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ABSTRACT

For a long-term mine development plan, the determination and design of mine tunnel size are
very important because it is the basis of plans for equipment, transportation and operation.
The OO mine has had a difficulty in changing the mining plan due to the design of the tunnels
with an emphasis on productivity improvement, and much effort was needed to maintain the
mine tunnel. In this study, we designed the mine tunnel with optimized tunnel span
considering the mechanical properties of rockmass and established the support plan. To do
this, the estimation of the mechanical parameters(Swelling pressure, deformation coefficient
and earth coefficient), field investigations and various analyses were carried out. As a result, it
was necessary to consider the downsizing of the tunnel section in order to maintain the tunnel
stability and dimension by using the roof bolt and analyzed that various functional
constructions of the support material and method would be required to maintain the current
tunnel size.

Keywords: A long-term mine development plan, Productivity improvement, Design of
optimum mine tunnel, Mechanical parameters

2

713 A LA IS 21510 Bare] AT A= YHIAE, 2uE, 2Y2E SO 7|20| 5oz
OhS ZR31CH 0TS ALY B4 2 & YELAT} 0|20IY 22K MBS ol gf
OfD, BAUEE Q25| I3 B2 20| LRAIICE 2 HTOIAE Yol 93tz S D2y
o 2SS DBk 2RA SIS SR ST 0 21510 Yutol 5 B R,
#7042 SO St 23, Chrst BYZAIRL 24 S8 £HBIICH 1 2} roof bolt S2 &
S510] ERAS 522 YEHB 24 52 Defe LRI AU, B AZFAS RAI5H7| UM
£ 2| afe} ALl Chst TSt 7|52 7|4 50| WRE o2 EMEUC

SHAO]: 2713 ZALA L], A Sy, HHBE A, Aot v

® @ (© The Korean Society for Rock Mechanics 2018. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
- License (http://creativecommons.org/ licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.



126 ° Myoung Hwan Jang, Taewook Ha, and Hee Sun Jeong

NE

OO0 AR EJA Rete] S/ w|atd eHEE0 = o-80] 30~40% 80| Al Fitolth & F4k> SEA] Afpd(Retreat
mining)< 19+ L4787 (Continuous miner) 2] Y& -3 161 7Je714 4.5~6.0 m =2 AA = ALt o3 A2
AFn]o] P aas et A S -E—’gﬂ]i HPER A7 ITEE 3 olHi 2 ket Y

B 3PAe] 2| H= EE2E(Rock bolt), 7|01& EE(Cable bolt), 7018 E&A(Cable truss) 5= X35+ 2108 Z7ofl= Z|qt
oV sSKiAg ] A e 2 Aol 2 ookl e

wEbA] 2 Gof| A= 0034t ofFte] ook E44-5 et 7k o] 249718 TEstalAt sigit). 78= 0] 249715 2%

H

g

= o
57| Slste] @41 B 4178 (Neural network) 2] S5-431E o]-8oto] XA 742 Akl 2ol 5-& Fot
AR O] vkt Aol tigt QP 278 2| HAE HESISIH.

otute| 22| - A8y £

004t A= FAgEC] /<] a8 Al EIZE Well s38=]o] s FEl2] “Manto”E o111 9lom 7719 S0 =2
Td=lo] Slrt. Manto(M) 2] TS 16~17 kN/m’, SHAS] ThER2 18~21 kN/m’ Aot 2 FA9] AdZUZ7 =
1.5 MPa, BHAIS= 530 MPa A= 0] e EALS 7FX| 41 Qlet

00342 Montmorillonite A% 2] M EZEES A ZA5HL Itk Montmorillonite A|E 0] HEZEE2 TH-& 555
w02 2je) ol st i el Aalo] Zolhe E40] olek, 1 el thet et 8 Sol et AeiARt

Table 1, Table 29} 2tk

Table 1. Swelling strain and composition of Montmorillonite of OO mine ore

Classification Swelling strain (%) Montmorillonite (Wt%)
Upper clay-bed of Manto3 79 -
Clay-bed in Manto3a 18.5 26.8
Clay-bed between Manto3 & Manto3a 29.3 94.6

