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ABSTRACT 
Indian Railways has been always encouraging for 
national and rural development, and acted as 
means for national integrity and transportation of 
raw materials and finished products from 
industries in huge quantities at less expenditure as 
compared to road transport. One such project 
taken up by Indian railways is Cuddapah – 
Bangalore line as MOUs with government of 
Andhra Pradesh and Karnataka. This project is 
being executed on 50:50 cost-sharing basis by the 
railways and the State Governments. 
Presently phase I is completed the phase I is 21.8 
km long and divided into three reaches for 
execution purpose. Reach I 0km to 10 km, Reach 
II 10km to 17km , and Reach III 17km to 
21km.with paddapuram halt station, gaganapalle 
and pendlimarry crossing stations. Maximum 
height of embankment is 11.93 at   km and side 
slope stability analysis is done at this section.  
Mass of soil which is bounded by a sloping 
surface is subjected to shearing stress on nearly all 
its internal surfaces because of gravitational forces 
which tend to pull the upper portions of mass 
downward towards a more nearly level surface 
.An analysis of stability of slope consists of two 
parts (i) the determination of most severely 
stressed internal surface and the magnitude of the 
shearing stress to which it is subjected, (ii) the 
determination of the shearing strength along this 
surface. The shearing stress to which any slope 
can be subjected depends upon the unit weights of 
the material and the geometry of the slope, while 
shearing strength which can be mobilized to resist 
the shearing stress depends on the character of 
soil, its density and drainage conditions. The 
failure slopes involves downward and outward 
movement of the entire mass of soil that 
participates in failure. The failure of slopes takes 
place mainly due to (i) the action of gravitational 
forces, and (ii) seepage forces within the soil. 
They may also fail due to excavation or 
undercutting of its foot, or due to gradual 
disintegration of the structure of soil. 
As case study soils samples at 5 kms,15 kms and 
20 kms are collected and stability analysis by 
Bell’s charts methods and factor of safety of each 
section was determined. Following test were 
carried out to know the soil parameters. 

 
I INTRODUCTION 

Earthen embankments are commonly required for 
railways, roadways, earth dam, and river training 
works. It is necessary to analyze slopes of 

embankment for stability because their failure 
may lead to loss of human life as well as heavy 
economical loss. Slope stability problems have 
been faced throughout history when men or nature 
has disrupted the delicate balance of natural soil 
slopes. Furthermore, the increasing demand for 
engineered cut and fill slopes on construction 
projects has only increased the need to understand 
analytical methods, investigative tools, and 
stabilization methods to solve slope stability 
problems. 
 In the case of railway line construction, at the 
stage of preliminary location survey itself the 
slopes should be analyzed, otherwise the entire 
project may get bogged down for need of a stable 
embankment the design should be considered 
comprehensive if safety against failure is ensured. 
Concept  
An exposed ground surface that stands at an 
angle( ) with the horizontal is called slope. 
Slopes are required in the construction of highway 
and railway embankments, earth dams, and canals. 
These are constructed by sloping the lateral faces 
of the soil because slopes are generally less 
expensive than constructing walls. Slopes can be 
natural or manmade. When the ground surface is 
not horizontal a component of gravity will try to 
move the sloping soil mass downwards.The failure 
of a mass of soil in slope is the downward 
movement of a slope, known as slide. It is usually 
caused by a gradual disintegration of the structure 
of the soil, by an increase of the pore water 
pressure in a few exceptionally permeable layers, 
or by a shock that liquidizes the soil. 
The factor leading to the failure of the slopes may 
be classified into two categories: 
The factors, which cause an increase in shear 
stresses. The stress may increase due to weight of 
water causing saturation of soils, surcharge loads, 
seepage pressure or any other cause. The stresses 
are also increased due to steepening of slopes 
either by excavation or by natural erosion. 
 
