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ABSTRACT

Using spline compositions leads to a convenient approach for the geometric modeling of hetero-
geneous multiscale structures. With this approach, the global (macro) geometry of the structure
is represented employing a standard spline model. Then, reference micro models (given as spline
models too) are embedded into the macro elements associated to the global geometry. As a result,
the final geometry consists in the assembly of multiple microstructures: each of them are defined
by the composition of a reference micro model and a macro element [1].

In this work, we develop an isogeometric analysis approach that is suitable to these specific geo-
metric models. The main challenge lies in the inevitable presence of a large number of high-order
patches. A key element to overcome this difficulty is to take advantage of the repetitive pattern
within these heterogeneous structures. Indeed, due to the employed geometric modeling approach,
the computational domain is directly given as a non-overlapping decomposition where the identi-
fied sub-domains share many similarities. These similarities enable us to build look-up tables [2]
in order to drastically reduce the cost required to build the finite element operators. The main
step during the assembly is now a projection occurring at the macro level only. The resolution
is performed by a domain decomposition method [3]. More specifically, we design a multiscale
FETI-like solver. Instead of solving one single large system, the resolution involves local problems
defined at the sub-domain level. This way, we can exploit the similarities between the sub-domains
during the resolution too: the local problems are solved using an iterative solver equipped with
a preconditioner which is similar for each of them. We perform several numerical examples with
increasing level of complexity to highlight the numerical savings provided by our approach.
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