Table 2. Moisture content and slake of Manto in OO mine

Classification Moisture (%o) Slake
Manto3 (roof) 25.246 12.81
Manto3 39.4+3 10.29
Manto3 (floor) 4.5+¢1 95.46
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Fig. 1. Relationship between swelling pressure and liquid limits of OO mine ore
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Fig. 2. Characteristics of the uniaxial strength on porosity of OO mine ore
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RMR = 5.86 Q+46.9 (r*=0.46) (1)
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Fig. 5. Deformation properties of rockmass by GSI & uniaxial strength

%%}/‘\_}94 A AR Agapitor= 71 77 B 2[AeHA @S RARE A A E Esol] of ol ' WAE B8

Jofl of= Ztear tsieint. 2 AR Rl AS ARl FAEo & ofHke] E41 42 otV 27182
Aol717}¢ 0131—?4 ZQ A4 K %S Sheorey(1994) 2] A|H2] BHJ-AHH5H4] -2 R ElA](Elasto-static thermal stress model)=
ol-gsto] Astar FAtA| el thigt 124 £ 2] /dwAlS 5ol 27sisirk

)
&
re
)
olo
i
1::

1

K=0.25+7E,(0.001+ ) 3)

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



130 ° Myoung Hwan Jang, Taewook Ha, and Hee Sun Jeong

B+ 390 oIFEER4E BRMRO] 37, AjRMRO| 25 wo] @[] g AIG-E 48511, /7t A B o =5
E] 75 m~175 m Ato] o) 12 3g4te] ot SUAGHK)E Fig. 67 Zo] 0.52 F7 513t

G 40} ANHoH 282 RS AAY|RE Manto Sl EAJoKe Tk ool AR g0t A}
FBSHL AN 2102 FASH TS A0 AETE 2 A A0l 4832 BEo] o] tlRe] ZUAZ 0.5
= skt

= Manto%0] B2 91217} A520] AR HE 250, An%-2 AL wAlMesa) % el o 483 2] 2t
80| ¢1910m, 25 MantoZ0 L Manto% A1) et Aleto] 2AAEIE A FEO R QRS 417 Ao WAtste] 2

B-552 /gl sl 24T=7] et

_{

1.5
14 —AjRMR=25, Em=2.4GPa

13 —BRMR=37,Em=4.7GPa

//

1.2 Averge, Em=3.6GPa

1.1

/v

g N
2 0.8 \

& \ \
807

3} \ \
<06

w05 ... S R——
Averge(K)=0.5 —— —

75m<Depth<175

0.4

0.3

0.2

0.1

0.0
0 20 40 60 80 100 120 140 160 180 200
Depth (m)

Fig. 6. Earth coefficients (K) to development depth in oo mine

00ARE FAPER Ar) 3WZ AL SheS ASISK Sk Fig. 72 RMRO o3t AR 7Rin} A e 24t 5102
RMR 3707141 6 m Z2] 823 5417 4.5 m ZE 64171, 3.0 m & 10X & B2 H7} 7F5510, RMR 2507141 3 m Z2] 73
S AR RS BAR7} sl oA o] AZk el RS ZeteA] grom At vt 4 glrks 218 ofwlstc

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



Optimized Design of Mine Span Considering the Characteristics of Rockmass in Soft Ground * 131

Immediate | e

g
! & - |
Collapse “;\@ % o .\. \-

4 L]

: T e RN
e, R N— NN
= G B EC O =
[ \ | >
3 NI e
S ‘
£ A ol pwe

l o o WS
% *Y No Support
11 -\ =i 1) quire

1

el -
B 25- —
70 [ | I I R
g T

102 102 104 10° 108
Stand-up Tiime, hrs

Fig. 7. Stand up time according to RMR and mine spans in OO mine

1d 1wk 1mo 1yr 3yr  10yr

P | 70 nﬂ/-ﬁ
Immediate 60 . g }
Collapse & -
P < ol % el -'\ | -
: AT YBR[
e S o e W N
£ 3 i\ s® -
H “ o 3
Q. 4
3 o R O\ L eg=F
g . DN il

l W L5 RR
A .
fo_ e
¥ "2 "No support
N ; Required

; - - T
107! 100 101 102 103 104 10% 108
Stand-up Tiime, hrs

Fig. 8. Rockmass condition for supporting of mine tunnel more than 3 years
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Table 3. Description for Neural network categories

