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 The influence of variable groundwater has been overlooked in the available 

literature. Yet, wedge failure induced by variable groundwater is still 

commonly experienced in sedimentary rock formation in many commercial 

dams, highways, and surface mine slopes around the world. In this article, a 

robust analytical model for stability analysis of the rock slopes subjected to 

wedge slope failure induced by variable groundwater is presented. This 

involves modifying the existing analytical model for estimating the safety 

factor of the rock slope subjected to wedge failure by incorporating the effects 

of variable groundwater. The proposed analytical model is validated using a 

numerical simulation model using the Fast Lagrangian Analysis of Continua 

in 3 Dimensions (FLAC3D) software. Furthermore, a real wedge slope 

instability at the Chingola Open-Pit Mine (COP F&D) induced by the presence 

of variable groundwater case history is studied in order to illustrate the 

effectiveness of the presented analytical model. The investigation results 

indicate that the presence of variable groundwater has a direct impact on the 

computed factor of safety of the rock slope subjected to wedge failure. The 

results obtained entail that the presented analytical model can provide a robust 

analytical model for the stability analyses of the rock slope subjected to wedge 

failure considering the presence of variable groundwater. 
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1. Introduction 

One of the tasks performed by the mining and 

geotechnical engineers is to assess and maintain 

the stability of the natural or man-made slopes. 

Natural slopes usually remain stable when they 

are not disturbed by any dynamic forces 

(seismic, earthquakes, and blasting), surcharge 

loading, uplift forces due to groundwater, and 

rapid change in weather conditions. Slope 

failure is a critical hazard in open-pit mines, as 

it can be of any scale (small or large) and 

directly affects the people, equipment, and 

production processes. Therefore, analysis and 

calculation of slope stability are important for 

preventing the disasters that occur due to such 

instabilities [4-6]  

Wedge failure is a type of slope failure that 

occurs due to sliding along a combination of 

discontinuities [3]. The wedge failure of rock 

slope is probably the most common type of 

failure in rock sliding [11]. 

It has been realized that wedge slope failure 

induced by the presence of groundwater is still 

common in the surface mining operations 

around the world. Wedge failure induced by 

groundwater becomes a nuisance to mine 

operations and worst a hazard. Groundwater is 

the common reason of slope instability. Thus it 

http://www.jme.shahroodut.ac.ir/
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has received increasing attentions and has 

become a hot topic in the recent years. The 

failure of the slope under groundwater is a 

crucial issue for the slope stability subjected to 

wedge failure. Besides, very few scholars have 

conducted research works on wedge failure 

induced by groundwater using an analytical 

method on case studies. Yet, wedge failure 

induced by groundwater is still commonly 

experienced in sedimentary rock formation in 

many commercial dams, highways, and surface 

mine slopes around the world [1; 20]. In this 

paper, a case history of wedge slope instability 

at Chingola Open Pit Mine (COP F&D) 

induced by the presence of variable 

groundwater was studied. The presence of 

groundwater exerted negative influences on 

mining economics at COP F&D by creating 

risks for operational continuity and miners’ 

safety, as well as having adverse environmental 

impacts. The percolation of water along 

fractures, joints, pores, faults, and cavities has 

resulted into physical and chemical actions on 

the pit walls of the mine. The principal stresses 

and the acting water pressure determine the 

stress state at a point in the rock mass. A 

discontinuity's shear strength is proportional to 

the applied normal stress. A drop in normal 

stress reduces the failure surface's shear 

strength. Additionally, the existing 

groundwater pressures might act as additional 

driving factors on failure surfaces. Hence, the 

need to research, study, and analyse the 

influence of uplift forces on the slope subjected 

to wedge failure at COP F&D. The research 

work conducted in this paper places emphasis 

on the wedge failure analysis of the mine slope 

subjected to uplift forces using an improved 

analytical model based on the limit equilibrium 

methods. 

