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a. the length of crest is not less than 500 
metres; or 

b. the capacity of the reservoir formed by 
the dam is not less than one million cubic 
metres; or 

c. the maximum flood discharge dealt with 
by the dam is not less than 2,000 cubic 
metres per second; or 

d. the dam has especially difficult foundation 
problems; or 

e. the dam is of unusual design. 

Most of the large dams in India are usually earth-fill 
or rock-fill embankment dams, or composite dams, 
which are a combination of concrete or masonry 
gravity structures flanked by earthen embankments. 
These dams impound water so as to form a 
reservoir upstream, and a system of spillways and 
gates for bypassing excess water to the river and to 
channel water to a network of canals feeding 
irrigated regions downstream. The upstream areas 
that feed the dam and those submerged by its 
reservoir make up its catchment area, while the 
downstream areas fed by its irrigation canals make 
up its command area.  

While dams have multiple benefits (balanced against 
financial and environmental costs), they can also 
present a risk to public safety and economic 
infrastructure because of the possibility of a dam 
failure leading to disastrous flooding, and also 
because of the sudden release of enormous 
quantities of water during extreme weather 
conditions to guard against overtopping and 
potential failure. Although failures are infrequent, the 
age of a dam, construction deficiencies, inadequate 
maintenance, and seismic or weather events 
contribute to the possibility of their occurrence. To 
reduce the risk, regular inspections are needed to 
identify potential problems. Corrective actions can 
then be taken to remedy those deficiencies before 
serious consequences develop. 

Ageing and Degradation of Dams 

As  large dams age, they are likely to acquire a 
variety of deficiencies gradually. For example, a 
dam’s foundation can show signs of seepage, 
cracking, and movement. To prevent failure or faulty 
operation, these deficiencies need to be identified 
and corrected. 

Degradation of a dam is the result of time-related 
changes in the properties of the materials of which 

the structure and its foundation are composed that 
result in a loss of strength or structural integrity. 
The effects of ageing, which reveal themselves in a 
variety of ways, are of concern to persons involved 
in the dam’s design, construction, operation, and 
maintenance. These concerns extend throughout the 
life of the dam.  

State-of-the-art design practices can mitigate the 
effects of ageing. Attentiveness during construction 
will help avoid or delay hazardous conditions that 
might develop as a dam ages. Nonetheless, careful 
monitoring of the conditions at a dam throughout its 
life will be needed to identify the occurrence of 
ageing processes that could have undesirable impacts 
on dam safety. 

Understanding Dam Ageing 

The International Commission on Large Dams 
(ICOLD), Committee on Dam Ageing, studied the 
various ageing phenomena of concrete and masonry 
dams, earthen embankment dams, and their 
appurtenant works and prepared a report of their 
findings — ICOLD Bulletin No. 93. The Committee 
identified features of deteriorated structures, the 
processes of deterioration, good design practices, 
surveillance, detection, and rehabilitation. Methods 
by which the deterioration may be controlled and 
perhaps prevented were also identified.  

To understand ageing, one needs to establish the 
relationship between cause and effect leading to the 
degradation in structural properties of a dam and its 
foundation. These processes are referred to as 
scenarios. The causes impact on the dam and/or 
foundation and may affect the material’s structural 
properties. The consequences of deterioration may 
only become apparent after many years of operation. 

Detection and Measurement of Ageing 

Detection and measurement are the basis for 
control of ageing scenarios. Up-to-date knowledge of 
the dam condition is required so that anomalous 
behavior is detected in sufficient time to allow 
appropriate intervention to correct the situation and 
avoid severe consequences. Direct evaluation of 
ageing is possible by monitoring changes in structural 
properties. Indirect evaluations are made by 
monitoring the effects and consequences of changes 
and the actions causing them. 

It is important to establish and maintain a strong data 
base to assess the impact of ageing scenarios on dam 
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Foundation Ageing Scenarios 

Foundation ageing leads to significant deterioration 
particularly when the dam is underlain by very weak 
rock or deformable soil. These scenarios include 
deformation, loss of strength, change in state of 
stress, internal erosion, and foundation degradation. 

Deformation 

Where the foundation consists of very weak rock or 
deformable soil, the material is usually removed or 
measures taken to improve the material left in place. 
If not excavated properly, deformations caused by 
consolidation of the soil or weak rock may occur 
unevenly, resulting in differential settlements, which 
can induce fissuring of the dam body. In dry climates 
low density soils decrease in volume (collapse) when 
they become wetted, which also can induce fissuring. 
The fissures may be a source of piping. 

Detrimental effects can be avoided by constructing 
zones of granular self-healing material to mitigate 
effects of fissures and provide drainage. Foundation 
settlement may be monitored with instruments 
installed during construction. Fissuring may be 
counteracted by intersecting the fissure system with 
a cutoff wall. 

Loss of Strength, Uplift Pressure 
Increase, and Change in State of Stress 

Loss of material strength generally occurs in clay 
soils because of saturation and excessive strain. 
More plastic clays with high dry strength will 
experience strength loss upon saturation. When clay 
soils are strained past their peak strength, they 
experience a significant loss of strength. 

Uplift pressure builds up where the steady state 
seepage is obstructed or where a sudden excess in 
seepage cannot be accommodated. In rock with 
erodible or soluble joint infilling under reservoir 
pressure, water penetrates the joints and 
progressively builds up the uplift pressure. Water 
seeping under the dam may move fines which may 
progressively clog the drain filter or drain openings, 
resulting in pressure build up at the downstream toe. 
Water seeping through poorly graded material may 
move material (internal erosion or piping) leading to 
subsidence or sinkholes. 

Embankments constructed in a narrow valley 
affected by cross valley arching may experience a 
decrease in vertical loading on the foundation leading 

to hydraulic fracturing and eventual piping of 
foundation material. Cyclic change of stress in the 
bottom of large seasonal reservoirs induces 
alternating shear stresses which can lead to a 
progressive opening of joints. When dams are 
founded on alluvium, lowering of the downstream 
water table will increase the effective stress in the 
soil and may lead to settlement. 

Internal erosion  

Erosion processes may only be observed a long time 
after the first filling of the reservoir, even though 
they frequently can be related to inadequate design 
or construction procedures. Internal erosion is the 
most common ageing scenario for the foundation of 
earth-fill and rock-fill dams and may form in the 
following ways: 

 Through rock joints that are opened by being 
disturbed during construction and by filling of 
the reservoir, allowing seepage to begin through 
the joint network. 

 From increased seepage caused by ageing of the 
grout curtain resulting from dissolution of the 
cement, dissolution of gypsum or other 
minerals, or by internal instability of the 
foundation material. 

Increased seepage flow rates may reach values high 
enough to cause erosion, which in turn accelerates 
seepage and failure. 

Internal erosion is usually detected by periodic visual 
inspection and by measuring of seepage flow. 
Standpipes or piezometers can be used to measure 
uplift pressure and evaluate embankment stability. 

Remedial measures used to control internal erosion 
of embankment dam foundations include grouting, 
provision of toe drains or other filter drainage 
systems, relief wells, stabilizing berms along the 
downstream toe, upstream impermeable blankets, 
cutoff walls that increase seepage paths, and drainage 
collection tunnels. 

Foundation degradation 

Degradation of foundation materials implies that a 
change occurs in their characteristics or properties 
resulting in loss of strength or an increase in 
permeability. Materials may degrade by slaking, 
dispersion, solutioning, and by thermal and chemical 
processes. Seepage water influences these processes, 
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