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A granular solid is a packing of grains, which is able to sustain a nonzero shear stress.  
The main feature of a granular solid is that under usual loading contacts can be 
destroyed and reformed much easier than in a classical solid, and much harder than in a 
liquid, thus having easily different packings. A packing change corresponds to solid-
solid phase transition. This makes very difficult to perform reproducible experiments. 
Granular solids have also some other specific features: 1) contacts are nonlinear and 
react differently on different type of loads, 2) under usual loads grains may rotate, 
deform, aggregate or be destroyed, 3) usually it is highly heterogeneous, 4) it contains 
fractures and other discontinuities, 5) dynamics can be crucially important even when 
considering quasistatic processes (due to nonlinearity and instabilities), 6) interaction 
with interstitial fluid may be important.  
 
There are various theories that try to take into account one or more of these features. 
Most of them are theories of generalized continua for grains under high consolidation. 
Not pretending to make their overview, we mention some of them: rigid-plastic and 
elastoplastic models, in particular, double shearing theories (lacking material objectivity 
if not Cosserat models), highly nonlinear elastic theories, including those with non-
convex energy, heteromodular ones, hypoelastic and hypoplastic models, where  
constitutive equations relate not stress and strain/velocity tensors, but their increments, 
various types of Cosserat continua, theories of fractured media, multiphase theories and 
others. The subject of a branch of granular science is an attempt to obtain continuum 
equations from microstructural considerations.  In the actual state of knowledge we may 
say that a granular solid is a generalized continuum, so complex, that we are far from 
having a predictive continuum formulation of the same generality as the linear elasticity 
for solids or the Navier-Stokes equation for Newtonian liquids. 
 
Bulk properties of a granular solid depend on its microstructure: i.e. the network of 
contacts, and the forces and couples at each contact. The microstructure depends on the 
grain properties, interparticle forces, interaction with ambient fluid, external volume 
forces (typically gravity), and the loads applied to its boundary. Important 
characteristics of microstructural origin are the ratios “attractive interparticle forces”/ 
“external body forces or compressive loads”, and “attractive interparticle forces”/ “the 
drag force”. Depending on the first ratio we can classify a granular material as non-
cohesive (this ratio is close to zero, and the material does not sustain tensile strength) or 
cohesive. The second ratio determines the interaction with the ambient fluid. 
Coordination number and fabric tensor are geometrical quantities of importance. Even if 
we know the microstructure, we cannot predict quantitatively the bulk behaviour of a 
granular material. However, we can make important qualitative conclusions if we know 
the interparticle forces. We show how this knowledge can be used to find the flow 
boundary regimes of granular materials. We also give quantitative experimental 
information on the behaviour of granular solids at very low consolidation where 
interparticle forces and fluid interstitial interaction cannot in general be neglected. We 
describe some suitable tests and the results that can be obtained from them, with 
emphasis in cohesive fine powders.  We hope that this information could guide a 
mechanician when modelling powder cohesive solids at low consolidations. 


