
This project has been funded with support from the European Commission. This publication reflects 
the views only of the author, and the Commission cannot be held responsible for any use which may 

be made of the information contained therein.

Hydraulic structures. Dams and reservoirs
Elements of dam engineering -3

Assoc. Prof. Maria Mavrova
University of Architecture, Civil Engineering and Geodesy - Sofia

Sofia winter School 29 November – 10 December 2021
Date: 6 December 2021

1



HYDROENGINEERING STRUCTURES-1



Q1: Elements of dam engineeringQ1: Elements of dam engineering

1. 1. Historical perspective Historical perspective 

2. Embankment dam types and characteristics 2. Embankment dam types and characteristics 

3. Concrete dam types and characteristics3. Concrete dam types and characteristics  

4.Spillways, outlets and ancillary works 4.Spillways, outlets and ancillary works 

5.Site assessment and selection of type of dam 5.Site assessment and selection of type of dam 



Principal variants of concrete damsPrincipal variants of concrete dams  

Horizontal section at base 

contraction joints 

(a) Gravity dam m = 0.75 ± 

Cross section 





Further variants of concrete damsFurther variants of concrete dams  

Horizontal section at base 

contraction joints 

 (a) Hollow gravity 

Cross sections 
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Principal variants of concrete damsPrincipal variants of concrete dams  

Horizontal section at base 

contraction joints 

(b) Massive buttress -roundhead 
m = 0.8-1.0; n = 0.1 - 0.3 

Cross section 
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Further variants of concrete damsFurther variants of concrete dams  

Horizontal section

 (b) Multiple arch (multiple cupola similar) 

Cross sections 





Principal variants of concrete damsPrincipal variants of concrete dams  

Horizontal section

(c) Arch and Cupola or double-curvature arch 

Cross sections 

Abutment stability ! 



Structurally it functions primarily as a horizontal arch, 
transmitting the major portion of the water load to the 
abutments or valley sides rather than to the floor of the valley.





Advantages Advantages 
of the concrete damsof the concrete dams

 concrete dams are suitable to the site concrete dams are suitable to the site 
topography of wide or narrow valleys alike, topography of wide or narrow valleys alike, 
provided that a competent rock foundation is provided that a competent rock foundation is 
accessible at moderate depth «5 m. accessible at moderate depth «5 m. 

 concrete dams are not sensitive to overtopping concrete dams are not sensitive to overtopping 
under extreme flood conditions under extreme flood conditions 

 concrete dams can accommodate a crest concrete dams can accommodate a crest 
spillway, The cost of a separate spillway and spillway, The cost of a separate spillway and 
channel are therefore avoided. channel are therefore avoided. 

 Outlet pipes are safely housed in chambers or Outlet pipes are safely housed in chambers or 
galleries galleries within the dam. within the dam. 



Iskar Dam

Type – concrete gravity dam
Year of building - 1956
Hight of the dam – 74 m
Length of the dam crest – 204 m
Total volume – 655,30*106 m3

Catchment area – 1046 km2 



Studena Dam

Type – concrete hollow dam
Year of building - 1953
Hight of the dam – 53 m
Length of the dam crest – 268 m
Total volume – 20,620*106 m3

Catchment area – 103,3 km2 



Studena Dam

Rehabilitated in the period 2017 – 2018. 



Kardjali Dam

Type – concrete arch dam
Year of building - 1963
Hight of the dam – 103,5 m
Length of the dam crest – 403 m
Total volume – 539,9*106 m3

Catchment area – 1882 km2 



Type – concrete cupola dam
Year of building - 2010
Hight of the dam – 130,5 m
Length of the dam crest – 464 m
Total volume – 110,708*106 m3

Tsankov Kamak Dam





Q1: Elements of dam engineeringQ1: Elements of dam engineering

1. 1. Historical perspective Historical perspective 

2. Embankment dam types and characteristics 2. Embankment dam types and characteristics 

3. Concrete dam types and characteristics 3. Concrete dam types and characteristics 

4.Spillways, outlets and ancillary works 4.Spillways, outlets and ancillary works 

5.Site assessment and selection of type of dam 5.Site assessment and selection of type of dam 

6.Loads on dams 6.Loads on dams 



SpillwaysSpillways the normal maximum 
water level 

(NWL)

to pass flood water downstream



OutletsOutlets

A bottom discharge facility (bottom outlet) 
is provided in most dams  
to allow emptying of the reservoir. 



River diversionRiver diversion  



Site assessment and selection of Site assessment and selection of 
type of damtype of dam













Earthfill Earthfill Rock or compressible soil foundation… Rock or compressible soil foundation… 
Can accept limited differential settlement /plastic core/.Can accept limited differential settlement /plastic core/.
Cut-off to less permeable horizons required.Cut-off to less permeable horizons required.
Low contact stresses.Low contact stresses.
Requires range of materials-core, shoulders, internal filtersRequires range of materials-core, shoulders, internal filters

Rockfill Rockfill Rock foundation preferable; can accept variable quality and Rock foundation preferable; can accept variable quality and 
limited weathering. limited weathering. 
Cut-off to less permeable horizons required. Cut-off to less permeable horizons required. 
Rockfill suitable for all weather placing.  Rockfill suitable for all weather placing.  

Gravity Gravity Wide valleys, excavation to rock is less than c. 5 m. Limited Wide valleys, excavation to rock is less than c. 5 m. Limited 
weathering of rock acceptable. Check discontinuities in rock weathering of rock acceptable. Check discontinuities in rock 
with regard to sliding. Moderate contact stress. Requires with regard to sliding. Moderate contact stress. Requires 
imported cement. imported cement. 

Buttress Buttress As gravity dam, but higher contact stresses require sound As gravity dam, but higher contact stresses require sound 
rock. Concrete saved relative to gravity dam 30-60%.rock. Concrete saved relative to gravity dam 30-60%.  

Arch and Arch and 
cupolacupola  

Suited to narrow gorges, uniform sound rock of high strength Suited to narrow gorges, uniform sound rock of high strength 
and limited deformability in foundation and most particularly and limited deformability in foundation and most particularly 
in abutments. in abutments. 
High abutment loading. High abutment loading. 
Concrete saving relative to gravity dam is 50-85%.Concrete saving relative to gravity dam is 50-85%.  
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