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The computational simulation of atherosclerotic arteries is of high importance with re-
spect to an optimization of medical treatment by reducing the number of animal tests.
The physiological loading situation of arteries with a moderate atherosclerotic plaque is
particularly interesting because here it is often difficult for medical doctors to estimate
based on imaging techniques if the plaque is going to rupture and if surgical interven-
tion is required. Therefore, the reliable calculation of transmural stress distributions is
required since concentrations of high stresses are often considered as the main origin of
plaque rupture. These stresses depend strongly on the material behavior and structure
of the arterial wall, the behavior of the blood, as well as their interaction. In this contri-
bution first results of the DACH project “Domain-Decomposition-Based Fluid Structure
Interaction Algorithms for Highly Nonlinear and Anisotropic Elastic Arterial Wall Mod-
els in 3D” (funded by the German Science Foundation and the Swiss National Science
Foundation) are presented. The goal of this project is to develop new methods combining
fluid structure interaction approaches, see e.g. [4], and domain decomposition methods,
cf. e.g. [6], with nonlinear anisotropic material models for the arterial wall, see e.g. [1],
in order to more reliably predict the transmural wall stresses. FETI domain decompo-
sition methods have already shown its applicability for the solution of boundary value
problems of the pure solid part of the artery, see e.g. [3]. If the interaction of the fluid
and structure is considered, the dynamic response of the arterial wall may become impor-
tant. Thus, a viscoelastic model based on the approach in [5] is taken into account and
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its influence on the behavior of the full vessel is analyzed. This model incorporates the
viscoelastic response in the main directions of the fibrous components inside the arterial
wall. Since patient-specific simulations are one of the goals of this project the construction
of realistic geometric models is required. Here, we focus on the so-called virtual histol-
ogy which provides information regarding a stack of axially distributed two-dimensional
cross-section images from which the individual components such as the media and several
plaque constituents can be segmented, cf. [2]. First numerical results taking into account
the nonlinear anisotropic material model and fluid structure interaction are given in order
to show the performance of the developed methods.
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[1] D. Balzani, P. Neff, J. Schröder and G.A. Holzapfel. A polyconvex framework for soft
biological tissues. adjustment to experimental data. International Journal of Solids
and Structures, 43(20), 6052–6070, 2006.
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