
11th World Congress on Computational Mechanics (WCCM XI) 
5th European Conference on Computational Mechanics (ECCM V) 

6th European Conference on Computational Fluid Dynamics (ECFD VI) 
July 20 - 25, 2014, Barcelona, Spain 

 
 

 

Advances in modelling mechanics of flow and stress in unsaturated soil 
 

S. M. Hassanizadeh¹, B. Chareyre² and E. Nikooee ³* 
1 Department of Earth Sciences, Utrecht University, Utrecht, The Netherlands, 

s.m.hassanizadeh@uu.nl 
2 Grenoble Institute of Tech. (INPG), UJF, CNRS, 3SR lab., Grenoble, France,  

bruno.chareyre@3sr-grenoble.fr 
3 Department of Civil and Environmental Engineering, Shiraz University, Shiraz, Iran, 

ehsan_nikooee@yahoo.com 
 

Key Words: Unsaturated Soils, Thermodynamics, Interfaces, Effective Stress, non-
equilibrium effects, Micromechanics 

Soils are complex materials as they consist of three different phases, namely, solid grains, 
water and air, as well as three different interfaces. Current models of flow and deformation in 
soil are either based on ad-hoc generalizations of saturated soil equations or a simple 
combination of available formulas for flow and deformation. As a result, many phenomena 
observed in the experiments cannot be well captured using current models of soil deformation 
and fluid flow. Examples are hydromechanical coupling effects, hysteresis in hydraulic as 
well as mechanical behaviour of unsaturated soils, and the difference between equilibrium and 
transient behaviour of unsaturated soils.  

In the recent years, various approaches for obtaining new models and advanced theories have 
been developed. One of these approaches has been the application of rational thermodynamics 
along with balanced laws which are upscaled from micro-scale to macro-scale. An important 
feature of this approach as well as some of other recent thermodynamic studies has been the 
introduction of interfaces into the theory [1-4]. In particular, the role of the interfaces in the 
modelling of hysteresis in capillary phenomena and deformation effects has been 
demonstrated [5-7].  
Hassanizadeh and Gray (1993) claimed that the hysteresis in capillary pressure-saturation 
curves can be modelled through the inclusion of air-water interfaces as a new independent 
variable. In other words, the hydraulics of fluids distribution in soil under static conditions 
should be characterized by a unique three-dimensional surface formed by capillary pressure-
saturation-interfacial area data points. They stated that hysteretic curves of capillary pressure-
saturation are nothing but 2D projections of that surface [8]. Recently, Nikooee et al. (2013) 
stated that the same conjecture can be made for suction stress. That is, suction stress data 
points from drying and wetting cycles actually lie on a three-dimensional suction stress 
characteristic surface, which is a function of saturation and matric suction [6]. The conjecture 
made by Hassanizadeh and Gray (1993) has already been verified using micro-model studies, 
pore network models and sophisticated imaging techniques. But there is a long path ahead to 
verify and well understand the role of interfaces in the mechanics of unsaturated soils. It 
seems that the first steps have been taken and researches have become interested to dig into 
the subject not only by means of theoretical studies but also with the aid of numerical models 
and novel experimental techniques [9]. 

One the main challenges of unsaturated soil mechanics has been the formulation of the 
effective stress parameter and suction stress in unsaturated soils. Results of micro-mechanical 
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studies point to the tensorial nature of the effective stress parameter and suction contribution 
to the effective stress, at least at low degrees of saturation [10, 11]. There is an open question 
on how interfaces contribute to such anisotropic effects. Such anisotropic effects have not 
been well studied from a thermodynamic standpoint. In addition, capillary pressure-saturation 
relationship under transient conditions can be different from the one under steady state and 
equilibrium conditions. Thus, we may expect to have additional terms in the effective stress 
formula under transient conditions [12]. Needless to say formulation of effective stress under 
transient conditions is essential for modelling natural hazards such as rainfall induced 
landslides and thus further researches in this direction are crucial.  Therefore, there are many 
challenges which have to be coped with, many open questions to be highlighted and 
answered, and interesting findings to be discussed. 
This presentation aims at demonstrating the role of interfaces in modelling flow and stress in 
unsaturated soil mechanics in light of advanced theoretical studies as well as numerical 
models. For this purpose, first, the reasoning behind the need for incorporating interfaces in 
an extended theory for unsaturated soils is demonstrated. Next, recent advances in 
experimental and numerical modelling of interfaces are explained. Finally, open questions are 
described and possible directions for future researches are set forth. 
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