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Abstract  

Okaba Coal mine slope stability was investigated to forestall effective mine operations and laboratory tests were 

carried out to determine the mechanical and dynamic properties of the rocks formation associated with the coal 

occurrence. The stability assessment of the rock slopes was carried out using finite element method with the 

determined geomechanical and dynamic properties of the rocks as input data. The simulation of the slopes was 

done with the use of RS2Rocscience software to derive models 1, 2 and 3for the slope geometries of the mine. 

Strength reduction factor (SRF) obtained from finite element analysis of the three models were 1.33, 1.24 and 

1.29. The slopes were further optimized and gave an improved SRF value of 1.5 while the analyzed probability 

was found to be 0% probability of failure for the optimized slopes. This result will guarantee safety and efficient 

exploitation of the coal deposit.  
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INTRODUCTION 

Many investigators opined that evaluating the 

stability of slopes in rock is an important, demanding, 

and challenging aspect of rock slope engineering. 

Concerns with slope stability have driven some of the 

most important advances in the understanding of the 

complex behaviour of rocks. There have been 

extensive research studies performed over the years 

to provide a sound set of rock mechanics principles 

with which to attack practical problems of slope 

stability (Jones, 2005). 

 

Slope stability is the resistance of inclined surfaces to 

failure by sliding or collapsing (Abramson et al., 

2002). The main objectives of slope stability analysis 

are finding endangered areas, investigation of 

potential failure mechanisms, determination of the 

slope sensitivity to different triggering mechanisms, 

designing of optimal slopes with regard to safety, 

reliability and economics, designing possible 

remedial measures, e.g. barriers and stabilization.  

 

Over times, experience with the behavior of slopes, 

with their failure, has led to development of 

improved understanding of the changes in rock 

properties that can occur, recognition of the 

requirements and the limitation of laboratory testing 

for evaluating rock strengths, new instrument to 

observe the behavior to slopes, improved 

understanding of the rock mechanics that connect 

rock behavior to slope stability and examination of 

the mechanics of slope stability analyses, with 

comparison with field behavior, and use of computer 

software to perform thorough analyses (James,2005). 

The most basic purpose of slope stability analysis is 

to determine a factor of safety against a potential 

failure. If this factor of safety is determined to be 

large enough, the slope is judged to be stable (safe). 

If it is 1.0 or less it is unsafe, but according to the 

study of Duncan and Wright(2005), it can be depicted 

that the standard factor of safety is 1.5. 

 

Description of the Study Area 

Kogi State is located in the north-central Nigeria as 

shown in Figure 1.Dangote Coal Mine is located in 

the Ankpa Local Government Area of Kogi State, 

Nigeria. It has a coordinate of latitude 074211N 

and longitude 077807E.It has a large coal reserve 

that can be developed using high-wall or surface 

mining method (Dolbear, 2016). 

 

Laterite, Shale and Coal form the stratigraphy of the 

formation with varying thickness of 18-22m, 15-20m 

and 4-6m respectively. 

 

 
Figure 1: Location of Study Area on Kogi State Map 
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MATERIALS AND METHODS 

Lump of laterite Shale and Coal were obtained from 

the location for laboratory tests. The mine geometry 

was modeled using Numerical analysis method. The 

young modulus,poisson’s ratio, angle of internal 

friction, cohesion and tensile strength of the rocks 

were determined experimentally in the laboratory 

using compression machine and point load test 

machine. The strength reduction factors (SRF) of the 

slopes were determined with finite element 

simulation approach, while the slopes were optimized 

and probabilities of failure models for the slopes were 

analyzed using RS2Rocscience software. 

 

RESULTS AND DISCUSSIONS 

Results 

The geomechanical and dynamic properties of the 

works of Akindele et al. (2020) were used as input 

data for the optimization of the slopes (Tables 1-4). 