COP F&D is located along Chingola-

Chililabombwe road on the Copperbelt 

Province in Zambia. It is approximately 71.9 

km from Kitwe and 430 km from Lusaka. The 

location of COP F&D is shown on a map in 

Figure 1. 

 
Figure 1. Location of COP F&D. 

The rest of this paper is organized as wat 

follows. Literature reviews on wedge failure 

induced by groundwater and data collections 

for COP F&D are presented as a case study. 

Then the analytical model formulations for the 

wedge failure induced by the presence of 

groundwater based on the limit equilibrium are 

derived, and the parametric analysis 

considering variations of groundwater 

quantities is conducted. Thereafter, the results 

obtained are discussed in details. The 

conclusions and recommendations are arrived 

at based on the results. This research work 

provides additional literature on wedge failure 

induced by groundwater using an improved 

analytical method on case studies, and cushions 

the limited literature on this kind of failure 

mechanism. 

Literature Review  

Rock slope failure by wedge failure 

mechanism has been recognized worldwide by 

various researchers (John [17]; Hoek et al. [15]; 
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Hockings [21], Cruden and Varnes [7], Wyllie 

and Mah [26]; Shukla et al.  [23]). 

Various factors that trigger wedge slope 

failure includes the physical and chemical 

properties of the rockmass, geometry of the 

slope, stress state, temperature, erosion, 

rainfall, seismicity as documented in the 

existing literatures by a number of researchers 

(Sharma et al.  [22]; Yang and Zou [27]; Dahal 

et al. [8], Shukla et al.  [23]; Hossain [12]; 

Kulatilake et al.[18] ; Ermias et al.  [10], Hamza 

and Raghuvanshi [13]). 

Groundwater exists almost everywhere 

beneath the surface of the earth. It is the water 

that fills the voids that exist in a rock mass. The 

water table is the surface that separates the 

saturated zone below, wherein all pore spaces 

are filled with water from the unsaturated zone 

above. Changes in the water table level occur 

due to changes in rainfall. During the wet 

seasons, the level of the water table tends to rise 

as more water infiltrates into the system, and 

falls during dry seasons as less water infiltrates 

into the system[15]. In mining the regions, 

groundwater is found in aquifers of various 

types including unconfined, semi-confined, and 

confined aquifers. The groundwater is kept 

either in the pore spaces of the rock or in the 

rock itself. It is intercepted when open mines 

are excavating minerals. A particular rock mass 

becomes weak when groundwater flows 

through fractures or discontinuities present in 

that bedrock, hence causing slope instability 

[3]. 

According to Fetter [11], groundwater is a 

critical factor that influences the stability of 

rock slope. Persistence dominates the extent of 

pre-existing potential failure surfaces. The 

force identified by Fetter [11]and Brehaut [4] is 

that of molecular attraction, which causes the 

water to adhere or bond to solid surfaces 

creating surface tension in the water when 

exposed to air. These are the fundamental 

contributing factors to wedge failure of the rock 

slope. The rock instabilities occur when a 

number of factors come together, and for one 

reason or another, the state of precarious 

stability prevailing until then passes an unstable 

situation resulting in rocks characterized by 

displacement [9; 14; 19] .  

Furthermore, the existing groundwater 

pressures can act as additional driving forces on 

failure surfaces for certain failure modes. 

Secondary effects of having water present is 

that some minerals react unfavorably with 

water, thus reducing the material strength of a 

filled discontinuity for certain rock types. 

Erosion brought about by flowing water could 

also result in reduced strength [2; 16; 19; 24; 

25]  

2. Case history and material 

A typical rock slope subjected to wedge 

failure that occurred due to the presence of 

ground water at the Chingola open-pit mine 

(COP.F) is shown in Figure 2.  

The collected parameters from the mine site 

of the wedge block slope are summarized in 

Table 1. 

 
Figure 2. Wedge failure induced by presence of ground water at (COP F&D). 
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Table 1. Parameters of the wedge block and slope. 

