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The current work discusses the application of the TUBA finite elements [1,2], initially
developed for thin plates problems, to geometrically exact thin shell analysis.

The proposed geometrically exact shell model is derived from the 3D continuum mechan-
ics. The shell kinematics is based on the Kirchhoff-Love assumption and is characterized
by the deformation gradient, which yielded the generalized cross-section strain measures
— stretches and curvatures, written in terms of first- and second-order derivatives of dis-
placements [3]. As the energetically conjugate quantity, the first Piola-Kirchhoff stress
tensor is chosen. The shell’s initial geometry is exactly represented using a mapping from
a reference configuration. A neo-Hookean material functional, supplemented by the plane
stress condition, is incorporated in the constitutive level of the model.

The theory is derived independently from the specific numerical method to be used, thus
allowing any available approximation of C1 type to be used for the implementation. Spe-
cial attention is given to the treatment of the natural and essential boundary conditions.

The TUBA family of plate finite elements is considered for the discretization of the dis-
placement vector field. These triangular elements, with necessarily straight sides in the
reference configuration, provide C1 continuous approximations, mandatory for the proper
implementation of the Kirchhoff-Love model. The family contains 3 pairs of elements (pri-
mary and reduced), which provide polynomial approximants of degrees k = 5, 6 and 7
respectively. The reduced elements have a simpler structure and a smaller number of
nodes, but still guaranty C1 continuity [4]. The boundary normal derivative of the ap-
proximation in these elements is constrained, such that its order is reduced by one unit,
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from (k − 1), as for the primary elements, to (k − 2).

Due to complexity of the elements degrees of freedom (which are the function value, its
first- and second-order derivatives), the imposition of the essential boundary conditions
is not trivial and needs some preliminary analysis of the boundary behavior.

The proposed model is assessed by means of numerical nonlinear shells problems examples.
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