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What is a Dam?

A dam is a structure built across a stream, river or estuary to retain 

water. 

Dams are made from a variety of materials such as rock, steel 

and wood. 
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Structure of Dam
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Sluiceway

Spillway

Freeboard
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Definitions

Heel: contact with the ground on the upstream side
Toe: contact on the downstream side

Abutment: Sides of the valley on which the structure of 

the dam rest

Galleries: small rooms like structure left within the dam 

for checking operations.
Diversion tunnel: Tunnels are constructed for diverting 

water before the construction of dam. This helps in 

keeping the river bed dry.

Spillways: It is the arrangement near the top to release 

the excess water of the reservoir to downstream side

Sluice way: An opening in the dam near the ground 

level, which is used to clear the silt accumulation in the 
reservoir side.



Advantages of Dam

Irrigation

Water Supply

Flood Control

Hydroelectric

Recreation

Navigation

Dams gather drinking water 
for people.

Dams help farmers bring 
water to their farms.

Dams help create power 
and electricity from water.

Dams keep areas from 
flooding.

Dams create lakes for people 
to swim in and sail on.



Disadvantages of Dam

Dams detract from natural settings, ruin nature's work

Dams have inundated the spawning grounds of fish

Dams have inhibited the seasonal migration of fish

Dams have endangered some species of fish

Dams may have inundated the potential for archaeological 

findings

Reservoirs can foster diseases if not properly maintained

Reservoir water can evaporate significantly

Some researchers believe that reservoirs can cause 

earthquakes



Three Gorges Dam
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Three Gorges Dam

Type: Concrete Gravity Dam 

Cost: Official cost $25bn - actual 
cost believed to be much higher 

Work began: 1993 

Due for completion: 2009 

Power generation: 26 turbines on 
left and right sides of dam. Six 

underground turbines planned for 

2010 

Power capacity: 18,000 
megawatts 

Reservoir: 660km long, 
submerging 632 sq km of land. 

When fully flooded, water will be 

175m above sea level 

Navigation: Two-way lock system 
became operational in 2004. 

One-step ship elevator due to 

open in 2009. 



Three Gorges Dam

Sluice Gates



Three Gorges Dam

Shipping Locks

Shipping Locks



Hoover Dam



Hoover Dam

Location: Arizona and Nevada, USA
Completion Date: 1936
Cost: $165 million
Reservoir Capacity: 1.24 trillion cubic feet
Type: Arch/ Gravity
Purpose: Hydroelectric power/flood control
Reservoir: Lake Mead
Materials: Concrete
Engineers: Bureau of Reclamation

The Hoover Dam is a curved gravity dam. Lake Mead 
pushes against the dam, creating compressive forces 
that travel along the great curved wall. The canyon 
walls push back, counteracting these forces. This 
action squeezes the concrete in the arch together, 
making the dam very rigid. This way, Lake Mead can't 
push it over.

Today, the Hoover Dam is the second highest dam in 
the country and the 18th highest in the world. It 

generates more than four billion kilowatt-hours a 
year, that's enough to serve 1.3 million people!



Koyana Dam,   Maharashtra

•Largest Dam in Maharashtra

•Hydropower generation of 1920 MW.



Dams in Thailand

Bhumibol Dam
[ The Largest Concrete Arch Dam in Thailand ]

Name : Bhumibol Dam 

Location : On Ping river at Sam Ngao district, Tak province

Type : Concrete Arch Gravity Dam (largest in Thailand of this 

type)
Size : 154 meters high and 486 meters long at the crest
Year Completed : 1964

Storage Capacity : 13,462 million cubic meters

Electricity Generating Capacity : 535 MW



Dams in Thailand

Sirikit Dam

Name : Sirikit Dam 

Location : On Nan River at Tha Pla district, Uttaradit province

Type : Earth fill dam

Size : 113.6 meters high and 800 meters long at the crest

Year Completed : 1974

Storage Capacity : 9,510 million cubic meters

Electricity Generating Capacity : 500 MW



Dams in Thailand

Srinagarind Dam

Name : Srinagarind Dam 

Location : On Kwae Yai river at Ban Chao Nen subdistrict, Si 

Sawat district, Kanchanaburi province

Type : Rockfill dam with impervious core

Size : 140 meters high and 610 meters long at the crest

Year Completed : 1980

Storage Capacity : 17,745 million cubic meters 

(largest storage capacity 
in Thailand)

Electricity Generating Capacity : 720 MW



Classification of Dams

Storage Dam

Detention Dam

Diversion Dam

Coffer Dam

Debris Dam

Classification based on function



Typical Storage Dam

Srinagarind Dam

Vajiralongkorn Dam



Typical Storage Dam

Maeklong Dam

Tha Thung Na Dam



Classification of Dams

Classification based on hydraulic design

Classification based on material of construction

Overflow Dam/Overfall Dam

Non-Overflow Dam

Rigid Dam

Non Rigid Dam



Classification of Dams

Classification based on structural behavior

Gravity Dam

Arch Dam

Buttress Dam

Embankment Dam



Gravity Dam

Gravity dams are dams which resist 

the horizontal thrust of the water 

entirely by their own weight. 

