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Abstract—Slope stability is an extremely important consideration in the design and construction of
earth dams. The results of a slope failure can often be catastrophic, involving the loss of considerable
property and many lives. The important cause of failure is sliding. It may occur slowly or suddenly
and with or without forewarning.
The design of earthen dams involves many considerations that must be examined before initiating
detailed stability analysis. Such as geological and subsurface explorations, the earth and/or rock-fill
materials available for construction should be carefully studied.
This paper deals with study of testing the materials and stability analysis of “Bembla earthen dam”
situated near Yavatmal Dist. Yavatmal (Maharashtra State) as per IS 7894-1975(Reaffirmed 2002)
by Graphical method using Auto-cad
Keywords- Earth Dam, Factor of safety, Slope stability, stability number
I. INTRODUCTION
The methods of stability analysis currently in use have been developed largely as a result of
studies of actual slides on old dams. The stability computations serve as a basic either for the
redesign of slope of an existing structure or for deciding the slope of a new structure in accordance
with the specified safety requirement. Because of wide variations in the properties of sub soil
formation and the heterogeneity of soils available for construction of earth dam, the design of an
earth dam constitutes a problem that calls for individual treatment.
The important factors that cause instability in a slope and lead to failure are:1. Gravitational force
2. Force due to seepage water
3. Erosion of the surface of slopes due to flowing water
4. The sudden lowering of water adjacent to a slope
5. Forces due to earthquakes
The quantitative determination of the stability of slopes is necessary in number of engineering
activities, such as:
a) The design of earth dams and embankments
b) The analysis of stability of natural slopes
c) Analysis of the stability of excavated slopes
d) Analysis of deep-seated failure of foundations and retaining walls.
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II. FACTORS OF SAFETY
The factor of safety is commonly thought of as the ratio of the maximum load or stress that a
soil can sustain to the actual load or stress that is applied. Referring to Fig.1 the factor of safety F.
with respect to strength may be expressed as follows:

Fig. 1. Definition Diagram for Factor of Safety

In the graphical method the FOS is calculated using this equation: FOS= [ćL+tanΦ’ ∑N]/ ∑T
Where,
∑N = total of normal components
∑T =total of tangential components
Ć = effective cohesion
Φ’ = effective angle of friction
L = length of arc
III.
MATERIAL TESTING
Samples collected from the quarry near by the Bembla Project are tested in the laboratory and
following properties are found which are tabulated below:
Table 1 Properties of soil.

Sr.no.
01

Name
Murum

IV.

Ć
30KN/m2

Φ’
20°

G
2.01

γ
18KN/m3

PI
7.0

OMC
19.00%

MDD
21KN/m3

PROCEDURE OF ANALYSIS OF FORCES BY METHOD OF SLICES.

4.1 General
After deciding upon the tentative cross section of the proposed earth dam, a possible circular failure
surface through the dam and foundation (in case foundation is not firm and through which failure is
anticipated) shall be assumed. The trial sliding mass shall be divided into a number of vertical slices.
The number of slices depends on the width and profile of the sliding mass, number of various zones
included in the sliding mass and the accuracy desired. Usually 10 to 15 slices are desirable. For
zoned embankment and stratified foundations with different properties, where an arc of the potential
failure surface passes through more than one type of material, the vertical ordinates of the slices for
each zone or part of the foundation shall be obtained by locating the slice at each such dividing point.
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The slices, for convenience, may be of equal width though it is not rigidly necessary to do so. For
this, trial surface computations are made of the shear force needed for equilibrium and the strength
forces available.
4.2 Graphical Method
Any vertical line within sliding mass from the outer slope of the dam to the bottom of failure surface
represents weight of strip or slice infinitely small in width. This is resolved into two components, one
normal to the failure surface .N and other tangential to it T. These components for other various
vertical slices selected within the failure are plotted separately on two horizontal base lines after
projecting the verticals of the failure surface on the base lines. The extremities of these normal and
tangential components are then joined by smooth and continuous curves. The areas under these
curves represent the summation of the normal and tangential forces acting on the failure surface. The
areas for various zones are planimetered and multiplied by the respective unit weights of the
material. In order to account for the effect of the pore pressure, the normal forces shall be worked out
on the basis of effective unit weights. The summation of normal forces when multiplied by the
respective tangent of angle of internal friction along with addition of cohesion gives the total
resisting force. The summation of tangential forces gives total driving force. The factor of safety
shall then be calculated.
Refer Appendix A (slip circle) and Appendix B (table) for procedure adopted.
Theoretically if the materials of the dam and foundation are entirely homogeneous, any practicable
earth dam slope may have its critical failure surface below the toe of the slope. Fellenius found that
the angle intersected at O is about 133.5°. The directions of the angle α and β for locating the center
of the slip circle is given in Table 10.1 on page 398 in reference book, Geotechnical Engineering by
V. N. S. Murthy, CRC Publication.
 The weight, W, of a slice per unit length of dam may be computed from
W=γhab
Where, γ=total unit weight of soil, ha=average height of slice, b=width of slice.
If the widths of all slices are equal, and if the whole mass is homogeneous, the weight W can be
plotted as a vector passing through the center of slice. The vector may be made equal to the height of
the slice.
 Draw the vector along the center of slice having magnitude W=ha
 Join the point on the slip circle to the center of slip circle.
 Extend the line having magnitude hn
 Draw tangential magnitude ht
 Tabulate the results in the table
 Calculate the factor of safety by using: FOS= [ćL+tanΦ’ ∑N]/ ∑T
V. RESULTS AND CONCLUSION
 Seven slip circles having ’α’ constant and β varying solved graphically.
As per Bishop’s recommendation β=35° and α=25°
Critical slip circle found β=30° and α=25°
Factor Of Safety (minimum) is found to be 2.31 at critical slip circle. Refer Fig 2.
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Fig. 2. β vs. Factor of Safety








Minimum desired value of Factor Of Safety for steady seepage with reservoir full for
downstream slope is 1.5 as per IS 7894-1975 (Reaffirmed 2002).
The minimum FOS =2.31 which is greater than 1.5 Hence, downstream slope of the dam is safe.
Normal components of all the slices cause stability to the slope as shown in the Fig. 3

Fig. 3. hn vs. Slice Number

Slice no. 11,12,13,14 are included in the berm. The normal component for these slices increases
slightly and hence, factor of safety increases.
Tangential components of some slice cause stability to the slope and some of the slices cause
instability to the slope as shown in the Fig. 4.
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For critical slip circle slice no.14 (where the berm ends) has approximately ‘zero’ magnitude of
tangential component. Slice no.15-23 cause stability to the slope.
Slice no.4 carries maximum tangential component which cause the instability to the slope and hence
reduce the factor of safety.

Fig. 4. ht vs. Slice Number




Taylor’s stability number for φ=20° and β=30° and for zone B is found to be 0.0375
Factor Of Safety for height 19m is found 2.34.
FOS=2.31 which is approximately equal to FOS=2.34 as per Taylor’s stability number for circle
passing through the toe. Hence, downstream slope of the dam is found more stable.
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APPENDIX –A
FOR CRITICAL SLIP CIRCLE
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APPENDIX –B
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