Description Parameter 

Bench height 15 m 

Angle of slope 65º 

Slope dip direction 60º 

Dip and dip direction of joint plane 𝐽1(𝜃1) 40º/130º 

Dip and dip direction of joint plane 𝐽2(𝜃2) 59º/211º 

Failure surface angle 57º 

Friction angle 30º 

Volume 7743.975 𝑚3 

Rock unit weight 2500 kN/𝑚3 

Weight 19359.375 kN 

Area of (joint 1) 150.339 m2 

Area of (joint 2) 126.158 m2 𝑚2 

Area (slope face) 186.318 m2 

Area (upper face) 53.450 m2 

Normal force on (joint 1) 21.259 MPa 

Normal stress on (joint 1) 0.141 MPa 

Normal force on (joint 2) 17.957 MPa 

Normal stress on (joint 2) 0.142 MPa 

Cohesion 226 kPa 

 

3. Analytical formulation 

From the presented data in Table 1, it is 

assumed that the particular wedge selected is 

not subjected to surcharge load and any seismic 

activities such as earthquakes and blasting. The 

wedge failure only occurred due to the presence 

of variable groundwater forces (U), the slope 

geometry, and the weight of the wedge block 

(W). Conceptual three dimension (3D) 

geometrical view of the wedge failure induced 

by the presence of groundwater at (COP F&D) 

is shown in Figure 3. Figure 3(a) is a 3D view 

of wedge showing the intersection lines and 

planes, while Figure 3(b) is a vertical plane 

view, and Figure 3(c) shows the transverse 

section to i direction. 
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Figure 3. 3D geometrical view of the particular wedge blocks being analyzed. 

Factor of safety (FOS) is expressed as: 

FOS =
Fresist

Fdrive

 (1) 

where: 

Fresist is the global forces present to resist 

slope failure 

Fdrive is the global forces present to induce 

slope failure 

Fresist = 𝜏. 𝐴 (2) 

where 𝜏 = shear strengths  

A = Base area of the sliding block 

𝜏 = 𝑐𝐴 + (𝑁1 + 𝑁2)𝑡𝑎𝑛∅ (3) 

where 𝐶 = 𝑐𝑜ℎ𝑒𝑠𝑖𝑜𝑛 

𝑁1 = Normal forces applied on joint plane 

(j1) 

𝑁2 = Normal force applied on joint plane 

(j2) 

 𝑁1 =
𝑤𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃2

𝑠𝑖𝑛(𝜃1 + 𝜃2)
 (4) 

𝑁2 =
𝑤𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃1

𝑠𝑖𝑛(𝜃1 + 𝜃2)
 (5) 

where w = weight of block. 

By replacing Equation 3 into Equation 2, we 

obtain: 

Fresist = (𝑐 + (𝑁1 − 𝑈1)𝑡𝑎𝑛∅𝑗1

+ (𝑁2 − 𝑈2)𝑡𝑎𝑛∅𝑗1
)𝐴 

(6) 
= (𝑁1 − 𝑈1)𝑡𝑎𝑛∅𝑗1

+ (𝑁2 − 𝑈2)𝑡𝑎𝑛∅𝑗1

+ 𝑐1. 𝑗1+𝑐2. 𝑗2 

Since 

𝐹drive = 𝑤𝑠𝑖𝑛𝛽 (7) 

we can deduce another expression for the 

factor of safety by substituting Equations 6 and 

7 into Equation 1 to form Equation 8. 

 

FOS =
(𝑁1 − 𝑈1)𝑡𝑎𝑛∅𝑗1

+ (𝑁2 − 𝑈2)𝑡𝑎𝑛∅𝑗1
+ 𝑐1. 𝑗1+𝑐2. 𝑗2

𝑤𝑠𝑖𝑛𝛽
 (8) 

 

Where 

𝑈1 = uplift force on joint 1 

𝑈2 = Uplift force on joint 2 

The weight (W) of the wedge block is 

resolved using Equation 9. 

𝑊 = 𝛾𝑉 = 𝛾𝐻
𝐵

6
 (9) 

The uplift forces due to groundwater pressure 

along joints are resolved using Equation 10. 

