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The problem of soil swelling-shrinkage is a major geotechnical concern. This phenomenon, also known as
"swelling soils", is caused by the presence of swelling clays in the soil, which can retain water and expand
accordingly. In China, this problem is particularly widespread in the northern and northwest regions of the
country, where climatic conditions favor soil swelling. Expansive soils constitute the most vulnerable natural
hazard to buildings on shallow foundations in China. According to incomplete estimation, the houses
destroyed by expansive soil amount to a floor space of 10 million square meters and the immediate
economic loss exceeds 1 billion US dollars annually [1]. To tackle this problem, prevention and treatment
measures are set up in China. This includes the use of special construction techniques to minimize the
effects of soil swelling, as well as extensive geotechnical studies to assess risks. Despite these efforts,
delayed soil swelling remains a major challenge for geotechnical engineering in China. Finally, even if this
problem presents little danger to people, its cost to the community is very high [1]. Indeed, the
consequences of delayed soil swelling are multiple and can be serious. Buildings and infrastructure
constructed on these soils are susceptible to structural damage due to repeated expansion and contraction
of the soil. Additionally, roads and railways can also be deformed, as well as underground pipelines, leading
to significant costs in terms of repairs and maintenance. In France, this problem also exists, mainly in areas
located in regions with high population density, regions for which the need for new construction is great. In
addition, climate change accentuates these phenomena, leading to increased damage to structures and
homes. Prevention is therefore of paramount importance in the strategy of costs of curative action.
Regulations in France have changed considerably over the last twenty years or so, making it compulsory
for any seller of land located in a medium- or high-risk swelling zone to carry out additional tests.

The problem of soil swelling-shrinkage is linked to certain types of clays which react with water and present
a significant variation in volume. In fact, they swell when wet and shrink when they dry. This physico-
chemical phenomenon is linked to a well-known variable in the field of unsaturated soils: suction. This
suction, present in unsaturated soils, is linked to surface tensions at the water-air interface. The
“Secheresse 2” project led by Cerema and IFFSTAR showed that the first 3 meters below the surface were
mainly affected [2]. Knowledge of these phenomena is still poorly developed since the specific tests aimed
at precisely assessing the forces at play during inflation and predicting the volume variations generated
are long and expensive. There is no consensus on the most appropriate test to characterize this
phenomenon. Many researchers turn to the American standard such as ASTM D 4546-90. In addition, the
various studies carried out in recent years emphasize that a generalization of the properties is impossible
due to the very different characteristics within the swelling clays and the other soils studied [3,4,5] as part
of the project ARGIC [6]. Assessing the risk of volume variations in soils is therefore currently difficult and
poorly suited to traditional tests.

The problems of soil swelling-shrinkage being mainly impactful for buildings on shallow foundations and a
classic soil analysis representing a substantial budget for private persons, this thesis proposes to develop



3|Page

a method of simplified characterization of shrinkage/swelling using an original experimental method based
on image analyses. Several types of soils without and with different range of agricultural waste-additives
will be studied at different scales, based on litterature [7]. An analytical model will also be developed to
extract the parameters governing soil shrinkage/swelling, based on experimental campaign. The objective
is to optimize new formulations of soils and to propose a prediction model of soils movement in the event
of heavy rain or drought.
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