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ABSTRACT 

The study is located on PT Indocement Tunggal Prakarsa Tbk., which is still actively engaged in mining 

operations. The study aimed to determine the slope Safety Factor (SF) and offer suggestions for safe slope 

geometry for mining operations. Primary data collection through observation of lithology conditions, sample 

testing in the laboratory, scanline mapping, slope geometry measurements, and secondary data obtained from 

company inventories and related sources. The kinematic approach is used to assess the risk of landslides. This 

slope stability study uses boundary equilibrium based on the Morgenstern Price and Mohr-Coulomb failure 

criteria. Limestone is the majority of the rocks in the location. The kinematic analysis demonstrated that 

direct toppling and wedge toppling are the landslide potential at the research location. Using the non-circular 

boundary equilibrium approach, slope stability analysis was carried out on four Regions with dry and saturated 

groundwater conditions i.e, Regions A', B140, C120, and C135. The four Regions have stable slopes and are in 

good condition (SF values over 1.25). For the excavation to be carried out optimally, the recommendations for 

optimization of the overall slope geometry are given, namely, the height of the bench is 10 m, and the width of 

the ladder is 4 m. The slope angle is 80
o
, with SF value of 3.035 in dry conditions and an SF value of 2.021 in 

saturated conditions.   

Keywords: Slope Stability, Limestone Quarry, Landslide Potential, Factor of Safety 

 

Introduction 

One of the major sectors that contributes to 

Indonesia's development is the cement industry. 

Limestone is one of the raw minerals required 

in cement production. Calcium carbonate, or 

CaCO3, forms more than 50% of limestone [1-

2]. 28.7 billion tonnes of limestone have been 

discovered in Indonesia [3]. Open-pit mining is 

the most common method to extract limestone 

[4]. 

Drilling, blasting, material extraction, and 

transportation are all potential contributors to 

air pollution in open-pit mining [5-6]. Drilling 

and blasting operations have the potential to 

generate air pollution. Blasting can also 

degenerate the rock mass condition by 

establishing a network of internal smooth 

fractures that impact the slope's stability and 

safety [7].  

Indocement Tunggal Prakarsa Tbk is a mining 

company of limestone that has been practiced 

for many years. The mining method is quarry 

mining, which is an open-pit mining system. 

The mine slopes could become increasingly 

steeper due to the mining activity. Slope 

stabilization operations are necessary for 

unstable slope situations to ensure worker 

safety and the business's financial 

sustainability. Slope failure in limestone mines 

has happened several times, including in Japan. 

In the Kagemoro limestone mining area, there 

was a collapse of limestone material in 1973 

that led to the loss of more than 300,000 m
3
 of 

material altogether [8]. 
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Slope design in open-pit mines is a challenge 

that must be managed appropriately since 

ongoing mining operations will significantly 

impact it and affect equipment safety, worker 

safety, property, and production efficiency [9]. 

Thus, an assessment of slope stability of 

existing slopes is required. The existence of 

discontinuity regions is one of many factors that 

could influence a slope's stability [10-11].  

Analyzing slope stability in the geotechnical 

sector has been widely practiced, applying 

numerical computation methods [12-18]. Other 

methods for the examination of rock masses, 

such as the RMR (Rock Mass Rating) from [19] 

and the SMR (Slope Mass Rating) from [20], 

are also implemented. By evaluating 

geomechanical parameters, shear strength, 

slope morphometry, and rock mass 

characteristics, This method is helpful to 

determine whether rock slopes are stable[21],  

RMR and modified SMR were used by [22] to 

do a three-dimensional analysis of the stability 

of open-pit mining slopes.RMR and SMR data 

were employed by [23] in their investigation of 

slope stability in tropical regions and volcanoes. 

 

The probability of landslides in limestone 

mines has been the subject of a significant 

amount of research, including [24] analysis of 

potential landslides in mines using the Open 

PIT system operated by PT Holcim Indonesia 

Tbk, which is located in Cileungsi District, 

Bogor Regency, West Java. Kinematic analysis 

is a technique used in previous studies, and the 

findings demonstrate that toppling and wedge 

landslides occur. Using the kinematic method, 

[25] assessed the likelihood of landslides on 

limestone quarry slopes in the Bogor region. 

The results of this study show there is a 

possibility that wedge and plane landslides 

might occur.  

