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Abstract— A dam may be defined as an obstruction or a 

barrier built across a stream or a river. At the back of this 

barrier, water gets collected, forming a pool of water. The 

side on which water gets collected is called the upstream 

side, and the other side of the barrier is called the 

downstream side. The lake of water which is formed 

upstream is often called a reservoir, or a dam reservoir, or a 

storage reservoir. The water collected in this reservoir can 

be supplied for irrigating farm lands through a system of 

canal network, or may be supplied for drinking purposes. 

The lake so formed can be used for recreation uses. The 

energy of this collected water can be used to turn a mill to 

grind wheat or to turn the blades of a turbine to generate 

electrical power. And in times of floods, the dams can serve 

as protections for the towns and cities farther down the river. 
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I. INTRODUCTION 

A dam may be defined as an obstruction or a barrier built 

across a stream or a river. At the back of this barrier, water 

gets collected, forming a pool of water. The side on which 

water gets collected is called the upstream side, and the 

other side of the barrier is called the downstream side. The 

lake of water which is formed upstream is often called a 

reservoir, or a dam reservoir, or a storage reservoir. 

The water collected in this reservoir can be 

supplied for irrigating farm lands through a system of canal 

network, or may be supplied for drinking purposes. The lake 

so formed can be used for recreation uses. The energy of 

this collected water can be used to turn a mill to grind wheat 

or to turn the blades of a turbine to generate electrical 

power. And in times of floods, the dams can serve as 

protections for the towns and cities farther down the river. 

A part from these numerous advantages and uses 

(such as navigation irrigation, electricity, flood control, etc.) 

of a dam, it sometimes helps us in planning war strategy and 

helps us in controlling the advancement of enemies and their 

forces. Dams have been frequently opened in times of war. 

The Dutch breached their dikes during Second World War 

to bedevil the invading Germans. Chinese used to destroy 

their dikes to flood out the enemy. Russian army retreating 

from the Nazi marauders partly destroyed the famous 

Dneprostroi Dam in the Ukraine to keep its power plant 

from falling into hands of Hitler’s men. 

A. Various Types of Dams 

Before we describe some of the famous dams of the world, 

it is worthwhile to classify the various types of dams. Most 

engineers recognize seven general types of dams. Three of 

them are ancient in origin, and four have come it to general 

use only in the last about 100 years or so. 

The Three Older Types of Dams are: 

1) Earth Dams 

2) Rock –fill dams 

3) Solid masonry gravity dams 

These three types of dams are discussed below 

1) Earth Dam: 

Earth dams are made of soil that is pounded down solidly. 

They are built in areas where the foundation is not strong 

enough to bear the weight of a concrete dam, and where 

earth is more easily available as a building material 

compared to concrete or stone or rock. 

Some important earth dams of the world are 

1) Trinity dam in California in U.S.A. 

2) Side flanks of Nagarjun in U.S.A. 

 
Fig. 1.1: Earth Dam 

2) Rock Fill Dam: 

Rock fill are formed of lose and boulders piled in the river 

bed. A slab of reinforced concrete is often is laid across the 

upstream face of a rock fill dam to make it water-tight 

Some important dam of the world is; 

1) The salt springs dam in California (395’ high) in U.S.A. 

2) The san Gabriel no. 1 dam (321’high) in U.S.A. 

3) Cougar dam on Mc-Knezi river in Oregon (495’ high) 

in U.S.A 

 
Fig. 1.2: Rock Fill Dam 

3) Soild -Masonary Gravity Dam: 

These are familiar to us by now after we have talked about 

Aswan, Roosevelt, Hoover, and above all Bhakra dam. 

These big dams are expensive to be built but are 

durable and solid than earth and rock dam. They can be 

constructed on any dam site, where there is a natural 

foundation strong enough to bear the weight of dam. 
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Fig. 1.3 Gravity Dam 

These three types dams were all found in ancient days. In 

recent times, four other types of dams have come into 

practice. They are: 

1) Buttressed Dams 

2) Timber Dams 

3) Steel Dams 

4) Arch Dams 

a) Buttressed Dams 

A buttress dam or hollow dam is a dam with a solid, water-

tight upstream side that is supported at intervals on the 

downstream side by a series of buttresses or supports. The 

dam wall may be straight or curved. Most buttress dams are 

made of reinforced concrete and are heavy, pushing the dam 

into the ground. Water pushes against the dam, but the 

buttresses are inflexible and prevent the dam from falling 

over. Buttress or hollow gravity dams were originally built 

to retain water for irrigation or mining in areas of scarce or 

expensive resources but cheap labour. A buttress dam is a 

good choice in wide valleys where solid rock is rare. 

 
Fig. 1.4: Buttressed Dams 

b) Steel Dams 

These are not for major work. Today, steel dams are used as 

temporary coffer dam needed for the construction of 

permanent dams. Steel coffer dams are usually reinforced or 

earth-fill. 

 
Fig. 1.5: Steel Dam 

c) Timber Dams 

These are short lived since in a year’s time, rooting sets in. 

Their life is not more than 30 to 40 years and must have 

regular maintenance during that time. However they are 

valuable in agricultural areas, where a cattle makes us fairly 

confident of it. Bhakra dam on Satluj river in India and 

boulder. Dam on Colorado River in U.S.A. cannot fail in 

one attempt, how furiously this river may try to movie their 

foundations. We are fairly confident of this, but sometime 

the confidence is rudely and cruelly repaid with tragedies. 

