density, 18.0 KN/m’

Conglomerate

Table 6. Formation of pressure arch of failed mine roof material(Dennis et al., 2000)

Stable roof
structure

| | o i F, = % W H O)

Detached block
,‘,_!_ - |
1\ T / where
Gablcibelts fretaane, M3R F =weight of rock under pressure arch per line, kKN/m

H_ = height of pressure arch, m

Conglomerate
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A (422 (5)°M 7,2} H, o= RMR< o|-851] elitslsalE Alktolr] flste] A (6)-& 2853t Unal, 1984). o132l 2
W= Footo] RMRO|| TE HH(trompeter zone) =012} 515 9lof| webA] HRtelE-2 A (6) 2= AT 4= Slek AloflA
H,, H,=*](4), 21 (5)°] ¥ot L,

100— RMR
%—%—ht—B[T] (6)

FIEE AAE $lote] BT HAHO] o} olelE-S Allelal Aol g BESL ZEEQ| QelE-g o galo] 19Y

EE 49 752 ARsIat 22910 P o ZBEE 4.5 molA RMR 20 7% 51511= 2(6)°]l 2J5ke] 3.6 mo] 1L T+
ZoF 18.0 KN/m* S 2519 T 5152 64.8 KN/mO] HO = AL 4.5 m] 5152292 kNo] k.

FILEE 5= 785 1H] 3.0 molkl= 570, 4.5 mollA= 6712 710 = sfal, WA AP|EEE 17hE SV Algohe A0 =
AAE SIS SEE= o|ESolA YEHE B0k Alo|EEE= S35 3l Ag2tE] o] sk A|x[ek= A o= qFd
& Aol 2-85153r.

378

ApF7Yree] FLEE AAE 9ot SAEA2 M350llA 2ot 54 AP (retreat mining)& She A 0= Sfal B 2
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5152 96~122 kN2 & 24 HSitt ZH AR Alols 2E 171t SE2E IS VEJOP et olufj Aol & 27} dyte] st
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Table 7. Roof bolt design for mining gateway (width=3.0 m)

Classification Case(1) Case(2) Case(3) Case(4) Case(5) Case(6) Case(7) Case(8) Case(9)

Sandstone (m) Upper stratum is more than thickness of 4 m

Upper tuff (m) 3.0 6.0 9.0 9.0 3.0 6.0 6.0 9.0 3.0
M3a (m) 0.5 1.5 2.5 1.5 2.5 2.5 2.5 0.5 1.5
Lower tuff (m) 1.8 3.0 42 1.8 3.0 42 1.8 3.0 42
M3 (m) 1.5 1.5 1.5 3.0 3.0 3.0 4.5 4.5 4.5
Conglomerate (m) Lower stratum is more than thickness of 10 m

Support condition Span-3.0 m, Height-2.5

RMR 28 25 25 24 24 24 20 20 20
Load height (m) 22 2.3 23 2.3 2.3 23 24 24 2.4
Arch load (kN) 92 96 96 97 97 97 102 102 102
Block load (kN) 117 122 122 123 123 123 130 130 130
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Table 7. Continued