The investigation will examine the rock mass in 

four Regions of PT mining slopes. Indocement 

Tunggal Prakarsa Tbk uses RMR, GSI, and 

SMR analyses. Furthermore, kinematic analysis 

and landslide potential evaluation were 

performed. Following this research, 

recommendations regarding slope geometry and 

slope stability analysis are presented. The 

analyses above are utilized to assess the 

stability of slopes at mining sites. This research 

will provide information regarding slope 

stability conditions and safety factor values. If 

the slope stability analysis finds a relatively 

high FS (Safety Factor) value, then slope-

cutting optimization can be carried out close to 

the critical limit. In order to obtain limestone in 

the most effective, efficient, and secure manner 

possible, slope cutting has been optimized. This 

study aims to provide broad audiences with 

more information on slope stability and to be 

used as a model to develop a slope's geometry. 

Methods 

Primary Data Collection 

Geological mapping was used to observe 

lithological conditions and technical geological 

conditions, such as weathering levels and 

geological structures, as well as to collect 

primary data. Rock samples were also gathered 

at the research location within the mining IUP 

(mining  license) limits of the research area. 

The next step is scanline mapping, which 

involves collecting data on every 

geological structure and discontinuity region 

(rock discontinuities) that crosses or intersects 

the scan line. [26] states that the sample line is 

10 to 50 times longer than the typical distance 

between discontinuities.  

 

Afterward, measurements of the scanline 

orientation and discontinuity orientation take 

place alongside measurements of the 

weathering level, the discontinuity areas' 

roughness, the discontinuity openings' width, 

the spacing between the discontinuities, and the 

groundwater condition in the rock Region. They 

utilize nails, a penknife, and a geological 

hammer to obtain rock samples at the 

discontinuity location to assess the compressive 

strength of the intact rock. Subsequently, the 

samples are analyzed in a lab. The following 

step is to measure the actual slope geometry 

using an application named Avenza Maps, a 

geological compass, and a rolling rule. The 

measurements were performed using a 

geological compass to measure each level's 

slope angle and a tape measure to determine 

each level's length and width. Laboratory tests 

are conducted on rock samples gathered during 

fieldwork to identify the rock compressive 

strength test results. 

 

Secondary Data Collection 

The shapefile (SHP) of the mining IUP area of 

the research area, the geological map of the 
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research area, the PGA Map obtained from 

[27], and standard vibration levels blasting 

following company standards based on the 

reference SNI 7571 of 2010 [28] are secondary 

data used in this research. As suggested by [29],  

the Earthquake Hazard Map Indonesia 2017 

reference (SPGA) and amplification factors for 

PGA (FPGA) (Figure 1) can be employed to 

multiply the PGA value in the bedrock (SB) 

(Table 1) by the PGA value at the surface of the 

ground based on site (PGAM).  

Table 1. Amplification factors for PGA 

(FPGA) [27]. 

 

PGAM = FPGA x SPGA                              (1)  

FPGA = 0,15 

SPGA = 1 

PGAM = FPGA x SPGA  

= 0,15 x 1 

= 0,15g 

Data Processing 

Following data collection, processing of the 

data is completed, including calculating the 

actual discontinuity distance/spacing, RQD 

value, weighting the RMR value, GSI value, 

SMR value, determining landslide potential 

using the kinematic method, cohesion value, 

internal shear angle value, calculating the value 

of the slope stability, and evaluating SF results. 

To determine the rock's strength and quality 

mass as well as slope stability conditions, 

the rock mass is determined through SMR and 

RMR. Likewise, understanding the slope 

material's characteristics becomes essential for 

slope stability analysis. The category of failure 

criterion that will be applied in this research 

depends on the type of material used [30].  

 

Data Analysis 

The slope safety factor's value is to be verified 

by slope stability analysis. Non-circular 

analysis is applied in processing utilizing the 

Morgenstern Price method; this is a surface area 

analysis that evaluates the circumstances of a 

single encounter with landslide-type scenarios. 

The wedge sliding and direct toppling types of 

landslides are the possible forms that might 

occur. Slope height, slope orientation, dip and 

strike, seismic values, groundwater conditions, 

and other disturbances constitute some of the 

criteria that are taken into the SF analysis [31].  

 

The first step in the analysis stage is building up 

the real slope geometry or actual circumstances. 

The Mohr-Coulomb input parameter values 

should be filled in after constructing a lithology 

layer based on the results of field observations. 

