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1 INTRODUCTION  

Shrinkage-swelling of clayey soils is a costly geohazard throughout the world. The study of its impact on 
buildings for risk management raised many questions, because of the very complex hydro-mechanical be-
havior of clayey soils and the occurrence of soil-structure interaction phenomena.  

The assessment of the ground settlement (or uplift) due to shrinkage (or swelling) under a foundation 
is a key point to study the building behavior and the associated damages. For clayey unsaturated soils, 
this ground movement is a consequence of both the variation of suction due to weather conditions (hy-
draulic part) and the variation of vertical stresses (mechanical part) due to the soil-structure interaction, 
with a coupling between the hydraulic and mechanical parts. Due to soil spatial variability of hydraulical 
and mechanical properties, occurrence of shrinkage-swelling hazard of clayey soils leads to differential 
settlement beneath the foundation which ends up to cracks in facades and structural elements, especially 
in unreinforced masonry elements. 

Vertical stresses transmitted by the building to the ground, change during ground settlement according 
to the building stiffness. A flexible building could follow the ground settlement with minor changes in the 
transmitted stresses, while a stiff building can resist and cause a new distribution of the vertical stresses. 

The aim of this paper is to study the ground settlements under a foundation during a drying phase, tak-
ing into account the hydro-mechanical couplings to investigate the influence of foundation depth. 

A simple model of soil-structure interaction was developed. The hydro-mechanical behavior of the soil 
was modeled by a state surface approach and the building stiffness by its flexural rigidity to take into ac-
count the reduction of stresses in the soil during its shrinkage. A Monte Carlo simulation was also applied 
to consider uncertainties of model’s parameters and environmental factors.  

2 DESCRIPTION OF THE MODEL 

Masonry individual buildings with shallow foundations are most affected by the shrinkage-swelling of 
clayey soil, as they induce small stresses into the ground and as the maximum suction change occurs near 
to the surface (ie. near the bottom of foundations). 
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ABSTRACT: Shrinkage-swelling of clayey soils is a natural hazard, which may significantly affect build-
ings by differential settlements. In this paper we studied the foundation settlement caused by this geohaz-
ard for buildings constructed on expansive soils and subjected to a drought period. A soil-structure inter-
action model was proposed. The hydro-mechanical coupling was taken into account by using the state 
surface approach. Settlement was evaluated according to foundation depth and a mean building stiffness. 
The uncertainties related to the choice of the state surface or the environmental factors were considered 
by using the Monte-Carlo approach. This paper highlights the interest of deeper foundations to reduce the 
building vulnerability towards this geohazard on expansive soils. 
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5 SUCTION PROFILE 

Ground settlement of clayey soils is dependent on the suction profile and increases when the suction in-
crease goes deeper into the ground. Generally the suction change is maximum at the ground surface, 
where it can reach a few MPa and decreases with depth. The suction profile is dependent on many param-
eters as: the soil characteristics (nature, structure, particle size, retention curve, permeability etc.), the me-
teorological parameters (precipitation and evaporation rate) and local conditions as the presence of vege-
tation etc. To quantify the soil shrinkage and the settlement magnitude, it is necessary to quantify the 
suction variation and the active depth where the suction change is not negligible under the foundation. In 
this study a linear suction profile was considered and the uncertainty coming from the suction profile was 
not taken into account. This problem is explicitly discussed by different authors (Mitchell 1979, McKeen 
and Johnson 1990,, El-Garhy and Wray 2004, Aubeny  and Long 2007, etc). The choice of linear suction 
profile could be considered as a mean profile by using of equation 6: 

 )z/z(s)z(s a−∆= 1  for z<za  (6) 

where z is the depth; s(z) is the suction value at the depth z; ∆s is the magnitude of suction change at the 
ground surface and za is the active depth which is fixed to one meter in this study. 

6 RESOLUTION FOR THE CALCULATION OF THE FINAL SETTLEMENT 

Calculations of the final equilibrium state and the final settlement of each ground layer may be obtained 
by combining equations of the state surface (equation 2), of the vertical stresses in each ground layers 
(equation 5), suction amplitude in each layer (equation 6) and of the layer shrinkage in relation to the 
change of the void ratio (equation 1). Equation 7 presents the settlement of each layer and the final set-
tlement at the ground surface is the sum of all layer’s settlement. 
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where σ0(z) is the initial vertical stress at the depth z before any suction variation, calculated with equa-
tion 8: 
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In this paper the total height H of the clayey soil concerned by the suction variation is divided into 10 
sub-layers where the suction value s(z) and the stress state σ(z) are determined at the center of each layer.  

7 RESULTS 

To study the influence of the depth of the foundation over the amplitude of the final settlement, five 
depths were considered (0 until 0.5m). These shallow depths were taken into account according to a study 
carried out by Fondasol Company (2009) that showed numerous buildings that have been affected by the 
drought hazard in France, had the foundation depth lower than 50 cm.   

Figure 5-a shows the evolution of the final settlement for the studied soils, for ∆s=1MPa and a mean 
stiffness of 2.5 MN/m. Embedding the foundation in a higher depth avoids its exposition to high suction 
variations and decreases the final settlement. The more expansive soil (Regina clay) products the higher 
amplitude of settlement, while the less expansive one (Boom clay) result in smaller settlement. Moreover 
figure 5-b shows that the influence of the foundation depth is similar for all the studied soils. In other 
words, the global influence of the foundation depth is not dependant on the ground. For all the studied 
soils, a 50 cm foundation depth decreases of the final settlement around 70% compared to the case of a 
zero depth. 
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ment due to shrinkage. The model can also be used to estimate the mean value of the final settlement for a 
group of buildings having the same stiffness and foundation depth, constructed on a site with soil charac-
teristics that displays small variability, and undergoing a drought period. 
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