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Second-order computational homogenisation allows to overcome some limitations of con-
ventional first-order homogenisation. In particular, a macroscopic length scale parame-
ter related to the length of the Representative Volume Element (RVE) is introduced by
second-order homogenisation, including size effects in the scale transition. Kouznetsova
et al. [1] determined that the resulting macroscopic characteristic length can be related
to the RVE length by

l2 =
l2RV E
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. (1)

This relation is valid under small strain assumption and for square (or cubic) RVEs.

In this contribution, the effect of employing more general rectangular (or hexahedral)
RVE models is analysed. In particular, it is shown that the macroscopic length scale
parameter becomes dependent on the RVE orientation, i.e., orthotropy is observed for
the macroscopic characteristic length parameter. By resorting to the classical boundary
shear layer problem, the evolution of the macroscopic length scale parameter with on-
going deformation is evaluated. RVE models considering either elastic or elasto-plastic
constituents are considered in this study to assess the influence of inelastic phenomena.
Moreover, the behaviour of RVEs consisting of a unit cell or encompassing several ran-
domly placed constituents is compared. Finally, the evolution of macroscopic consistent
tangents is also evaluated. These studies are performed with a multi-scale model based on
second-order homogenisation formulated with the Method of Multi-Scale Virtual Power,
under the assumption of finite strains [2].

REFERENCES

[1] Kouznetsova, V. G., Geers, M. G. D., and Brekelmans, W. A. M., Size of a Repre-
sentative Volume Element in a Second-Order Computational Homogenization Frame-
work. International Journal for Multiscale Computational Engineering, 2 (4) (2004)
575–598.

[2] Rodrigues Lopes, I. A., and Andrade Pires, F. M., Unlocking the Potential of Second-
order Computational Homogenisation: An Overview of Distinct Formulations and a
Guide for their Implementation. Archives of Computational Methods in Engineering
(2021). https://doi.org/10.1007/s11831-021-09611-9


