Extending Nitsche’s method for the unilateral contact of
beams
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Non-linearities and non-smooth behaviors caused by impact phenomena give rise to com-
plex numerical problems in the form of variational inequalities that require appropriate
and effective numerical methods. Numerical methods for contact problems have been
an active area of research for many years, but new methods continue to emerge. One
of them is the Nitsche method. Initially introduced by Nitsche [1] to impose Dirichlet
conditions in a ‘weak’ manner, it has since been applied to various interface problems.
Applications to 3D contact mechanics have been presented and mathematical analy-
ses have been published (see, for example, [2, 3]). Unlike all other methods, Nitsche’s
method is variationally consistent (and converges optimally) and does not introduce
any additional degrees of freedom. Despite the advantages of this method, the realistic
contact forces it delivers are partly due to the use of a 3D stress tensor. The question
of extending Nitsche’s method to thin 1D and 2D structures therefore arises.

In this work, we extend Nitsche’s method to beam contact, with an approach similar to
what was done by Fabre et. al. [4] for plate models. In particular, we show that the
classic Euler Bernoulli and Timoshenko beam models have kinematics that are too ‘poor’
in the thickness of the structure to benefit from the theoretical advantages of Nitsche’s
method. Indeed, for these two models, the Nitsche contact formulation obtained is
equivalent to that of a penalty contact. We therefore propose a beam model with
enhanced kinematics, introducing a term that models pinching in the thickness of the
beam, and show that this allows us to implement a relevant Nitsche contact formulation.
The relevance of the method is assessed by comparing its results with the classical
Timoshenko model, where contact is implemented using the penalty method.
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