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Nowadays, high-technology companies are increasingly demanding numerical techniques
for simulations. In the linear elasticity framework, these simulations are mainly carried out
by means of the Finite Element Method (FEM). The FEM is a widely extended numerical
simulation tool in the linear elasticity context. It provides an approximated solution to
the real behaviour of the analysed component. The FEM uses a discretization process
that introduces the so-called discretization error of the Finite Element (FE) solution.
In this contribution we will consider the discretization error as the only source of error.
Since the very beginning of the FEM, great efforts have been done in order to evaluate
the discretization error in energy norm, bringing up the three main branches for error
estimation: the residual-based error estimators [1], dual error estimators such as the
Constituve Relation Error [3] and the recovery-based error estimators [4]. The two first
are able to provide upper bounds of the error in energy norm. On the other hand recovery-
based error estimators provide accurate estimations, are robust and easy to implement
but, so far, they are unable to provide error bounds.

The recovery-based error estimators are based on the use of recovered fields obtained
from the FE solution which provides a solution of a higher quality. Among others recov-
ery techniques we can highlight the Super-convergent Patch Recovery (SPR) technique
introduced by Zienkiewicz and Zhu [5], the SPR-C [6] which introduces local (at patch
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level) equilibrium constraints, or the SPR-CX [7] specially adapted for the eXtended FEM
framework. All these error estimators have a high accuracy.

In this work, we propose a recovery-based error estimator based on the use of the SPR-C
technique that is able to provide very accurate upper error bounds in energy norm. The
proposed technique, so called FUB, uses, on the one hand the ZZ error estimator and,
on the other hand, an explicit (constant-dependent) upper bound of the correction terms
introduced in [2] to account for the lacks of internal and boundary equilibrium of the
SPR-C recovered fields, directly providing upper error bounds. Additionally, we also
propose a technique to numerically evaluate the constant C for each problem. Numerical
results show the high accuracy of the bounding technique, its asymptotically exactness
and the robustness of the evaluation of C for each problem.
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