 
Fig. 1.6: Timber Dam 

d) Arch Dams 

An arch dam is a solid dam made of concrete that is curved 

upstream in plan. The arch dam is designed so that the force 

of the water against it, known as hydrostatic pressure, 

presses against the arch, compressing and strengthening the 

structure as it pushes into its foundation or abutments. An 

arch dam is most suitable for narrow gorges or canyons with 

steep walls of stable rock to support the structure and 

stresses. Since they are thinner than any other dam type, 

they require much less construction material, making them 

economical and practical in remote areas. 

 
Fig. 1.7: Arch Dam 

B. Selection of the Type of Dam and Their Classifications 

Dam can classify in various ways depending upon the 

purpose of the classification. 

1) Classifications According to the Material used for Dam 

Construction 

The dam classified according to the material used for 

construction are: solid masonry dam, steel dams and R.C.C. 

Arch dams. They have already been explained in a previous 

article. 

http://en.wikipedia.org/wiki/Canyon
http://en.wikipedia.org/wiki/Canyon
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2) Classification According to use 

a) Storage Dams 

They are constructed in order to store water during the 

period of surplus water supply, to be used later during the 

periods of deficient supply. The stored Water may be use in 

different uses. They may be further classified depending 

upon the specific use of this water, such as navigation, 

recreation, water supply, fish, electricity, etc. 

b) Diversion Dam 

These small dams are used to raise the river water level, in 

order to feed an off taking canal and or some other 

conveyance systems. They are very useful as irrigation 

development works. A diversion dam is generally called a 

weir or barrage. 

c) The Detention Dams 

They detain food-waters temporarily so as to retard flood 

runoff and thus minimize the bad effects of sudden flood. 

Detention dams are sometimes constructed to trap sediment. 

They are often called debris dams. 

3) Classification According to Hydraulic Designs 

a) Overflow Dams 

They are designed to pass the surplus water over their crest. 

They are often called spillways. They should be made of 

materials which will not be eroded by such discharges. 

b) Non-Overflow Dam 

They are those which are not designed to be overtopped. 

This type of design gives us wider choice of materials 

including earth-fill and rock-fill dams. 

Many a times, the overflow dam and the non-

overflow dam are combined together to form a composite 

single structure. 

c) Rigid Dams and Non-Rigid Dams 

Rigid dams are those which are constructed of rigid 

materials like masonry, concrete, steel, timber, etc. while 

non-rigid dams are constructed of earth and rock fill. They 

have already been explained. 

C. Factors Governing the Selection of a Particular Type of 

Dam 

Whenever we decide to construct a dam at a particular place, 

the first baffling problem which faces us, is to choose the 

kind of the dam. Which type will be the most suitable and 

most economical? Two, three kinds of dams may be 

technically feasible, buy only one of them will be the most 

economical. Various designs and their estimates have to be 

prepared before signaling one particular type. The various 

factors which must be thoroughly considered before 

selecting one particular type are described below: 

1) Topography: 

Topography dictates the first choice of the type of dam. For 

example: 

1) A narrow U-shaped valley, i.e. a narrow stream flowing 

between high rocky walls, would suggest a concrete 

overflow dam. 

2) A low, rolling plain country, would naturally suggest an 

earth fill dam with a separate spillway. 

3) The availability of a “Spillway Site” is very important 

while selecting a particular kind of a dam. 

II. EARTHEN DAMS 

Earthen dams and earthen levees are the most ancient type 

of embankments, as they can be built with the natural 

materials with a minimum of processing and primitive 

equipment. But in ancient days, the cost of carriage and 

dumping of the dam materials was quite high. However the 

modern developments in earth moving equipments have 

considerably reduced the cost of carriage and laying of the 

dam materials. The cost of gravity dams on the other hand, 

has gone up because of an increase in the cost of concrete, 

masonry, etc. Earthen dams are still cheaper as they can 

utilize the locally available materials, and less skilled labour 

is required for them. 

Gravity dams are arch dams require sound rock 

foundations, but earthen dams can be easily constructed on 

earth foundations. However, earth dams are more 

susceptible to failure as compared to rigid gravity dams or 

arch dams. Before the development of the subject of Soil-

Mechanics, these dams were being designed and constructed 

on the basis of experience, as no rational basis for their 

design was available. This led to the failure of various such 

earthen embankments. However, in these days, these dams 

can be designed with a fair degree of theoretical accuracy, 

provided the properties of the soil placed in the dam, are 

properly controlled. This condition makes the design and 

construction of such dams, thoroughly interdependent. 

Continues field observation of deformation and pour water 

pressures have to be made during the construction of such of 

dams. Suitably modification in the design, are made during 

construction, depending upon these field observation. 

A. Types of Earthen Dam 

The earthen dam can be of the following three type: 

1) Homogeneous embankment type 

2) Zoned embankment type 

3) Diaphragm type 

These three types of dams are described below 

1) Homogenous Embankment Type: 

The simplest type of an earthen embankment consists of a 

single material and is homogenous throughout. Sometimes, 

a blanket of relatively impervious material may be placed on 

the upstream face. A purely homogeneous section is used, 

when only one type of material is economically or locally 

available. Such a section is used for low to moderately high 

dams and for / ever. Large dams are seldom designed as 

homogenous embankments. 

