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Abstract. Analysis of slope stability is very important as many structures in hilly areas failed 

due to instability of slope. The aim of this study is to determine the factor of safety (FOS) of 

slopes located at Pahang Matriculation College by using limit equilibrium method. Two 

methods known as modified Fellenius’s method and modified Bishop’s method are used in this 

study. Laboratory testing involving index and engineering properties are conducted to 

determine the properties of soil within the study area. The soil at Pahang Matriculation College 

can be classified as sandy SILT with high plasticity. From the analysis, the FOS values for two 

slopes in saturated soil conditions (0 kPa suction) are between 1.262-2.885 when using 

Bishop’s method which are higher compare to 1.199-2.688 when using Fellenius’s method. 

The percentage differences of FOS between these two methods are between 5.25% to 7.33%. 

For slopes in unsaturated conditions (20 kPa suctions), the FOS are between 1.550-3.702 when 

using modified Bishop’s method which always higher compare to 1.492-3.507 when using 

modified Fellenius’s method. The percentage differences of FOS are between 3.89% to 5.56%. 

The relative accuracy of Bishop’s method is due to it consider only the vertical equilibrium of 

each slices and there is no need to consider the horizontal components of the interslice forces 

without introducing serious error in the FOS value. 

 

Keywords: Bishop’s method, Fellenius’s method, engineering properties, unsaturated soil,                     

factor of safety (FOS) 

1.  Introduction 

Nowadays, rapid urbanisation, deforestation together with rapid growth of development have affected 

and destabilized soil surrounding it. The increasing number of development contributes to gradually 

weaken the earth structures. Several case studies that slope failure happened due to clearing of trees 

that vanished the reinforcement by roots of the soil [1,2]. 

Slope failure commonly occurs when shear strength of the soil is reduced due to decreasing of 

effective stress resulting from pore water pressure increment [3]. According to [4], several causes of 

slope failure are type of soil, precipitation and anthropogenic actions [5,6]. [7] suggested many 

statistical data that show most of slope failures usually occur during rainfall or after rainfall and 

happened in many countries like Japan, Hong Kong, and Southeast. 

Many hill slope areas in Malaysia, both engineered slope and natural slope have high risk exposure 

to slope failure [8]. The increase of pore water pressure and soil moisture due to antecedent and 

prolonged rainfall contribute to the failure of a slope.  
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The aim of this study is to analyse the safety of two slopes located within the area of Pahang 

Matriculation College in order to determine the factor of safety (FOS) of both slopes. The analysis will 

be carried out using SLOPE/W and the results between FOS using modified [9] method and modified 

[10] method will later compared to determine the best method for slope analysis. 

 

2.  Methodology 

This study was carried out at Pahang Matriculation College, Gambang, Pahang, Malaysia. Figure 1 

show the study area. Figure 2 and Figure 3 show the clear view of the slopes. 

 

Figure 1. Study Areas at Pahang Matriculation College [11]. 

 

Figure 2. Slope A [12]. 

Slope B 

Slope A 
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Figure 3. Slope B [12]. 

 

Table 1 show the list of tests needed in order to determine the physical and engineering properties 

of soil at Pahang Matriculation College according to [13] while [14] was used for soil sample 

collection. 

 

Table 1. List of Soil Test. 

List of Tests Function 

Sieve Analysis and Hydrometer To determine particle distribution of soil 

Specific Gravity To determine the ration of the weight of an equal volume of 

distilled water 

Atterberg Limit To determine the critical water contents of a fine-grained soil 

Mositure Content To determine the quantity of water contained in a soil 

Consolidated Isotropic Undrained The determine the shear strength of soil 

 

3.  Results and Discussion 

Table 2 show the properties of the soil material in the study area. According to [11], the soil at Pahang 

Matriculation College can be considered as sandy SILT of high plasticity with average of specific 

gravity of 2.74  
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Table 2. Properties of the Soil Materials in the Study Area [11]. 

Composition Sandy SILT 

Natural Moisture Content (%) 17.95 

Gravel (%) 4.2 

Sand (%) 27.9 

Silt (%) 45.1 

Clay (%) 22.8 

Liquid Limit, LL (%) 70.0 

Plastic Limit, PL (%) 31.0 

Plasticity Index, PI (%) 39.0 

Specific Gravity ( sG ) 2.74 

Bulk Density, b  (kg/mm3) 
1.99 

Dry Density, d  (kg/mm3) 
1.67 

 

Figure 4 show the particle size distribution at Pahang Matriculation College. 

 

 

Figure 4. Particle Size Distribution of Tropical Residual Soil [11]. 

