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Assessment of RMR with the Monte Carlo Simulation and
Stability Analysis of Rock Slopes

Sung-Oong Choi and So-Keul Chung

Abstract Various kinds of rock mass properties, which can be obtained from laboratory tests as well as field tests,
can be reasonably applied to the design of earth structures. An extrapolation technique can be used for this
application, and it generally guarantee its quality from a sufficient amount of test results because it is based on
the RMR value in most cases. When the confident RMR can not be obtained because of the insufficient testing
results, the Monte Carlo Simulation technique can be introduced for deducing the proper RMR and this assessed
RMR can be reused for the major input parameters. Authors' proposed method can be verified from the comparison
between the results of numerical analysis and the evidences of field site.
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Fig. 1. Reduction of Young’s modulus from laboratory scale to modeling scale(Mohammad et al., 1997)
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Fig. 2. Evidences of slope unstability found in the east slope region
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Table 1. Physical and mechanical properties of rock (obtained from laboratory test)
V(m/sec) O, c E C Sampli
Rock type o ¢ t Y ¢ ampling
(kg/m’) | S.wave | P-wave | (MPa) (MPa) (GPa) (MPa) © location
2,280 1,600 | 2,530 16 0.13 3.9 0.14 D2East
mudstone 2,270 1,660 | 2,590 20 0.16 3.7 0.16 29 423 slope
2,240 1,670 | 2,620 14 0.13 33 0.11 P
2,290 1,690 | 2,880 20 0.06 3.6 0.15
D2West
sandstone 2,240 1,440 | 2,470 12 0.05 1.9 0.17 1.8 46.4 slone
2,140 1,360 | 2,180 13 0.08 1.6 0.21 P
2,350 1,840 | 3,110 26 0.15 5.0 0.14
D2West
sandstone 2,300 1,560 | 2,820 22 0.13 37 0.11 38 439 slope
2,330 1,830 | 3,090 27 0.16 5.1 0.13 P
3,320 | 2,330 | 4,370 129 1.20 28.7 0.17 D2West
boulder 3,230 2,030 | 3,930 85 1.10 209 0.18 19.0 47.0 slope
3,280 2,230 | 4,270 111 1.00 25.0 0.18 P

% o density, V: wave velocity, o compressive strength, o ; tensile strength, £: Young’s modulus, »: Poisson's ration,

C: cohesion, ¢: Internal friction angle.
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(a) Input pattern of laboratory Young's modulus for
sandstone(Average: 2.375GPa, S.D: 1.225GPa)

Fig. 3. Example of Monte Carlo simulation process
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Table 2. Results of point load test (obtained from field test)
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Rock type No. of tests (IISV(J;(;)) (1\/([7?;) Sampling location
Sandstone 10 0.13 2.93 C3West slope
Sandstone 10 0.06 1.54 C4West slope
Mudstone 12 0.77 13.51 D2East slope
Sandstone 12 0.54 9.50 D2West slope
Mudstone 12 0.58 10.99 D2West slope
Sandstone 7 0.45 7.58 E2East slope
Mudstone 12 0.34 7.43 North slope
Sandstone 12 0.17 3.82 North slope
Sandstone 10 0.08 1.67 North slope
% Is(50); Point Load Index, ¢ compressive strength calculated from Is(50).
Table 3. Monte Carlo simulation results of laboratory rock test
n;
Roskwoe | RVR | | aro o | o | omw | tocsion
mudstone 18.839 2,250 1.668 14.419 0.642 0.064 1.553 D2East slope
sandstone 9.105 2,200 1.079 9.552 0.446 0.028 1.024 D2West slope
sandstone 22950 2,300 2.116 16.475 0.790 0.067 1.990 D2West slope
boulder 52.119 3,280 11.424 31.059 3414 0.506 11.543 D2West slope

¥ oo density, E: Young's modulus, ¢: Internal friction angle, C: cohesion, ¢ . tensile strength, ¢ compressive strength.
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Rock type 0 ciab @ om RMR E o Com ¢ m Sampling location
(MPa) (MPa) (GPa) (MPa) )