𝑈 = 𝑈1 + 𝑈2 =
𝛾𝑤𝐵

6
𝐴𝑈 +

𝛾𝑤𝐻

6
𝐴𝑈 

(10) 

=
𝛾𝑤𝐻

3
𝐴𝑈 

where 𝛾𝑤 = Unit weight of water 

𝐴𝑈 =
𝐵𝐻

2
 (11) 

The factor of safety is further resolved by 

substituting Equations 4, 5, 9, 10, and 11 into 

Equation 8 to obtain Equation 12. 
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FOS =
(𝑁1 − 𝑈1)𝑡𝑎𝑛∅𝑗1

+ (𝑁2 − 𝑈2)𝑡𝑎𝑛∅𝑗1
+ 𝑐1. 𝑗1+𝑐2. 𝑗2

𝑤𝑠𝑖𝑛𝛽
 

(12) 

FOS =
(

𝑤𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃2

𝑠𝑖𝑛(𝜃1 + 𝜃2)
−

𝛾𝑤𝐻
6

𝐴𝑈) 𝑡𝑎𝑛∅𝑗1
+ (

𝑤𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃1

𝑠𝑖𝑛(𝜃1 + 𝜃2)
−

𝛾𝑤𝐻
6

𝐴𝑈) 𝑡𝑎𝑛∅𝑗1
+ 𝑐1. 𝑗1+𝑐2. 𝑗2

𝑤𝑠𝑖𝑛𝛽
 

FOS =

(
𝛾𝐻

𝐵
6

𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃2

𝑠𝑖𝑛(𝜃1 + 𝜃2)
−

𝛾𝑤𝐻
6

𝐵𝐻
2

) 𝑡𝑎𝑛∅𝑗1
+ (

𝛾𝐻
𝐵
6

𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃1

𝑠𝑖𝑛(𝜃1 + 𝜃2)
−

𝛾𝑤𝐻
6

𝐵𝐻
2

) 𝑡𝑎𝑛∅𝑗1
+ 𝑐1. 𝑗1+𝑐2. 𝑗2

𝛾𝐻
𝐵
6

𝑠𝑖𝑛𝛽
 

FOS =

(
𝛾𝐻

𝐵
6

𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃2

𝑠𝑖𝑛(𝜃1 + 𝜃2)
−

𝛾𝑤𝐻
6

𝐵𝐻
2

) 𝑡𝑎𝑛∅𝑗1
+ (

𝛾𝐻
𝐵
6

𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃1

𝑠𝑖𝑛(𝜃1 + 𝜃2)
−

𝛾𝑤𝐻
6

𝐵𝐻
2

) 𝑡𝑎𝑛∅𝑗1
+ 𝑐1

∗. 𝑗1 + 𝑐2
∗. 𝑗2

𝛾𝐻
𝐵
6

𝑠𝑖𝑛𝛽
 

Where 𝑐1
∗ =

𝑐1

𝛾𝐻
 and 𝑐2

∗ =
𝑐2

𝛾𝐻
 

If the joint planes are both smooth, the 

cohesion is resolved using Equation 13. 

𝑐1
∗ = 𝑐2

∗ = 0 (13) 

By substituting Equation 13 into Equation 12, 

the factor of safety is deduced to Equation 14.  

 

FOS =

(
𝛾𝐻

𝐵
6

𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃2

𝑠𝑖𝑛(𝜃1 + 𝜃2)
−

𝛾𝑤𝐻
6

𝐵𝐻
2

) 𝑡𝑎𝑛∅𝑗1
+ (

𝛾𝐻
𝐵
6

𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃1

𝑠𝑖𝑛(𝜃1 + 𝜃2)
−

𝛾𝑤𝐻
6

𝐵𝐻
2

) 𝑡𝑎𝑛∅𝑗1

𝛾𝐻
𝐵
6

𝑠𝑖𝑛𝛽
 

(14) 

For varying values of uplift forces, Equation 

14 derived below will be used to determine the 

factor of safety. 