A purely homogenous sec ion poses problems of 

seepage, and huge section are required to make it safe 

against piping , stability , etc. due to this , a homogeneous 

section is generally   added with an internal drainage 

system: such as a horizontal drainage filter or rock toe etc. 

The internal drainage system keeps the phreatic line (i.e. top 

seepage line) well within the body of the dam, and steeper 

slopes and thus, smaller section, can be used. The internal 

drainage is, therefore, always provided in almost all types of 

embankments. 

2) Zoned Embankment Type 

Zoned embankments are usually provided with a central 

impervious core, covered by a comparatively pervious 
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transition zone, which is finally surrounded by a much more 

pervious outer zone. 

The central core checks the seepage. The transition 

zone prevents piping through cracks which may develop in 

the core. The outer zone gives stability to the central 

impervious fill and also distributes the load over a large area 

of foundations. 

This type of embankment is widely constructed and 

the materials of the zones are selected depending upon their 

availabilities. Clay, inspite of it being highly impervious, 

may not make the best core, if it shrinks and swells too 

much. Due to this reason, clay is sometimes mixed with fine 

sand or fine sand or fine gravel, so as to use it as the most 

suitable material for the central impervious core. Silts or 

silty clays may be used as the satisfactory central core 

materials. Freely draining materials, such as coarse sands 

and gravels, an used in the outer shell. Transition filters are 

provided between the inner zone and the outer zone. This 

type of transition filters are always provided, whenever there 

is an abrupt change of permeability from one zone to the 

other. 

3) Diaphragm Type Embankment 

Diaphragm type embankments have a thin impervious core, 

which is surrounded by earth or rock fill. The impervious 

core, called diaphragm, is made of impervious soils, 

concrete, steel, timber, or may other material. It acts as a 

barrier to prevent seepage through the dam. The diaphragm 

may be placed either at the center as a central vertical core 

or at the upstream face as a blanket. The diaphragm must 

also be tied to the bed rock or to a very impervious 

foundation has to be avoided. 

The diaphragm types of embankments are 

differentiated from slop zoned embankments, depending 

upon the thickness of the core. If the thickness of the 

diaphragm at any elevation is less than 10 meters or less 

than height of the embankment above the corresponding 

elevation, the dam embankment of ‘Diaphragm Type’. But 

if the thickness equals or exceeds considered to be of zoned 

embankment type. 

B. Methods of Construction 

There are two methods of constructing earthen dams 

1) Hydraulic-fill Method 

2) Rolled-fill method 

1) Hydraulic-Fill Method: 

In this method of construction, the dam body is constructed 

by excavating and transporting soils by using water. Pipes 

called flumes, a laid along the outer edge of the 

embankment. The soil materials are mixed with water and 

pumped into these flumes. The slush is discharged through 

the outlets in the flumes at suitable intervals along their 

lengths. The slush, flowing towards the center of the bank, 

tends to settle down. The coarser particles get deposited 

soon after the discharge near the outer edge, while the Rees 

get carried and settle at the center, forming a zoned 

embankment having it relatively impervious core. 

Since the fin is saturated when placed, high pore 

pressures develop in the core material, and the stability of 

the dam must be checked for those pressures. This type of 

embankment is susceptible to settlement over long periods, 

because of slow drainage from the core. 

Hydraulic-fill method is, therefore, seldom adopted 

these days. Rolled-fill method for constructing earthen dams 

is, therefore, generally and universally adopted in these 

modern days. 

2) Rolled-Fill Method: 

The embankment is constructed by placing suitable soil 

materials in thin layers (15 to 30 cm) and compacting them 

with rollers. The soil is brought to the site from burrow pits 

and spread by bulldozers etc. in layers. These layers are 

thoroughly compacted by rollers by rollers of designed 

weights. Ordinary road rollers can be used for Low 

embankment (such as for levees or bunds); while power-

operated rollers are to be used for dams. The moisture 

content of the soil fill must be properly controlled. The best 

compaction can be obtained at moisture content somewhere 

near the optimum moisture content. 

C. Causes of Embankment Dam Failure 

The  failure mode  of  an  embankment  dam  is  directly  

connected  with  the  type  of  cause  of failure and the type 

of the dam. Biswas and Chatterjee (1971) (Singh 1996b) 

examined the case of 300 dam failure and they have 

concluded that the 35% of the worlds dam failure is caused 

by the direct overflow. Other 25% of failure is caused 

because of foundation problems such as excessive seepage, 

abnormal increases of pore-pressure and internal erosion. 

Improper design and construction caused the remaining 40% 

of the failure.In case of Årbogen dam, the direct overflow 

(causes the external erosion) and the seepage water (causes 

the internal erosion) are the main causes of failure. 

1) External Erosion: 

External erosion is caused by flow over embankment 

(overtopping).The overtopping situation is occurred when: 

1) Insufficient capacity of spillway design 

2) Partly or fully blocked spillway 

3) Losses of storage capacity of the dam 

4) Huge water displacement due to earthquake 

In case of excess rainfall, the upstream water level 

increases instantly. When this level exceeds the maximum 

drainage capacity of the dam, water stared to flow over 

embankment. This over flowing water causes the breaching 

followed by slide at downstream slope of the embankment 

as a consequence of external erosion. 