Sandstone 2.93 0.820 8.253 0.904 0.378 9.127 C3West slope
Sandstone 1.54 0.531 1.010 0.596 0.263 5.505 C4West slope
Mudstone 13.51 3.783 33.727 3.919 1.350 21.863 D2East slope
Sandstone 9.50 2.660 27.858 2.795 1.006 18.929 D2West slope
Mudstone 10.99 3.077 30.286 3.215 1.137 20.143 D2West slope
Sandstone 7.58 2.123 24.096 2.251 0.834 17.048 E2East slope
Mudstone 7.43 2.080 23.761 2.208 0.820 16.880 North slope
Sandstone 3.82 1.069 12.673 1.166 0.471 11.336 North slope
Sandstone 1.67 0.568 2.114 0.635 0.278 6.057 North slope

¥ 0 s compressive strength calculated from Is(50), o0, compressive strength for rock mass, E

Young's modulus

for rock mass, C,,: Cohesion for rock mass, ¢ ,, Internal friction angle for rock mass.

Table 5. Input parameters used in numerical analysis
Properties Density |Bulk modulus, K | Shear modulus, G |Internal friction angle| Cohesion | Tensile strength
Layer (kg/m’) (MPa) (MPa) (degree) (kPa) (kPa)
mudstone 2,250 927 695 14.4 654 65.4
sandstone 2,250 666 439 11.8 549 54.9
coal seam (C3) 1,420 280 60 26.0 19.8 1.98
coal seam (D1) 1,420 252 54 26.0 19.8 1.98
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{b) Tensile crack developed in the east stope

Fig. 4. Numerical resulis on the east siope(29°) and corresponding evidence found at the same place

{a) Numerical results
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(b} Front view of undamaged west siope

Fig. 5. Numerical results on the west slope(33°) and corresponding evidence found at the same place
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{a) Numerical results
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(b} View of stabilized slope

Fig. 6. Numerical results on the east slope(31°) and coresponding evidence found at the same place
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Fig. 7. Numerical results on the west slope(35°) and corresponding evidence found at the same place

vte R AHel ARAU FHYS FAEE Aoz
Ak v glom, ofigh Agte] whel AbAY REE
HHHO R MBI A AFAS] S 31°R AJF
o Bgoltt.
Fig. 73 35°2 ARy 24" A% M) $A804 4
F& G ARE I B
A, S datgoz bdel 39 berm oA
U8 Wshs 244G A o ARl SR
Aol Hapgto] AR uf glow, of o) offh Aok
& Z9 berm FEE APH R A o2H Hyt
A ArEel Hsle =1 4 Uitk

673 =

B GRoiAL @3 A4 9@ Jlg qut o, &
b A L AU ol et A%,
A AW AEYEE ol gaA ApHolT FelHe]

dn:

AN
?3

2

WFEGE EShe WS ARSI

AL 49 NERE 2 qEY 2o EAE
237 fjs ZreR AlEdEeld 7ige] =Y¢Eg
Lo, ojglA A Rbgro] AlRmg H3sr] 4
& iAo} Pasir ARG Atel cigt =3]8)
A FHPYY B RS 58 A o 79
=3t

SHZRER AlEold MR DR Aukgaeo)
HEG i, olFA FeH ANHRE o143t 27
4 Al Ha @k dge] viavter A5g 4
Nom, B Ayt AL Sl Pale) A BAlzk)
et A Balrt dakel AR ARke wiad B
3HA) BARIACHE ol BerER Aggel4 9
A APl ofnle b S A =

Egk olF APAAE BHR AR Akl AR
2o} A= oH, A FBE F oA BY &

T2 B8 AT 27E Abdel A Bt A #

[¢]



106

A R es fAIEL Aol BUEeRN 2
Aol A Altet EelFFeR AlEdoldol o7t ANt
B A 719 Ad=del BRlE g

oAl AFTE HiQ} Fo), & S AU A-E
7h S8 SR £3 Aol AuzE] ¢
B4 e ] el =Rl T g3l
FA7HE AR AAdolt:. AEsial IRt ¢
23N HeiAE HiR B2 Fel Al 2 =AM
7} wpo] Eojof gtk It £ A-Ael gt &
7} dsolut Bl e T 1 AF=
7t B SR, B3 Al AR R E g
Q ARFE AT 5 Aok Holld 2AH]9 4
Z 9 2APIREe] #7139 iAde] ZdiEth

Al Al

2 ATE Y € 9 Akl A= @z &
Al PT. Kideco Jaya Agung®] Pasir Mine Site®]
o olAleh uhARE Y, 1213 Jakarta HARe] 0
A AAg g =Rtk

#uEd

1. Barton, N., 1980, Discussion, Int. J. Rock Mech. Min.
Sci. & Geomech. Abstr., 17, 75-78.

2. Bieniawski, Z. T., 1978, Determination of rock mass
deformability: Experience from case histories, Int. J.
Rock Mech. Min. Sci. & Geomech. Abstr., 15, 237-247.

