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RQD Description RQD(%)
A Very Poor 0-25
B Poor 25-50
C Fair 50-75
D Good 75-90
E Excellent 90-100
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Joint Set Number Description J,
A Massive, no or few joint 5-1
B One joint set 2
C One joint set pluse random joints 3
D Two joint sets 4
E Two joint sets plus random joints 6
F Three jiont sets 9
G Three jiont sets pluse random jionts 12
H Four or more joint sets, random, heavily jointed 15
J Crushed rock, earthlike 20

[Y¥]6),0 ) A-Y) Jgux

Joint Roughness Number Description | J,
a) Rock Wall Contact, b) Contact after shearing

A Discontinuous joints 4
B Rough orirregular, undulating

C Smooth, undulating 2
D Slickensided, undulating 1.5
E Rough orirregular,planar 1.5
F Smooth, planar 1
G Slickensided, planar 0.05

c) No rock-wall contact when sheared

Zone containing clay minerals thick

H
enough to prevent rock-wall contact.

sandy, gravely or crushed zone thick
enough to prevent rokh-wall contact.

—
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Joint Alteration Number Description Ja

a) Rock-well contact (no clay filling, only coatings)

A Tightly healed, hard non-softening, impermeable 0.75

filling, i.e. quartz or epidote.

B Unaltered joint walls, surface staining only. 1

Slightly altered joint walls. Non-softening mineral
C coating, sandy particles, clay-free disintegrated 2
rock, etc.

Silty- or sandy- clay coating, small clay
disintegrated rock, etc.

softening or low friction clay mineral coating, i. e.
kaolinite or mica. Also chlorite, talc, gypsum,
graphite, etc., and small quantities of swelling
clays.

b) Rock-wall contact after some shearing(thin clay fillings,
probable thickness~1-5mm)

F Sandy particles, clay-free disintegrated rock, etc. 4

Strongly over-consolidated non-softening clay
mineral fillings.

Medium or low over-consolidation. Softening, clay
mineral fillings.

Swelling-clay filling, i.e. montmroillonite. Value
J of Ja depends on per cent of swelling clay-size
particles, and access to water. 8-12

c) No rock-wall contact when sheared( thick clay/crushed

rock fillings)
Zones or bands of disintegrated or crushed rock

M and clay(see G, H, J for description of clay 6,8, or 8-12
condition).

N Zones or band of silty-or sandy-clay, small clay s

fraction(non-softening).

Thick, continuous zones or bands of clay( see G, H,
OPR — - 10,13,0r 13-20
J for description of clay condition).
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J wise Desert Environment Wet Environment Tropical Stonns Ice Wedging
stable structure, competent rock 1 0.7 0.5 0.9
stable structure, incompetent rock 0.7 0.6 0.3 0.5
unstable structure, competent rock 0.8 0.5 1 0.3
unstable structure, incompetent rock 0.5 0.3 0.05 0.2
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Coyged g3 Cuysl
2800Kg/m? 2500kg/m? 2700kg/m? Mass Density
9.99%x1083 7.61x103 7.61x10% Bulk modulus(pa)
5.99x108 4.56x10% 4.56x10° mo;zfuasr(pa)
1499.07x10° 1141.6x106 1141.6x10° Elastic
modulus(pa)
0.25 0.25 0.25 Possion ratio
360000 303000 303000 Cohesion(pa)
1000 1000 1000 Tension(pa)
40.99 38.9 38.9 Friction angle
0 0 0 Diation angle
38 35.5 36.5 Jfriction angle
300000 237500 112500 Jcohesion(pa)
0 0 0 Jtension(pa)
0 0 0 Jdilation angle
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User-defined Groups:
WUserANS
[EUser:QDI
[UserTUF
@EUser:Dumped

(AN

Step 11199

Factor of Safety 0.95
Boundary plot

Velocity vectors
maxvector= 1.282E-04
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Step 11198
Marx. shear strain increment
0.0000E+00

xtiap. by averaging

Step 22308
Plasticity Indicator

st vield in shearorvol
X elastic, atyield in past
o atyield in tension
“slip along ubig. joints
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User-defined Groups:
EROCK:ANS

