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ABSTRACT 

The micromechanical behaviour of clays cannot be investigated experimentally in a direct fashion due 
to the small size of clay particles. An insight into clay mechanical behaviour at the particle scale can 
be gained via virtual experiments based on the Discrete Element Method (DEM) [1]. So far, very few 
DEM models for clays have been designed, mainly on the basis of theoretical formulations of inter-
particle interactions with limited experimental evidence.  
This work presents a numerical investigation of the mechanical behaviour of non-active clays. The 
underlying microscale mechanisms were inferred by indirect experimental evidence [2] and used in 
this study to design the constitutive contact laws of a simple two-dimensional DEM framework. Clay 
platelets were modelled as rod-shaped particles made of spherical elementary units, designed to behave 
as single elements. New contact laws including attractive and repulsive long-range interaction were 
designed in order to simulate the positive/negative charge characterising the clay particle surface. 
The contact laws were tested against the ability of the DEM framework to reproduce qualitatively some 
aspects of the one-dimensional compression and shear behaviour of clay observed experimentally. 
Specifically, these include the effect of pH and dielectric permittivity of the pore-fluid on the virgin 
loading and unloading-reloading lines, the dependency of the slope of the unloading-reloading lines on 
the pre-consolidation stress, contractive/dilative and monotonic/non-monotonic behaviour under shear. 
Despite the extreme simplicity of the proposed model [3], distinct microscale mechanisms could be 
effectively linked with clay response at the macroscale.  
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