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ABSTRACT

Abdominal aortic aneurysms (AAAs) are a pathological dilation of the aorta prone to rupture
with high mortality rate as a consequence. The numerical analysis of patient specific AAAs
aiming at a gain in information concerning the progression of the disease is receiving an increasing
amount of attention. Due to uncertainties of model parameters such as material or geometric
properties, statistical methods requiring a sampling in the space of model parameters become a
suitable means. In order to overcome the computational burden of sampling a large scale model,
we apply model order reduction (MOR) to build reduced, patient specific AAA models which
are able to replace the computationally expensive full model.

In this work, the parametrization of the model is given by two material stiffness parameters as
well as the thickness of the AAA wall with parameter space bounds derived from experimental
data. The patient specific AAA models are build of an intraluminal thrombus as well as the
vessel wall originating from medical screening. Numerical analysis is done by static, non-linear
finite element simulation. At first, a prestressing phase is performed in order generate a material
stress state under diastolic blood pressure [1]. Secondly, blood pressure is increased to its systolic
value such that a stress distribution in the AAA at maximal load is received.

We perform a dimensional reduction of the AAA models for the prestressing as well as the
following loading phase. This is done by Galerkin projection on a reduced basis, which is build
by Proper Orthogonal Decomposition of a so-called snapshot matrix containing relevant modes of
the AAA deformation [2]. The modes are received from evaluations of the full model at selected
points in the parameter space. Identification of the relevant sampling points is performed using
a subspace-angle criterion motivated by [3]. As a result, we investigate the quality of the reduced
models in terms of the prediction of aneurysm peak wall stress using numerical experiments.
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