Category SF RMR Span (m) Remark
- Pattern bolt (1.2 mx1.2 m or 0.9 mx0.9 m)
A 1.0< 25~ 2~12
0 560 - Friction bolt (Split set or Swellex)
- +
B 6.76 30~60 1.5-9.1 Category At~
- Spot bolting using resin grouted rebar
C 7.32 26~60 1.8~10.7 - Category B
’ ’ ’ - Resin grout rebar and pattern bolt
D 9.55 15-55 2.1~13.1 - Cable bolt

- Engineering designed support system such as cemented rock fill

Fig. 10-2 Category Aol gt 2178 815 21}S o] 85lo] 2 itoll ] 288 4= Q)= 7Y o] 114-& BARH Ao|th, A% 14
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Fig. 10. Estimation of OO mine's span by neural network in Category A
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Fig. 11. Estimation of OO mine's span by neural network with ESR in Category A
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Table 5. Dimension for design of OO mine tunnel

Classification CASE(1) CASE(2) CASE(3) CASE(4) CASE(5)
Width (m) 3.0 3.0 3.5 4.0 45
Height (m) 3.0 2.5 2.5 2.5 2.5
Hydraulic radius (m) 0.75 0.68 0.73 0.77 0.80
2x|E
SIS 916 ASABE Table 67} Zek, w747 G40] offt 592 Bl obago] Aake B4s)7] gisio] M3sh

3BT BFLS HElo] FALLNA Lol

Table 6. Input data for numerical analysis

Rock type p (kg/m’) E (MPa) v ¢ (MPa) 6 (°) o,,, (MPa)
Tuff & M3 1,750 85 0.35 0.30 133 -0.007

SA B Fig, 129} 2o 22o] ofgt -82l0] ko] gl doklule mafelod 2w A710] suf olho 2 Fsiolrt
B 2790 Fig 137} Zo] ZEE Arkat 912]9) Ak AwHn, Awntet Fok50] 2 mAAHeIA At

JOB TITLE o

FLAC (Version 7.00)

LESEND
2-bug43 11:28

step 9556

BEETEN <x< 8.867E+DT

521TE+01 <y< 1 252E+02

Baundary piot

—~
Average of Tuff & Manto 3
H=100m
Measuring Point of
Principal Stress
2m .
=2.5~3.0m
&
H=30m

Fig. 13. Measuring point of principal stress

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



136 ° Myoung Hwan Jang, Taewook Ha, and Hee Sun Jeong

CASEH ¢Hd& 54

Hoek & Brown(1994)2 A1 et opLfe} A e]oibs A4 Q1
212 AloFsIAt. o] AloflA m2 5

)
Y
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T

/ 2
0, =03+ \/mozo.+ so,

Altstz] 16t (8) 21 (9) A1 2ol BigksHH Fig. 149 22

548 402 Wstokn 3441 A7 (1015} Qo] Qs 901 rig 159 2224
QPHES 470 A 4 ek

ET T

©)

a

017 03 03
m,—+s
o

(10)

et 2+8-38 B(AB)+= FAol A= &5t o}
A4 ZRS- GSIO|| 945}0% AX| I Lf‘uixéi Fro 1‘31 A O] Y7 2} o] mhat) == -5-2 Table 72 2T
AC
= 11
SF=— (1)