Table 3 shows experimental shear strength values of soil at study area with value of 
b  angle. The 

effective saturated shear strength parameters (
'c and 

' ) for the soil at Pahang Matriculation College 

were determined by performing the consolidated isotropic undrained (CIU) tests on three undisturbed 

soil samples. The unsaturated friction angle, 
b was assumed lower than saturated friction angle, 

'  

based on previous literature from other researchers. According to [15; 16; 17] the new parameter 
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introduced which is the unsaturated friction angle, 
b  is always less than or equal to saturated friction 

angle, 
' . [18] assume the shear strength of soil is linearly proportional to matric suction, where 

b

is equal to 
'  when matric suction lower that air-entry value. From the stated literature, the value of 

unsaturated friction angle, 
b was assumed 21º which is lower than the saturated friction angle, 

'  

because no experiment has been conducted to obtain this parameter. 
 

Table 3. Experimental Values of Shear Strength with Values of 
b  

of Residual Soil [11] 

Researcher Location 'c , (kPa) 
' , (º) 

b , (º) 

[11] Pahang 

Matriculation 

College 

9 25 21 (assumed) 

 

4.  Analysis of Slope 

The analysis of slope in this study was based on two formulas known as modified [9] method and also 

modified [10] method. [19] suggested an equation which was the modification of [9] method (1936) in 

order for the formula applicable to calculate FOS of unsaturated soil slope. 

 

F = 




sin

)tan'tan)cos('(
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lSRRWlRc b




  (1) 

 

The final modification of [10] method (1955) were proposed by [20] and is applicable to calculate 

FOS of slope influenced by both saturated ad unsaturated soil. 

 

F  = 
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i. Slope A 

 

The critical slip surface for slope A was presented in Figure 5. This slope was divided into 20 slices 

to calculate weight of soil bounded implement to equation (1).  



GEOTROPIKA 2019

IOP Conf. Series: Materials Science and Engineering 527 (2019) 012004

IOP Publishing

doi:10.1088/1757-899X/527/1/012004

6

 

Figure 5. Identification of the critical slip surface using commercial  

software (SLOPE/W) for slope A using equation (1).  

 

A minimum FOS of 2.690 was calculated from SLOPE/W using conventional method of slices. To 

determine the difference and percentage difference of FOS of slope A with other methods, this value is 

used as a controlled value. This particular slip surface corresponded with a radius of 11.04 m and 

origin of x = 14.827 m, y = 97.975 m from benchmark point marked at Pahang Matriculation College. 

Figure 6 show the critical slip surface for slope A with the implementation of equation (2). 

 

 

Figure 6. Identification of the critical slip surface using commercial 

 software (SLOPE/W) for slope A using equation (2). 
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The minimum FOS calculated using SLOPE/W was 2.886 using [10] Simplified method. This 

value is used as a controlled value to determine the percentage difference of FOS of other methods 

from SLOPE/W. This particular slip surface corresponded with a radius of 11.04 m and origin of x = 

14.827 m, y = 97.975 m from benchmark point marked at Pahang Matriculation College. The results 

obtained for this particular slip surface employed from equation (1) in comparison with the various 

methods available using SLOPE/W was presented in Table 4. This comparison had been made to see 

the differences between factor of safety (FOS) of the slope as provided in SLOPE/W. 

 

Table 4. Comparison of FOS by various methods of analysis 

 (Slope A, equation (1)). 

Type of Analysis FOS Percentage 

Difference (%) 

Manual calculation using equation (1)- Ordinary 

method ([9] method) 

2.688 0 

SLOPE/W using [9] method 2.690 0.07 

SLOPE/W using [10] method 2.886 7.37 

SLOPE/W using [21] method 2.630 2.16 

SLOPE/W using [22] method 2.883 7.25 

SLOPE/W using [23] method 2.883 7.25 

 

Table 4 shows the differences between methods range from 0.07 % to 7.37 % when compared to 

manual calculation. Table 5 show the comparison of particular slip surface employed from equation 

(2) with various method from SLOPE/W. 

 

Table 5. Comparison of FOS by various methods of analysis 

 (Slope A, equation (2)). 

Type of Analysis FOS Percentage 

Difference (%) 

Manual calculation using equation (2)- [10] 

method 

2.880 0 

SLOPE/W using [9] method 2.690 6.60 

SLOPE/W using [10] method 2.886 0.21 

SLOPE/W using [21] method 2.630 8.68 

SLOPE/W using [22] method 2.883 0.1 

SLOPE/W using [23] method 2.883 0.1 

 

Table 5 shows the differences between methods range from 0.1 % to 8.68 % when compared to 

manual calculation. The difference between the use of equation (1) with the Ordinary method ([9] 

method- SLOPE/W) and equation (2) with ([10] method – SLOPE/W) are small, due to the fact that 

these two methods (manual calculation and SLOPE/W), when applied to analyse a saturated slope at 

study area, was adopted from a very similar formula in equation and approach. The small differences 

between FOS values between SLOPE/W and manual calculation may due to the decimal places use 

when calculating the formula. 

Since equation (2) have two FOS in the left (real) and the right (assumed) hand side, two FOS 

values need to be assumed first before obtaining the real FOS. Table 6 show the assumed and real FOS 

values calculated using equation (2) for saturated soil slope (i.e. ( wa   ) = 0, 
b = 0).  
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Table 6. Assumed and real FOS values using equation (2) 

 for saturated soil (0 kPa suction) of slope A. 