Concrete gravity dams 

are typically used to 

block streams through 

narrow gorges. 



Gravity Dam

Cross Section Plain View

Material of Construction:

Concrete, Rubber Masonry



Arch Dam

An arch dam is a curved dam 

which is dependent upon arch 

action for its strength. 

Arch dams are thinner and 

therefore require less 

material than any other 

type of dam. 

Arch dams are good for sites 

that are narrow and have 

strong abutments. 



Arch Dam

Cross Section Plain View

Material of Construction:

Concrete



Buttress Dam

Buttress dams are dams in which the 

face is held up by a series of 

supports. 

Buttress dams can take many 

forms - the face may be flat or 

curved. 



Buttress Dam

Cross Section Plain View

Material of Construction:

Concrete, Timber, Steel



Embankment Dam

Embankment dams are massive 

dams made of earth or rock. 

They rely on their weight to 

resist the flow of water. 



Embankment Dam

Cross Section Plain View

Material of Construction:

Earth, Rock



Types of Dam

Factors governing selection of types of dam

A Narrow V-Shaped Valley : Arch Dam

A Narrow or Moderately with U-Shaped  Valley : Gravity/Buttress 

Dam

A Wide Valley : Embankment Dam

Topography-Valley Shape



Factors governing selection of types of dam

Solid Rock Foundation : All types

Gravel and Coarse Sand Foundation : Embankment/Concrete 

Gravity Dam (H≤15 m)

Silt and Fine Sand Foundation : Embankment/Gravity Dam (H≤8 m)

Non-Uniform Foundation

Geology and Foundation Condition



Factors governing selection of types of dam

Climate conditions

Availability of construction materials

Spillway size and location

Environmental considerations

Earthquake zone

Overall cost

General considerations



Gravity Dam



Gravity Dam

Forces on Gravity Dam

Gravity or weight of dam

Hydrostatic force

Uplift force

Wave force

Silt force

Ice force

Earthquake forces



Gravity Dam

Forces on Gravity Dam

Free-body diagram of cross 
section of a gravity dam



Gravity Dam

Forces on Gravity Dam

Gravity or weight of dam

W

When W = Weight of dam

 = Specific weight of material

 =  Volume of dam

Weight of Dam



Gravity Dam
Forces on Gravity Dam

Hydrostatic Force

xwh
AhH 

I. Horizontal hydrostatic force

II. Vertical hydrostatic force

wwv
H 

Hydrostatic Force



Gravity Dam

Forces on Gravity Dam

Uplift Force
Uplift Force



Silt Pressure

IS code recommends that 

a) Horizontal silt and water 
pressure is
assumed to be equivalent to that 
of a fluid
with a mass of 1360 kg/m3, and 

b) Vertical silt and water pressure 
is determined as if silt and water 
together have a density of 1925 
kg/m3.



Gravity Dam
Forces on Gravity Dam

Ice Force

Ice & Wind Force

Till specific reliable procedures become available
for the assessment of ice pressure it may be
provided for at the rate of 250 kPa applied to the
face of dam over the anticipated area of contact
of ice with the face of dam.

• Wind Pressure

Wind pressure does exist but is seldom a significant factor in 
the design of a dam. Wind loads may, therefore, be ignored.



Wave Pressure



Earthquake zones in India



Gravity Dam
Forces on Gravity Dam

Earthquake Force

Earthquake Force



Load Combinations
Gravity dam design should be based on the most adverse load combination A, B, C, D, E, F
or G given below using the safety factors prescribed. 

Depending on the scope and details of the various project components, site conditions and 
construction programme one or more of the following loading combinations may not be 
applicable ipso-facto and may need suitable modifications:

• Load Combination A (Construction Condition) - Dam completed but no water in reservoir 

and no tailwater.

• Load Combination B (Normal Operating Condition) - Full reservoir elevation, normal dry 

weather tailwater, normal uplift; ice and silt (if applicable).

