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Gravity dams are rigid concrete dams which ensure
stability against all loads by virtue of their weight alone.
They transfer all the loads to the foundation and hence
are built when the foundation is strong rock. A typical
section of a gravity dam is shown.





Typical Cross section of Gravity Dam

Toe









Forces acting on Gravity Dam

1) Water Pressure

2) Self Weight of the Dam

3) Uplift Pressure

4) Silt Pressure

5) Wave Pressure

6) Ice Pressure

7) Earthquake Pressure

8) Wind Pressure



1) Water Pressure

 It is the major external force acting on a dam.

 The water pressure on the upstream face depends
on the water surface level in the reservoir and acts
horizontally. In case the dam has a batter in the
upstream side, the load of water over the batter is
also present and acts vertically.



The horizontal water pressure acts at a height of H/3 from 
base of the dam. Unit weight of water, γw = 1000 kg/m3 = 9.807 kN/m3



**Tail Water Pressure: Similarly, the water pressure on the
downstream face is due to the tail water and acts horizontally
while the weight of water on the downstream face acts
vertically.



 The horizontal water pressure acts at a height of H/3 

from base of the dam, and is given by

 The vertical water pressure acts on the length ‘b’ portion of 
the base. This vertical pressure is given by



2) Weight of the Dam

 Weight of the dam is the major resisting force.

 Total weight of the dam acts at the center of gravity of its
section. Unit length of the dam is considered in the
calculation of weight.

W = W1 + W2 + W3

Weight = Volume per unit length x Density of material



3) Uplift Pressure

 Uplift pressure is the
pressure exerted by water
as it seeps through the
body of the dam or its
foundation.

 Seeping water exerts
pressure on the base of
the dam and it depends
upon water head.

 Uplift pressure is given by









4) Silt Pressure

 Silt is deposited on the u/s of the dam.

 Sediment deposition in the reservoir results in a force
acting horizontally on the upstream face. This force is
assumed to have a hydrostatic distribution.

 Silt Pressure is given by acting at H/3 from
base.







5) Wave Pressure
 Waves are generated on the surface of the reservoir by

the blowing winds, which exert a pressure on the
upstream side. Wave pressure depends upon wave
height, and is given by the equation

acting at above the reservoir surface.







6) Ice Pressure



 Earthquakes impart a horizontal as well as a vertical
acceleration to the dam and the stored water. This
results in additional forces, both in the horizontal and
vertical directions. Horizontal and vertical “seismic
coefficients” are used to appropriately modify these
forces to account for the effect of earthquakes.

7) Earthquake Pressure







8) Wind Pressure



A gravity dam may fail in following modes:

1. Overturning of dam about the toe
2. Sliding – shear failure of gravity dam
3. Compression – by crushing of the gravity dam
4. Tension – by development of tensile forces  

which results in the crack in gravity
dam.



1) Overturning

 If the moments of the destabilizing forces (such as water
pressure on the upstream face and uplift) about the toe
of the dam exceed those of the stabilizing forces (mainly
the weight of the dam), the dam can overturn.

 If the resultant force cuts the base within the body of
dam there will be no overturning.

For safety against overturning.



 The horizontal forces act against the gravity dam causes
overturning moments. To resist this, resisting moments are
generated by the self-weight of the dam.

 If the resultant of all the forces acting on a dam at any of its
sections, passes through / outside the toe, the dam will rotate
and overturn about the toe. This is called overturning failure of
gravity dam. If the resultant force cuts the base within the
body of dam there will be no overturning.

 The ratio of the resisting moments about toe to the overturning
moments about toe is called the factor of safety against
overturning. Its value generally varies between 2 and 3.

 FOS = sum of resisting moments / sum of overturning
moments

 F.O.S.= ≥ 1.5

1) Overturning



 When the net horizontal forces acting on gravity dam at the
base / any plane in the dam exceeds the frictional resistance
(produced between body of the dam and foundation), The
failure occurs is known as sliding failure of gravity dam.