 
Fig. 2.1 External Erosion 

When an intense rainfall occurred, the spillway was 

partly blocked by suspended particles causes the increase of 

water level higher than the estimated  probable  maximum 

flood (PMF) level and overtopping. 

2) Internal Erosion: 

Internal  erosion  causes  relatively  higher  number  of  the  

embankment  dam  failure.  When compared with the 

external erosion, it is a long term process and several factors 
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involved. Abnormal increases of seepage quantity and 

leakage of turbid water are the visual indication of ongoing 

erosion. 

In some cases, internal erosion and piping may 

appear similar because, the induced force is common for 

both that obtained from the water flow with higher hydraulic 

gradient (Fell et al. 2003). But, both have completely 

different mechanisms. Piping effect is a result from the inter 

granular flow of water. 

Internal erosion is a very common cause of 

embankment failure in hydraulically fractured structures 

such as cracks and joints. 

 
Fig. 2.2 Internal Erosion 

3) Piping: 

Piping  is  a  result of  soil  erosion which  takes place  

through  the  embankment because of  the seepage water  

flow(Fell et al. 2003). The water flow exerts force on 

particles and washes out them through an unexpected 

seepage discharge point. This discharge point undergoes 

further erosion towards upstream side and form an open like 

“pipe” through the embankment. 

 

 
Fig. 2.3 Piping 

The figures above show the various stages of a 

piping process. The figure 2.15a is an initial stage of the 

piping. Soil masses started to wash out at the toe of the 

downstream slope. This erosion progresses gradually 

towards the upstream side (Figure 2.15b). Once the progress 

reached the upstream slope the tunnel will be completed and 

collapse may occur. After completed the tunnel, the flow 

water erode the top  and  bottom  soil  in  the  tunnel  and  

tends  to  become wider. However, there are some 

conditions those should be exist to initiate a piping process. 

1) A flow path and a source of water 

2) Hydraulic gradient should be exceeded a certain value 

which corresponds the embankment soil 

3) The exit should be wide enough to pass the material 

which washed out from the embankment 

4) The soil above the pipe must have enough strength to 

act as roof of the pipe. 

D. Design Criteria for Earth Dam 

1) A fill of sufficiently low permeability should be 

developed out of the available material, so as to best 

serve the intended purpose with minimum cost. Borrow 

pits should be as dose to the dam site as possible, so as 

to reduce the leads. 

2) Sufficient spillway and outlets capacitates should be 

provided so as to avoid the possibility of overtopping 

during design flood. 

3) Sufficient freeboard must be provided for wind set-up 

wave action, frost action and earthquake motion. 

4) The seepage line should remain well within the 

downstream face of the dam, so that no sloughing off 

the face occurs. 

5) There is little harm in seepage through a flood control 

dam, if the stability of foundation and embankments is 

that not impaired, by piping sloughing, etc. but a 

conservation dam must be as watertight as possible. 

6) There should be no possibility of free flow of water 

from the upstream to the downstream face. 

7) The upstream face should be protected against wave 

action, and the downstream face against rains and 

against waves unto tail water. Provisions of horizontal 

beams at suitable intervals in the downstream face may 

be thought of, so as to reduce on the entire upstream 

slope and on the downstream slope near the up to 

slightly above the tail water so as to avoid erosion. 

8) The portion of the dam, downstream of the impervious 

core, should be properly drained by properly drained by 

providing suitable horizontal flyer drain, or toe drain, or 

chimney drain etc. the upstream and downstream slopes 

should be so designed as to be stable under worst 

condition of loading. Those critical conditions occur for 

was dope during sudden drawdown of the reservoir, and 

for the d/s slope during steady seepage under full 

reservoir. 

9) The upstream and downstream slope should be flat 

enough, as to provide sufficient base width at the 

foundation level, such that the maximum shear strength 

of the soil, so as to provide a suitable factor of safety. 

10) We know that the consolidation of soil does not place 

instantaneously. When the compaction is done by 

external leadings. It takes place slowly as the excess 
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pore water goes out and is transferred to the soil grains. 

In coarse gravels, the void opening are large enough so 

as to permit rapid escape of confined water and air, and 

full compaction may occurs before the construction is 

over. But in fine grained in impervious soils, the 

construction is slow. It therefore becomes necessary in 

such case, as to provide an additional height of the fill. 

After consolidation the embankment will be of the 

desired height. Hence, a suitable allowance in the height of 

embankment must be made in fine grained solid so as to 

account for the consolidation that may take place up to years 

after construction. Dewatering the foundation may some be 

used to accelerate the process of consolidation. 

E. Components of Earth Dam 

 Cut off 

 Core 

 Casing 

 Internal drainage system and foundations 

 Slope protection 

 Surface drainage 

 Impervious blanket 

FUNCTIONS: 

1) Cut off: 

The cut off is required: 

 To reduce loss of stored water through foundations and 

abutments 

 To prevent sub-surface erosion by piping. 

The type of cut off should be decided on the basis 

of detailed geological investigations. It is desirable to 

provide positive cut off. Where this is not possible, partial 

cut off with or without upstream impervious blanket may be 

provided. In any case, adequate drainage arrangements may 

be provided on the downstream. 