The factors which cause a decrease in the shear 
strength of the soil. The loss of shear strength may 
occur due to an increase in water content, increase 
in pore water pressure, shock loads, weathering or 
any other cause. 
Most of natural slope failure occurs during rainy 
season, as the presence of water causes both 
increased stresses and the loss of strength. With 
the development of modern methods of technique 
of stability analysis, a safe and economical design 
of a slope is possible. 
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 Failure of natural slopes (landslides) and man-
made slopes has resulted in much death and 
destruction. Some failures are sudden and 
catastrophic; others are widespread; some are 
localized. Civil Engineers are expected to check 
the safety of natural and slopes of excavation. 
Slope stability analysis consists of determining 
and comparing the shear stress developed along 
the potential rupture surface with the shear 
strength of the soil. Attention has to be paid to 
geology, surface drainage, groundwater, and the 
shear strength of soils in assessing slope stability. 
Problems are most frequently encountered where 
there is a layer of soil with large cohesion at the 
top of the slope and tension tends to develop in the 
upper part of the slip surface or where there is a 
layer of soil with a high friction angle at the base 
of the slope and the slip surface emerges through 
this layer at an angle that is nearly vertical. 
Adding tension crack at the top of the slope can 
eliminate the tension and flattering the exit angle 
at the lower end of the slip surface often 
eliminates the tension that arises at bottom. 
 

II STABILITY ANALYSIS 
Stability assessments of earth slopes require 
limit state calculations, which differ significantly 
from those in structural engineering. This is 
because the weight of the soil constitutes the 
main load on slopes, yet it contributes to forces 
both resisting and driving the collapse. These 
forces depend on the mode of failure and the 
particular geometry of the failure mechanism. 
Consequently, the safety factor cannot be defined 
as a ratio of the limit load to the working load 
(both being ill-defined for slopes), but is usually 
defined as a function of the strength of the soil. 
Typically, the strength of the soil is described by 
the Mohr – Coulomb yield condition as a function 
of the cohesion, c, and the internal friction 
angle, <p. A common definition of the factor of 
safety (F) is the ratio of the shear strength of the 
soil to the shear stress necessary to maintain limit 
equilibrium. A large body of literature exists on 
the stability of slopes, and a comprehensive 
description of it was presented by Duncan (1996). 
No new analysis method is introduced in this 
paper, rather a convenient way of representing 
stability analysis results is re- visited. The 
objective of this paper is to present convenient 
charts for estimations of safety factors, based on 
strict limit analysis (kinematic approach) 
calculations. 
 
Stability Number 
Analyses of stability of slopes with irregular 
inclination or with heterogeneous soils require the 
application of now computerized methods. 
However, charts for homogeneous slopes with a 
well defined inclination are often used in practice 

as a quick reference, and they are a convenient 
tool for the first estimate of the slope safety. An 
early example of such charts is the one 
produced by Taylor (1937). Taylor used the 
friction circle method (<p-circle method) to arrive 
at his chart. To present the results in a 
dimensionless manner he introduced a stability 
number defined as 

--------(1) 
where c d  and <p d  are the soil strength 

parameters necessary only to maintain the 
structure in limit equilibrium. They are sometimes 
referred to as ‘‘mobilized’’ strength parameters. 
The factor in Eq. (1) is a ‘‘global’’ measure of 
safety and it ignores the progressive nature of 
most failure processes where the limit state is 
reached sequentially in the structure. Calculations 
of the safety factor require that parameters c d  
and <p d  be used in analysis, independent of the 

technique used (finite element, limit analysis, etc.). 
Because c d and <p d are not true parameters of the 

soil, the analysis leads to a fictitious collapse 
mechanism that should not be interpreted as a true 
failure pattern. Despite this criticism, the safety 
factor as defined in Eq. (1) is generally accepted 
in practice, and it seems to be a reasonable 
measure of the safety of slopes. 
 

