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ABSTRACT: Among various challenges in civil engineering, slope stability and the challenges related are of utmost 

importance. The failure of a slope may lead to loss of life and property. With the development of modern methods of 

testing of soils and stability analysis, a safe and economical design of a slope is possible. The technique used in this paper 

for the analysis of slope is the use of SLOPE/W software. The variations are studied in terms of parametric analysis by 

varying the parameters such as slope, material, berm width and stages of the embankment. Results show that the factor of 

safety increases with increase in slope for a particular berm width and stage. It also shows that the factor of safety 

decreases with increase in stage for a particular slope and berm width. 
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1 INTRODUCTION 

The evaluation of stability of slopes in soil is an 

important problem in the field of geotechnical 

engineering. The failure of an embankment happens 

due to geological instability caused by changes to 

water levels. Most embankments fail due to seepage. 

Seepage, if uncontrolled can erode fine soil material 

from the downstream slope or foundation and continue 

moving towards the upstream slope to form a pipe or 

cavity to the pond or lake often leading to complete 

failure of the embankment. Due to the increase in water 

level scouring of soil may take place which can lead to 

catastrophic results. Therefore it becomes imperative to 

find out the slope and other parameters related to the 

slope that would be safe under such conditions.  

This study has been done with the help of SLOPE/W 

software that uses limit equilibrium theory to compute 

the factor of safety (FOS). Limit equilibrium methods 

utilize the Mohr-Coulomb expression to determine the 

shear strength along the sliding surface. This theory 

consists of analyzing the cross section of the failure 

surface as either a circular or non-circular surface. The 

area enclosed between the slope face and the failure 

surface is divided into a number of slices (30 in this 

case) which are then analyzed for equilibrium. 

Parametric study was performed in order to assess the 

dependency of FOS to the geometry and properties of 

soil slopes. The parameters used in this paper are 

variations in slope, berm width, materials and stages. 

This is very important and a modern method for 

calculating FOS which is in comparable with the 

conventional methods. The method used in this paper 

for the construction of the embankment was the 

upstream method.  

2 MATERIALS USED 

2.1 POND ASH 

The residue part after combustion of coal in power 

thermal plant is ash. The fine particle (fly ash) and 

coarser particle (bottom ash) are mixed in slurry form 

and deposited in the pond, which are known as pond 

ash.   Due to the production of large amount of pond 

ash, it needs to be suitably disposed of by creating an 

engineered ash pond to take care of environmental 

condition.  

2.2 LIME 

Lime is calcium containing inorganic material which 

mainly consists of carbonates, oxides and hydroxides. 

It is a white, caustic and alkaline crystalline solid at 

room temperature. Lime in the form of quicklime 

(calcium oxide – CaO), hydrated lime (calcium 

hydroxide – Ca(OH)2) or lime slurry can be used to 

treat soils. Quicklime is manufactured by chemically 

transforming calcium carbonate (limestone-CaCO3) 

into calcium oxide. Hydrated lime is created when 

quicklime chemically reacts with water.  

Table I Geotechnical Properties of Pond Ash and Lime 

PROPERTIES MATERIALS USED 

 

POND 

ASH LIME 

Maximum dry unit weight, 

kN/m
3
 

11.7 13.1 

Cohesion intercept (c), kPa 0 10 

Angle of shearing 

resistance Ф, (   ) 

30 33 
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3 METHODOLOGY 

A laboratory model of a raised embankment was 

analyzed. The height of the embankment was taken to 

be 5 meters and the top width was taken to be 3 meters. 

The first step was to identify the critical slip surfaces 

for the analysis of the embankment. The software uses 

limit equilibrium method to compute the FOS. Limit 

equilibrium method utilize the Mohr-Coulomb 

expression to determine the shear strength along the 

sliding surface. Parametric study was performed in 

order to assess the dependency of FOS on the 

geometry, stage, material and berm of the raised 

embankment.  A berm is a level space, shelf or raised 

barrier separating two areas. The materials used are 

Pond ash and Lime. The materials were analyzed after 

forming slurry of 1:6 ratio of fly ash with respect to 

water. The properties of lime were taken within 24 

hours which leads to the value of cohesion. The 

percentage of lime added to pond ash for calculation of 

FOS was 5%. 

