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ABSTRACT

The finite cell method (FCM) is a sophisticated approach, where the original problem is solved on an
unfitted Cartesian mesh independent of the geometry, while typically higher-order shape functions
are used. Due to the deployed discretization, the often time consuming and error-prone meshing
procedure can be avoided, which is of great importance for domains with complex boundaries, such
as porous materials or foam-like structures. However, due to the unfitted mesh, challenges in the
cells intersected by the boundary of the physical domain (cut cells) need to be solved when it comes
to the enforcement of the boundary conditions and computation of cell matrices.

For 3D problems, the integration over cut cells is often performed via an adaptive integration
scheme based on an octree-decomposition (OTD), which creates a non-uniform integration mesh
consisting of cube-shaped sub-cells of different sizes. While this approach is widely popular due to its
simplicity and robustness, accurate integration often requires a large number of integration points,
making the approach computationally expensive. For 2D problems, it was already demonstrated by
the authors, that based on standard image-compression techniques, for reasonably fine integration
meshes, a significant reduction of integration points is possible without any loss of accuracy [1, 2].
An extension to 3D problems with voxel-based microstructures was already investigated by Fangie et
al. [3], where the compression can be directly applied to the geometry data. In our contribution, 3D
problems with smooth boundaries are investigated, where the compression is applied to the subcells
of the OTD. Similarly to the 2D case, the robustness and accuracy of the proposed integration
scheme are demonstrated, and issues regarding efficient compression directions and effect of cut
subcell on the compression are discussed.
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based on Image-Compression Techniques: Application to rational interpolants. Arch. Appl.
Mech. (2020).

[3] Yannick F. Fangye, Niklas Miska and Daniel Balzani. Automated simulation of voxel-based mi-
crostructures based on enhanced finite cell approach. Arch. Appl. Mech., Vol 90, pp. 2255–2273
(2020)


