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Theoretical and Numerical Analysis of Material Growth

As many advances are made in the field of biological sciences, the quantitative study and modeling of growth phenomena is becoming increasingly important. It has been acknowledged that the mechanical state of living tissue plays a relevant role in the growth and remodeling processes of the tissue; however, the laws governing this material growth are not yet fully understood. The development of a computational framework allowing the study of growth phenomena through a finite element formulation would aid in testing and verifying the correctness of the proposed constitutional laws describing material growth.

Over the past few decades, many different ideas have been presented about how growth may be modeled. In particular, the effects of changing mass can be incorporated into the finite element formulation either at the constitutive level [1] or the kinematic level [2]. The former method requires the introduction of density as a nodal degree of freedom in addition to the spatial coordinates; while the latter method is based on the multiplicative decomposition of the deformation gradient into an elastic component and a part describing volumetric growth.

In the present study, we begin with the discussion of the two different approaches mentioned above. We continue by describing the theory behind the method based on the multiplicative decomposition of the deformation gradient in detail, with particular emphasis on its finite element formulation. Finally, we present the MATHEMATICA adaptation of a simplified version of FlagSHyP [3] – a finite element program developed for nonlinear materials - along with the implementation of the multiplicative decomposition method to account for growth effects. The program is verified through a comparison of its results with the analytical solutions known for basic example cases such as uniaxial loading.
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