
Large-scale molecular dynamics study of the mechanical response of amorphous polymers 

Professional Summary 

We will use large-scale molecular dynamics (MD) to characterize the mechanical response of amorphous 

PMMA under various loading conditions including deviatoric, dilational and mixed deviatoric/dilational 

loading. We intend to identify fluctuations with nanometer length-scales during deformation that lead to 

strong size effects on the mechanical response. 

Project Description 

We plan to use large-scale molecular dynamics to characterize the mechanical response of amorphous 

PMMA including yield and post yield phenomena under a variety of loading conditions: i) pure deviatoric 

(volume conserving shear and uniaxial), ii) mixed deviatoric-dilational (pure uniaxial strain) and iii) 

dilational (isotropic expansion) deformations. We focus on the identification of yield conditions and the 

molecular mechanisms responsible for post-yield flow separating deviatoric and dilational contributions. We 

will perform simulations for a variety of sizes (linear dimensions of the periodic simulation cell between ~5 

nm and ~25 nm) to characterize size-effects on mechanical response. We want to find whether size affects 

both the yield surface and post-yield flow. We want identify and molecularly characterize nanoscale 

heterogeneities with different local mobility present in the amorphous polymers that manifest during 

deformation. This heterogeneities lead to size effects in mechanical response and their understanding is 

critical in the area of nano-composites. We also plan to characterize the role of strain rate on mechanical 

response and find that post yield behavior is particularly sensitive to deformation rate with a complex 

dependence on loading conditions. 
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