These variables are rock density, internal 

friction angle, and cohesiveness value. The 

maximum Ground Peak Acceleration (PGA) 

value over earthquakes is another considered 

measure. Furthermore, there are presumptions 

concerning the existence of groundwater in dry 

and wet conditions. The results of this research 

will provide data on the slope safety factor's 

value, which can be used as a basis or point of 

reference for proposals for the final slope 

geometry design. 

 

 
(a) 

 
(b) 

Figure 1. PGA map in bedrock for 10% 

exceedance probability in 50 years (a) and 

enlargement of the legend [27]. 

1. Laubsher, 1975 
SMR  RMR 

75ᴼ  81 - 100 

65ᴼ  61 - 80 

55ᴼ  41 - 60 

45ᴼ  21 - 40 

35ᴼ  0 - 20 

2. Hall, 1985 

SMR = 0,65 RMR + 25                        (2) 

Site Classification 

  SPGA   

PGA 

≤ 0,1 

PGA 

=0,2 

PGA 

=0,3 
PGA=0,4 

PGA 

≥0,5 

Hard Rock (SA) 0,8 0,8 0,8 0,8 0,8 

Rock (SB) 1 1  1 1 

Very Dence Soil 

and Soft Rock 

(SC) 

1,2 1,2 1,1 1 1 

Medium Soil (SD) 1,6 1,4 1,2 1,1 1 

Soft Soil (SE) 2,5 1,7 1,2 0,9 0,9 

Special Soil (SF) SS SS SS SS SS 
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3. Orr,1992 

SMR = 35 ln RMR – 71                       (3) 

 

Results and Discussions 

Scanline Mapping 

Region A’ 

Sixteen discontinuity regions were discovered 

in region A' applying slope and scanline 

orientation data (Table 2). A rough 

discontinuity area in Region A has been filled 

with weathered material, primarily mudstone, 

and has slightly weathered weathering 

conditions (Figure 3). 

 

Table 2. Orientation of scanline and slopes on 

Region A’ 

Information Value 

Slope Height 7 m 

Slope Width 35 m 

Slope (Strike) 281° 

Slope Dip 75° 

Scanline Length 20 m 

Scanline (Strike) 102° 

Scanline Dip 4° 

 

 
Figure 3. Slope conditions for scanline data in 

Region A’, with the yellow line indicating the 

length of the scanline.  

 

Region B140 

Slope and scanline orientation data were used to 

identify 10 discontinuity locations in Region 

B140 (Table 3). It has a discontinuity region in 

Region B140 with a rough surface condition, no 

material to fill the gaps of the discontinuity 

area, and a mildly worn weathering 

level (Figure 4). 

 

Table 3. Orientation of scanline and slopes on 

region B140 
Information Value 

Slope Height 10 m 

Slope Width 22,5 m 

Slope (Strike) 2° 

Slope Dip 83° 

Scanline Length 11,5 m 

Scanline (Strike) 350° 

Scanline Dip 50° 

 

Region C120 

Using slope and scanline orientation 

information, 19 discontinuity locations in 

Region C120 were identified (Table 4). It is a 

discontinuity region with a rough surface 

condition in Region C120, no material used to 

fill in the gaps, and a gently weathered 

weathering level (Figure 5). 
 

 
Figure 4. Slope conditions for scanline data in 

Region B140, with the yellow line indicating 

the length of the scanline. 

 

Table 4. Orientation of scanline and slopes on 

Region C120 
Information Value 

Slope Height 15 m 

Slope Width 15 m 

Slope (Strike) 9° 

Slope Dip 86° 

Scanline Length 15 m 

Scanline (Strike) 352° 

Scanline Dip 7° 

 

Region C135 

Sixteen discontinuity areas were found with 

slope and scanline orientation data in Region 

C135 (Table 5). In the gaps of the discontinuity 

area, filling material in the form of weathered 

material, particularly mudstone, and slightly 

weathered weathering conditions have been 

identified (Figure 6). 

 
Figure 5. Slope conditions for scanline data in 

Region C120, with the yellow line indicating 

the length of the scanline. 

