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Sustainability Includes

Technical Aspects: 
dam safety,

ageing,
service life, 

and
Non-technical Aspects:

environmental, 
economic, and

social aspects and others
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Maigrauge Gravity Dam, Built 1872, Switzerland
(First concrete dam built in Europe and still in operation)

DAM SAFETY and 
SAFETY of LARGE 
INFRASTRUCTURE 

PROJECTS
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Example: Integral dam safety concept
1. Structural Safety
Design of dam according to state-of-practice (codes, 

regulations, guidelines) (earthquake and flood 
design criteria, methods of seismic analysis, etc.)

2. Dam Safety Monitoring
Dam instrumentation, visual inspections, data 

analysis and interpretation, annual reports, etc.
3. Operational Safety
Guidelines for reservoir operation under usual and 

unusual conditions, qualified staff, maintenance
4. Emergency Planning
Emergency action plans, water alarm systems, dam breach 

analysis, evacuation plans, Engineering back-up, etc.

Myanmar: Blocking of Ungated Spillway by Floating Debris 
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Myanmar: Uncontrolled Increase in Reservoir in 
Yarzegyo Dam due to Blocked Spillway, 31.7.2015

Marib Dam in Yemen, built about 4000 years ago, 
was destroyed by flood
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Failure of 3 out of 5 flood outlets in gravity dam 
with earth-rockfill saddle dam (gate overtopping)

Dam Destroyed by British Air Fore in May 1943, 
bomb with 2500 kg of explosives, explosion at 20 m 

water depth, dam thickness about 14 m
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Seismic Hazard a Multi-hazard
•Ground shaking causing vibrations in dams, appurtenant 

structures and equipment, and their foundations (most 
earthquake regulations are concerned with this hazard 
only!)

•Fault movements in dam foundation or discontinuities 
in dam foundation near major faults which can be activated 
causing structural distortions;

•Fault movement in reservoir causing water waves in the 
reservoir or loss of freeboard; 

•Mass movements (rockfalls) causing damage to gates, 
spillway piers, retaining walls, powerhouses, electro-
mechanical equipment, penstocks, transmission lines, access 
roads to dams, etc.

•Other site-specific and project-specific hazards

Rudbar Lorestan Rockfill Dam, Iran: Peak ground acceleration: 
0.74 g; multiple “active” discontinuities in footprint: ca, 2 m movement
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Dam construction with core, contact clay and filter zones

Life-span of Dams
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Economical Life of Dams

SAFETY: The life span of any dam is as 
long as it is technically safe and operable! 

MAINTENANCE: This implies, that the life 
span is as long as appropriate 
maintenance can be provided. 
Maintenance slows down ageing.

Rapid Safety 
Deterioration of 
272 m High 
Enguri Arch 
Dam, Georgia
(vandalism during 
political unrest and 
civil war in the early 
1990s)
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Factors Affecting Life-span of Dams
• Changes in design criteria (hydrology and seismic 

hazard, seismic design criteria) based on new information 
obtained since the initial design of dam;

• Changes in methods of analysis and new safety 
concepts (e.g. (n-1)-rule for flood discharge facilities of 
embankment dams; dynamic analysis methods – inelastic 
behaviour);

• Results of risk assessments (new risks and change in 
risk acceptance criteria, seismic vulnerability of dams);

• Ageing of construction and foundation materials (decrease 
in seismic safety),and

• Sedimentation in reservoir (change in dynamic 
interaction with reservoir).

Ageing
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Ageing: Corrosion, vegetation..

Deficiencies in Hydromechanical Equipment: 
Leakage of Spillway Gates and Corrosion of 

Penstocks



11

Ageing Impact on Life-span of Concrete Dams

• Chemical processes (swelling due to AAR), 
sulphate attack, leaching,  etc.), 

• Physical and mechanical processes (thawing-
freezing and drying-wetting cycles, cracking due to 
seismic actions, etc.), 

• Biological processes (growth of plants in cracks, 
mussels, etc.), and 

• Seepage in foundation and dam body
(dissolution of material, change in uplift of the dam 
and the foundation resulting in changes in the stability 
of the dam and abutment).

Mauvoisin Arch Dam, 250 m, Switzerland
Condition of dam after successful operation for 60 years
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Leakage Traces in 75 Years Old Gravity Dam 
(high water-cement ratio, effect of pore pressure on dam stability)

Ataturk Rockfill Dam, 170 m, Turkey
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Reconstruction of Top 15 m of Dam 
(crest deformations due to rapid construction)

Risk Analysis of Storage 
Dams
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Risk of Storage Dam

Risk = Probability of dam failure
x 

Consequences (flooding)

Consequences of Dam Failure in Flood Plain due to 
Failure of Moehnetal Masonry Dam, Germany, 1943
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Damage Caused by Flood Wave due to Rockslide 
into Reservoir of Vajont Arch Dam, Italy, 1963

Conclusions: Economical Life of Dams

• Life-span of a dam is as long as it is safe, i.e. as 
long as proper maintenance can be guaranteed. 

• A dam, which is safe at the time of completion, 
does not automatically remain safe. A few dam 
owners may believe that a dam, which was safe 
at the time of its completion, will always remain 
safe. 

• Neglecting  civil maintenance will lead to a 
shortened life-span, which signifies an economic 
loss, and in a loss of confidence in the safety of 
dams by the affected people.
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Conclusions: Benefits of Dam Safety Projects

• Storage facilities require continued maintenance and 
periodic safety assessments. 

• Dams must be able to cope with extreme floods and 
strong earthquakes. 

• Investments in maintenance, upgrading and rehabilitation 
provide a return in the form of improved safety and in an 
extended life-span. 

• Investment in dam safety starts during design phase, 
benefits can be reaped during the operation period of the 
dam. 

• Investment in the safety of existing dams is also a social 
obligation and not a mere commercial investment.

Conclusions: Dam Safety and Risk Analysis
Dam Safety: For dam safety to be credible, an integral dam 
safety concept has to be used, which includes:

– Structural safety
– Dam safety monitoring (dam safety management)
– Operational safety and maintenance
– Emergency planning

All 4 safety elements are equally important.

Risk Analysis: Due to the different nature of the many hazards 
affecting large storage dams and the fact that each dam project 
is a prototype, application of quantitative risk analysis has 
severe limitations.


