
                                                                                                                           ©2010 

                                                                                                                                                                
Particular Concepts 

                                                Activity 9 
"Concept of Applied Rankine Active Force"  

by William J. Spry, PhD Nuclear Physics 
  

 

A Rankine material is defined as a composite of particles which interact solely by the frictional 

forces between them.  As a consequence -- under the influence of gravity -- a pile of such 

material can be formed on a flat, horizontal surface.  The angle that the top surface of that pile 

makes to the supporting plane surface is directly related to the average coefficient of friction 

among the particles in the composite.  It is generally identified as the angle-of-repose: the 

greater the angle, the greater the average friction between particles.  
 

If the inter-particle frictional forces are essentially zero (such as in ball bearings), no pile is 

formed (the angle-of-repose becomes zero).    If the inter-particle frictional forces are very high 

(such as in irregular, freshly crushed dry sand) the material is rapidly contained and the angle-

of-repose approaches ninety degrees. 
 

Figure #1 shows this relationship with Rankine material restrained by a retaining wall consisting 

of flat plates supported by vertical posts.  Consider the forces to the left and right of the 

Reference Plane.  In the upper and lower sections (A), the material has flowed to the right of the 

Reference Plane until the Rankine active force is constrained by the sloping pile of material (at 

the Rankine material’s angle-of-repose).  The force “Out” on the Piston in the middle section is 

this same Rankine active force (here restraining particle flow).  The "Motive and Retentive 

Particulate Force Table" calculates Rankine active forces, dependent on the particulate used. 
 

If the Rankine material had essentially zero internal friction between particles (such as ball 

bearings), the force to move the Piston “In” would be the same as that attempting to move the 

piston “Out”.  This would be normal hydraulics.  However, the internal friction between the 

particles of normal Rankine material (such as in various dry sands) must be overcome to move 

the Piston “In”.  This force, also calculated by Rankine, is the Rankine passive force.  Due to 

this internal friction between particles the Rankine passive force is opposite to, and greater than 

the Rankine active force.  All the activities of the Particular Concepts manual involve Rankine 

Active Forces.   
 

The Spry patents and the Particular Concepts activities are applications of the Rankine Active 

Force.  
 
(References:  Rankine, J. B. (1857), "On the Stability of Loose Earth," Philosophical Transactions of the Royal Society of London, 
Vol. 147, Part 1, pp. 9-27; Braja M. Das, Advanced Soil Mechanics, Second Edition, California State University) 
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