1 m 

1 m 

1 m 
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Table 5. Orientation of scanline and slopes on 

Region C135 
Information Value 

Slope Height 10 m 

Slope Width 18 m 

Slope (Strike) 247° 

Slope Dip 80° 

Scanline Length 13 m 

Scanline (Strike) 270° 

Scanline Dip 2° 

Rock Mass Classification  

Rock Quality Designation (RQD) 

According to [32], the Rock Quality 

Designation (RQD) value in the study region 

exhibits extremely high overall results, with an 

average of 99.870%, included in the excellent 

classification. The small number of or frequent 

discontinuity spots in the rock mass at the 

subject of the investigation site impacts the high 

RQD value. This indicates that the fewer joints 

or discontinuity zones, the higher the rock mass 

quality. As stated by [33], the greater the rock 

quality, the greater the rock mass's RMR value. 

The possibility for pore opening or groundwater 

saturation will be larger if the RQD value is 

lower since the current rock will be less 

intact, and the strength will decrease 

substantially [34]. 

 
Figure 6. Slope conditions for scanline data in 

Region C135, with the yellow line indicating 

the length of the scanline. 

 

Rock Mass Rating (RMR) 

Based on the RMR weighting data, it was found 

that Region A', B140, C120, and C135  have an 

average value of RMR 65, 73,73, and 67, 

respectively (Table 6-9)). [19] states that the 

value of RMR is 76.333, categorized as good 

rock mass (class II), as shown in Table 10. 

According to [19], the RMR value in class II 

indicates internal friction with an angle ranging 

from 35° to 45° and cohesiveness between 300 

kPa and 400 kPa. High cohesion and internal 

friction angle values impact stabilizing the 

slope. 

 

Table 6. RMR value on Region A.’ 
Rock Mass Rating [19]  

Parameter Information Value 

Fracture 

strength of 

Intact Rock 

17,54   2 

RQD 99,789   20 

Discontinuity 

Spacing 

1,503   15 

Discontinuity 

Conditions 

Roughness Rough 5 18 

 Gap 1-5 mm 1 

 Filler 

Material 

Clay 3 

 Weathering Moderately 5 

 Continuity 1-3 m 4 

Groundwater Moist   10 

TOTAL VALUE 65 

 

Table 7. RMR value on Region B140 
Rock Mass Rating [19] 

Parameter Information Value 

Fracture 

strength of 

Intact Rock 

52,36   7 

RQD 99,865   20 

Discontinuity 

Spacing 

1,890   15 

Discontinuity 

Conditions 

Roughness Rough 5 21 

 Gap 1-5 mm 1 

 Filler 

Material 

No 6 

 Weathering Moderately 5 

 Continuity 1-3 m 4 

Groundwater Moist   10 

TOTAL VALUE 73 

 

Table 8. RMR value on Region C120 

Rock Mass Rating  [19] 

Parameter Information Value 

Fracture 

strength of 

Intact Rock 

16,81   2 

RQD 99,961   20 

Discontinuity 

Spacing 

3,515   20 

Discontinuity 

Conditions 

Roughness Rough 5 21 

 Gap 1-5 mm 1 

 Filler 

Material 

Clay 6 

 Weathering Moderately 5 

 Continuity 1-3 m 4 

Groundwater Moist   10 

TOTAL VALUE 73 

 

Table 9. RMR value on Region C135 
Rock Mass Rating [19] 

Parameter Information Value 

Fracture 

strength of 

26,99   4 

1 m 
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Intact Rock 

RQD 99,865   20 

Discontinuity 

Spacing 

1,888   15 

Discontinuity 

Conditions 

Roughness Rough 5 18 

 Gap 1-5 mm 1 

 Filler 

Material 

No 3 

 Weathering Moderately 5 

 Continuity 1-3 m 4 

Groundwater Moist   10 

TOTAL VALUE 67 

 

Table 10. Meaning of rock mass classes on all 

study area Regions based on RMR value  [19]. 
Class 

number 
I II III IV V 

Average 

stand-up 

time and 

spam 

20 

years, 

15 m 

1 year, 

10 m 

1 week, 5 

m 

10 

hours, 

2,5 m 

30 

minute

, 1 m 

 

Rock 

mass 

cohesion 

> 400 

kPa 

300 - 

400 

kPa 

200 - 300 

kPa 

100 - 

200 

kPa 

< 100 

kPa 

 

Internal 

shear 

angle 

> 45ᴼ 
35ᴼ - 

45ᴼ 
25ᴼ - 35ᴼ 

15ᴼ - 

25ᴼ 
< 15ᴼ 

 

Geological Strenght Index (GSI) 

The results of the GSI values in the rock masses 

of Regions A', B140, C120, and C135 based on 

the RMR values obtained have an average GSI 

value of 64.5 as presented in Table 11, which is 

obtained from the RMR value minus 5 

according to [35], demonstrating that e rock 

mass quality belongs to a good category(Figure 

7).  