We know that: 

𝑈 = 𝑈1 + 𝑈2 =
𝛾𝑤𝐵

6
𝐴𝑈 +

𝛾𝑤𝐻

6
𝐴𝑈 =

𝛾𝑤𝐻

3
𝐴𝑈 

and: 

𝐴𝑈 =
𝐵𝐻

2
 

 

Therefore, 

𝑈 =
𝛾𝑤𝐻

3

𝐵𝐻

2
=

(𝛾𝑤𝐻)𝐵𝐻

6
 (15) 

Substituting Equation 14 into Equation 12, 

we obtain Equation 16. 

 

FOS =

(
𝛾𝐻

𝐵
6

𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃2

𝑠𝑖𝑛(𝜃1 + 𝜃2)
−

𝑈
2

) 𝑡𝑎𝑛∅𝑗1
+ (

𝛾𝐻
𝐵
6

𝑐𝑜𝑠𝑏𝑠𝑖𝑛𝜃1

𝑠𝑖𝑛(𝜃1 + 𝜃2)
−

𝑈
2

) 𝑡𝑎𝑛∅𝑗1
+ 𝑐1

∗. 𝑗1 + 𝑐2
∗. 𝑗2

𝛾𝐻
𝐵
6

𝑠𝑖𝑛𝛽
 

(16) 

 

3.1. Parametric analyses 

In order to examine the wedge sliding on the 

slope, a 3D model of the block was depicted to 

clearly describe the particular region selected. 

For analysis, the factor of safety was derived to 

incorporate uplift forces. The rock unit weight 

and volume were taken as 2500 kN/  and 

7743.975  , respectively (see Table 1). From the 

magnitude of the unit weight and volume, the 

weight of the wedge block was calculated as 

19,359.94 kN. The variations in magnitudes of 

uplift forces are provided in Table 2. Parametric 

analyses are conducted using the weight, 

cohesion, bench height, and slope angle; angle 



Mwango Bowa et al Journal of Mining & Environment, Vol. 12, No. 4, 2021 

 

947 

of friction and variations in magnitudes of uplift 

forces are provided to determine the factor of 

safety. The results obtained are plotted in 

Figure 4 below. This figure shows the graph for 

the factor of safety plotted against variations in 

the uplift forces. Table 2 shows the ranging 

values of the safety factor for varying 

magnitudes of uplift forces. 

Table 2. Safety factor for varying magnitudes of 

uplift forces. 

Uplift force U 

(kN/𝒎𝟑) 

Factor of safety 

(FoS) 

2.3 1.34 

2.6 1.31 

2.9 1.28 

3.1 1.26 

3.4 1.23 

3.7 1.20 

4.0 1.17 

 
Uplift forces  

Figure 4. Graph of safety factor plotted against uplift forces. 

3.2. Verifications  

In this work, the numerical simulation model 

using FLAC 3D was applied to validate the 

proposed analytical model. Investigations of 

the physical slope failure rarely provide precise 

understandings into the fundamental failure 

mechanisms and stability of the slope. Accurate 

insights of physical slope study are usually 

masked by geometry, geological complexities, 

and debris. Hence, an accurate numerical model 

is a smart substitute for validating the accuracy 

of analytical models for examining the stability 

of slope failure. FLAC3D (Fast Lagrangian 

Analysis of Continua in 3 Dimensions) is the 

numerical modeling software for geotechnical 

analyses of soil, rock, groundwater, constructs, 

and ground support. Such analyses include 

engineering design, factor of safety prediction, 

research and testing, and back-analysis of 

failure. FLAC3D utilizes an explicit finite 

volume formulation that captures the complex 

behaviors of the models that consist of several 

stages, showing large displacements and 

strains, exhibit non-linear material behavior or 

are unstable (including cases of yield/failure 

over large areas or total collapse). 

