
ABSTRACT 
 
 
 
This work is motivated by the design and construction of an important irrigation channel in Catalonia (the 
Segarra-Garrigues Channel). The channel crosses several flat-bottomed small valleys through embankments. 
These valleys are filled with low density clayey silts whose thickness can reach several meters. Due to their 
open structure these materials are prone to collapse upon wetting when loaded by the embankments. Collapse 
strains are high and could cause inadmissible settlements. To solve this problem it has been proposed to 
replace the natural soil by the same soil compacted at high densities. This solution permits not only to reduce 
the collapse potential, but also the reduction of the compressibility. As a result, settlements due to 
embankment construction are smaller. 
 
 In this study the behaviour of a 10m high embankment founded on both the natural soil and the compacted 
soil is analyzed. The coupled hydro-mechanical problem is solved using the finite element program 
CODE_BRIGHT (Olivella et al., 1996). Several hypothesis of moisture evolution (rainfall records and 
channel losses) are considered through different cases. 
 
The behaviour of the material is described by the elastoplastic constitutive model BBM (Barcelona Basic 
Model) for unsaturated soils developed by Alonso, Gens and Josa (1990). Available oedometer tests with 
saturation at constant vertical stresses on both natural soil and compacted materials (the compacted clayey silt 
and the embankment compacted claystone) have been simulated in order to derive the parameters of the 
model for each material. 
 
Rainfall considered in the analysis was recorded in Juneda (Les Garrigues, Lleida) during 1997 and it is 
similar to the last 25 years annual average rain. Three temporal discretizations of the same total rain (423mm) 
have been performed, these are: constant rain, monthly uniform rain and daily uniform rain. 
 
The effect of rainfall discretization is analyzed for the case of embankment placed on the natural silt. Constant 
rain case can be considered as a limiting case and shows the high collapse potential of the natural material. 
When the rain considered in the model approaches the actual registered rain, the intensity of the rain increases 
but the drying periods are longer. Results show the importance of considering the actual weather. In this case 
the low rainfalls are not able by themselves to cause the saturation of the materials.  
 
The study of the effect of channel losses has been carried out considering monthly uniform rain. Firstly, the 
influence of channel losses is analyzed for the case of embankment placed on the natural soil and considering 
two levels of water infiltration caused by channel permeability increase induced by concrete damage. 
Saturation and subsequent collapse of the foundation soil can be achieved if the magnitude of losses is large 
enough. 
 
When the embankment is placed on the compacted silts the collapse due to channel losses is much smaller 
and the collapse can be explained if compaction in the field is performed in the dry side. In any case, collapse 
potential is practically suppressed after the first saturation. 
 


