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ABSTRACT 

The structure of classical plasticity theory, whether applied to single crystals or to the effective behavior of 
polycrystals, is generally assumed to be associative in the sense that the flow potential is taken to be the 
yield function.  As Hill noted in 1950, to a large extent this choice is a matter of convenience, particularly as 
it gives rise to certain variational principles and uniqueness theorems, and perhaps at that time justified by a 
lack of contradictory evidence.  But not quite, as G. I. Taylor recognized as early as 1926 that BCC iron and 
brass behave quite differently than FCC aluminum and copper.  The root of these differences also arises in 
granular materials, which also do not follow an associative flow rule. Ample experimental evidence now 
exists, but not until atomistic simulations became sufficiently refined have we been in a position to 
rigorously addresses the issue of non-associated flow in crystals undergoing plastic deformation by the 
mechanism of dislocation glide.  In 1985 A. Cottrell remarked:  “... for too long we have taken the FCC 
dislocation as the paradigm of all dislocation behavior; but, as the studies of BCC screw dislocations have 
shown, the FCC structures and properties are the exception rather than the norm.”  Issues that arise at 
various scales are discussed in this lecture.  Atomistic simulations are used to construct multislip models of 
plastic flow in single crystals, and then polycrystal behavior is estimated using simple homogenization 
techniques.  Even for random polycrystals, the effective behavior is generally of the non-associated flow 
type, and this is shown to significantly affect macroscopic deformations and failure mechanisms.  In 
addition, we discovered that intermittent bursts of strain can arise as a consequence of non-associated flow, 
and there is experimental evidence for such behavior. 
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