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Les sols expansifs et les sols collapsibles dans une région semi-aride
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SYNOPSIS: This paper presents the geotechnical properties of typical soils from the left bank of
Itaparica Lake Settling and Irrigation Project. Collapsibility and expansibility problems

were detected and related to the semi-arid climate. Some engineering solutions are herein described.

1 INTRODUCTION

The settling and irrigation project on the left 

bank of the Itaparica lake showed major 
geotechnical problems closely related to the 

arid and semi-arid climate existing in this 

region.

These problems are related to the behaviour 
of porous collapsible sands and expansive clays 

in pedogenic evolution with climatic conditions. 

The construction of reservoirs and canals change 

these enviromental conditions and the 

geotechnical behavior of soils and some rocks.

Brazilian bibliography on geotechnical 

behavior of soils of semi-arid zone is 

relatively scarce in spite of increasing role 

in the important irrigation projects presently 

planned and under construction.

2 COLLAPSIBLE SOILS

Some soils have such a structure that they 

suffer a high volumetric reduction when soaked, 

either subjected or not to a load; these are 

collapsible soils.
The structure of collapsible soils exihibits 

two basic linkage types: one is due to suction 

and the second is related to cementation 

associated to clay or other types of fine 

particle.

Various authors have presented linkage models 

for porous structures, for example, Dudley 

(1970), Knodel (1901), Gao (1988).
Collapsible soils occur in various regions of 

the world under different types of climates.

Arid and semi-arid regions favor eventually the 

occurance of such soils. In Brazilian 

Northeastern region, semi-arid climate is 

characterized by long dry periods and heavy 

rainfalls concentrated in short periods of time.

Collapsible soils of Brazilian semi-arid 

regions obtain their structures associated with 

two types of genesis. One of them is a material 

originated during flush floods which allow the 

formation of a porous structures. According to 

Clemence et al (1981) the content of clay 

particles is fundamental in the formation of 

these deposits. Bull (1964), Apud Clemence et 

al (1981) shows that maximum subsidence occurs 

when the quantity of clay is around 12%. The 

other possibility is leaching, mainly due to the

high evaporation rates in these regions. This 

genesis depends upon the physicochemical 

characteristics of the soil.

Oedometric tests were carried out on 

undisturbed samples. The results are shown in 

table 1. The samples were soaked at selected 

pressures called soaking pressures. These tests 

had the purpose of studying the behavior of 

such soils and to evaluate the subsidence by 

soaking and deformation due to loading.

Table 1. Physical Properties of the Samples

PI
(%)

In Situ 
Moisture (%)

Dry Density 
(kN/m3)

%
<5 y-™

05 0 .6 15 .1 38

03 5 .9 16 .8 23

NP 0 .6 14 .7 08

03 1 .5 17 .3 11

NP 2 .5 17 .4 08

14 7 .8 18 .1 23

NL 1 -0 15 .9 16

The test results suggest that the subsidence 

increases with increase of soaking pressure up 

to a maximum and from that point on, it 

decreases. Figure 1 shows the results 

obtained with Itaparica soils and obtained by 

Aragao et al (1982) on soil from Massangano 

Project, Pernambuco and Benvenuto (1982) on 

soil from the agro-industrial district of 

Jaiba, Minas Gerais . The same behavior was 

observed by Kie (1988) in a loess found in 

Northeastern China.
Tests carried at low soaking pressure showed 

that only part of the subsidence occurs due to 

the soaking effect.

The collapsible structure of such soils is 

only completely destroyed by both saturation 

and loading.

Gibbs et al (1962), apud Knodel (1981), have 

proposed the natural dry density and the 

liquid limit to predict the collapse of a soil. 
The method is based on the hypothesis than when

the soil has such a low density that its void 

space is large enough to hold the liquid limit
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Figure 1. Relationship between collapse and 
soaking pressure.

moisture content, then saturation can easily 

cause a liquid consistency, and the soil offers 

little resistance to deformation.

For most soils of the semi-arid zone it is not 

possible to determine the liquid limit. However 

the dry density can be used as a parameter to 

evaluate the degree of collapse, based upon the 

same hypothesis. For Itaparica soils it has 

been observed that samples exhibiting natural 

dry density above 17.5 kN/m3 did not show 

collapse greater than 2%. Almost all samples 

with dry density lower than 16 kN/m3 showed 

collapse.

3 EXPANSIVE SOILS

Expansivity of soils is a property related to 

the presence of minerals from the group of clay 

minerals like montmorillonites, which have 

high water adsorption capacity with a consequent 

volume increase.

In the studied area expansive residual soils 

from siltstone and claystone of the Jurassic 

Alianga Formation were detected.

The amount and types of clay-minerals are the 

main factors which affect swelling pressure and 

deformation. However, density, initial moisture 

content and structure of the soil are variables 

which also significantly affect these parameters.

Holtz and Gibbs (1956) showed that an expansive 

soil can have its expansive deformation reduced 

or even eliminated when compacted at high water 

content or low compaction degree or both.

Expansive deformation can be preliminarly 

estimated by the correlation of Seed et al 

(1962) who observed that it is proportional to 

the activity and to the clay content.