Classification Case(1) Case(2) Case(3) Case(4) Case(5) Case(6) Case(7) Case(8) Case(9)
Anchoring position
M3-Anchoring (m) 0.5 0.5 0.5 2.0 2.0 2.0
Lower tuff-Anchoring (m) 0.8 2.1 2.1 1.6 1.6 1.6 0.1 0.1 0.1
M3a-Anchoring (m) 0.5
Upper tuff-Anchoring (m) 0.8
(Cable, Rock) bolts C1,R4 CIR4 C1,R4 C1,R4 C1,R4 C1,R4 C1,R4 C1,R4 C1,R4
Safety factor (arch) 2.17 2.08 2.08 2.06 2.06 2.06 1.96 1.96 1.96
Safety factor (block) 1.71 1.64 1.64 1.63 1.63 1.63 1.54 1.54 1.54
Safety factor (avg.) 1.94 1.86 1.86 1.84 1.84 1.84 1.75 1.75 1.75
Additional bolt C1 C1 C1
Cable truss (1/2 m) 1 1 1 1 1 1 1 1 1
- Rock bolt=4 ea, rock bolt length=2.1 m, pull-out strength=100 kN
Bolt pattern - Cable bolt-2 ea or 3 ea, cable bolt length=4.2 m, pullout strength=200 kN
- If need, 1 set of cable truss install
Side wall(M3, M3a) R2 R2 R2 R2 R2 R2 R2 R2 R2
At (cable, rock) bolt, Cn : number of cable bolt ; Rn : number of rock bolt
2R
RO 22 4.5x2.5 mo|H FILEE A @02 APF7Y =0t FUSHH TL 3= Table 83 Zr. ofuf HRtoflA 5152

2 AdE 4 = oFlE3.2~-3.6 mO|H, 2R8515-2 RMR 209 o T9] E13229~292 kN, RMR 25 o T9] Z1215~274
|

F71402 Aol

E% 315}
o

o ARt A E=

27H9} = E——47H—
TSt Qlet AT A 4.5

Table 8. Roof bolt design for mine tunnel (width=4.5 m)

Asiek ALl ek

mOJlA| Z|o1E E2{A(cable truss)+= ARF

A7) Slall 1702 m) AlEsHe A0 R sk

£-21.56~1.73 Aotk A7) ~AF=N(9)=
o] ol5a S0 Hel A

Classification Case(1) Case(2) Case(3) Case(4) Case(5) Case(6) Case(7) Case(8) Case(9)
Sandstone (m) Upper stratum is more than thickness of 4 m
Upper tuff (m) 3.0 6.0 9.0 9.0 3.0 6.0 6.0 9.0 3.0
M3a (m) 0.5 1.5 2.5 1.5 2.5 2.5 2.5 0.5 1.5
Lower tuff (m) 1.8 3.0 42 1.8 3.0 42 1.8 3.0 42
M3 (m) 1.5 1.5 1.5 3.0 3.0 3.0 4.5 4.5 4.5
Conglomerate (m) Lower stratum is more than thickness of 10 m
Support condition Span-4.5m, Height-2.5
RMR 28 25 25 24 24 24 20 20 20
Load height (m) 32 34 34 34 34 34 3.6 3.6 3.6
Arch load (kN) 207 215 215 218 218 218 229 229 229
Block load (kN) 263 274 274 277 277 277 292 292 292
Anchoring position
M3-Anchoring (m) 0.5 0.5 0.5 2.0 2.0 2.0
Lower tuff-Anchoring (m) 0.8 2.1 2.1 1.6 1.6 1.6 0.1 0.1 0.1
M3a-Anchoring (m) 0.5
Upper tuff-Anchoring (m) 0.8
(Cable, Rock) bolts C2,R4 C2,R4 C2,R4 C2,R4 C2,R4 C2,R4 C2,R4 C2,R4 C2,R4
Safety factor (arch) 1.93 1.86 1.86 1.83 1.83 1.83 1.75 1.75 1.75
Safety factor (block) 1.52 1.46 1.46 1.44 1.44 1.44 1.37 1.37 1.37
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Table 8. Continued

Classification Case(1) Case(2) Case(3) Case(4) Case(5) Case(6) Case(7) Case(8) Case(9)

Safety factor (avg.) 1.73 1.66 1.66 1.64 1.64 1.64 1.56 1.56 1.56
Additional bolt C1 C1 C1
Cable truss (1/2 m) 1 1 1 1 1 1 1 1 1

- Rock bolt=4 ea, rock bolt length=2.1 m, pull-out strength=100 kN
Bolt pattern - Cable bolt=2 ea or 3 ea, cable bolt length=4.2 m, pullout strength=200 kN

