SANTIAGO NUMERICO III

Noveno Encuentro de Analisis Numérico de Ecuaciones Diferenciales Parciales
Departamento de Matematica, Pontificia Universidad Catolica de Chile
SANTIAGO, CHILE, JUNIO 28 - 30, 2017

Simple triangular shell finite elements based on shell theory

ANTTI H. NIEMI*

Abstract

In this work we introduce and analyze simple triangular finite elements for a variational
formulation of a refined shallow shell model based on the linear theory of elasticity. The
primal unknowns of the formulation are the three displacements of the shell mid-surface
and two rotations of its normal. These are defined in terms of local curvilinear coordi-
nate systems which are constructed using the nodal normal vectors assumed as input
data. We develop linear elements and employ assumed membrane and transverse shear
strain fields to alleviate the problems of membrane and shear locking which are encoun-
tered in bending-dominated deformations of shells. Unfortunately, the approach is not
uniformly convergent for general shell geometries and mesh configurations but never-
theless leads to higher accuracy than conventional formulations based on flat elements
and assumed shear strain fields. The efficiency of the proposed method is assessed nu-
merically in problems involving linear static analysis. The numerical examples feature
different shell geometries and the results are compared with analytical and numerical
reference solutions and with commercial software solutions.

Key words: assumed strain approach, finite element method, membrane locking, shear
locking

Mathematics subject classifications (1991): 65N30, 74505, 74K25

References

[1] A.H. NIEMI, Benchmark computations of stresses in a spherical dome with shell finite
elements. STAM Journal on Scientific Computing 38 (2016), no. 3, B440-B457.

[2] A.H. N1EMI, A bilinear shell element based on a refined shallow shell model. Interna-
tional Journal for Numerical Methods in Engineering 81 (2010), no. 4, 485-512.

*Research Unit of Structures and Construction Technology, Faculty of Technology, University of Oulu,
Oulu, Finland, email: antti.niemi@oulu.fi

69



