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ABSTRACT 

 
The first part of the presentation will discuss recent results obtained through both mechanical load testing and 
detailed finite element analysis of idealized planar heterogeneous materials consisting of regular periodic arrays 
of circular voids within metallic and polymeric matrices [1,2]. The results demonstrate that these materials 
display behaviour consistent with the predictions of micropolar or Cosserat elasticity theory, specifically a size 
effectin which beam samples of similar geometry exhibit increasingflexural stiffness as size reduces. Data for 
the additional constitutive properties present within planar micropolar elasticity theory, namely the characteristic 
length and the coupling number, derived from the observedsize effects will be presented. The consistency of 
these data as the intrinsic size scale of the heterogeneity is varied will be discussed and compared to the 
predictions of lattice models of heterogeneous continua. 
 
The second part of the presentation will then consider the behaviour exhibited by the idealized materials when 
the surface is no longer smooth and continuous but intersected or perforated by the voids constituting the 
material heterogeneity. In this case a size effect in which flexural stiffness decreases as sample size reduces is 
observed. Interestingly, the rate of decrease of stiffness is similar to the rate of increase when the material 
surfaces are continuous. Results obtained from mechanical testing of a real material, bovine cortical bone, will 
then be presented.These results indicate a size effect in the bone consistent with that of a heterogeneous material 
in which the surfaces are perforated by the underlying microstructure. The observed rate of stiffness decrease 
isthen used to infer the characteristic length, the value of whichappears to be consistent with the size scale of the 
dominantmicrostructural feature, the Haversian canal system. 
 
The presentation will conclude by briefly discussing current work on applying micropolar elasticity theory to the 
design of a specific medical device, a coronary stent, and future aspirations to characterize the behaviour of 
tubular nanomaterials. 
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