- Cable truss, space of installation=2.0 m
Side wall (M3, M3a) R2 R2 R2 R2 R2 R2 R2 R2 R2

At (cable, rock) bolt, Cn : number of cable bolt ; Rn : number of rock bolt

A A || Cifet SAMFAHIC| B

AT i Gol| e 2| H RS Aot X H ol theh oFa-E-3 Alktsto] QE-gof| mhE J&FQ 1K signal/noise ratio, S/N

H|) & S5 o}o] 2| HAdA] aatof thsh 5A419] FeFE& EA51T, S/N H7F 255 AHlof 1R (signal) ol 2IRH-gHEAJol 0 &

2212 noise) ]| 2I5t FFo] A2 AAE T 4= Itk Simpson, 1989). 2212 E= A& = §l= QAR A SAZ 70 HH, A8
7

= FIEE Ao ot Fd-go] Hrt 73 dAIolA SN H] n.= A (7)0]l QFE-S T Yote] AFESIT
n, = 10 < log(SF) (7)

S/NH] 2] 24| F AlEke A (8) o] LR &= It HtA(ANOM, analysis of means)& ©]-85}o] ZF 7] QIAPE(F:
Al) SINH]of| thgh IRl (factor level) Bt m, ~m,2 APSHCE A (8)0llA] Mg/ )2 S/N H]Q] Hit-g Lrepdc

;n—Xml Mgy )2+ 3my = Misy))2+ 3(my = Misyx)2 ®)
Table %= 2} Afelo] tfsto] QP8 tiehs/N 1lE BAIZH 2102 Afe] (7)-AFel (9)7} Aol thsle] ehge] 71 1k
3} o] /N HIIE 74 v 2102 ARSI Table 1027 450 SA57ef et SN H1o] g ekl 2102 S/N ]
HAZFM3ENA o 2 5102 BAselck BAPF IR 218 1 50) o] Arke 22 ulstol, o] ghiEe] 7V 9%
EELE RIS —QMB%%%QWﬂﬂE%%HEﬁQQﬂﬁiﬁ 2] 2 A= L 2ol 7|3 (contribution rate)

2 g QAe] AFHES F AFRFOE e grolck

*

lo
.l

i

Table 9. S/N ratio by safety factor (SF) of each case

Span [3 m] Span [4.5 m]
CASE M3 (m)  Lower tuff (m) M3a (m) Upper tuff (m) SF S/N rafio SF S/N rafio
1 1.5 1.8 0.5 3.0 1.94 2.88 1.73 2.38
2 1.5 3.0 1.5 6.0 1.86 2.70 1.66 2.20
3 1.5 42 2.5 9.0 1.86 2.70 1.66 2.20
4 3.0 1.8 1.5 9.0 1.84 2.65 1.64 2.15
5 3.0 3.0 2.5 3.0 1.84 2.65 1.64 2.15
6 3.0 42 0.5 6.0 1.84 2.65 1.64 2.15
7 45 1.8 2.5 6.0 1.75 243 1.56 1.93
8 4.5 3.0 0.5 9.0 1.75 2.43 1.56 1.93
9 4.5 42 1.5 3.0 1.75 2.43 1.56 1.93
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Table 10. Average of S/N ratio by levels and stratum

Level Span [3 m] Span [4.5]
M3 Lower tuff (m) M3a Upper tuff (m) M3 Lower tuff (m) M3a Upper tuff (m)
1 2.76 2.65 2.65 2.65 2.26 2.15 2.15 2.15
2 2.65 2.59 2.59 2.59 2.15 2.09 2.09 2.09
3 2.43 2.59 2.59 2.59 1.93 2.09 2.09 2.09
Deviation 0.33 0.06 0.06 0.06 0.33 0.06 0.06 0.06