 For safety against sliding

F.S.S = µ × > 1

Where
µ = coefficient of static earth pressure

= 0.65 to 0.75

2) Sliding (Shear Failure)



2) Sliding (Shear Failure) cond…





3) Compression or Crushing





4) Tension



4) Tension cond..











However, if u/s face is vertical, φ = 0 and σ1 = Pv





However, if u/s face is vertical, φ = 0 and τ = 0
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GALLERIES
A gallery is an opening within a dam that provides access into

or through the dam. These may run either longitudinally or transversely
and may be either horizontal or inclined. The following are the common
types and uses of galleries:
(i)Drainage galleries provide a drainage way for water percolating  
through the upstream face or seeping through the foundation.
(ii)Grouting galleries provide space for drilling and grouting the  
foundation.
(iii)Inspection galleries provide access to the interior of the structure  
for observing its behaviour after completion.
(iv) Gate galleries (or chambers or vaults) provide access to, and room
for, such mechanical and electrical equipment as are used for the  
operation of gates in spillways and outlet works.
(v)Cable galleries provide access through the dam for control cables  
and/or power cables and related equipment.
(vi) Visitors’ galleries provide access routes for visitors.

Other galleries may be needed in a particular dam to meet special
requirements, such as the artificial cooling of concrete blocks, the
grouting of contraction joints, and so on.
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MODULE -2- EARTH DAMS

Introduction

An embankment dam is a large artificial dam. It is typically created by the placement and
compaction of a complex semi-plastic mound of various compositions of soil, sand, clay, or rock.
It has a semi-pervious waterproof natural covering for its surface and a dense, impervious core.
This makes such a dam impervious to surface or seepage erosion. Such a dam is composed of
fragmented independent material particles. The friction and interaction of particles binds the
particles together into a stable mass rather than by the use of a cementing substance.

Embankment dams come in two types: the earth-filled dam (also called an earthen dam or
terrain dam) made of compacted earth, and the rock-filled dam. A cross-section of an
embankment dam shows a shape like a bank, or hill. Most have a central section or core
composed of an impermeable material to stop water from seeping through the dam. The core can
be of clay, concrete, or asphalt concrete. This dam type is a good choice for sites with wide
valleys. They can be built on hard rock or softer soils. For a rock-fill dam, rock-fill is blasted
using explosives to break the rock. Additionally, the rock pieces may need to be crushed into
smaller grades to get the right range of size for use in an embankment dam.
The building of a dam and the filling of the reservoir behind it places a new weight on the floor
and sides of a valley. The stress of the water increases linearly with its depth. Water also pushes

against the upstream face of the dam, a nonrigid structure that under stress behaves
semiplastically, and causes greater need for adjustment (flexibility) near the base of the dam than
at shallower water levels. Thus the stress level of the dam must be calculated in advance of
building to ensure that its break level threshold is not exceeded.

Causes of failure of earth dams

Stability and Failure of Earth Filled Dams  
Failure of earth dams may be:
1.
2.
3.

Hydraulic Failure  
Seepage Failure  
Structural Failure

1. Hydraulic Failure:

1.
2.
3.
4.

Overtopping of dams
Erosion of the Upstream Surface  
Erosion of the Downstream Surface  
Erosion of the Downstream toe



i. Overtopping of dams:

This type of dam is made up of only one type of material. Usually porous materials is used.
These dams are easy and cheap to construct but cannot be used to make multipurpose large dams.
For large multipurpose dams zoned type method is used. Over topping failures result from the
erosive action of water on the embankment. Erosion is due to un-controlled flow of water over,
around, and adjacent to the dam. Earth embankments are not designed to be over-topped and
therefore are particularly susceptible to erosion. Once erosion has begun during over- topping, it
is almost impossible to stop. A well vegetated earth embankment may withstand limited over
topping if its crest is level and water flows over the crest and down the face as an evenly
distributed sheet without becoming concentrated. The owner should closely monitor the reservoir
pool level during severe storms.

ii. Erosion of the Upstream Surface:

Here zones of different materials are made.
Shell is used to give support and stability to the structure of dam. It is made of coarse materials  
and is pervious in nature.