III AIMS OF SLOPE ANALYSIS 
To verify the stability of different types of slopes 
under given conditions. 
To verify the probability of landslides involving 
natural or existing manmade slopes. To enable 
redesign of field slopes and the planning design of 
preventive and remedial Measures wherever 
necessary. 
To enable a study of the effect of exceptional 
loading such as earth quakes on slopes. 
Finite Slopes 
A finite slope is one with a base and top surface, 
the height being limited. The inclined faces of 
earth dams, embankments, excavation and the like 
are all finite slopes. 
Investigation of the stability of finite slopes 
involves the following steps 
assuming a possible slip surface,  
studying the equilibrium of the forces acting on 
this surface, and  
Repeating the process until the worst slip surface, 
that is, the one with minimum margin of safety is 
found. 
Methods:- 
I.  Total stress analysis for purely cohesive soil. 
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Total stress analysis for cohesive –frictional (c- ) 
soil – (Swedish method of slices or Method of 
slices)  
III.    Friction circle method. 
IV.    Taylor’s method. 

IV EXPERIMENTAL INVESTIGATION 
 

Specific gravity 

 
Observation: 

Pabbapuram 

 

D10 = 0.2mm, D60 = 1.215mm,D30 = 0.6mm 

Gangannapalli 

 

 
D10 = 0.4mm , D60 = 1.75mm , D30 = 1.3mm 

 
Pendlimarri 

D10 = 0.2mm , D60 = 1.3mm , D30 = 0.9mm 
 

Liquid limit of the soil  

 Pabbapuram  = 40.05% 
 Ganganapalli  = 50.32% 
 Pendlimarri = 28.16% 

Plastic limit of the soil 

 Pabbapuram  = 21.48% 
 Ganganapalli  = 35.49% 
 Pendlimarri = 32.68% 
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Standard Proctor Compaction Test 

Pabbapuram 

 

 

Ganagannapalli 

 

 

 Pendlimary 

 

 

Direct Shear Test 

Gangannapalli 
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Pabbapuram 

 

 Pendlimarri  

 

 Cohesion, c  

 Pabbapuram  = 19.0 

 Ganganapalli  = 20.0 

 Pendlimarri = 18.5 

Coefficient of Permeability by Falling Head 

Method. 

Angle fo internal friction, ϕ  

 Pabbapuram  = 32.00O 

 Ganganapalli  = 36.53O 

 Pendlimarri = 02.85O 

 Pabbapuram  = 4.90  X 10-4 

 Ganganapalli  = 5.02 X 10-4 

 Pendlimarri = 5.20 X 10-4 

Bell’s Method  

 Bell introduced his concept by redrawing 
Taylor’s charts and also presented some 
additional results from Bishop’s slice method 
computations. The charts were developed 
using kinematic approach of limit analysis 
applied to a rigid rotation collapse 
mechanism. 

���� =  2: 1 for all sections 

Analysis of section at Pabbapuram.  

C = 19 KN/m2   

 β  = 63.44o 

� = 32.0o  � = 19.5 KN/m3 

H = 8.5 

From Bell’s charts (ref:3.litrature review) 

Toe:  
�

� � ��� �
 = 0.183  

 
�

��� �
 = 2.8 

F S= 1.740  

Base:   
�

� � ��� �
 = 0.183  

 
�

��� �
 = 3.0 

F S= 1.875 

Analysis of section at Gangannapalli.  

C = 20 KN/m2   

 β  = 63.44o 

� = 36.52o � = 19.5 KN/m3 
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H = 5.5 

From Bell’s charts (ref:3.litrature review) 

Toe:  
�

� � ��� �
 = 0.252  

  
�

��� �
 = 2.4 

FS= 1.770 

Base:   
�

� � ��� �
 = 0.252  

  
�

��� �
 = 3.1 

 

 
VI. CONCLUSIONS 
 
 As per the experiments conducted and 
results obtained the factor of safety for all the 
three sections i.e., at Pabbapuram, Gangnnapalli, 
Pendlimarri   is 1.74 and this value is in 
accordance with Indian Railways specifications. 

 Therefore it is concluded that in field it is 
easy to calculate Factor of safety by using Bell’s 
charts method, where as using Indian Railways 
specification is desirable for designing purpose.  
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