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We address the construction of advanced nonconforming finite element schemes on general polygonal meshes,
motivated by the increasing need for high-order accurate methods in complex geometries and data reconstruction
problems. In this context, we introduce new families of nonconforming higher-order Crouzeix—Raviart type finite
elements specifically designed for function reconstruction from integral data. The proposed framework relies
on degrees of freedom defined through weighted edge moments of orthogonal polynomials, which guarantee
the exact reproduction of all polynomials up to degree m on each element. This formulation represents a
bridge between the finite element methods and the orthogonal polynomial theory. A complete unisolvence
theory is established, revealing that the solvability of the local approximation problem depends on the parity
of the product mN, where m is the polynomial degree and N the number of polygon edges. When this
condition fails, an enrichment strategy based on an additional functional and a suitably constructed enrichment
function restores unisolvence and stability. The resulting enriched Crouzeix—Raviart type elements provide
a systematic and unified framework for higher-order nonconforming approximations on arbitrary polygonal
meshes. Comprehensive numerical experiments demonstrate the high accuracy, robustness, and flexibility of
the proposed elements across different polynomial orders and mesh configurations. The results confirm the
effectiveness of the enrichment strategy and highlight the potential of the method as a reliable tool for polygonal
finite element analysis and function reconstruction problems.

Joint work with: Francesco Dell’Accio, Allal Guessab, Gradimir V. Milovanovié.

References

[1] F. Dell’Accio, A. Guessab, G. V. Milovanovié¢, F. Nudo. Nonconforming approximation methods for function
reconstruction on general polygonal meshes via orthogonal polynomials. arXiv:2508.07036 (2025)

[2] F. Dell’Accio, A. Guessab, G. V. Milovanovié¢, F. Nudo. Truncated Gegenbauer-Hermite weighted approach
for the enrichment of the Crouzeix-Raviart finite element. BIT Numer. Math. 65(2), 24 (2025)

[3] F. Nudo. Two one-parameter families of nonconforming enrichments of the Crouzeix—Raviart finite element.
Appl. Numer. Math. 203, 160-172 (2024)

[4] M. Crouzeix, P. A. Raviart. Conforming and nonconforming finite element methods for solving the stationary
Stokes equations 1. Revue Frangaise d’automatique informatique recherche opérationnelle. Mathématique 7,
33-75 (1973)