3.1 GENERATION OF SLIP SURFACES 

USING SLOPE/W 

In order to achieve the objectives of this study, Geo 

studio software is used. SLOPE/W is a powerful slope 

stability analysis program. SLOPE/W can analyze and 

calculate the factor of safety for both simple and 

complex problems for a variety of slip surface shapes, 

pore- water pressure conditions, soil properties, 

analysis methods and loading conditions. Several 

methods for slope stability analysis such as Bishop, 

Ordinary, Janbu, Morgenstern- Price, Spencer, and 

GLE can be used. 

In this paper, the method used is Bishop’s method due 

to its accuracy and the errors are very less. Bishop’s 

method is suited to most stability problems where a 

circular slip surface is likely to occur.  

The method used in calculating FOS was the 

downstream method. The main reason for such analysis 

is due to the possibility of raising the height of the 

pond even when the pond is operational. However no 

reduction in the quantity of construction occurs which 

is the same as the single stage construction. Each slope 

was analyzed for different materials, slope and stages. 

4 RESULTS AND DISCUSSION 

4.1 POND ASH 

SLOPE BERM 

WIDTH 

FACTOR OF SAFETY 

STAGE 1 STAGE 3 STAGE 5 

1:1 0  

0.817 

0.416 0.244 

1.5 0.407 0.245 

3 0.510 0.344 

1:1.5 0  

1.170 

0.611 0.408 

1.5 0.591 0.402 

3 0.675 0.475 

1:2 0  

1.518 

0.776 0.519 

1.5 0.755 0.532 

3 0.801 0.599 

1:2.5 0  

1.863 

0.863 0.625 

1.5 0.883 0.647 

3 0.947 0.706 

1:3 0  

2.204 

1.000 0.723 

1.5 1.020 0.744 

2 1.086 0.803 

4.2 POND ASH MIXED WITH LIME 

SLOPE BERM 

WIDTH 

FACTOR OF SAFETY 

STAGE 1 STAGE 3 STAGE 5 

1:1 0  

2.014 

0.840 0.552 

1.5 0.866 0.581 

3 1.009 0.713 

1:1.5 0  

2.602 

1.118 0.766 

1.5 1.138 0.794 

3 1.269 0.908 

1:2 0  

3.224 

1.379 0.948 

1.5 1.406 1.000 

3 1.530 1.109 

1:2.5 0  

3.995 

1.590 1.129 

1.5 1.655 1.200 

3 1.762 1.304 

1:3 0  

4.823 

1.821 1.313 

1.5 1.883 1.369 

3 1.990 1.463 

 

Diagram of an example of SLOPE/W 



Indian Geotechnical Conference IGC2016 
15-17 December 2016, IIT Madras, Chennai, India 

3 

4.3 POND ASH 

Fig.1 Variation of FOS with stage (berm width 0m) 

Fig.2 Variation of FOS with stage (berm width 

1.5m) 

Fig.3 Variation of FOS with stage (berm width 3m)

  

4.4 POND ASH MIXED WITH LIME 

Fig.4 Variation of FOS with stage (berm width 0m) 

Fig.5 Variation of FOS with stage (berm width 

1.5m) 

Fig.6 Variation of FOS with stage (berm width 3m) 
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Fig.7 Variation of FOS of stage 1 with material 

5 CONCLUSION 

Studies were conducted to characterize the stability of 

slope by parametric variation using SLOPE/W.  It uses 

limit equilibrium for calculating FOS. Several methods 

can be used to calculate factor of safety, the method 

used in this paper was Bishop’s method due to its 

accuracy. It was calculated for slopes ranging from 1:1 

to 1:3. Berm width was varied for each slope with 

values of 0, 1.5 and 3. The factor of safety was also 

calculated for stages 1, 3 and 5. 

Materials used were Pond ash, Lime. The content of 

lime added to pond ash for the analysis was 5%.The 

properties of lime were taken after curing for 24 hours. 

The values of FOS which are less than 1.5 are 

considered to be safe. The method used for the 

construction of the slope was downstream method. 

Results show that the FOS increases with increase in 

slope for a particular stage and berm width. The reason 

being the increase of the bottom width which provides 

additional resistance.The FOS decreases with increase 

in stage for a particular slope and berm width.  
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