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Dense Granular Media 
 
Granular media are a popular subject of current research which is owed partly to the 
striking phenomena which they reveal and partly to their ubiquity in nature and    
industry. Examples are sand, snow, gravel, and seeds to mention but a few. The     
materials are composed of macroscopic particles, which are big enough to render 
thermal agitation negligible. The interactions are in general dissipative, so that  
granular fluids are inherently out of equilibrium.  
The focus of this talk is on the jamming transition, which occurs for sufficiently large 
density and separates a fluid phase from a so called jammed state in which a finite 
yield stress has to be overcome in order to make the system flow. Whereas jamming 
of frictionless particles has attracted a lot of interest and is reasonably well             
understood, the effects of friction are less clear, even though almost all experimental 
realizations of granular fluids involve frictional forces between the grains. The phase 
diagram of frictional grains is substantially different from the frictionless case.    It 
resembles an equilibrium first order phase transition with a nonzero yield stress at 
jamming and reentrance as a function of applied stress. Small systems show           
discontinuous shear thickening and hysteresis as a function of the applied strain rate, 
whereas large systems display rheological chaos with time-dependent heterogeneous 
flow. 
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