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Stability Analysis of Mine Roadway Using Laboratory Tests and
In-situ Rock Mass Classification

Jong Woo Kim*, Min Sik Kim, Dong Kil Lee, Chan Park, Young Do Jo, Sam Gyu Park

Abstract In this study, the stability analyses for metal mine roadways at a great depth were performed. In-situ stress
measurements using hydrofracturing, numerous laboratory tests for rock cores and GSI & RMR classifications were
conducted in order to find the physical properties of both intact rock and in-situ rock mass distributed in the studied
metal mine. Through the scenario analysis and probabilistic assessment on the results of rock mass classification,
the in-situ ground conditions of mine roadways were divided into the best, the average and the worst cases,
respectively. The roadway stabilities corresponding to the respective conditions were assessed by way of the
elasto-plastic analysis. In addition, the appropriate roadway shapes and the support patterns were examined through
the numerical analyses considering the blast damaged zone around roadway. It was finally shown to be necessary
to reduce the radius of roadway roof curvature and/or to install the crown reinforcement in order to enhance the

stability of studied mine roadways.
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2008)
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Table 1. Average value of physical properties
UTllt Porosity Absor[?tl P—waye S—waye ucs Young’s Poisson’s Tensile | Friction Cohesion
Rock type | weight %) on ratio | velocity | velocity (MPa) modulus ratio strength | angle (MPa)
(KN/m”) ° (%) (m/s) (m/s) (GPa) (MPa) (°)
Dolostone | 26.19 0.66 0.25 4961 2833 95 38 0.24 6 50 13
Felstone 24.89 1.45 0.57 4660 2827 244 60 0.22 13 59 29
Granite 24.98 1.04 0.41 4641 2874 170 52 0.20 8 58 25
Magnetite | 39.80 0.15 0.04 5649 3060 157 79 0.23 10 56 14
Average 28.96 0.83 0.32 4978 2898 166 57 0.22 9 56 20
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GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)
From the lithology, structure and surface
conditions of the discontinuities, estimate
the average value of GSI. Do not try to
be too precise. Quoting a range from 33
to 37 is more realistic than stating that
GSI = 35. Note that the table does not
apply to structurally controlled failures.
Where weak planar structural planes are
present in an unfavourable orientation
with respect to the excavation face, these
will dominate the rock mass behaviour.
The shear strength of surfaces in rocks
that are prone to deterioration as a result
of changes in moisture content will be
reduced is water is present. When
working with rocks in the fair to very poor
categories, a shift to the right may be
made for wet conditions. Water pressure
is dealt with by effective stress analysis.

igh, slightly weathered, iron stained surfaces

Slickensided, highly weathered surfaces with compact

coatings or fillings or angular fragments
Slickensided, highly weathered surfaces with soft clay

Very rough, fresh unweathered surfaces
coatings or fillings

SURFACE CONDITIONS

GOOD
@ Rou
POOR
VERY POOR

FAIR
m Smooth, moderately weathered and altered surfaces

|

2 VERY GOOD

o

STRUCTURE REASING SURFACE QUALITY

INTACT OR MASSIVE - intact
rock specimens or massive in
situ rock with few widely spaced
discontinuities

©
S
3
>

N/A

BLOCKY - well interlocked un-
disturbed rock mass consisting
of cubical blocks formed by three
intersecting discontinuity sets

!

VERY BLOCKY- interlocked,
partially disturbed mass with
multi-faceted angular blocks
formed by 4 or more joint sets.

e

BLOCKY/DISTURBED/SEAMY
/| - folded with angular blocks
formed by many intersecting
discontinuity sets. Persistence
of bedding planes or schistosity

DISINTEGRATED - poorly inter-
locked, heavily broken rock mass
with mixture of angular and

f] rounded rock pieces

<= DECREASING INTERLOCKING OF ROCK PIECES
IS
3
N

LAMINATED/SHEARED - Lack 10
/) of blockiness due to close spacing N/A N/A
@ of weak schistosity or shear planes

Fig. 3. Distribution of GSI values where A~E and F~H
were obtained from 255ML and 180ML, respectively
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Table 2. RMR values obtained from eight different sites

ol g8l AT o] obAA A

Strength . -, . Adjustment
. Spacing of Condition of Basic : .. Total
ftem Site . of RQD discontinuities | discontinuities Groundwater RMR for dVlSCOH.t inuity RMR
intact rock orientations
A 12 15 15 24 7 73 -7 66
Preceding B 12 12 15 19 10 68 -10 58
study C 12 12 10 17 10 61 0 61
@255ML) | p 12 12 15 16 10 65 -12 53
E 12 12 15 19 10 68 -12 56
F 12 13 15 21 10 71 -5 66
This study
(180ML) G 12 13 15 17 7 64 0 64
H 12 13 10 18 4 57 0 57
34 ALl2IR BN U HEEH @i} et S0 01212] by ieol Al
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Table 3. Distribution of GSI and RMR values
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. GSI RMR
Item Site
Range mean Basic RMR Total RMR
A 25~65 45 73 66
B 50~80 65 68 58
C 40~85 63 61 61
Preceding study
D 30~85 58 65 53
E 40~85 63 68 56
Partial average 59(62)* 67(66)* 59(57)*
F 54~80 67 71 66
. 42~80 61 64 64
This study
H 37~170 54 57 57
Partial average 61 64 62
Average 60(62)* 66(65)* 60(59)*

* () values denote the average value except site A
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Table 4. Estimation of RMR values for the studied mine

Classification parameters Lowest values Highest values Weighted average
1. Strength of intact rock 12 12 12.0
2. RQD 12 15 12.8
3. Spacing of discontinuities 10 15 13.8
4. Condition of discontinuities 16 24 18.9
5. Groundwater 4 10 8.5
Partial sum (Basic RMR) 54 76 66
6. Adjustment for discontinuity orientations -12 0 -5.8
Total sum (Total RMR) 42 76 60
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Table 5. Rock mass properties for numerical analysis

Disturbance GSI value Young’s modulus Friction angle Cohesion Tensile strength

factor (GPa) ©) (MPa) (MPa)
GSI=70 42 51 8 1

D=0 GSI=60 30 49 6 0.4
GSI=50 18 46 5 0.2
GSI=70 17 46 6 0.5

D=0.8 GSI=60 10 41 5 0.2
GSI=50 5 36 4 0.07

‘.Young’s modulus (GPa) EFriction angle (°) CJCohesion (MPa) W Tensile strength (MPa) ‘

51 29

42 41
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Fig. 6. Distribution of input values for numerical analysis
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