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The Finite Element Method (FEM) has become the most frequently applied numerical
method in Computational Mechanics. Although the FEM is in a mature state there are
still problems where its application is difficult. These problems arise, for example, when
considering heterogeneous materials or more generally when discretizing structures which
have a very complex geometry. In such cases mesh generation can become very involved.
To overcome these problems we propose to apply the Finite Cell Method (FCM) which
can be considered as a combination of a fictitious domain method with high-order finite
elements. The main idea is to embed the physical domain into an extended domain which
can be easily discretized with structured hexahedral meshes. In this way, mesh generation
is dramatically simplified and the burden is shifted towards the integration of the stiffness
matrices. However, the integration can be performed adaptively in a fully automatic
way. During the integration the geometry and varying material properties are taken into
account while the discretization error is controlled by adjusting the polynomial degree of
the hexahedrals. The proposed method will be illustrated by considering the discretization
of problems of solid mechanics in one, two and three dimensions. We present applications
of the FCM to the computation of thin-walled structures, the numerical homogenization
of heterogeneous materials as well as problems of topology optimization.
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