 

The obtained GSI value is included in the high-

quality rock mass condition, and the rock mass 

has been described as having a Regiony state in 

which the rock mass has been affected by 

discontinuity areas formed by three or more 

joint sets and has a good surface condition. This 

might indicate a possibility of geotechnical 

hazards in the form of structural collapse in the 

study area due to discontinuities, which 

decrease the strength of the rock mass [36]. 

 

Table 11. GSI Value of the Research Area  
Region RMR GSI 

A' 65 60 

B140 73 68 

C120 73 68 

C135 67 62 

Average of GSI value 64.5 

  

Slope Mass Rating (SMR) 

In order to determine the suggested slope angle 

for stable stripping slopes in the study area, the 

SMR value is determined for each slope, 

namely areas A', B140, C120, and C135. The 

average SMR value is calculated from the four 

slope areas (Table 12). Three SMR classes are 

applied in the SMR value calculation to 

determine the greatest slope angle. The 

proposed slope angle for mining optimum in the 

study region will employ this SMR value for 

the opening angle. 

 

 
Figure 7. The GSI value classification graphic 

shows that the rock mass's quality was assessed 

as excellent, as indicated by the red box [35]. 

 
Table 12. SMR Value of the Research Area 

Classi 

fication 

SMR (º) Ave 

rage 

(º) A' B140 C120 C135 

Laubscher 

(1975) 
65 65 65 65 65 

Hall 

(1985) 
67,25 72,45 72,45 68,55 70,16 

Orr 

(1992) 
75,1 79,17 79,17 76,16 77,4 



Heri Matius Sesa, Najib, Hasnan Luthfi Dalimunthe, Zerlinda Handietri: Slope Stability Evaluation And Geometrical Recommendation Using 
The Morgenstern Price Method 
 
Jurnal Teknologi 16 (1) pp 53-64 © 2024 
 

59 
 

 

Landslide Potential  

Using the software program Dips 6.0, the 

landslide potential in the study region was 

analyzed. The results revealed that Regions A' 

and C135 had direct toppling landslide 

potential, while Regions B140 and C120 had 

wedge toppling landslide potential. Figure 8 

shows the position of the discontinuity plane's 

line of intersection in Region A' at N196°E/42° 

in the southwest, about a total criticality of 34 

out of 120 or 28.33%; Figure 9 depicts the 

location of Region B140 at N162°E/9° in the 

southeast-southeast, alongside a total criticality 

of 16 out of 45 or 35.56%. Figure 10 represents 

the total criticality for Region C120 N53°E/57° 

heading northeast, which is 80 out of 171 or 

46.78%, and Figure 11 displays the total 

criticality for Region C135 N24°E/6° heading 

northeast, which stands 37 out of 120 or 

30.83%.  

 

The regional geological structural conditions in 

the research area, which constitute normal and 

reverse faults, are possibly related to the 

potential for landslides. The main direction of 

stress in the joints in the study region is 

northeast to southwest, which is consistent with 

the primary stress on normal faults, which 

normally trend northeast to southwest. When a 

fault moves, this might modify the force acting 

on the rock, forming joints. Joints may increase 

the pore water pressure on the rock and create 

areas of weakness and entryways for water, 

leading to stress on the slope material and 

triggering landslides [37].  

 

Slope Stability 

The limit equilibrium approach using the 

Morgenstern Price method, which will result in 

slope conditions in the study area that are safe 

and stable regarding a safety factor (SF) value 

of above 1.25 [38], was employed to assess the 

degree of slope stability. This non-circular 

assessment of the findings of kinematic analysis 

are used to determine slope stability, which can 

result in direct toppling and wedge 

toppling, which are probable landslides.  

 

 
Figure 8. Result of kinematic analysis Region 

A’. 

 
Figure 9. Kinematic analysis results Region.  

 

 

 
 

Figure 10. Kinematic analysis result Region 

C120 
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Figure 11. Kinematic analysis Region C135 

 

Region A’ 

SF values under dry and saturated groundwater 

conditions were obtained in evaluating slope 

stability measurements for Region A'. Region 

A' has an SF value of 3.434 in dry groundwater 

conditions (Figure 12), though it has an SF of 

2.358 in saturated groundwater conditions 

(Figure 13). 

