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ABSTRACT

Current challenges in computational mechanics rely on efficient algorithms to avoid unnecessary large

computations and thus, to reduce the overall energy consumption. Two major trends have to be taken

into account: First, computer hardware consists nowadays on a high number of cores. AMD’s Zen

4 architecture scales up to 128 cores and 256 threads on a single CPU and current Supercomputers

consists of more then 10 million cores. Second, we have to deal with complex materials, using e.g.

additive manufacturing to construct lightweight microstructures. For such materials it is complete waste

of resources to resolve the whole microstructure.

To deal with massive parallel computers, sophisticated parallelization techniques such as FETI-DP and

multigrid methods have been developed. Both techniques are based on a domain decomposition of the

spatial grid, which gets inefficient for large numbers of cores. For smooth problems, space-time multigrid

methods (’Parareal’) have been developed on the basis of multiple shooting methods, using a null-space

projection of a coarse solution in time as preconditioner as common for AMG methods.

This construction is partially inefficient, as time-stepping algorithms do not allow for an information

transfer backwards in time and we cannot apply adaptive refinement in the space-time cylinder. This

restriction is build on our personal experience of time, however, it is not efficient for computational

methods. Therefore, we introduce space-time discretization schemes for non-linear continuum mechan-

ics and rigid body dynamics., see [1] and [2]. We will show the superiority of continuous space-time

Galerkin methods compared to classical time stepping schemes in terms of accuracy, calculation time

and energy consumption.

To deal with complex materials with microstructures, we investigate the applicability of of higher-order

or generalized continuum mechanics. We start with a second gradient theory for woven fabrics to analyze

the mechanics of fiber reinforced composite materials, accounting for additional in-plane flexural resis-

tances within the hyperelastic regime. The necessity of second gradient formulations has been validated

experimentally, see [3].

In a second step, we immersed one-dimensional, geometrically exact beam models into a general three-

dimensional elasticity model for the matrix material, see [4]. In particular, an overlapping domain de-

composition approach, well-known from the field of fluid-structure interaction problems, is applied for

maximum flexibility for the mesh generation. A suitable static condensation procedure allows us to iden-

tify the higher-order contributions due to the immersed fibre, i.e. we obtain additional information on the

physical interpretation of the second gradient model.

Finally, computational homogenization techniques for general higher-order formulations is shown in-

cluding the consistent linearization for third gradient media with second gradient material on the mesoscale,

see [5]. This allows us to generalize the discussion on higher-order methods.



2

REFERENCES

[1] S. Schuß, S. Glas and C. Hesch. Non-linear space-time elasticity, Int. J. Numer. Meth. Engng.,

accepted, 2023.

[2] C. Hesch, S. Glas and S. Schuß Space-time multibody dynamics, Multibody System Dynamics,

submitted, 2023.

[3] J. Schulte, M. Dittmann, S.R. Eugster, S. Hesch, T. Reinicke, F. dell’Isola and C. Hesch. Isogeomet-

ric analysis of fiber reinforced composites using Kirchhoff-Love shell elements, Comput. Methods

Appl. Mech. Engrg., 362:112845, 2020.
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