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Finite Element Analysis of Beam-and Arch-Like Structures
using Higher-Order Theory
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Abstract

Beam - and arch-like structures are two-dimensional bodies characterized by the fact of small
thickness compared to the length of structures. Owing to this geometric feature, linear displacement
approximations through the thickness such as Kirchhoff and Reissner-Mindlin theories which are more
accessible one dimensional problems have been used. However, for accurate analysis of the behavior in
the regions where the state of stressess is complex, two-dimensional linear elasicity or relatively high
order of thickness polynomials is required. This paper analyses accuracy according to the order of
thickness polynomials and introduces a technique for model combination for which several different
polynomial orders are mixed in a single structure.

Keywords : Higher -Order Theory, Relative Modeling Error, Model Combination, q-Refinement, Finite

Element Method
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Fig. 4 Displacement profile at the interetement side.
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Fig. 5 Clamped uniform thickness beam-like structure.
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Table | Relative error &(%) for beam-like problem
(L/ d=100, 1 element)

p q 1 2 | 3
2 99.91 99.91 99.91
3 99.91 99.71 99.71
1 12.48 25.77 25.73
5 12.48 25.75 25.69
6 42.48 18.08 18.01
7 248 | 1806 17.97

Table 2 Relative error &(%) for beam-like problem
(R/ d=14.5, 3 elements)

p a 1 2 3
2 55.55 55.00 54.71
3 15.73 11.07 8.34
4 13.74 8.00 2.02
5 13.74 79 | 143
6 13.74 796 | 117
7 13.74 796 | 083
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Fig. 7 Beam-like structure with non-uniform thickness(unif-

orm six elements, p=6).

Table 3 Relative error of non-uniform thickness beam-like

structure.
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Fig. 8 Arch-like structure with non-uniform thickness{unif-
orm six elements, p=6).

Table 4 Relative error of non-uniform thickness beam-like

structure.
Case [ Case 1 Case 2 f Case 3
i " [« | g k%) | a [ w(%)
1 [t 27 | 3" 86 5 | 34
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