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Underground Mine Design and Stability Analysis at a Limestone Mine
Chung-Mo Koo, Seok-Won Jeon, In-Woo Lee

Abstract Recently, the mining methods are changing from surface mining to underground mining because of the
increment of the environmental issues and legal regulations. Therefore, the stability of underground openings is
a major concemn for the safety and productivity of mining operations. In this paper, a survey of structural geology
and discontinuities were carried out at a limestone mine. The relevant mechanical properties of rocks were determined
by the laboratory tests and rock mass classifications (RMR and Q-system) for the mine design and input data for
the stability analysis. The dimensions of unsupported span for underground openings and pillar were decided based
on the RMR values of rock mass classifications. The stability analysis for the suggested mine design was examined
through the empirical methods (stability graph method and critical span curve) and 3-D numerical analysis (Visual
-FEA).
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Table 1. Geological system of the studied area(£<ZAF &
&2k 2006)
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Table 2. Mechanical properties of Korea Cement limestone
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Sample No. KR-1 KR-2 KR-3 KR-4

Density (g/em’) 2.74 2.71 273 273
Absorption ratio (%) 0.19 0.17 0.08 0.07

Wave velocity (m/sec) P 5,750 5,620 6,120 6,110

8 2,850 2,730 3,110 3,130

Uniaxial compressive strength (MPa) 69 66 90 109
Tensile strength (MPa) 4.5 4.3 5.1 55
Young’s modulus (GPa) 49 37 53 35
Poisson’s ratio 0.19 0.28 0.27 0.25

Cohesion (MPa) 9.1 8.6 10.8 12.3

Internal friction angle (%) 473 48.8 51.3 52.4

{a) Kundong limestone mine

(b) Nami! limestone mine
Fig. 2. General view of Korea Cement limestone mine.

Table 3. Results of rock mass classification in Korea Cement himestone mine.

Site A B C D E F G H Average
RMR 67.0 55.5 62.5 66.8 58.6 594 58.5 64.5 61.6
Q 13.3 8.8 10.0 12.0 43 3.0 10.8 9.0 8.9
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Fig. 4. Extended Mathews stability graph (After Mawdesely
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Table 4. Input data of rock mass

7hedt 35 A 52 17.6 mel 2102 yEhTo

AL o] islsie 2714 ARE B she
Ae 35 A £2 257 me AL yehgtt o
2 2 ko] SRR et Age) A9 Hie
AR glo] MRt FHIE AT & lon, SUAE
Holl ofsf #4% 559 A P AEE 8] &

O 99 A= 43

AL S AL SH AP ALEE
R el B4, folssei A 4% A
Fomue 2AN A WA B4 wRAO
2 APgsh Zlo] the FRstch AT Qe
o gejop 22 Fol BesUS BB Qo] B9
ABA AR WA PNBRE T 4 G
whio] o) Res}s) Sistol UUEHS APPSH= 2

% Ag2le] ARtk

B Aol ol ofe] APAE ol ote]
A AGNE, )= Serafim & Pereira(1983)7} Akt Al
BHE, FHHGCHT W ¢m) Trueman(1988)°]
Ak A5)2k 2(6)s, WH=(a)+= Hoek & Brown
(1980)0] Aetgt A(7)E o]-gste] AAksgiom, it
o] Yot soppuli= AW PAEGAEAA 3 2t
& IR LS

RAMR-10

E,=10 *  (GPa) ey
Con= 0.25exp(0.05RMR) (MPa) (5)
¢m=0.5RMR+ 5 (degree) (6)

@:%@[M*\/mz+48] @)

oleke] A5 o] &ste] e YA S Tt
PAEAE Y AR A S Fote] 24 7
7Fe] o A A2|ohd Table 49} )

Eg 27182 HER S| Eoiglr] el
73S deE(1991)0] = 27169 &

RMR Densi Young’s Poisson’s Cohesion Tensile Internal friction
ensity modulus(E) ratio(v) ©) strength( o) angle(¢)
62.5 2.73 ym® 20.54 GPa 5.69 MPa 2.35 MPa 36.25°




248 ABlegate] A 9 et

d ARE FI AL AB)YE o183t AXEIT
0,(MPa) = 1.36 + 0.0233 2 ®)

£ A A9 A%(2) 100 m $2oH Hto]
o|FolA7] o] AAZHL 3.69 MPa XA
W, SR Sl 429 27199 AR 5 4
QA ASAR 5 AE 100 m 220] 2
ol W@l 138 AESATHAAS, 1997).

@ A=A

A 2 FrolA USRS AZSk e 7 W
o= Fig. 64 K= vjeh go] FA 7] ufgge]
HABRAL QoL FA oF 4ut Eo] FE2d7)7} vl
of Sich 28)7] WP $Fo2e B4 AR
ofl 4L gt oi A7 LSkl Aelgh w49
W S 271 ol AduiEAe] A1E A
HH o2 ARSI, AAWFEES Adele 19EY
H4o] migEle] Y Aom sHgatqltt. ueby 28
7} i AAuE A SR Aol E Akl &
48 AoR guEo] of X9 3}5e 2|5t Y@
oiet e BRI

Q@ oA & nd7
& Aolxde AR AgdAt AR AFEAE B

A7) 519l & 71 SRAR Lol S
sapslglon, SXHM S I8 mEe Fig. 73 Lok

® A4z
A7 BYYE AT F, AL B A=
) W2 W9l U gele] Wake uw R

o HPHE

HPHEAY 27] A% 27 d@AlolAl: 2 mm 1ele)
HAEE EAE Holrhrt FEAEH| A% A=
22§ 343 99 M Hole AdE 2o, &
o TAEE 13 mm W7} B AL GSHAT
(Fig. 8). RN o]= FEbf=Hol e TAdh= &
%2 F7](20 mx30 mx100 m)o}] B3| Wl Fouz
Helol Uig e gud Aom waEch

* $HHE

SHHEA g Ae WEEF Bl
oF 8~10 MPa2| 5o WSk AL 4%
Helon, 53] A2 BAzZl 0] RFHe
A& & 4 don, dAiRos 3 olxdEHY] §E
Hot g 383 E SRk AoE yEikth HaT
=8 A5 AXHLE 3 MPa oot 2354
FE FY TYFIA oF 0.5 MPa F=9 A-Ho]
Wshe Qo2 E4EIcKFig. 9).

SHETUE

RN ”J{
e N =
=SS (s

Fig. 6. Plan view of numerical analysis domain



ey AehE3t 249

(b) Wasté rock disposal site

(e) Excavate 4th level (49 stages) (f) Complete sub-level stoping (71 stages)

Fig. 7. Finite element model for the numerical analysis.
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(c) Displacement in the Z-direction
Fig. 8. Distribution of displacement in the X-, Y-, and Z-direction

(a) Displacement in the X-direction (b) Displacement in the Y-direction
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Fig, 9. Distribution of the max. and min. principal stress.
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