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ABSTRACT

Multiscale methods are of high interest in the engineering community due to their ability to predict
the overall response, while accounting for processes and structures on underlying length (and time)
scales. One standard approach is the so-called FE2 procedure, where the classic constitutive relation
is replaced by a (nested) boundary value problem on a Representative Volume Element (RVE) on
the underlying microscale. Hence, a new finite element problem is introduced in each quadrature
point of the (macroscale) mesh. It is well realized that straight-forward use of the FE2-strategy can
be computationally intractable for a fine macroscale mesh, particularly in 3D. Therefore, it is of
significant interest to reduce the cost of solving the individual RVE-problem(s) by introducing some
kind of reduced basis, here denoted Numerical Model Reduction (NMR). An example is Fritzen and
Böhlke [1]. Moreover, for a class of coupled problems an additional ”bonus” is that it is possible
to reduce the macroscale problem to that of a single-phase, whereby the ”mode coefficients” play
the role of classical internal variables, e.g. Jänicke et al. [2]. Quite important, however, is the
obvious fact that the richness of the reduced basis will determine the accuracy of the RVE-solution,
which calls for error control. (Here, we consider the full FE-solution as the exact one.) An example
of error estimation due to model reduction, although not in a homogenization context and for a
PGD-basis, is Ladevèze and Chamoin[3].

In this presentation, we consider a two-scale formulation of linear transient heat conduction as a
model problem. For simplicity, we choose spectral decomposition to establish the reduced basis
on the RVE-level. For this particular choice of basis, we discuss a few strategies to estimate the
”solution error” without computing additional basis functions (modes). In particular, we aim for
guaranteed, explicit bounds on the error in (i) energy norm and (ii) an arbitrary ”quantity of
interest” (QoI) within the realm of goal-oriented error estimation. It is noted that the QoI is
generally defined in space-time to achieve maximal generality. As a ”workhorse” for the error
computation, that requires negligible additional cost, we thereby introduce an associated (non-
physical) symmetrized variational problem in space-time. Numerical investigations concern a single
RVE-problem, as well as the full-fledged FE2-situation.
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[3] Ladevèze, P. and Chamoin, L. On the verification of model reduction methods based on the
proper generalized decomposition. Comput. Methods Appl. Mech. Engrg., Vol. 200, pp. 2032-
2047, (2011).