 

 
Figure 12. Region A’ with Dry Conditions, SF 

3,434. 

 

 
Figure 13. Region A’ with Saturation 

Conditions, SF 2,358 

 

 
Figure 14. Region B140 with Dry Conditions, 

SF 5,869. 

 

 
Figure 15. Region B140 with Saturation 

Conditions, SF 4,603 

 

Region B140 

SF values for dry and saturated groundwater 

conditions were obtained in the framework of 

slope stability measurements for Region B140. 

Region B140 has an FS value of 5.869 at 

saturated groundwater conditions and 4.603 for 

dry groundwater scenarios (see Figures 14 and 

15). 

 

Region C120 

SF values were obtained for dry and saturated 

groundwater conditions in examining slope 

stability data for Region C120. Figure 16 

demonstrates that Region C120's SF value is 

3.526 in dry groundwater conditions, yet Figure 

17 illustrates the value of SF 2.586 in saturated 

groundwater conditions. 

 

 

Elevation (m) 

Space (m) 

Elevation (m) 

Space (m) 

Elevation (m) 

Space (m) 

Elevation (m) 
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Figure 16. Region C120 with Dry Conditions, 

SF 3,526. 

 
Figure 17. Region C120 with Saturation 

Conditions, SF 2,586 

 

Region C135 

SF values were obtained for dry and saturated 

groundwater conditions in the results of the 

slope stability examination in Region C135. 

Region C135 has an SF value of 4.117 in dry 

groundwater conditions (Figure 18) and an 

SF value of 3.075 in saturated groundwater 

conditions (Figure 19). 

 

 
Figure 18. Region C135 with Dry Conditions, 

SF 4,117 

 
Figure 19. Region C135 with Saturation 

Conditions, SF 3,075. 

High SF values imply that the slope stability is 

safe and stable. Since saturated groundwater 

generates a lower level of slope stability than 

dry groundwater, the SF value of a slope in 

saturated groundwater conditions is lower than 

the SF value in dry groundwater scenarios. 

Positive pore water pressure rises in saturated 

conditions and may lead to slope fall apart [39]. 

Groundwater has greater effects on slope 

stability as excavation depth increases. 

 

Slope Geometry Design Recommendation  

The slope recommendations are based on actual 

slope conditions in the four research areas 

and mining optimizing processes to extract 

greater reserves by generating safe slope 

geometric designs. The bench height was 

determined by mechanical equipment in the 

subject's area, namely the Excavator PC 750SE-

7 with a boom length of 7.1 m and an arm's 

length of 2.945 m, where the length of the 

sloping side of the slope is less than 10.045 m. 

Therefore, the efficient ladder height is 10 m.  

The width of the bench is selected by business 

requirements, which is 4 m. At this point, the 

angle of inclination of a single slope is 

computed at 80
o
 using the greatest SMR value, 

79.64. Figures 20 and 21 highlight that the 

suggested slope yields a lower SF value than 

the slope SF in actual slope settings, but the 

conditions are still assessed as safe and stable 

with SF> 1.25 [38].                
 

Space (m) 

Elevation (m) 

Elevation (m) 

Elevation (m) 

Space (m) 

Elevation (m) 
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Figure 20. Overall Recommended Slope with 

Dry Conditions,  SF 3,035. 

 

 
Figure 21. Overall Recommended Slope with 

Saturated Conditions, SF 2,021 

   

Conclusions  

The slope stability analysis using the 

Morgenstern Price method results in safe and 

stable slope conditions in the research area, 

with Region A' getting an SF value of 3,434 in 

dry groundwater conditions and SF of 2,358 in 

saturated groundwater conditions, Region B140 

with an SF value of 5,869 in dry groundwater 

conditions and SF 4.603 in saturated 

groundwater conditions. Region C120 has an 

SF value of 3.526 in dry groundwater 

conditions and an SF of 2.586 in saturated 

groundwater conditions. The overall slope 

recommendation is a bench height of 10 m, a 

bench width of 4 m, and a slope angle of 80
o
, 

which induces an SF value of 3.035 in dry 

groundwater conditions and an SF value of 

2.021 in saturated groundwater conditions. 
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