Core is used to make the dam water tight and to reduce the seepage. Fine material is used here.
Used in large dams.

iii. Erosion of the Downstream Surface:

Due to rainfall, snow and winds the downstream surface of the dam also erodes. By providing a
section of coarse materials here, this erosion can be reduced or prevented.

2. Seepage Failure:

All earth dams have seepage resulting from water permeating slowly through the dam and its
foundation. Seepage must be controlled in both velocity and quantity. If uncontrolled, it can
progressively erode soil from the embankment or its foundation, resulting in rapid failure of the
dam. Erosion of the soil begins at the downstream side of the embankment, either in the dam
proper or the foundation, progressively works toward the reservoir, and eventually develops a
direct connection to the reservoir. This phenomenon is known as "piping." Piping action can be
recognized by an increased seepage flow rate, the discharge of muddy or discolored water,
sinkholes on or near the embankment, or a whirlpool in the reservoir. Once a whirlpool (eddy) is
observed on the reservoir surface, complete failure of the dam will probably follow in a matter of
minutes. As with over topping, fully developed piping is virtually impossible to control and will
likely cause failure. Seepage can cause slope failure by creating high pressures in the soil pores
or by saturating the slope. The pressure of seepage within an embankment is difficult to



determine without proper instrumentation. A slope which becomes saturated and develops slides  
may be showing signs of excessive seepage pressure.

Seepage failure of the dams is of the following types

1.
2.
3.

Piping through the dam  
Piping through the foundation  
Conduit Leakage

1. Piping thorugh the dam: There are two kinds of forces acting on the downstream face  
of the dam:

1.
2.

Weight of the material  
Seepage Force

If the seepage force exceeds the weight of the material the water washes away the soil from the
plate and creates a hole in the ground. This hole deepens as more and more mateial is taken away
from it and extends longitudinally, making a pipe hole called "Piping in the dam".

3. Structural Failure:

Structural failures can occur in either the embankment or the appurtenances. Structural failure of
a spillway, lake drain, or other appurtenance may lead to failure of the embankment. Cracking,
settlement, and slides are the more common signs of structural failure of embankments. Large
cracks in either an appurtenance or the embankment, major settlement, and major slides will
require emergency measures to ensure safety, especially if these problems occur suddenly. If this
type of situation occurs, the lake level should be lowered, the appropriate state and local
authorities notified, and professional advice sought. If the observer is uncertain as to the
seriousness of the problem, the Division of Water should be contacted immediately. The three
types of failure previously described are often interrelated in a complex manner. For example,
uncontrolled seepage may weaken the soil and lead to a structural failure. A structural failure
may shorten the seepage path and lead to a piping failure. Surface erosion may result in
structural failure.

Failure of downstream face during steady seepage conditions
1.
2.
3.
4.

Failure of upstream face during sudden draw down  
Failure due to sliding of foundation
damage due to burrowing animals  
Failure of dam due to earthquake



1.Usually upper part of the dam is dry and the lower is saturated with water which gives rise to
pore water pressure within the voids. Dam body is saturated - All pores / voids are filled with
water, pore water pressure is induced. Effective pressure reduces and shear strength of soil
decreases

2. When water is suddenly withdrawn or in other words if the level of water in the reservoir
reduces suddenly, the soil on the upstream face of the dam body may be highly saturated and has
pore water pressure that tries to destabilise the dam and if this force is high enough, it can fail the
dam.
3.If the shear strength of the soil on which the foundation is built is weak though the foundation
itself may be strong but due to weakness of the soil foundation may slide on the sides and in
some cases the foundation itself may be not able to resist the shear force that may have increased
from normal due to any reason.
4.Burrowing animals - Small animals living in the holes and pits may have dug theri holes
anywhere in te dam body which may widen with the passage of time and can be dangerous.

