UNIT-V
STABILITY ANALYSIS OF GRAVITY DAMS

A gravity dam is a dam constructed from concrete or stone masonry and designed to hold back water
by primarily utilizing the weight of the material alone to resist the horizontal pressure of water
pushing against it. Gravity dams are designed so that each section of the dam is stable, independent
of any other dam section

FORCES ACTING ON GRAVITY DAM:

In the design of a dam, the first step is the determination of various forces which acts on the
structure and study their nature. Depending upon the situation, the dam is subjected to the following
forces:

1. Water pressure

2. Earthquake forces

3. Silt pressure

4. Wave pressure

Ice pressure

6. Self weight of the dam.

The forces are considered to act per unit length of the dam.

For perfect and most accurate design, the effect of all the forces should be investigated. Out of these
forces, most common and important forces are water pressure and self weight of the dam.

1. Water Pressure

Water pressure may be subdivided into the following two categories:

I) External water pressure:

It is the pressure of water on the upstream face of the dam. In this, there are two cases:
(m Upstream face of the dam is vertical and there is no water on the downstream side ofthe

dam (figure 1).
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The total pressure is in horizontal direction and acts on the upstream face at a height from the
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bottom. The pressure diagram is triangular and the total pressure is given by -

Where w is the specific weight of water. Usually it is taken as unity.
H is the height upto which water is stored in m.

(ii) Upstream face with batter and there is no water on the downstream side (figure 2).
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Here in addition to the horizontal water pressure P asin the previous case, there is vertical
pressure of the water. It is due to the water column resting on the upstream sloping side.

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

{ 3\
Py = (bx hy x w)-?\ ;—bxhlxw :
Pressure 2 acts through the centre of gravity of the water column resting on the sloping upstream

face.

If there is water standing on the downstream side of the dam, pressure may be calculated similarly.
The water pressure on the downstream face actually stabilizes the dam. Hence as an additional
factor of safety, it may be neglected.




Il) Water pressure below the base of the dam or Uplift pressure

When the water is stored on the upstream side of a dam there exists a head of water equal to the
height upto which the water is stored. This water enters the pores and fissures of the foundation
material under pressure. It also enters the joint between the dam and the foundation at the base and
the pores of the dam itself. This water then seeps through and tries to emerge out on the
downstream end. The seeping water creates hydraulic gradient between the upstream and
downstream side of the dam. This hydraulic gradient causes vertical upward pressure. The upward
pressure is known as uplift. Uplift reduces the effective weight of the structure and consequently the
restoring force is reduced. It is essential to study the nature of uplift and also some methods will
have to be devised to reduce the uplift pressure value.
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With reference to figure 3, uplift pressure is given by 2

Where Fu is the uplift pressure, B is the base width of the dam and H is the height upto which water

is stored.