Table 11-& S48 AHARZA] Q&e] 714 2 QS 1A 52 249517] $1510] 7|02 BAGE A0l 710182 Table
109] 23 ZA0] SN 1]0] BghE 2 ARIEC) 7oh&e M3Fo] A1 70w L% 3 med u) 88.1%2} A2 4.5 m o)
88.7%= -FAISIALE o= A HAAIE QFE 7|F 02 A4 3.0 mY W 1.75~1.94, 7J=1H4 4.5 mY o 1.56~1.73 42
AR e 7ot @2 el thel e 2 Ajol} gls Ao & Bt

Table 11. Contribution rate by stratum condition

Factors Degree of freedom Sum of square Mean of square Rate of contribution(%o)
Span [3m] [4.5 m] [3 m] [4.5 m] [3m] [4.5 m] [3m] [4.5m]
M3(ore) 2 2 0.17 0.17 0.083 0.084 88.1 88.7
Lower tuff 2 2 0.01 0.01 0.004 0.004 4.0 3.8
M3a 2 2 0.01 0.01 0.004 0.004 4.0 3.8
Upper tuff 2 2 0.01 0.01 0.004 0.004 4.0 3.8
dAEE
208 E
T—=—

00| 7Yt o tigh FLEES| gihE FAsIaA Ae S AASHAT. 2 Aol 7 4.5 mo] et si4E
TRk ESIITE SAE02 7P St 231 o= wiE= Al (7)2 A-85tAeH shide f1dt YAkEE Table 1291 22T,

rol

Table 12. Input data for numerical analysis

Rock Type p (kg/m’) E (MPa) v c (kPa) o (°) 0,,, (kPa)
Sandstone (roof) 1900 162 0.30 301 17.8 -20
Manto 3a (M3a) 1600 36 0.35 175 11.4 -2
Tuff 1800 99 0.35 217 134 -10
Manto 3 (M3) 1700 54 0.35 210 13.1 -4
Conglomerate (floor) 2100 495 0.30 546 27.5 -130

SR Fig, 29} go] 2ol olet 7-3:2 wlo] QLS 392 2 512 A =17]0] 101, AR ALIE7HA 100 mE 27
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(a} CASE RB (b} CASE 3B-1 ¢} CASE RB=2

Fig. 3. Cases by roof bolt pattern

o] ALEI= Fig, 3, Table 133} 0] Alo}2 BE0} SRES Zgfs]o] sifs}9].on] SREL AR, Ao)2 BEt A
A AR 7 7hA] WAl sl Sl AfstArk 7 BIlRS Fig. 3(a)9t Zop|, RIBE M- SRE 4o} Aol e
270 Zgloln, W] F7140 2 SR 4ot Aok BE 3742 Z3telgick Al RB-3-S RB-13% RB-41= RB-29H 212 3]
B0 2 sl

Table 13. Cases for roof bolt pattern

Classification Roof bolt array methods
Number of roof bolt Rock bolt 4 ea Cable bolt 2 ea Cable bolt 3 ea
Anchoring CASE RB-1 CASE RB-2
Installation method
Fully grouted CASE RB-3 CASE RB-4
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Table 14. Comparison of displacement and rock bolt axial force against cases

Roof disp. Roof disp. Ratio Wall Disp. Floor disp. Axial force Axial force
CASE R b o] ol RB[N) CB [kN] Remark
RB 375 - 422 39 54.76 -
RB-1 367 (b) 1.0 419 39 54.74 45.35 Anchoring
RB-2 361 1.0 418 39 54.28 45.35 Anchoring
RB-3 358 1.0 420 39 54.71 97.87 Fully grouted
RB-4 344 0.9 416 39 54.73 97.97 Fully grouted