Type of Analysis Assumed FOS Real FOS 

Manual calculation using equation (2)- 

 [10] method 

(1) 2.800 2.880 

 (2) 2.900 2.885 

 

Since there is two FOS values obtained from the assumptions, a graph need to be plot in order to 

obtain one real FOS when calculating using equation (2). Figure 7 show the graph of [10] Simplified 

method for 0 kPa suction. 

 

Figure 7. Graph of [10] Simplified method (equation (2))  

for saturated (0 kPa) slope A. 

 

The graph indicates that, the actual FOS value calculated using equation (2) with 0 kPa suction is 

2.885. Since the FOS is greater than 1, therefore it is safe. Table 7 show the percentage differences of 

FOS between [10] Simplified method (equation 2) with [9] method (equation 1) of 0 kPa suction. 

 

Table 7. Differences of FOS values for saturated soil 

 (0 kPa suction) of slope A. 

Type of Analysis FOS Percentage 

Difference (%) 

Manual calculation using equation (1)- [9] 

method 

2.688 0 

Manual calculation using equation (2)-  

[10] method 

2.885 7.33 

 

The results suggested that, calculation by using [10] Simplified method gave higher FOS value 

compare to ordinary [9] method by 7.33 % for 0 kPa suction. To compare the FOS value of 

unsaturated soil slope between equations (1) and (2), the matric suction was assumed 20 kPa. This 

assumption has been made just to differentiate the state of the soil whether the soil was in saturated or 
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unsaturated condition without introducing any error in this study. Table 8 shows the assumed FOS and 

the real FOS values calculated using equation (2) for unsaturated soil (i.e. ( wa   ) = 20, 
b = 21). 

 

Table 8. Assumed and real FOS values using equation (2) 

 for unsaturated soil (20 kPa suction) of slope A. 

Type of Analysis Assumed FOS Real FOS 

Manual calculation using equation (2)- 

 [10] method 

(1) 3.650 3.699 

 (2) 3.750 3.703 

 

Figure 8 show the graph of [10] Simplified method for 20 kPa suction. 

 

 

Figure 8. Graph of [10] Simplified method (equation (2)) 

 for unsaturated (20 kPa) slope A. 

 

The graph shows that, the actual FOS value calculated using equation (2) with 20 kPa suction is 

3.702. Since the FOS is greater than 1, therefore it is safe. Table 9 show the percentage differences of 

FOS between [10] Simplified method (equation 2) with [9] method (equation 1) of 20 kPa suction. 

 

Table 9. Differences of FOS values for unsaturated soil (20 kPa suction) of slope A. 

Type of Analysis FOS Percentage 

Difference (%) 

Manual calculation using equation (1)- [9] 

method 

3.507 0 

Manual calculation using equation (2)-  

[10] method 

3.702 5.56 

 

The results suggested that, calculation by using [10] Simplified method gave higher FOS value 

compare to ordinary [9] method by 5.56 % for 20 kPa suction. Table 10 show the summary of FOS 

values for both slopes at Pahang Matriculation College (study area). The calculations of FOS of Slope 

B are not shown since it is the same way of calculation as previous FOS calculation of Slope A. 
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Table 10. Summary of FOS values of research slopes. 

Type of Slopes 

FOS for Saturated Soil Slope FOS for Unsaturated Soil Slope 

[9] [10] 

Percentage 

Difference 

(%) 

[9] [10] 

Percentage 

Difference 

(%) 

Slope A 

2.688 2.885 7.33 3.507 3.702 5.56 

Slope B 

1.199 1.262 5.25 1.492 1.550 3.89 

 

Slope A give 2.688 FOS value when calculating using [9] method and 2.885 when using [10] 

method for saturated soil slope and give a percentage difference of 7.33 %. For unsaturated condition, 

3.507 was the FOS calculated using [9] method while 3.702 when using [10] method. These give the 

percentage difference of 5.56 %. 

For Slope B, the FOS calculated give 1.199 when calculating using [9] method while 1.262 using 

[10] method for saturated condition. These contribute to 5.25 % difference of FOS between both 

methods. Manual calculation also gives 1.492 of FOS value when calculating using [9] method and 

1.550 when using [10] method. These give percentage difference of 3.89 %. 

 

5.  Conclusion 

The result of FOS values for both slopes at study area show that the FOS values, when calculated 

using [10] Simplified method always higher compare to FOS calculated using [9] method. This is due 

to [10] method consider moment of equilibrium of forces and also vertical forces which is different 

from [9] method which only consider moment of equilibrium only. This contributes to the analysis of 

a slope was more accurate when using [10] method compare to [9] method. According to [24] the 

relative accuracy of [10] method is due to it consider only the vertical equilibrium of each slices and 

there is no need to consider the horizontal components of the interslice forces without introducing 

serious error in the FOS value. 
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