Side slopes of at least 1:1 or flatter may be 

provided in case of over burden while 1/2:1 and 1/4:1 may 

be provided in soft rock and hard rock respectively. The 

back fill material for cut off trench shall have same 

properties as those specified for impervious core. The cut 

off in the flanks on either side should normally extend up to 

the top of impervious core. If cut off trench is terminated in 

rock formation which is weathered or have cracks, joints 

and crevices; and if percolation test exhibit a lagoon value 

of more than 10 IS 6066-1984 then rock foundation below 

the bed of cut off trench should be grouted. 

2) Core: 

The core provides impermeable barrier within the body of 

the dam. Impervious soils are generally suitable for the core 

IS 1498 -1970 However soils having high compressibility & 

liquid limit, and having organic contents may be avoided, as 

they are prone to swelling & formation of cracks. Thickness 

of core at any section shall not be lesser than 30% 

(preferably not less than 50 percent) of maximum head of 

water acting at that section. 

3) Casing: 

The function of casing is to impart stability and protect the 

core. The relatively pervious materials, which are not 

subjected to cracking on direct exposure to atmosphere, are 

suitable for casing. Top width of dam should be provided as 

4.5 m (minimum). The berms may be provided for the dam, 

which are more than 10 m in height. Minimum berm width 

may be kept as 3 m. 

4) Internal drainage system: 

To ensure safety of dam, it is very important to handle the 

seepage water in the dam so as to maintain the original 

particles of soils in their place. The measures commonly 

adopted for safe disposal of seepage water through 

embankment dams are; 

 Inclined or vertical filter (chimney filter) 

 Horizontal filter 

 Rock toe 

 Toe drain 

Horizontal filter collects the seepage from chimney 

filter & foundation, and carries to the rock toe & toe drain. 

Its thickness is kept minimum as 1.0 metre. The standard 

filter criterion between filter and adjoining soil (casing or 

foundation) should be satisfied .In case of dam portions, 

where the head of water is 3 m or less it is not required to 

provide chimney filter or horizontal filter. Adequate toe 

protection shall however be provided. The height of rock toe 

is generally provided as 0.2 H, where H is the height of 

embankment. 

However minimum height of rock toe be kept as 

1.0 metre. Rock toe is not necessary where height of 

embankment is 3 m or less. 

The toe drain is provided at the downstream toe of 

the earth dam to collect seepage from horizontal filter, rock 

toe & through foundation and to discharge it away from the 

dam by suitable surface or sub surface drains. The section of 

toe drain should be adequate enough to carry seepage. The 

bed of toe drain should be given a suitable slope to lead the 

seepage to natural drains. Depth of toe drain is usually 

provided as 1.5 m with bottom width of 1 m minimum and 

side slopes of 1:1  IS 9429-1980. 

The filter material should satisfy the following criteria with 

the base material: 

 D15 (f) / D15 (b) > 4 and < 20 

 D15 (f) / D85 (b) < 5 

A filter that satisfies the above criteria may yet fail 

if it has an excess or lack of certain sizes or is not uniformly 

graded. The following criteria must be fulfilled. 

 D50 (f) / D50 (b) < 25 

The gradation curve of the filter material should be 

nearly parallel to the gradation curve of the base material. 

The suffix 'f' stands for the filter material and 'b' for the base 

material. 15, 50, 85 percent particles, by weight, 

respectively are finer than D15, D50 and D85 particle size. 

5) Slope Protection: 

Upstream slope: The upstream slope protection is ensured 

by providing riprap. For design of riprap, IS 8237-1985 may 

be referred. A minimum of 300 mm thick riprap over 150 

mm thick filter layer may be provided up to the top of dam. 

Downstream slope: The down-stream slope 

protection is ensured by turfing or riprap. It is usual practice 

to protect the down-stream slope from rain cuts by providing 

suitable turfing on the entire downstream slope from top to 

toe. For details of downstream slope protection, IS 8237-

1985 may be referred. 
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6) Surface Drainage: 

For surface drainage of downstream slope, a system of open 

paved drains along the sloping surface terminating in the 

longitudinal collecting drains at the junction of berm and 

slope shall be provided at 50 m c/c to drain the rain water. 

The section of drain may be trapezoidal having depth of 30 

cm. From longitudinal collecting drain, the rain water is 

carried through 15-cm diameter pipes placed at 50 m c/c 

into paved chutes on the d/s slope. For details please refer IS 

8237-1985. Where no berm has been provided, the open 

paved drains should terminate in the downstream rock toe or 

toe drain. 

7) Impervious Blanket: 

The horizontal impervious blanket is provided to increase 

the path of seepage when full cut-off is not practicable in 

pervious foundation. The impervious blanket shall be 

connected to the core of the dam. To avoid formation of 

crack, the material should not be highly plastic. A 300mm 

thick layer of random material over the blanket is 

recommended to prevent cracking due to exposure to 

atmosphere. The impervious blanket may be designed in 

accordance with IS: 8414-1977. As a general guideline, 

impervious blanket with a minimum thickness of 1.0 metre 

and a minimum length of 5 times the maximum water head 

measured from upstream toe of core may be provided. 