In this work, Fine numerical simulation using 

Fast Lagrangian Analysis of Continua in 3 

Dimensions software (FLAC3D) using the 

same combinations of mechanical properties 

and the same geological properties (analytical 

model) is used in the case history. A variety of 

numerical models but with variation of uplift 

forces (Table 2) were applied to simulate the 

evolution process of the physical behaviour, 

and the resulting factor of safety of the rock 

slope is subjected to wedge failure. Figure 5 (a-

g) below shows the evolution process of the 

physical behaviour, and the resulting factor of 

safety of the rock slope is subjected to wedge 

failure considering the variations in 

groundwater in a rock slope. 

3.3. Comparative analyses 

A comparative slope stability analysis 

between an improved analytical and numerical 

simulation models was conducted on the same 

real rock slope susceptible to wedge failure 

mechanisms. The aim was to investigate the 

resulting factor of safety subjected to variations 

in groundwater. The factor of safety results 

obtained by the improved analytical models 
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were investigated to establish if it aligns well 

with the factor of safety obtained by the 

numerical simulation models. This was 

conducted to confirm the validity of the 

improved analytical model for stability analysis 

of the jointed rock slopes subjected to wedge 

failure under varying groundwater. The 

comparative results are summarized in Table 3 

below. The factor of safety obtained using the 

proposed analytical method is consistent with 

the factor of safety obtained using the 

numerical model by FLAC3D. This confirms 

the validity of the proposed analytical model. 

The minor differences (negligible) in the 

resulting FoS obtained by both methods that 

exists is attributed to estimations by the 

analytical model unlike the numerical 

simulation model. Moreover, the simulation 

results obtained by numerical models on a rock 

slope demonstrated that the progressive 

displacements were intensified with increasing 

uplift forces. 

  
(a): U = 2.3 (kN/𝒎𝟑) (b): U = 2.6 (kN/𝒎𝟑) 

  
(c): U = 2.9 (kN/𝒎𝟑) (d): U = 3.1 (kN/𝒎𝟑) 

  
(e): U = 3.4 (kN/𝒎𝟑) (f): U= 3.7 (kN/𝒎𝟑) 
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(g): U = 4.0 (kN/𝒎𝟑) 

Figure 5. Results of numerical simulation model of a rock slope subjected to edge failure mechanisms 

under variations of uplift forces. 

Table 3. Safety factor obtained by analytical and numerical models under varying magnitudes of 

uplift forces. 

Uplift force U (kN/𝒎𝟑) FoS by analytical model FoS by numerical model 

2.3 1.34 1.340 

2.6 1.31 1.309 

2.9 1.28 2.282 

3.1 1.26 2.262 

3.4 1.23 1.228 

3.7 1.20 1.184 

4.0 1.17 1.176 

 

4. Results and discussion 

The wedge sliding analysis using the 

parameters and conditions presented in Table 1 

provided the FOS results presented in Tables 2 

and 3. The calculated factor of safety presented 

in Tables 2 and 3 entail that as the uplift force 

acting along the joint planes increases due to an 

increase in the water pressure, there is a 

significant decrease in the resulting safety 

factor. As the uplift force acting along the joint 

planes is reducing due to a reduction in the 

water pressure, there is a significant increase in 

the resulting safety factor of the slope. 

From Tables 2 and 3, it can be noted that after 

the magnitude of the uplift force increased from 

2.3 to 2.6, the factor of safety also reduced from 

11.340 to 1.1.309 proportionally. As the 

magnitude of the uplift forces was further 

increased to 4.0, a significant decrease in the 

safety factor was recorded as 1.176, showing 

the continuing trend. From these results, it can 

be deduced that as the magnitude of the uplift 

forces increases, the safety factor decreases. In 

other words, the magnitude of the uplift forces 

is inversely proportional to the value of the 

safety factor. Another factor that decreased the 

factor of safety was the weight of the wedge 

block. The heavier the block, the less factor of 

safety recorded and higher chances of wedge 

failure. The data obtained in Table 2 was then 

plotted on a graph of factor of safety against 

uplift forces, as shown in Figure 4. From the 

graph, it can be noticed that as the magnitudes 

of uplift forces began to increase, the factor of 

safety started reducing, showing a downward 

trend. If the factor of safety was to be increased, 

the magnitude of the uplift forces was to be 

reduced. 

