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MICRO-STRUCTURAL MATHEMATICAL MODELING OF FIBER-DISTRIBUTED BIO-MATERIALS: THEORETICAL AND 

COMPUTATIONAL ISSUES 

Bio-materials represent notable examples of complex structures in which the micro-structural features significantly influence the 

macroscopic response of the tissue/organ in a non-trivial way. An important question emerging in the definition of predictive numerical 

models of soft biological media concerns the ability of a particular mechanical test to reveal the micro-mechanical features of the tissue that 

might be activated during pathological and/or surgical procedures or in performing clinical tests that load the material in non-physiological 

ways. In this regards, the mechanical consequences of specific microstructural (collagen) architectures have not been investigated sufficiently 

in the literature, especially concerning generalized stochastic modeling approaches. 

State-of-the-art of analytical and numerical tools concern the stochastic characterization of the anisotropic strain energy density of soft 

hyperelastic materials embedded with fibers. Considering spatially distributed orientations of fibers, the analysis focuses on material models 

dependent on the fourth pseudo-invariant of the Cauchy-Green tensor, and on exponential forms of the fiber strain energy function. Under 

different loading conditions, closed-form expressions of the probability density function (PDF) of the main microstructural features of the 

materials represent a reliable way to implement these complex models by using a generalized random variable transformation strategy. 

As the main point of applicability, the cumbersome extension-contraction switch commonly adopted for shutting down the contribution of 

contracted fibers in models based on generalized structure tensors can be directly tackled via the knowledge of the derived PDFs. Within such 

stochastic framework, numerical examples of simple tension, biaxial and simple shear loading patterns comparing and contrasting different 

values of the mean direction of collagen fibers support the theoretical reasoning together with computational applications conducted on 

realistic biological structures, e.g. human cornea. 
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