III. DESIGN OF SECTION 

A. Top Width 

The top width b of the earth dam depends on the following 

some empirical expressions in term of the height Z of the 

dam: 

b=
Z

5
+3     …..(1) 

b = 0.55Z1/2 + 0.2Z  …..(2) 

b = 1.65(Z + 1.5)1/3  …..(3) 

applicable for dams lower than 30 meter and eq. (3) 

is applicable for dams higher than 30 meter. 

b=
Z

5
+3 

b=
10.5

5
+3 

b= 5.1 meter 

B. Bottom Width 

For the dam less than height 15 m the slope consideration is 

Type of material u/s slope (H:V) d/s slope (H:V) 

Homogeneous well graded 3:1 2:1 

Further calculations of bottom width are as follows 

Top width taken = 5.1 M 

Height of dam = 10.50 M 

u/s slope = 3:1 

Width of u/s side = S × d 

Width of u/s side = 3 × 10.50 

= 31.5 M 

Width of d/s side = S × d 

Width of d/s side = 2 × 10.50 

= 21 M 

Total base width = u/s side + d/s side + Top width 

Total base width = 31.5 + 21 + 5.1 

Total base width = 57.60 M 

C. Free Board 

Free board is a vertical distance between the horizontal crest 

of the embankment and the reservoir level. Normal free 

board is the difference in the level between the crest or top 

of the embankment or normal reservoir level. 

Nature of 

spillway 

Height of 

dam 
Free board 

Free Any 

Min.2m and max. 3m 

Above the max. flood 

level 

Controlled 
Less than 

60m 

2.5 m above the top of 

gates 

Controlled Over 60m 
3m above the top of 

gates 

Table 4.1: U.S.B.R. Practice for Free Board 

We provided free type spillway for the earth dam 

so according to this table we took 2m free board. 

D. Casing or Outer Shell 

The function of casing or outer shells is to impart stability 

and protect the core. The relative pervious materials, which 

are not subjected to cracking on dirext exposure to 

atmosphere, are suitable for casing. 

 Type of material 
Upstream 

Slope 

Downstream 

Slope 

1. 
Homogeneous well 

graded material 
2.5:1 2:1 

2. 
Homogeneous coarse 

silt 
3:1 2.5:1 

3. 

Homogeneous silty 

clay or clay 

Height less than 15m 

Height more than 15m 

2.5:1 

3:1 

2:1 

2.5:1 

4. 
Sand or sand grawel 

with clay core 
3:1 2.5:1 

5. 

Sand or sand and 

grawel with R.C 

Core wall 

2.5:1 2:1 

Table 4.2: Side Slopes for Earth dam according to Terzaghi 

Height of the 

dam above 

foundation level 

Height of 

the dam 

above 

H.F.L (m) 

Top 

width 

(m) 

U/S 

Slope 

D/S 

Slope 

Upto 4.5 1.2 to 1.5 1.8 2:1 1.5:1 

4.5 to 7.5 1.5 to 1.8 1.85 2.5:1 1.75:1 

7.5 to 15 1.85 2.5 3:1 2:1 

15 to 22.5 2.1 3.0 3:1 2:1 

Table 4.3: Preliminary Dimensions of Earth dams according 

to Strange 

We took u/s slope 3:1 and d/s slope 2:1 from the table no () 

E. Central Impervious Core 

The minimum safe thickness of the central impervious core 

depends the following factor: 

 Tolerable seepage loss 

 Maximum width that will permit proper construction 

 Type of the materials available for the core and the shell 

 Design of the proposed filter layers 

 Precedent on similar projects 
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The governing criterion is that the thickness of the 

core at any elevation is not less than the height of the 

embankment at that elevation so that the average hydraulic 

gradient is less than unity. 

The width of the core at the crest of the dam should 

be a minimum of 3meter to permit economical placement 

and compaction of impervious embankment material by 

construction equipment may include trucks, dozers and 

tamping rollers. 

The top level of the core should be at least one 

meter above the maximum water level to prevent seepage by 

capillary siphoning. 

We took u/s side slope for core is 1.5:1 and for d/s side 

slope 1:1. 

F. Cut off Trench 

Cut off is required to: 

 To reduce loss of stored water through foundations and 

abutments 

 To prevent sub-surface erosion by piping 

A minimum width of 4m is recommended. A 

bottom width of 10% of hydraulic head may be provided to 

safety requirements of piping. The side slope depend upon 

sub strata. Side slopes of at least 1:1 or flatter may be 

provided in case of over burden, while 1/2 and 1/4:1 may be 

provided in soft rock and hard rock respectively. 

Data for the cut off trench which have we taken 

U/S side slope 0.5:1 

D/S side slope 0.5:1 

Bottom width of COT 4M 

Height of COT 4.25M 

G. Downstream Drainage System 

1) Toe Drain: 

The design of a downstream drainage system is controlled 

by the height of the dam, the Cost and availability of 

permeable material, and the permeability of the foundation. 

The most important dimension of a toe drain is its height the 

toe drain should be 25–35% of the height of the earth dam 

.For low dams, a simple toe drain can be used successfully. 

Toe drains have been installed n some of the oldest 

homogeneous dams in an effort to prevent softening and 

erosion of the downstream toe. For reservoir depths greater 

than 15 m, most engineers would place a drainage system 

further inside the embankment where it will be more 

effective in reducing pore pressures and controlling seepage. 