EROCK:TUF

Step 33878
Factor of Safety 1.40
Boundary plot

Velocity vectors

max vector= 1.489E-03

5000E-01
1.7500E-01
2.0000E-01

ontour interval= 2.5000E-0)
Extrap. by averaging
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Step 33878

Plasticity Indicator

* atyield in shear orvol

X elastic, atyield in past

o atyield in tension

Aslip along ubiq. joints
1hig: joints fail in past

Step 33878

Y-displacement contours
-3.7500E+01
-3.5000E+01
-3:2500E+01
-3.0000E+01

-2.7500E+01

Step 33878
Y-displacement contours
-3.7500E+01
-3.5000E+01
-3.2500E+01
-3.0000E+01
-2.7500E+01
-2.5000E+01
-2.2500E+01
-2.0000E+01
-1.7500E+01
-1.5000E+01
-1.2500E+01

0.0000E+00
ontour interval= 2.5000E+00
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User-defined Groups:
EROCK:ANS
EROCK:QDI

[EROCK:TUF
@Soil:Dumped

Step 35481

Factor of Safety 1.36
Boundary plot

Velocity vectors

max vector= 4.232E-03

Extrap. by averaging
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Step 31353

Plasticity Indicator

" atyield in shear or vol
X elastic, atyield in past
o atyield in tension
Aslip along ubig. joints
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Step 45852

Factor of Safety 1.25
Boundary plot

Velocity vectors
maxvector=  2.872E-03

Step 46852 N
Max. shear strain increment
0.0000E+00

2,0000E+00
ontour interval= 2.0000E-0
Extrap. by averaging

Step 31776
Plasticity Indicator
at yield in sh 1

X elastic, atyield in past
o atyield in tension
Aslip along ubiq. joints
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User-defined Groups:
WROCK:ANS
[EROCK:QDI
EROCK:TUF

(&

Step 34008
Factor of Safety 1.45
Boundary plot

Velocity vectors

max vector=  1.251E-03
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Contour intervale 50000€0
xtrap. by averaging

Step 34008

Plasticity Indicator

* atyleld in shear orvol
X elastic, atyield in past
o atyield in tension
Aslip along ubig. joints
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User-defined Groups:
WROCK:ANS
[@EROCK:QDI
EROCK:TUF

Step 28281
Factor of Safety 1.54
Boundary plot

Velocity vectors

max vector= 7.930E-04

Step 28261 A
Max. shear strain increment
0.0000E+00
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Step 37813
Plasticity Indicator

* atyield in shear or vol
X elastic, atyield in past
o atyield in tension
Aslip along ubiq. joints
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User-defined Groups:
EROCK:ANS
EROCK:QDI
EROCK:TUF
ESoil:Dumped
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Abstract

Slopes stability analysis is one of the most important issues in mining activities. Any incorrect
analysis can lead to irreparable damage. Types of slope stability analysis methods include
numerical, limit equilibrium and experimental methods. In this project, limit equilibrium and
numerical methods have been used to analyze the slope stability. The limit equilibrium method has
been highly regarded by researchers due to its ease of use, long history and long experience of
using them. Numerical methods also require more complex formulations, superpowers and more
time to analyze, thus being able to provide more realistic slope behavior. SLIDE software was
applied in limiting equilibrium method and two dimensions FLAC software was applied in
numerical method. In this thesis, the slope stability of Midook copper mine walls has been studied.
Since the presence of groundwater is one of the most important factors affecting the stability of
open pit mines, the effect of different levels of groundwater on the safety factor was investigated
to obtain a good view of this parameter. Seven cross sections perpendicular to the wall surface
were selected for analysis in a way to represent all mine walls. The mining environment was
considered as an equivalent continuous environment and the accepted stability criterion for the
analysis of slope walls, equal to a safety factor of 1.3. The results showed that in the limit balance
method, sections 1, 4, 6 and 7 had a safety factor of less than 1.3, and finally, by stabilizing these
sections, the optimal slope for sections was proposed. In the numerical method, sections 1, 4 and
7 were unstable. Moreover, in 5 different groundwater levels, level 100, 75, 50, 25 and 0 in relation
to the mine floor, the amount of safety coefficient was determined for the sections, and the result
indicated that by reducing the height of groundwater in relation to the mine floor, the amount of

safety coefficient increases.

Keywords: slope stability, limiting equilibrium analysis, numerical analysis, optimal slope,

groundwat
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