5. Earthquake
Minor defects such as cracks in the embankment may be the first visual sign of a major problem
which could lead to failure of the structure. The seriousness of all deficiencies should be
evaluated by someone experienced in dam design and construction. A qualified professional
engineer can recommend appropriate permanent remedial measures.

Preliminary section of Earthen Dam

The various components of an earthen dam are shown in Fig.
1. Shell, Upstream Fill, Downstream Fill or Shoulder: These components of the earthen dam are

constructed with pervious or semi-pervious materials upstream or downstream of the core. The
upstream fill is called the upstream shell and the downstream portion is the downstream shell.

2. Upstream Blanket: It is a layer of impervious material laid on the upstream side of an earthen
dam where the substratum is pervious, to reduce seepage and increase the path of flow. The
blanket decreases both the seepage flow and excess pressure on the downstream side of the dam.
A natural blanket is a cover of naturally occurring soil material of low permeability.

3. Drainage Filter: It is a blanket of pervious material constructed at the foundation to the
downstream side of an earthen dam, to permit the discharge of seepage and minimize the
possibility of piping failure.

4. Cutoff Wall or Cutoff: It is a wall, collar or other structure intended to reduce percolation of
water through porous strata. It is provided in or on the foundations.

5. Riprap: Broken stones or rock pieces are placed on the slopes of embankment particularly the
upstream side for protecting the slope against the action of water, mainly wave action and
erosion.

6. Core Wall, Membrane or Core: It is a centrally provided fairly impervious wall in the dam. It
checks the flow of water through the dam section. It may be of compacted puddled clay, masonry,
or concrete built inside the dam.



7. Toe Drain: It is a drain constructed at the downstream slope of an earthen dam to collect and  
drain away the seepage water collected by the drain filters.

8. Transition Filter: It is a component of an earthen dam section which is provided with core and
consists of an intermediate grade of material placed between the core and the shells to serve as a  
filter and prevent lateral movement of fine material from the core.

Fig.. Cross-section of an Earthen Dam with Various Components. (Source: Michael and Ojha, 2012)

Advantages
1. Design procedures are straightforward and easy.
2. Local natural materials are used.
3. Comparatively small establishment and equipment are required.
4. Earth fill dams resist settlement and movement better than more rigid structures and can be more  

suitable for areas where earth movements are common.

Disadvantages

1. An earthen embankment is easily damaged or destroyed by water flowing on, over or against it.  
Thus, a spillway and adequate upstream protection are essential for any earthen dam.

2. Designing and constructing adequate spillways is usually the most technically difficult part of any  
dam building work. Any site with a poor quality spillway should not be used.

3. If it is not adequately compacted during construction, the dam will have weak structure prone to  
seepage.

4. Earthen dams require continual maintenance to prevent erosion, tree growth, subsidence, animal  
and insect damage and seepage.



Types of Earthen Dam

1. Based on the method of construction:
(a)Rolled Fill Earthen Dams: In this type of dams, successive layers of moistened or damp soils are
placed one above the other. Each layer not exceeding 20 cm in thickness is properly consolidated at
optimum moisture content maintained by sprinkling water. It is compacted by a mechanical roller and
only then the next layer is laid.
(b) Hydraulic Fill Earthen Dam: In this type of dams, the construction, excavation and transportation
of the earth are done by hydraulic methods. Outer edges of the embankments are kept slightly higher than
the middle portion of each layer. During construction, a mixture of excavated materials in slurry condition
is pumped and discharged at the edges. This slurry of excavated materials and water consists of coarse
and fine materials. When it is discharged near the outer edges, the coarser materials settle first at the
edges, while the finer materials move to the middle and settle there. Fine particles are deposited in the
central portion to form a water tight central core. In this method, compaction is not required.