2) Horizontal Drainage: 

Horizontal drainage blankets are often used for dams of 

moderate height. Drainage blankets are frequently used over 

the downstream one-third of the foundation area. 

Where pervious material is scarce, the internal strip 

drains can be placed instead since these give the same 

general effect. Horizontal or blanket drains can be used to 

control seepage through a homogeneous embankment or to 

prevent excessive uplift pressures from foundation seepage. 

Likewise, a horizontal drain can be used to prevent seepage 

from emerging on the downstream slope of a homogeneous 

dam. 

3) Chimney Drains: 

Chimney drains also known as inclined drains are either 

inclined or vertically oriented drains of granular materials, at 

the downstream side of the earth dams. A combination of 

both chimney and horizontal drains is a very effective 

method for seepage control through an embankment. 

Chimney drains are typically installed from 45 degrees from 

Horizontal to a vertical orientation depending on the 

geometry of the structure, construction practice, and the 

anticipated seepage paths. In addition to controlling seepage 

through the dam and increasing the stability of the 

downstream slope, the chimney drain is also useful in 

reducing pore water pressures both during construction and 

following rapid reservoir drawdown. 

4) Rock Toe: 

Rock toe is very important component to protect the 

downstream slope of earthen dam. 

It is also a type of filter. It protects the downstream 

slope from dead storage water which comes out from the 

filter. 

 
Fig. 4.1: Components of Downstream Drainage 

H. Seepage Analysis 

Seepage occurs through the body of all earthen dams and 

also through their pervious foundations. The amount of 

seepage has to be controlled in all conservation dams and 

the effect of seepage (i.e. position of phreatic line) has to be 

controlled for all dams, in order to avoid their failures. 

The seepage through a pervious soil material, for two 

dimensional flow, is given by Laplacian equation, 

 

∂²K. h

∂x²
+ 

∂²K. h

∂y²
= 0 

Where, 

K . h = Velocity potential 

K      = Permeability of soil 

h       = Head causing flow, 

The above equation is based on the following assumptions: 

1) Water is incompressible. 

2) The soil is incompressible and porous. The size of the 

pore space donot change with time regardless of water 

pressure. 

3) The quantity of water entering the soil in any given time 

is the same as the quantity flowing out of the soil. 

4) Darcy’s law is valid for the given soils. 

5) The hydraulic boundary conditions at entry and exit are 

known. 

A graphical solution of the above equation, 

suggests that the flow through the soil, following the above 

assumptions can be represented by a flow-net; which 

consists of two sets of curves, known as ‘Equipotential 

lines’ (i.e. lines of energy) and ‘stream lines’ (i.e. flow 

lines), mutually perpendicular to each other. 

 

1) Seepage Calculation: 

The quantity of water passing through the body and 

foundations of the earth dam, as well as the distribution of 
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water pressure can be estimated by the theory of flow of 

fluids through porous media. 

We have calculated seepage flow by two methods: 

1) Casagrande Graphical Method 

2) Theoretical Method of Seepage Analysis 

2) Seepage Flow: 

The top flow line which is a parabola can either be drawn 

graphically or by calculation of its ordinates. The procedure 

has been explained below:- 

Diagram 

Taking the force F as the origin, the equation of the parabola 

is given by- 

√x2 + y2 = x + s 

Where, 

s= distance of directrix from the origin and x, y are the co-

ordinates of any point on the parabola. 

The parabola cuts the reservoir water surface at point B, 

such that 

FB’ = 57.60 – 12.55 – 25.5 + 25.5 × 0.3 

= 19.55 + 7.65 

FB’ = 27.2 M 

BB’ = 10.50 – 2.00 

BB’ = 8.50 M 

x = 27.2 M 

y = 8.50 M 

Then, 

x +S = √x2 + y2 

27.2 +S = √(27.2)2 + (8.5)2 

27.2 +S = 28.78 

S = 28.78 – 27.2 

S = 1.58 M 

Equation of parabola, 

y = √2Sx + S2 

y = √2 × 1.58x + (1.58)2 

y = √3.16x + 2.50  

The coordinates of parabola are tabulated below: 

X 0 5 10 15 20 27.2 

Y 1.58 4.28 5.84 7.06 65.7 9.40 

The top flow line can, therefore, be drawn by the above 

table. 

Seepage flow per unit length of dam 

= k × S 

= 5 × 10-4 × 1.58 × 100 cm3/sec/cm 

= 0.079 cm3/sec/cm 

= 7.9 × 10-2cm3/sec/cm 

= 7.9 × 10-6cumec/meter length of dam 

Where, 

 k = coefficient of permeability of the soil material 

used in the dam 

 k = 5 × 10-4 cm/sec 

I. Flush Bar: 

Flush bar is a component of dam and it is provided for the 

discharge of surcharge water. When the time of flood it is 

required to discharge the excessive amount of water. 

FTL RL = 509.50 M 

MWL RL = 510.50 M 

FLOOD LIFT = 1.00 M + .05 M (VELOCITY HEAD) 

Catchment area = 8.93 sq mile 

Maximum flood discharge, 

Q = CM3/4 

Q = 1400 × (8.93)3/4 

Q = 7232.2 cusec or 205 cumec 

Length, 

For prolonged flood, 

L = 
205

1.38 ×(1.05)3/2
 

L = 138 M 

Hence provide 140 M width of Flush Bar. 

