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ABSTRACT

Unsaturated soil behaviours are directly dependent of theemcontent level. More particularly,
capillary cohesion is known to strongly influence the stterand flow properties of granular materials
as basically observed in practice. The presence of comlameahd water leads to the formation of
menisci between the grains, introducing additional irdetiple forces. Capillary theory, through the
Laplace-Young equation, allows the force induced by a noetisbe linked to the local geometry of
the contact and to the water volume at a given contact. Weogmhere a modelling of capillary effects
in a granular material by using a micro-mechanical apprdaeased on discrete element method (DEM)
simulations and micro-mechanical calculations. Capilkffects are described on the local scale and
superimposed to the standard dry particle interactionadlgtwell described through an elasto-plastic
relation, whereas the Laplace equation allows the watdeabinside the sample to be assesed for.

The calculations are based on a homegenization procedatedlates both macroscopic strain and
stress tensors from a constitutive description on conteales As the DEM constitutes a powerful
numerical tool to track the mechanical response of granaksemblies, this micro-mechanical
approach finally gives rise to a constitutive relation, imiithg microstructual considerations.

Simulations of triaxial compression tests at several watertent levels are used to investigate both
macroscopic and microscopic effects of partial saturatidme results provided by the two methods
(the DEM and the micro-mechanical computations) are ineragood agreement, in particular they
both reproduce the increase of the shear strength classibskrved in laboratory experiments on
unsaturated materials. Besides, through these commaatiocapillary stress tensor can be exhibited
from capillary forces using homogenization techniques :
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where NV is the number of particles within the volunié of the sampleﬁgdg is the capillary force
exerted on particle by the menisci linking particles and p, and[%? is the branch vector pointing



from the particleg to the particlep (FM’ = 7P — 19).

Moreover, this stress tensor appears to be directly linkgde macroscopic cohesion as defined by the
Mohr-Coulomb criterion. As this capillary stress is a fuaotof the water volume at contact, a non-
linear evolution of the cohesion with the water content imoied, resulting in shear strength saturation
with increasing water content. Finally, a confrontatiothwthe concept of generalized effective stress is
proposed, comparing the capillary stress tensor coniwibtd the standard equivalent suction pressure
(x(Sr)(uq — uyw)dsj) in the Bishop's relation:
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wherey (.S, ) is called the efective stress parameter or Bishop’s paeraetd is a function of the degree
of saturationS,. of the medium ¢ = 0 for a dry material,y = 1 for a fully saturated material).
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