Table 7. Hoek-Brown's failure coefficients for calculation of safety factor

Rock type o, (MPa) m, s, a Remark

Tuff & M3 1.95 1.03 0.003 0.51 GSI 47.5 (Tuff 50, M3 45)
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Fig. 15. Safety factor
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Table 82 e, W, ¥FE0] Zh54 2 m ARdolA] F-5-2ol] Ofet QPa-S ARt Ak e SYH-2ollM &2 CASE(2)
21 7397 A% =3ko ™, CASE(2) thH] CASE(3)20.67, CASE(5)=0.38HH 7k2] ZA] 44-5t3ict

Table 8. Safety factors at the roof of OO mine tunnel

FLAC,(a) Hoek-Brown,(b) SF

O3 0,703

St
CASE

(MPa) (MPa) (MPa) %/, (0,~0,)/o, (0, ~a,)/0, (b)/(a) SF/SEmax
CASE(1) 0.99 0.59 0.40 0.30 0.21 0.56 2.70 0.94
CASE(2) 0.98 0.60 0.38 0.31 0.19 0.56 2.88 1.00
CASE(3) 0.98 0.48 0.51 0.24 0.26 0.50 1.92 0.67
CASE4) 0.98 0.37 0.61 0.19 0.31 0.44 1.40 0.49
CASE(5) 0.97 0.28 0.69 0.14 0.35 0.38 1.08 0.38
Table 9. Safety factors at the sidewall of OO mine tunnel
o o, o, —o0. FLAC,(a Hoek-Brown,

CASE (MI;a) (M]ia) (ll\/lPa; 70 (0, — oy g/ 315 (0,—a,)/ Ufb) (b?/l:a) SE/SFmax
CASE(1) 1.46 0.43 1.02 0.22 0.53 0.47 0.902 0.89
CASE(2) 1.70 0.59 1.11 0.30 0.57 0.55 0.970 0.96
CASE(3) 1.69 0.58 1.11 0.30 0.57 0.55 0.970 0.96
CASE4) 1.93 0.73 1.19 0.38 0.61 0.62 1.013 1.00
CASE(5) 1.92 0.73 1.19 0.38 0.61 0.62 1.012 1.00

Table 10. Safety factors at the floor of OO mine tunnel
o 0. o, —o. FLAC, Hoek-Brown,

CASE (Mfl’a) (M;’a) (I]\/IPa; %/, (o, — 53 52/‘?70 (Ejl — o(:\;v/nafb) (b?/l;a) SF/SFiax
CASE(1) 1.04 0.51 0.53 0.26 0.27 0.51 1.903 0.95
CASE(2) 1.02 0.52 0.50 0.26 0.26 0.52 2.013 1.00
CASE(3) 1.00 0.40 0.60 0.21 0.31 0.46 1.484 0.74
CASE4) 0.99 0.31 0.67 0.16 0.34 0.40 1.174 0.58
CASE(5) 0.97 0.23 0.74 0.12 0.38 0.35 0.917 0.46

Table 9= ZAHHolA =320 ozt PAES BAR 02 CASE(4)9] SFdgo] 1.012 7 =7 B7H=9eut
CASE(2)2] ¢FA-8-0.971} tjH]slo] Z44] Hl=0.96 J = 2 ths4o] 51

Table 102 HFHR-EoA] F=g2of| oJgt oPA8-& BA7E 210 2 785 3.0x2.5 m<l 747 7 =90 ™, CASE(2)%} H] s}
o] QPAE-2 7Y 3.5 mof|4] 0.74, 4.5 m= 0.4677}1] 37 A5t o2gh e ﬁ ORIl A 7Y qH]7} A2 S]]
A 323l ot Hhlid/do] 2 A 0 & AlmEtt

oo 2 RE] YLt Ao] mhE 533 0 2 RE] PAES ALY 21 CASE(2)2] 3 m(W)*2.5 m(H) T+4°] 7 23t o
Q1 Aoz FAE| oM, o]i=HRef| oJRt 78 uPT Aol o] o d ke ARl
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Fig. 16. Displacement of OO mine tunnel by reduction ratios of physical properties
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Fig. 17. Convergence of OO mine tunnel by reduction of physical properties
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