From Figure 4 and Tables 2 and 3, it can be 

deduced that in order to have an improved 

factor of safety, the magnitude of the uplift 

forces should be significantly reduced. This is 

achieved through installation of 

depressurization points or inclined drain holes 

through the face of the slope to drain out water. 

5. Conclusions 

In the current work, we proposed an 

analytical model for estimating the safety factor 

for rocky slopes when wedge failure of the 

slope was triggered by the uplift forces 

operating along the joint planes due to water 

pressure, based on the results and discussions 
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given. The effects of differences in the uplift 

forces operating along the joint planes on the 

safety factor of the slope subjected to wedge 

sliding were investigated in a detailed 

parametric study. The major causes of the 

wedge's instability were determined to be 

gravity-induced water pressure. When wedge 

sliding occurs at relatively modest uplift forces 

operating along the joint planes, a slope 

proclaimed stable can become dangerous, as the 

uplift forces acting along the joint planes 

increase. The intensity of rise in the uplift 

forces operating along the joint planes owing to 

water pressure can cause a rapid deterioration 

in the stability of the rock slope prone to wedge 

sliding. Within a rock mass, the wedge-shaped 

pieces of rock surrounded by two 

discontinuities represent an important sort of 

danger. When compared to the hazards with a 

single prominent discontinuity, these hazards 

are more difficult to spot. 

5.1. Recommendation 

The magnitude of the uplift forces should be 

kept to a minimum in order to obtain a 

favorable factor of safety. The presence of 

groundwater pressure causes uplift forces in the 

ground. As a result, by installing powerful 

dewatering systems to pump out the water, the 

water pressure is reduced. Thus the amplitude 

of the uplift forces is reduced.  
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 چکیده:

 یسوبر یهادر سنگ یرزمنیز یهاالقا شده از وجود آب یاگرفته شده است. هنوز هم شکست گوه دهیناد نیشیپ قاتیدر تحق ینیرزمیز یهاوجود پارامتر آب ریتأث

ه در معرض شکست گو یسنگ یهابیش یداریپا لیتحل یبرا یقو یلیمدل تحل کیمقاله،  نی. در اافتدیاتفاق م یمعدن یهاها و پلهها، بزرگراهسد یهاوارهیدر د

 یاکه در معرض شکست گوه یسنگ یهاوارهید یمنیا بیضر نیتخم یموجود برا یلیکار شامل اصلاح مدل تحل نیارائه شده است. ا ینیرزمیز یهااز آب یناش

 یافزار سه بعدبا استفاده از نرم یعدد یسازهیک مدل شبیبا استفاده از  یشنهادیپ یلیاست انجام شده است. مدل تحل ینیرزمیز یهااز اثرات وجود آب یناش

(FLAC3D) در معدن روباز  یواقع یاگوه یداریناپا کی ن،یشده است. علاوه بر ا یاعتبارسنجChingola (COP F&D) به منظور  ینیرزمیاز حضور آب ز یناش

شده محاسبه یمنیا بیبر ضر یمیمستق ریتأث ینیرزمیکه وجود آب ز دهدینشان م یج بررسیشده، مورد مطالعه قرار گرفت. نتاارائه یلیمدل تحل ینشان دادن اثربخش

 یبرا یوق یلیمدل تحل کی تواندیشده مارائه یلیآمده مستلزم آن است که مدل تحلدستبه جی. نتاشودیقرار دارد، م یاکه در معرض شکست گوه یسنگ بیش

  ارائه دهد. ینیرزمیز یهااز وجود آب یناش یاگوه تدر معرض شکس یسنگ بیش یداریپا یهالیتحل

 .اطمینان بیضر ،یلیمدل تحل ،ینیرزمی، آب زداردرزه، سنگ ایشکست گوه کلمات کلیدی:

 

 

 

 