 

Table 1:  The Average Result of Tensile Strength for 

Laterite, Shale and Coal Sample (Akindeleet al., 

2020) 

Sample P (kN) Is(50) 

(MPa) 

Tensile 

Strength 

(MPa) 

Laterite 0.02057 0.00823 0.0233 

Shale 7.396 3.36 1.37 

Coal 4.045 2.64 0.80 

 

Table 2: Unit weight and Water content Average 

Results for Laterite, Shale, and Coal Sample 

(Akindele et al., 2020) 

Sample Dry Density 

(gcm-3) 

Unit Weight 

(kNm-3) 

Water 

Content 

(%) 

Laterite 2.70 26.5 4.89 

Shale 2.42 23.7 12.59 

Coal 1.50 14.7 17.95 

 

Table 3: Average UCS and Young Modulus results 

for (Laterite, Shale, and Coal) Samples (Akindele et 

al., 2020). 

Sample UCS (MPa) Young 

Modulus 

(MPa) 

Laterite 0.05743 113.60 

Shale 3.820 38522.47 

Coal 2.034 54240.98 

 

 

Table 4:  The Result of radial and axial strain for 

laterite, Shale, and Coal Sample (Akindele et al., 

2020). 

Sample Axial 

Strain 

(mm) 

Radial 

Strain 

(mm) 

Poisson’s 

ratio  

Laterite 0.1462 0.01696 0.30 

0.1308 0.01641 

0.2269 0.01680 

Shale 0.2462 0.02289 0.28 

0.2462 0.02293 

0.2385 0.02277 

Coal 0.1615 0.01140 0.20 

0.1731 0.01132 

0.1731 0.01137 

 

SLOPE STABILITY ANALYSIS MODELING 

Three models for slope stability analysis were 

modeled according to the mine slope geometry.   

 

Stress Reduction Factor (SRF) 

Akindele et al (2020) estimated the critical stress 

reduction factor (SRF) value of 1.33, 1.24 and 1.29 

for models 1, 2 and 3 respectively. Critical SRF value 

of the slope can be taken as the safety factor for the 

slope (Rocscience, 2016). However, in most mining 

situations, a SRF value is ideal as minimum long-

term slope stability requirements. Consequently, it 

thus required to optimize the slope. 

 

Slope Optimization 

According to Duncan and Wright (2005), minimum 

factor of safety requirement is 1.5. Therefore, the 

slope required to be optimization to the standard 

critical factor of SRF value of 1.5. The overall slope 

angle was then adjusted in other to meet the SRF 1.5 

value. The initial overall slope angles were 

determined to be 74º, 75º and 75º for model 1, 2 and 

3 respectively, but when optimized the overall slope 

angles were reduced by 8º, 13º and 10ºrespectively. 

As a result of adjusting the overall slope angle there 

was a change in the slope coordinates. Figures 2-4 

depict that SRF value for the three models becomes 

1.5 after the overall slope angles were optimized for 

all models. Also, after optimization of the slope, there 

are no critical zones of failure within the total 

displacement contour in the slopes. Therefore, there 

is no possibility for the slope to slip. This also shows 

that the flatter a slope is the more stable it becomes. 
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Figure 2: Optimized SRF of model 1 showing its 

critical SRF value (1.5) 

 

 
Figure 3: Optimized SRF of model 2 showing its 

critical SRF value (1.5) 

 

 
Figure 4: Optimized SRF of model 3 showing its 

critical SRF value (1.5) 

 

Probabilistic Slope Stability Analysis 

The probability analyses of failure for the optimized 

slope stability of the works of Akindeleet al. (2020) 

are presented in Figures 5-7.  After overall slope 

angle optimization, the probability of failure becomes 

0%, 0%, and 9.6 x 10-13% respectively as shown in 

Figures 5, 6, and 7. 

 
Figure 5: Probability of failure for optimized model 1   

 

 
Figure 6: Probability of failure for optimized model 2   

 
Figure 7: Probability of failure for optimized model 3   

 

CONCLUSION 

The degree of slope stability of Okaba Coal mine has 

been established in this work. Having found out that 

the Strength Reduction Factor of the three geometry 

slopes were determined (1.33, 1.24 and 1.29 

respectively). They were then optimized by reducing 

the overall slope angles which gave an improved SRF 

value of 1.5. Probability analysis for the mine slope 

was analyzed, and gave a 0% probability of failure 

for the optimized slopes. 
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