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 engineering soils - basic elements 
of soil mechanics and applied 
geology

 design principles and 
construction methods - seepage, 
stability and settlement

Q2: Embankment Dams



Principles 
of embankment dam design

in principle, embankment dams 
required two component elements: 

 an impervious water-retaining 
element or core of very low 
permeability soil (sandy clay) 

 supporting shoulders of coarser 
earthfill (or of rockfill) to provide 
structural stability



Principles of embankment dam 
design



According to the principal risks we 
have to highlight the 5 principal 

design considerations:
1. To prevent Overtopping. Spillway and outlet capacity must be 

sufficient to prevent overtopping, Freeboard - to prevent 
overtopping by wave action. Settlement.

2. Stability. In construction and operation.
3. Control of seepage. Seepage within and under the embankment 

must be controlled to prevent internal erosion and migration of fine 
materials (from the core), or external erosion

4. Upstream face protection. The upstream face must be protected 
against local erosion as a result of wave action, ice movement, etc. 

5. Outlet and ancillary works. Care must be taken to ensure that 
outlet or other facilities constructed through the dam do not permit 
seepage water along their perimeter
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1. OVERTOPPING: TWO BASIC SCENARIOS 

=> The Crest of the Core > MWL 
! capacity of the Spillway and Outlet(s) 

⇒ Wind wave action analysis to 
prevent Dam crest overtopping

⇒ FREEBORD



 Spillway location - to minimize the risk of 
damage to the dam under flood conditions 
the spillway and discharge channel are 
therefore generally built on natural ground 
outside of the embankment. 

 Capacity must be sufficient to prevent 
overtopping, a risk-based approach to 
determine the probability of the design 
flood.

OVERTOPPING: 1. Spillway and outlet 



Dam Durlaßboden: Österr., 1966, Erddamm, Gründung: Fels/Überlagerung 

Höhe: 83 m,  Kronenlänge: 470 m, Speichervolumen: 53,5 hm³ 

Spillway 

Spillway location

Spillway location
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Spillway capacity

an example 
For a large dam of 1-st class (category), Bulgarian code 
• Spillway capacity = max outflow from the reservoir  

               Design flood Q 0,01%  [m3s-1] 
• 1 in 10 000 year flood (frequency)  
• or p=0.01% (annual probability of exceedance) 

• max head on the spillway H=MWL – NWL 
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Classification  according to 
Bulgarian design standard



Classification  according 
to ICOLD and DIN



Bulgarian Rules for design of 
spillways

 Design flood ->outflow from reservoir 



Freeboard
to prevent overtopping by wave action.
 long-term settlement -It is common 

practice to construct the crest of the 
dam to a longitudinal camber 
to accommodate the predicted 
consolidation settlement.

 freeboard design- minimum freeboard 
should be at least 1.5 m

OVERTOPPING: 2. Freeboard
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To construct the 
crest of the dam to 
a longitudinal 
camber 
to accommodate 
the predicted 
consolidation 
settlement

settlement
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deformation
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One Dimensional Hooke's Law
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Freeboard
to prevent overtopping by wave action.
 long-term settlement -It is common 

practice to construct the crest of the 
dam to a longitudinal camber 
to accommodate the predicted 
consolidation settlement.

 freeboard design- minimum freeboard 
should be at least 1.5 m

OVERTOPPING: 2. Freeboard
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• Wind fetch D is a straight distance 
from the bank to structure;

• Wind speed W in the direction of 
fetch is determined by wind rose



Wind set-up





DAM CREST  EL.= WL+FREEBOARD



Interference –
overlay reflected with an incoming wave

standing wavecreeping wave

Embankment dams                      Concrete dams 



DAM CREST  EL.= WL+FREEBOARD

Concrete dams 

Embankment dams 





According to the principal risks we 
have to highlight the principal 

design considerations:
1. To prevent Overtopping. Spillway and outlet capacity must be 

sufficient to prevent overtopping, Freeboard - to prevent 
overtopping by wave action. 

2. Stability. In construction and operation.
3. Control of seepage. Seepage within and under the embankment 

must be controlled to prevent internal erosion and migration of fine 
materials (from the core), or external erosion

4. Upstream face protection. The upstream face must be protected 
against local erosion as a result of wave action, ice movement, etc. 

5. Outlet and ancillary works. Care must be taken to ensure that 
outlet or other facilities constructed through the dam do not permit 
seepage water along their perimeter
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