2. Based on the mechanical characteristics of earth materials used in making the section of dam:
(a) Homogeneous Earthen Dams: It is composed of one kind of material (excluding slope protection).  
The material used must be sufficiently impervious to provide an adequate water barrier, and the slopes

must be moderately flat for stability and ease of maintenance (Fig.).

Fig. Homogenous Earthen Dam. (Source: Michael and Ojha, 2012)
(b) Zoned Earthen Dams: It contains a central impervious core, surrounded by zones of more pervious   
material, called shells. These pervious zones or shells support and protect the impervious core (Fig).

Fig.. Zoned Earthen Dam. (Source: Michael and Ojha, 2012)
(c) Diaphragm Earthen Dam: This type of dam (Fig. 11.4) is a modified form of homogenous dam
which is constructed with pervious materials, with a thin impervious diaphragm in the central part to
prevent seepage of water. The thin impervious diaphragm may be made of impervious clayey soil, cement
concrete or masonry or any impervious material. The diaphragm can be constructed in the central portion
or on the upstream face of the dam. The main difference in zoned and diaphragm type of dams depends on
the thickness of the impervious core or diaphragm. The thickness of the diaphragm is not more than 10 m.



Fig.. Diaphragm Earthen Dam. (Source: Michael and Ojha, 2012)
Design Criteria
Following main design criteria may be laid down for the safety of an earth dam:
1. To prevent hydraulic failures the dam must be so designed that erosion of the embankment is  
prevented. For this purpose, the following steps should be followed:

(a) Spillway capacity is sufficient to pass the peak flow.
(b) Overtopping by wave action at maximum water level is prevented.
(c)The original height of structure is sufficient to maintain the minimum safe freeboard after  settlement 
has occurred.
(d) Erosion of the embankment due to wave action and surface runoff does not occur.
(e) The crest should be wide enough to withstand wave action and earthquake shock.
2. To prevent the failures due to seepage:
(a) Quantity of seepage water through the dam section and foundation should be limited.
(b) The seepage line should be well within the downstream face of the dam to prevent sloughing.
(c)Seepage water through the dam or foundation should not remove any particle or in other words  cause
piping.
(d)There should not be any leakage of water from the upstream to the downstream face. Such leakage  
may occur through conduits, at joints between earth and concrete sections or through holes made by

aquatic animals.
3. To prevent structural failures:
(a)The upstream and downstream slopes of the embankment should be stable under all loading  
conditions to which they may be subjected including earthquake.

(b) The foundation shear stresses should be within the permissible limits of shear strength of the material.
Design of Earthen Dam
The preliminary design of earthen dam is done on the basis of past experiences. For designing purpose  
several parameters, given below should be considered.

1. Top Width
2. Free Board
3. Settlement Allowance
4. Casing or Outer Shell
5. Cut-off Trench
6. Downstream Drainage System

1. Top Width: Minimum top width (W) should be such that it can enhance the practicability and 
protect  it against the wave action and earth wave shocks. Sometimes it is also used for transportation 
purposes. It  depends upon the height of the earthen dam and can be calculated as follows:



where H = the height of the dam (m), for Indian conditions it should not be less than 6 m.
Free board: It is the vertical distance between the top of the dam and the full supply level of the reservoir
or the added height. It acts as a safety measure for the dam against high flow condition that is waves and
runoff from storms greater than the design frequency from overtopping the embankment. The
Recommended values of free board for different heights of earthen dams, given by U.S.B.R., are given in
Table.

Table . Recommended Values of Free Board given by U.S.B.R.

Nature of spillway Height of dam Free board

Free Any Minimum 2 m and maximum 3 m over the maximum flood level

Controlled < 60 m 2.5 m above the top of the gate

Controlled > 60 m 3 m above the top of the gate

If fetch length or exposure is given then the free board can also be calculated by Hawksley's formula:

where, = wave height (m); Dm = fetch or exposure (m).
2. Settlement Allowance: It is the result of the settlement of the fill and foundation material resulting in
the decrease of dam storage. It depends upon the type of fill material and the method and speed of
construction. It varies from 10% of design height for hand compacted to 5% for machine compacted
earthfill.
3.Casing or Outer Shell: Its main function is to provide stability and protection to the core. Depending
upon the upstream and downstream slopes, a recommendation for the casing and outer shell slopes for
different types of soils given by Terzaghi is presented in Table 1.

