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ABSTRACT

The mechanical behavior of arterial tissues is considerably affected by residual stresses and a graded ar-

rangement of collagen fiber orientations. As an alternative to rather technical approaches [1, 5], residual

stresses are here taken into account by modeling arterial adaptation to changes in the mechanobiologi-

cal environment. Based on such growth and remodeling processes, a set of different approaches for the

automatized calculation of residual stresses and fiber orientations in arterial walls is proposed.

Following [2], it is assumed that the fiber directions reorient based on the principal stress state, which is

here included by an evolution equation. The growth model is based on a multiplicative decomposition

of the deformation gradient into an elastic and a growth part as originally proposed in [4] and further

elaborated in e. g. [3]. In order to account for the anisotropy of the growth mechanism, the growth part

itself is decomposed into up to three individual parts, where each part is formulated in dependence on

the direction of a principal stress, cf. [6]. By specifying the form of the individual growth tensors and by

using different growth-driving quantities, different isotropic and anisotropic growth formulations can be

realized.

In order to enable a quantitative comparison between these formulations, the growth parameters are

computed by minimizing a biologically-motivated objective function, which is formulated such that its

minimum reflects the energetically most efficient reduction of stress gradients and deviations in the

arterial wall. By comparing the obtained minima of the individual approaches, an assessment regarding

the most probable mechanobiological mechanism is enabled. Specifically, this systematic analysis is

conducted for different loading scenarios applied to a simplified artery which is idealized as a rotationally

symmetric tube, enabling an efficient optimization.
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