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Numerous problems in engineering are governed by several scales in space and time.
Multiscale models give efficient strategies to couple the involved scales. In particular,
hierarchical two-scale methods are computationally powerful as there is no direct coupling
between the scales. Such techniques use a procedure known as homogenization in the
literature: a microscale model is first developed under macroscopic constraints, then the
macroscopic constitutive laws are found by some kind of averaging over the microscale.

The outstanding heterogeneous multiscale method (HMM) [1] is a general top-down scheme
for the design of multiscale algorithms. This method is primarily used for concurrent coupling
schemes in the literature; however, HMM also applies to a hierarchical coupling.
Furthermore, the seamless HMM [2] was developed to speed up the construction of
microscopic states from macroscopic constraints in the multiscale simulation. This results in a
boosted algorithm and can be applied to dynamic problems.

This contribution presents a hierarchical two-scale setting motivated by the seamless HMM
for quasi-static problems. Firstly, the macroscale is modelled by continuum mechanics and the
arising equations will be solved within the framework of the finite element method. Secondly,
the microscale is modelled by statistical mechanics and the microscopic equations of motion
will be solved by molecular dynamics (MD). The investigation focuses on an optimised
coupling of macroscopic and microscopic solvers, which results in a significant decrease in
computational time with no associated loss in accuracy. To reach this goal, the number of
microscopic time steps used for the MD simulation is adjusted at each iteration of the
macroscopic solver. A numerical example demonstrates the performance of the proposed
accelerated scheme.
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