Table. Recommended Slopes of Earthen Dam (Sources: S.K. Garg, 2008)



Cutoff Trench: It is provided to reduce the seepage through the foundation and also to reduce the piping  
in the dam. It should be aligned in a way that its central line should be within the upstream face of the  
impervious core. Its depth should be more than 1 m. Bottom width of cutoff trench (B) is calculated as:

where h = reservoir head above the ground surface (m); and d = depth of cutoff trench below the ground  
surface (m).
4. Downstream Drainage System: It is performed by providing the filter material in the earthen dam
which is more pervious than the rest of the fill material. It reduces the pore water pressure thus adding  
stability to the dam.
Three types of drains used for this purpose are:
a) Toe Drains
b) Horizontal Blanket
c) Chimney Drains.

Determination of parametr

Phreatic Line in Earth Dam

Phreatic line is also known as seepage line or saturation line. It is defined as an imaginary line within a
dam section, below which there is a positive hydrostatic pressure and above it there is a negative
hydrostatic pressure. The hydrostatic pressure represents atmospheric pressure which is equal to zero on
the face of phreatic line. Above the phreatic line, there is capillary zone, also called as capillary fringe, in
which the hydrostatic pressure is negative. The flow of seepage water, below the phreatic line, reduces the
effective weight of the soil; as a result shear strength of a soil is reduced due to increased intergranular
pressure in earth fill material.

1. Derivation of Phreatic Line with Filter

In this case, before going directly for derivation, the important features of phreatic line must be known.
From the experimental evidence, it has been found that, the seepage line is pushed down by the toe filter



and is very close to parabolic shape except at the junction point of the upstream face. The upstream face
of the dam represents 100% equipotential line when it is covered by the water; under this condition the
seepage line should be drawn perpendicular to this face at the junction point.

Casagrande method is used for deriving the phreatic line (Fig); the procedure is described as follows:

Fig.. Derivation of phreatic line in earth dam. (Source: Suresh, 2002)
a)Let the phreatic line is assumed to be a base parabola with its focus at point F, i.e. at the starting point  
of the filter, FE.
b)AB is the upstream face of the earth dam and L is the horizontal projection of face AB on the water  
surface. Measure the distance BC equal to 0.3L. Count point C as a starting point of base of parabola.
c)For deciding the position of directrix of the parabola, the principle which states that every point of  the 
parabola is at equidistance from the focus as well as directrix. Hence, considering C as a center
and CF as radius, an arc is drawn which cut the horizontal line CB at point O. Since CO= CF, hence  
vertical line OH will be directrix of parabola.

d) The last point G of the parabola will fall at the middle of the points F and H.
e)The intermediate points of parabola are located on the principle that their distance from the focus and
directrix are the same. Here to locate the point P as an intermediate point, a vertical line DP is drawn at
any distance x from the F. Now considering the distance DH as radius with F as a center, an arc is drawn
which cuts the vertical DP at point P.
f)Now all there obtained points are joined by free hand to get the base parabola. However, this needs to
be corrected at the entry point, for the feature that phreatic line must be started from the point B only, not
from C. It should be sketched perpendicular to the upstream face AB, as it is 100 percent equipotential
line. Now phreatic line is sketched by free hand in such way that, it should be perpendicular to face AB
and meets to rest of the points of the parabola tangentially. In addition, the base parabola should also be
met perpendicular, to the downstream face of the dam at pointG.