Table 14, Fig. 4] s 2ue} o] Ao} BE 3742 AR HARO T ABE AR RB47} 4 AES b} 71 Fastl
oF. RB-42 Al9let 3712 Al AT At E Hglon, 21 5l vleto] chet 9 Eqh TF3et 1ol Kol ¢J9Ie Table 14
o ARHRG SRE o] 2.1 m 6742 AHT A RBEF HRE 47 2 Ao BE 2hS 2851] 5 674e] AAYHE 2
£ 235 A RB-29] 23H2 Hlushe v RB-29] AR} o] o5t 210 2 Lhebgtek, Aol Ber} ebgagoz A
Felclet e o] Aol M35 A4.0] 32150l A 1) Brt £ AR AvS Wske 20 Heke,

olefgt FHE0Z 2 U] RIBES}E U 4R A5l BEslo] Wi WS Qofol Aol Aol ESL ¥ st
o] S A6 A et A7 2e] Aol o A A2 e

JBTILE: 0BT

FLAG (Varsion 7.00) wm FLAG (Varsion 7.00) R =

I s T
[ - ——
[ -1
[
L] E

(c} CASE RB-3 (d} CASE RB+4

Fig. 4. Axial force analysis of rock bolt and cable bolt by cases

TUNNEL & UNDERGROUND SPACE Vol. 28, No. 2, 2018



153

3

2o] 715 s1AR|E AJ710] 7

-0

A Study on the Stratum Thickness Arrangement and Roof Bolt Support Design using Robust Design
EELH
-2 U(swelling pressure)©]l 23t S8 0] HPAFZ A5l7] flote] SHo]| SEEE A5slth. 9ol tist SEE Al
772 o] 714 Azl et s e AAjsle] 2j2le] 71 alelS Table 159} Zo] wEal%irt
Table 15. Rock bolt design for sidewall swelling pressure control
CASE SW-1 CASE SW-2
18 25m :’| 18 25m
12 21m 12 21m
4.5m 4.5m
SH O] gt 4 S]] 425l = S EE= 252,10 m o] o] A HaFgolH, SW-22F SW-3-2-5det s o] x]gk SwW-22] 7]
OlF BEE=4.2 m Zolo] Ay atado]1l SW-39] Alo]E EE=4.2 m Zolo] HHAZ ot
Table 16. Comparison of displacements by cases
. Roof disp Wall disp. (a) Wall disp. Floor Disp
Classification [mm] [mm] Ratio [a/b] [mm]
SW-1 375 422 (b) 1.00 39
No sidewall rock bolt SW-2 367 419 - 39
SW-3 358 420 - 39
SW-1 370 372 0.88 38
Sidewall rock bolt SW-2 363 372 0.88 38
SW-3 356 369 0.87 38
Table 162] siA-Axte} Zo| S| EEEE H|AEI0S 7492t Ale5-2] S 2] HelsRe °F 13% 9] AA83E LSl
22 5314 F 5 mm ] W9) Aam b} b ofefel wis) gam i 2710 Wi
Ho| FAH FAFh= 7S A FAZ 4= & Ao 2 etk
9k eI E:

o} AhAe) 3 o] 28 A
HHo|

5& oste] %
MN3ZE
At 2] eje] obd Fefr] ATt 4.5%2.5 m BS-FRBEC] Ofste] 4 H
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3 42 W (heaving) 8- (swelling pressure) 5-0. Fig, 59} 0] G4} 2] sl AE AR A4 5] 7w @

=

o] Wgsigict,
£
2
4 mp
Fig. 5. Deformation of mine tunnel by swelling pressure and heaving
Fig. 6. Control of mine tunnel deformation by sidewall rock bolting
HEYEE.S HgsHA 2| Z2boto] e X454 0 = Hhled o] 'WAYsI Tt whebA] vt %%ﬁ'ﬂ SHEe] oeolg-o 2 1Asto] =
2k oFo 2 Wl -2 A5 A 4= ISIT Fig. 504 7Y o] Fio] o HdE-248% ((2.5 m-1.3 m)/2.5 m)
A R beles

web FEEe} o) 290 ek BagHE MAlsh] SIsle] Fig. 67} o] Zulolx|0] SBES A Fsio] 27] ZHHES
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