Komornik et al (1969) established a correlation 

between pressure, density, water content and 

liquid limit for the soils of Israel in climatic 

conditions very similar to those of the Brazilian 

semi-arid regions. Chen (1973) observed that 

swelling pressure, defined as the pressure 

required to keep the volume of a sample 

constant, varies only with the dry density and 

consequently it is considered a basic physical 

property of soils.

Samples of swelling soils were initially 

consolidated at natural water content until 

settlements stabilized and were then soaked.

After stabilization they were loaded and brought

to the void ratio corresponding to the situation 

before soaking. This load is considered the 

swelling pressure.

Figure 2 shows a typical test result and gives 

a clear idea of the procedure. Figure 3 

summarizes the results obtained on all the 

samples in order to determine the swelling 

pressure.

PRESSURE ( K p a )

Figure 2. Typical test result.

Figure 3. Expansion vs soaking pressure

Table 2 indicates swelling test results. There 

is a large variation in the swelling pressures 

even for samples with close density values, 

probably due to variation in structure and 

amount of expansive clay mineral in the samples.

648



7/ 21

Table 2. Geotechnical Properties of Expansive

S o i l s

either replace the expansive clay or to use 
deep foundations down to non expansive material.

SAMPLE

%

<Z r *r,

WL

( %)

PI

(% l

w

(% l

j f d  S 

( k N/ m3) ( %)

£vx o 

( %)

Ps 

( kPa )

1 2 0 5 0 2 6 1 3 . 3 1 8 . 9 8 5 6 . 5 4 9 0

2 2 6 4 8 2 8 1 2 . 3 1 8 . 1 7 0 4 . 0 6 0

3 4 6 6 9 4 0 1 2 . 0 1 7 . 9 6 5 1 0 . 5 3 5 0

WL Liquid limit

PI Plasticity index

W Natural moisture content (average value)

yd Dry density (average value)

£vio Volumetric deformation for 10 KPa

Ps Swelling pressure

4 ITAPARICA IRRIGATION PROJECT - PROJECT - 

PROBLEMS AND ENGINEERING SOLUTIONS

The Itaparica settlement project, owned by CHESF 

(Companhia Hidroeletrica do Sao Francisco) is 

partly located on the left bank of the Sao 

Francisco river, Pernambuco state and the 

Itaparica Reservoir. Its irrigation area at 

Petrolandia is 58.3 km2 .

The project includes primary canals or ducts 

which convey the water to the pumping stations. 

Pipe lines convey water from the pumping stations 

to compensations reservoirs and irrigation 

parcels. Pumping stations, located close to the 

reservoir, are light structures on mat 

foundation. When the lake is at its maximum 

level, the canals are tottally submerged. With 

the lake at the minimum level, canals are 2.0 m 

deep.

5 FONDATIONS ON EXPANSIVE SOILS

Three of the canals and respective pumping 

stations of the Ico-Mandantes Project and the 

Barreiras Project canal are located on alluvium 

layers, 3 to 8 meter thick. Soils from Jurassic 

Alianga Formation with thickness between 4 and

16 meters occur underneath.

In order to avoid the strength loss and 

erosion of the soil in the presence of water, 

the canals were overexcavated in relation to 

the hydraulic section and the soil was replaced 

with a thick layer of sandy gravel. It 

minimizes the canal slope expansion and provides 

its stabilization.

Pumping stations were confined lateraly by 

compacted earthfil seeking symmetric loads of 

earth preassures on walls and foundation.
Water enters the pumping station through a 

duct founded below the earthfil and bedded on 

uniform gravel. Elastic joints allow some amount 

of movement caused by expansive deformations.

Figure 4 shows design details of the canal and 

pumping station.

To follow up foundation performance, 

extensometers and piezometers were installed.

The pumping station equipament is to be installed 

only after expansive deformation stabilization.

The design of building foundations on 

expansive materials is still under study.

However it includes procedures to minimize 

changes in the underground water content: 

adequate slope to ensure rain water drainage 

and surface impermeabilization of adjacent 

areas.
For heavier structures it is suggested to
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Figure 4. Design details 

(b) canal section.

(a) pumping station

6 FOUNDATIONS ON COLLAPSIBLE SOILS

Collapsible sands are found in the settlement 

areas, as well as along many kilometers of pipe 

lines.

A general design criterion followed was to 

locate the settlement on areas of small 

thickness of collapsible soil, in order to have 

its excavation economically feasible.

In the case of houses the replacement of 0.5 

to 1.0 m thickness by the same compacted soil 

was recommended. Pre-soaking of the foundation, 

regarding the possibility of a partial 

collapse , is under evaluation by means of in 

situ tests, presently underway.

7 CONCLUSIONS

The scarce data availabe on geotechnical 

properties and geomechanical behavior of semi- 

arid climate soils, urge for more research, 

mainly regarding the huge irrigation projects 

under planning.

Inicial results obtained in connection with 

the Itaparica irrigation project, left border 

of the reservoir, indicated porous collapsible 

sands and expansive clays.

The more collapsible sands exhibited typically 

dry densities bellow the value of 16 kN/m3 . The 

collapse deformation at low soaking pressures is 

around 3%; it increases for higher pressures 

(200 kPa) to 6% and drops again with 

increasing loading.

The clays exhibited swelling pressures up to 

490 kPa and expansion deformations up to 10%.

Instrumentation installed next to the main 

pumping stations will provide observations on

649



7/21

field behavior of soils and will allow 

comparison with laboratory results.
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