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ABSTRACT

The computational simulation of medical treatments in the field of arterial diseases, e.g., ballon-
angioplasty, requires suitable material models to describe the mechanical behavior of the soft biological
tissues. In this contribution we focus on material models for arterial walls. We consider several poly-
convex material functions representing such materials, see [1, 2, 3], and study the influence on the
mechanical response and the numerical performance.

/ Adventitia

Media

Plaque

Calcification

Extracellular
a) Lipid

Figure 1: a) Cross-section and b) decomposition of the arterial model; see [3].

For the comparability of the results we adjust the parameters of the material functions to experimental
data. The numerical simulation is accomplished using a three dimensional model of a diseased artery.
The geometrical model is built from the cross-section considered in Figure 1a by an extrusion in the di-
rection orthogonal to the plane. The model consists of the media and the adventitia, which are assumed
to be undiseased, and three plague components: the plaque itself which can be interpreted as diseased
intima, two calcification areas and an extracellular lipid pool. In the healthy part of the artery, cf. upper
part in Figure 1a, we do not account for the intima, as we assume that the influence of a healthy intima
on the mechanical properties is negligible.



For the discretization of the model we use 10-noded tetrahedral elements and assume a statically deter-
mined system. In all simulations we apply a pressure of up to 24 P80 mmHg) to the interior of

the arterial segement, which is in the upper range of physiological blood pressure.

We perform a parallel solution of the resulting linearized system using a domain decomposition method,
which belongs to the family of Finite Element Tearing and Interconnecting - Dual Primal (FETI-DP)
methods; see [4, 5, 6] and references therein. During the solution process, the arterial segment is de-
composed as shown in Figure 1b.

As a characteristic for the material response we compute the von Mises equivalent stapsbthe
stresses 4(;) along the directions of the fibers in the arterial layers. To take into account the influence
of the different models on the nonlinear iterations as well as on the FETI-DP iterative linear solution
process, we monitor the number of global Newton steps, the number of (inner) FETI-DP iterations
within each Newton step, and the residual norm of the Newton steps; see Figure 2.
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Figure 2: Results from numerical simulation; see [3].
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