• Load Combination C (Flood Discharge Condition) - Reservoir at maximum flood pool 

elevation, all gates open, tailwater at flood elevation, normal uplift, and silt (if applicable ).

• Load Combination D - Combination A, with earthquake.

• Load Combination E - Combination B, with earthquake but no ice.

• Load Combination F - Combination C, but with extreme uplift (drains inoperative).

• Load Combination G - Combination E, but with extreme uplift (drains inoperative).



Requirements for Stability

Following are the modes of failure of a gravity dam:
1. Overturning
2. Sliding
3. Compression or Crushing
4. Tension.
Therefore, the design shall satisfy the hollowing requirements of 
stability:

1. The dam shall be safe against sliding on any plane or 
combination of planes within
the dam, at the foundation or within the foundation;

2. The dam shall be safe against overturning at any plane 
within the dam, at the base, or
at any plane below the base; and

3. The safe unit stresses in the concrete or masonry of the dam 
or in the foundation
material shall not be exceeded.



FOS (Overturning)

The overturning of the dam section takes place when the resultant 
force at any section cuts the base of the dam downstream of the 
toe. In that case the resultant moment at the toe becomes 
clockwise (or -ve). 

On the other hand, if the resultant cuts the base within the body of 
the dam, there will be no overturning. For stability requirements, 
the dam must be safe against overturning. 

The factor of safety against overturning is defined as the ratio of the 
righting moment (+ ve MR) to the overturning moments (- ve M0) 
about the toe.

The factor of safety against overturning should not be less than 1.5.



FOS (Sliding Resistance)



Stresses(Compression or Crushing)



Compression or Crushing



Effect of Tension Cracks



Permissible Tensile Stresses



Principle stresses



In the absence of any force other than the forces
due to water, an elementary profile will be
triangular in section, having zero width at the
water level, where water pressure is zero, and a
maximum base width b, where the maximum
water pressure acts.

Thus, the section of the elementary profile is of the
same shape as the hydrostatic pressure
distribution diagram.

For reservoir empty condition, a right angled 
triangular profile as shown in Fig., will provide 
the maximum possible stabilizing force against 
overturning, without causing tension in the 
base.



Forces on Elementary Profile

We shall consider main three forces (weight of
the dam, water pressure, and uplift pressure)
acting on the elementary profile of a gravity
dam viz



Base width of the elementary profile

The base width of the elementary profile can 
be found under two criteria: 

(1) No Tensile Stress Criterion

(2) No Sliding Criterion.



Practical Profile of a Gravity Dam

We have already seen that the elementary profile of a
gravity dam is triangular in shape, having zero width at
the top.

However, a truly triangular section is not practical nor
is it necessarily the most economical section.

The elementary profile of the gravity dam is only a
theoretical profile. However such a profile is not
possible in practice because of the provision of :
(i) top width or roadway at the top,
(ii) additional loads due to the roadway, and
(iii) freeboard.



Provision of Freeboard
Freeboard is the margin provided between the top of dam and H.F.L. in

the reservoir to prevent the splashing of the waves over the non-
overflow section. It incidentally also takes care of any unforeseen
floods in the reservoir.

The freeboard adopted shall be one and a half times the
corresponding wave height hw above normal pool elevation or
maximum reservoir level, whichever gives the higher crest elevation
for the dam.

The freeboard above maximum reservoir level shall, however, be in no
case less than 0.9 m.

Wind velocities of 120 km/h over water in the case of full pool
condition and 80 km/h over water in case maximum reservoir
condition are generally assumed for calculation of wave heights.

However, modern practice is to provide a maximum free board equal
to 3 to 4 % of the dam height, though free board equal to 5 % or
more might prove economical.



Provision of Top width

If some top width T = AD is provided for the
elementary section ABC, the resultant of
the dam section will be shifted to the u/s
when the reservoir is empty. AM1 is the
inner third point line, and MI is the line
passing through the centroid of the added
triangle ADE.

Both these lines intersect at point H. For all
sections below plane FHG, the resultant
will, therefore, be shifted to the left of line
AM1, causing tension at the down stream
face when the reservoir is empty.

This will, therefore, require the provision of
u/s batter FC1 below the plane FHG. In
order to find the depth h' of the plane FHG
below which u/s batter is required,



Dimensions of the practical profile of a 
gravity dam.



Embankment Dam
Earth-Fill Embankment Dam

A earth-fill dam in 
Australia.



Embankment Dam
Rock-Fill Embankment Dam



Earth Dam



Cross section of a Earth Dam



69

Embankment dams

• Made mainly from natural 
materials eg earth or rockfill.  
Shaped like a bank.

• Source: British Dams Society.