3. Chileshe, P. R. K., 1992, An evaluation of stress
development around mining excavation in the Zambian
copperbelt, Ph.D Thesis, Univ. of Wales.

4. Chryssanthakis, P. and Barton, N., 1998, Application of
Norwegian Method of Tunnelling (NMT) in weak rocks
in Western Greece, Int. J. Rock Mech. Min. Sci. &
Geomech. Abstr., 35:4-5, Paper No. 129.

5. Follington, 1. L. 1988, Geotechnical influences upon longwall
mining, Ph.D Thesis, Univ. of Wales.

o0

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Monte Carlo Simulation 7]%-& ©]-83F RMRQ] g4t @ o 3t eutAbe] A4 #4

Hoek, E. and Brown, E. T., 1980, Underground excavation
in rock.

Hoek, E. and Brown, E. T., 1988, The Hock-Brown
failure criterion - a 1988 update, Proc. of 15th Canadian
Rock Mech. Symp., Rock Engineering for Underground
Excavations, 1082, 31-38.

. Hoek, E., 1994, Strength of rock and rock masses, ISRM

News Journal, 2(2), 4-16.

Hoek, E., Kaiser, P. K. and Bawden, W. F., 1995, Support
of underground excavations in hard rock, Balkema, 215p.
Hoek, E. and Brown, E. T., 1997, Practical estimates of
rock mass strength, Int. J. Rock Mech. Min. Sci. &
Geomech. Abstr., 34.8, 1165-1186.

Itasca Consulting Group, INC., 2000, FLAC2D-Theory
and Background, Version 4.0, Minneapolos:ICG.
Lloyd, P. W., 1995, An investigation of the influence of
mining method upon rock mass behavior in stratified
deposits, Ph.D Thesis, Univ. of Wales.

Mitri, H. S., R. Edrissi and J. Henning, 1994, Finite
element modelling of cable-bolted stopes in hard rock
underground mines, SME Annual Meeting, Paper number
94-116.

Mohammad, N., D. J. Reddish and L. R. Stace, 1997,
The Relation between In Situ and Laboratory Rock
Properties used in Numerical Modelling (Technical
Note), Int. J. Rock Mech. Min. Sci. & Geomech. Abstr.,
34.2, 289-297.

Nicholson, G. A. and Z. T. Bieniawski, 1990, A nonlinear
deformation modulus based on rock mass classification,
Int. J. Min. & Geological Engng., 8, 181-202.
Serafim, L. J. and Pereira, P. J., 1983, Consideration on
the geomechanical classification of Bieniawski, Proc. of
the Int. Symp. on Engineering Geology and Underground
Construction, Vol. 2, 33-42.

Trueman, R., 1988, An evaluation of strata support
techniques in dual life gateroads, Ph.D Thesis, Univ. of
Wales.

Woller, J., 1996, The basics of Monte Carlo Simulations,
University of Nebraska -Lincoln, Physical Chemistry
Lab, www.chem.unl.eduw/zeng/joy/mclab/mcintro.html.
KIGAM report, 1996, Geotechnical Study for Pit Design
of the Pasir Mine, 365p.



ShEE R rds 107

548 P
19873 X gofista Fahclsh AU Fatat 19759 Mgtistn Faohst
Fohat Adgstat gt
19897 Aol 8t oo} x-g3etat 19824 Ecole des mines de Nancy(in
ZEAAL France) DEA
199413 Aol 8t T ool 8t AY-2at} 1984 Orleans t8kin France)
Fahaat Fpalap
Tel: 042-868-3243 Tel: 042-868-3231
E-mail: choiso@kigam.re.kr E-mail: skchung@kigam.re.kr
A =R EAAAATY A FFAFALATY
ARG Add+4 AR AR YA