J. Sluice Outlet 

Principal level  

TBL RL = 512.50 M 

MWL RL = 510.50 M 

FTL RL = 509.50 M 

LSL RL = 505.30 M 

Area Proposed for irrigation = 1000 hac. 

The maximum water requirement 

During month of January = 26.50 mcft 

Add 15% of canal and summer losses = 03.90 mcft 

Total = 30.40 mcft 

Considering 14 days 24 hours Canal running = 30.40 × 106 

                                    14×24×3600 

= 25.18 cusec 

Adopting driving head = 1’00” 

Velocity generated = C√2gh 

= 0.62√2×1 

= 4.98 ft/sec 

Area required, A  = Q/V 

= 25.18/4.98 

= 5.06 Sqft. 

Provide gate size 0.75 × 0.75 = 0.522 sqm 

Area provided = 0.5625 sqm > 0.522 sqm 

Hence Safe 

Provide R.C.C hume pipe NP3 1200 mm diameter for sluice 

Barrel. 

IV. CALCULATIONS AND RESULTS 
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A. Estimates for Earthwork of Earthen Dam 

1) Material: 

S 

No. 

Particulars 

Of Item 
Qty Rate Unit 

Amount 

 

1. 
Excavation 

in hard soil 
5800 40 mᵌ 

2,32,000 

 

2. 
Excavation 

in soil 
23136200 - - - 

3. 

Excavation 

of cut of 

trench 

2488084 - - - 

4. Pitching 6745227 50 mᵌ 33,72,000 

5. 
Construction 

of rock toe 
325525 - - 

- 

 

6. RMC 105 20000 mᵌ 3,20,000 

7. Steel 113 4200 mᵌ 8,400 

8. 
Horizontal 

filter 
2405 160 mᵌ 1,92,400 

 Total :- 10,90,000 

2) Transporting Materials: 

S 

No. 

Particulars Of 

Item 
No. Hours Rate Amount 

1. J.C.B. machine 4 800 800 25,60,000 

2. Roller machine 2 800 1440 23,04,000 

3. Dumper truck 8 1000 960 76,80,000 

4. Dozer 2 500 1440 14,40,000 

 Total 1,39,84,000 

3) Labour: 

S No. Particulars Of Item Qty Rate Amount 

1. Santing 10 350 35,000 

2. Majdoor 50 300 13,50,000 

3. Finishing 10 400 2,40,000 

4. Bhishti 10 200 1,25,000 

5. Carpenter 8 10 24,000 

 Total:- 16,61,500 

 

S. No. Particulars of items Qty Rate Amount 

1. Iron pipe 48 50,000 24,00,000 

2. R.M.C. M-20 32 5,000 1,60,000 

3. Steel 10 42,00 42,000 

4. Valve of cost iron 16 20,000 3,20,000 

Total 29,00,000 

B. Estimate of Sluice Gate 

Total of Material, Transporting and Labour = 10, 90,000 

= 1, 39, 84,000 

= 16, 61,500 

= 1, 67, 35,500 

Total of Sluice Gate = 29, 00,000 

Total Estimate = 1,96,35,500 

Add (1*1/2) % water charges = 1,63,629 

Add 10% contractor’s profit =  1,96,355 
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Contingency of 3% = 5,89,065 

Grand Total     = 2,05,84,549 Rs 

V. CONCLUSION 

Earth fill dams are a good alternative to dugouts where 

larger volumes of water must be stored at a reasonable cost 

and suitable site conditions exist. Proper design and 

construction is essential for dams; otherwise they will fail 

from washouts or seepage losses. 

In this paper the levels of original dam and dam 

length are taken from Baloda Koran near Barnagar 

Thesil and design of dam is done by taking new dimension 

and criteria according to IS code and other related 

document. Dimensions and criteria which are taken in the 

design are differ then the existing dam. Core type dam is 

designed. 

In paper work seepage losses are analyzed and 

phreatic line is also drawn to know the path of seepage. 

After the calculation the seepage flow through the dam body 

is7.9 × 10-6 cumec/meter. And phreatic line is used to find 

out the different –different soil conditions at various water 

levels.  

The stability of Earth Dam is checked out in four 

conditions 1. Stability of upstream side slope during sudden 

draw condition 2. Stability of downstream side slope during 

steady seepage 3. Stability of upstream side slope just after 

construction and 4. Stability of downstream side slope just 

after construction. 

The critical portion of dam section is found out 

with the help of Swedish circle method of slope stability 

analysis and applied that four conditions which is given 

above at the critical circle to find out the factor of safety of 

dam section. In all the cases the factor of safety of dam 

should be greater than 1.5. 

Dam body contains total 8 numbers of sluice gate 

along the length and 1 flush bar at the end of dam. Length of 

flush bar is 138 M. Free type flush bar is provided for the 

discharge of excess water during the rainy seasons. 

Over all approximate cost of the dam is 

2,05,84,549 Rs. It contains cost of 8 no. of sluice gate and 1 

no. of flush bar. Material is taken out from nearby the dam 

site location within the 2 km. 
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