Embankment Dam

Earth Dams:

are the most simple and economic (oldest dams)

Types: 

1.Homogeneous embankment type

2.Zoned embankment type

3.Diaphragm type



Embankment Dam

Homogeneous Embankment Dam



Embankment Dam

Zone-Based Embankment Dam



Embankment Dam

Diaphragm Earth Dam



Zoned type of Embankment



Embankment dams are massive dams made of earth or rock. 

They rely on their weight to resist the flow of water, just like concrete gravity 
dams.

EMBANKMENT DAMS



EMBANKMENT DAMS

Generally have some sort of water proof insides (called the core), 
which is covered with earth or rock fill.  Water will seep in through the 
earth or rock fill, but should not seep into the core.   The water will 
seep into the core material and should stop at the seepage line. 

Forces on Embankment Dams:

1. Force of the water (main force) 

2. Uplift force



Seepage & Flow Net



Seepage paths & Control Measures





Critical Slip Circle



An earth dam is basically a trapezoidal embankment built in a valley 
to form a water reservoir. The design has to ensure: 

•It is impermeable enough to prevent excessive loss of water from 
the reservoir. 
•The design must ensure stable slopes. 
•Settlement of the dam must not be excessive so as to reduce the 
freeboard of the dam. 
•The upstream slope of the dam must be protected from the 
destructive action of waves, and the downstream slope must 
withstand rainfall erosion. 
•A sufficient bond between the embankment and its foundation 
must exist to prevent the development of seepage paths; excessive 
hydrostatic uplift must be controlled by proper drainage. 

Design Criteria 



The upstream slope has a number of advantages: 

It is more stable under the water load, because the downward force of 
the water produces frictional resistance to sliding .

The permeable rock embankment develops no uplift, since the 
embankment permits no movement of water upward from the 
foundation. 

The impermeable deck can easily be inspected and repaired if necessary. 

During construction the height of the dam can be increased by dumping 
only on the downstream side and extending the membrane upward on 
the sloping surface

Upstream Impervious Shell



The disadvantages of an upstream deck are: 

The deck is vulnerable to weather and wave attack.

If constructed of earth, sudden drawdown greatly
reduces its stability and may cause it to slide.

Settlement of the rock embankment tends to
produce tensile cracks in the membrane.



The central core location has a number of advantages:

The core is equally supported and is more stable during a
sudden drawdown (if constructed from earth).

Settlement of the rockfill induces compressive stresses in
the core, tending to make it more compact.

There is less core volume and less cross sectional area for
leakage for a given height of dam and thickness of core.

The choice for dams with impermeable zones depends largely
on the stability of the core material.

If it is strong, a near upstream location is often the most
economical. However, if the core material is weak a central
location is better.



The core may be defined as a membrane built within an 
embankment dam to form the impermeable barrier, the 
balance of the dam being provided to ensure stability.

It may be of natural materials, clay, gravels etc. or prepared 
materials such as cement or asphaltic concrete, or of metal, 
plastic, rubber, etc.

The thickness of the core will depend primarily on the 
material available, i.e. if a good clay is available at low cost 
one would tend to be liberal with the core. 
The core width will often be related to the type of 
foundation, the permissible hydraulic gradient along the 
contact zone.

Central Core



To ensure stability a number of conditions must be
investigated:

The slopes must be safe against surface slipping. To ensure
this the slopes must be no steeper than the angle of repose

The dam must be safe against sliding on the foundation

The mass of the embankment must be safe against a
circular arc failure or composite linear failure. This is likely
to occur within an earth core or weak foundation

The safety against failure can be increased by reducing the
gradient of the slopes.

Slope Stability



Rip-rap size : Mass of individual rock = 1000 x (Wave Height Hs)3 (kg)

The rip-rap must be durable, weatherproof and of good quality sound rock to enable it to 

withstand the changing harsh conditions.



A core of natural materials may be central, inclined and close
under the upstream face or in some intermediate position.

A general core thickness is one half of the height of the dam,
depending on materials available.

Permeability of the compacted core should not exceed 10-5 cm/s.



The principal factors considered in determining core dimensions
and embankment zoning are:

The type and volume of core materials available;

The relative economics of earthfill and rockfill;

The plasticity of the available core material and its effect on the
risk of core cracking;

The extent and rate of reservoir draw-down;

The nature of the foundation rock under the core.

Central Core



Freeboard



1. Simple Embankment (homogeneous throughout)

(upstream less permeable material)

2. Impervious Foundation

3. Impervious Core (Zoned embankments)

Types of Earth dams



Types of Earth dams



Thank You !!!