13.3 Equation of Parabola
The equation of base parabola can be derived from its basic properties i.e. the distance of any point P(x, y)
on the parabola from its focus is the same as the distance of the point P(x, y) from directrix.
Thus we have,



Where, s = focal distance (FH)  
From equation,

1
This is the desired equation of base parabola.
For deriving the expression of discharge (q) for the earth dam equipped with horizontal filter, the Darcy's 
law is used. According to which, the discharge (q) through vertical section PD, is equal to:

2
Partial differentiation of Eqn.2, resulted

3
Substituting the value of in Eqn. 3, the rate of seepage flow through the dam is given by:

This is the expression for computing the rate of seepage discharge through the body of earthen dam, in
terms of focal distance s. The distance s can be determined either graphically or analytically.
Considering C as co-ordinate, the value of s can be obtained as:

From Eqn: 1

At point C, x = D and y = H



By using this equation, if the value of coefficient of permeability (k) and focal distance (s) are known, the
discharge (q) can be calculated. This gives an accurate value of seepage rate and is applicable to such
dams, which are provided with horizontal drainage (filter) system but can also be used for other types of
dam section.

2. Phreatic Line in Earthen Dam without Filter
The position of phreatic line in an earth dam without filter can be determined using the same manner, as
in previous case i.e. with a filter. In this case, the focal point (F) of the parabola will be the lowest point
of the downstream slope (Fig. 2). The base of the parabola BJC cut at a point Jon downstream slope and
is extended beyond the limit of the dam, as indicated by dotted line, but the seepage line should be
emerged at point K, tangential to downstream face. In this way, the phreatic line should be shifted to the
point K from J. The distance KF is known as discharge face, which always remains under saturation
condition. The correction JK (say) by which the base of parabola need to be shifted downward, can be
determined by graphical and analytical methods.

Fig. 2. Phreatic line without filter.  
(Source: Suresh, 2002)

1. Graphical Method

Casagrande has given a general solution to determine the value of for various degrees of inclination of  the 
discharge face. The inclination angle may be more than 90o, especially in case of rock fill dam.



Let, if a is the slope angle of the discharge face with the horizontal is known, and then various values

of corresponding to a are given by Casagrande (Table).

Here, JF indicates the distance of the focus from the point, where base of parabola cuts downstream face.  
The values of and can be obtained by Eqn and Table.

Table. Values of for various slope angles (a)

Estimation of seepage

Example:
An earth dam made of a homogeneous material has a horizontal filter and other parameters
as shown in the figure. Determine the phreatic line and the seepage quantity through the
body of the dam.

Figure 5 Section of a homogenous earth dam
.



For the origin of the Cartesian co-ordinate system at the face of the filter (point F), the  
equation of the parabola of the seepage line can be expressed as:

x 2 y 2 x S

At point A, x = 65m, and y = 20m. Inserting into the parabola equation, S = 3.07m. Working
out a few more points from the equation, the parabola can be easily drawn and corrected for
the curve at the upstream face of the dam, so as to get the seepage line.

x -1.51 0 10 15 25 30 40 45 55 65

y2 0 9.06 69.26 99.36 159.56 189.66 249.86 279.96 340.16 400.36

y 0 3.01 8.32 9.97 12.63 13.77 15.81 16.73 18.44 20.01

The amount of seepage flow is  
Q = kS

-6

-6 3
= 5 * 10 * 3.07

= 15.35 * 10 m /sec per meter width of dam

B. Homogeneous dam section without horizontal filter
The focus (F) of the parabola will be the lowest point of the downstream slope as shown in Figure
5-8. The base parabola BIJC will cut the downstream slope at J and extend beyond the dam toe up
to the point C i.e. the vertex of the parabola.

Figure Homogeneous dam section without filter



The seepage line will, however, emerge out at K, meeting the downstream face tangentially there.
The
which the parabola is to be shifted downward can be determined as follows:

in degrees
a

a a

30o 0.36

60o 0.32

90o 0.26

120o 0.18

135o 0.14

150o 0.10

180o 0.0
is the angle which the discharge face makes with the horizontal. a and  

the general equation;
can be connected by


































































