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ABSTRACT:

In this talk, we will explore a method to uncover fractal structure and 
fractional order property relations in thermomechanical and viscoelastic 
materials.  The methodology is based on entropy dynamics where 
Shannon’s entropy is combined with fractional order constraints to obtain 
Bayesian posterior probability densities.  This results in fat-tailed posterior 
densities where their maximum likelihood is evaluated using localized 
fractal and non-local fractional order operators to help predict material 
properties beyond conventional integer order operators.  I will argue that 
the entropy dynamic approach provides a means to identify the appropriate 
fractal and/or fractional order operators as a function of (multi)fractal 
material structure.  I will also emphasize how integer, fractal, and fractional 
order Taylor series expansions are very useful to understand when non-
integer order operators become advantageous in model predictions.   I will 
give examples for developing hyperelastic energy functions based on 
underlying multifractal structure, fractional order viscoelasticity and other 
fractal thermodynamic equations of state.  The modeling framework is 
compared to experiments on dielectric elastomers, auxetic foams, 3D 
printed fractal structures, and energetic materials where the uncertainty in 
the fractal structure and the fractional constitutive properties are quantified.
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