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This paper will describe the rate-dependent damage mechanics of monolithic materials that can 

be modeled using idealized granular meso-structures.  In this granular idealization, the grains are 

viewed as atom aggregations in which the intra-granular atomic interactions have a qualitatively 

different nature than the inter-granular interactions.  Based upon this idealization we have 

developed granular micromechanics model of cementitious materials [1].  The granular 

micromechanics approach is based upon a similar particulate view as the discrete element 

method; however it uses homogenization methods to obtain continuum description of the 

granular media.  The resultant model offers the versatility of investigating the influence of both 

the macro-scale parameters and the grain-scale parameters on the overall stress-strain response 

by incorporating the effect of nearest neighbor grain interactions through the inter-granular 

force-displacement relationship and orientation vector.  Furthermore, this granular 

micromechanics approach naturally leads to a 2nd gradient continuum theory involving strain 

gradient and its conjugated double stresses [2].  We have extended this model to include rate 

effects and the model predictions have shown both quantitative and qualitative consistency with 

the observed behavior for asphalts [3].  More recently, we have derived the continuum 

constitutive relationships using granular micromechanics approach from a thermomechanical basis.  

Consequently, the thermodynamical consistency of the derived model has been evaluated.  Also, 

efficient numerical scheme for time-integration have been investigated.  In the proposed 

presentation, a subset of the recent developments of the granular micromechanics approach for 

rate-dependent damage will be described. 
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