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CSD – Design for Small dam and levees

❑ Very simple structure

❑ Easy and fast building

❑ Limited overtopping
acceptable

Performance

The soil treated embankment provides:

▪ Stability : slope 1,25H/1V à 1,5H/1V

▪ Watertightness

▪ Internal erosion resistance

▪ Slopes protection against :

✓ Wave action on upstream slope

✓ Scour in case of overtopping

✓ Burrowers damages

Design principles

▪ Homogeneous symmetrical profile

▪ No watertight upstream facing

▪ No drainage

▪ No protection of upstream and downstream

slopes

▪ No foundation improvement

▪ No foundation cut-off



Technical Committee P on CMD
WORKSHOP

May 28th , 2022

CSD design for medium range dams (h< 30-50 m)

Design principles

• Homogeneous symmetrical profile (slope 1.25 to 

1,5H/1V)

• Watertight upstream facing (geomembranes)

• Drainage under the facing

• Foundation improvement by substitution if 

required

• Foundation cut-off if required

Performance

▪ The CS body is out of water

 No need for CS watertightness

 No risk of internal erosion : CS is erosion

resistant

▪ Placing CS dryer than wet Proctor requirements

acceptable

▪ No or little excess pore pressure during

construction

▪ Limited overtopping acceptable
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CSD alternative cross section

Untreated soil encapsulated in cemented soil

▪ Foundation layer : protect againt internal erosion

at contact

▪ Upstream layer : protect against external

errosion (waves, currents)

▪ Downstream layer : can accept limited

overtopping or overspilling

▪ Drainage easy to implement

▪ Foundation cut-off if required
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Overtopping and overspilling resilience

Capacity to withstand overtopping or 
overspilling is an important feature of 
CSD



Technical Committee P on CMD
WORKSHOP

May 28th , 2022

Overtopping and overspilling resilience

The 2nd Workshop on Cemented Material Dams (CMDs)  

Prague, 3rd July, 2017 

   

31 

Having a long spilliing zone on the embankment help to increase the resilience and also to take into 

consideration the high uncertainty of the floods evaluation as free overflow spillways  have 

increasing disharge capacity with the raise of the head. 

4.2.2 Combining concrete free overflow spillway with emergency spillway 

Sometimes free short overflow spillway sections to spill the 10 or 100 years return period  is 

associated with a long emergency spillway in the lower side of the embankment using low cost 

solution like protection with soil cement. 

  

 

 

      Figure 4: Cross section of the emergency spillway 

  

The photo above present the construction of the emergency spillway associated to a service 

spillway for the Loumbila Dam. This dam is for the water supply of the capital city of 

Ouagadougou. It is an earth dam with a height of 7 m above the river bed and a storage capacity of 

42 hm3. The service spillway is constituted by one duckbill spillway to spill the 10 years return 

discharge, a second long free overflow spillway to spill up to 100 years return period with the 

required freeboard and an emergency spillway protected with soils cement mix. The emergency 

spillway is located in the left  abutment of the dam where the dam height is below 3 m. any failure 

in this zone have low consequence due to the low discharge associated with such event. The total 

head above the emergency spillway is around 20 cm for a total length of 300 m. 

 The proportion of cement was settled at 8% mixed with lateritic soils. The compression tests 

provide the following results for the mix. The lateritic soils used for the soil cement characteristics 

are as following: 

Table 1: Lateritic soils for soil cement of Loumbila Dam 

Borrow area 

Percentage 

passing the sieve 

of 

Atterberg 

limits 

Normal Proctor dry density 

and water content 

 5 

mm 

2 

mm 

80 

m 

LL 

% 

PL 

% 

PI 

% 

Dry Density 

dOPN T/m
3
 

Water content 

WOPN % 

Laterite borrow area (2) 52 30 22 30 15.4 14.6 2.24 9 

 

 

Photo 3: Soil cement placement for 

Loumbila Dam BF 

 

Cemented soil 

Burkina Faso

Loumbila dam emergency spillway : 

treated carapace (4.5 % cement)

@Adama Nombre

Very rustic mixing method
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Overtopping and overspilling resilience



Technical Committee P on CMD
WORKSHOP

May 28th , 2022

Application to overtopping levee

Comparison between a classical design and CSD design CS carapace on a existing protection levee
(Belgium)
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CSD stability analysis
▪ Usual limit equilibrium methods can be used for the 

justification of the stability of dams <30m, provided that 
the development of pore pressure is well controlled on site 
through appropriate specifications and proper quality 
control

➢ Stability during construction & end of construction 
dimensioning

▪ Strain-hardening time-dependent constitutive models are 
useful to check stability and settlements. 

➢ And these justifications shall be imperatively required for 
dams higher than 30m. 

▪ However, care should be taken with standard commercial 
Finite Element Models, as they do not properly account for 
the development of pore pressure within the unsaturated 
material. 


