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Abstract

Finite element method (FEM) is one of the most popularly used method in analyzing the
dynamic behaviors of structures. But unless the number of finite elements is large enough, the
results from FEM are somewhat different from exact analytical solutions, especially at high
frequency range. On the other hand, as the spectral analysis method (SAM) deals directly with the
governing equations of a structure, the results from this method cannot but be exact regardless
of any frequency range. However, the SAM can be applied only to the case where a structure is
subjected to the concentrated loads, despite a structure could be undergone distributed loads more
generally. In this paper, therefore, new spectral analysis algorithm is introduced through the
spectral element method (SEM), so that it can be applied to any structures whether they are
subjected to the concentrated loads or to the distributed loads. The results from this new SEM are
compared with both the results from FEM and the exact analytical solutions. As expected, the
results from new SEM algorithm are found to be almost identical to the exact analytical solutions
while those from FEM are not agreed well with the exact analytical solutions as the mode number

increases.
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Table 1 Material & strutural properties of structures

Material
properties

and geometric

Bernoulli-Euler beam

Timoshenko beam

Young’s modulus (E)

72.2%10°GPa

72.2x10° GPa

Shear modulus (G)

27.1x10°GPa

Structural damping factor () 0.03 0.03
Shear coefficient (x) 0.85
Density (o) 2.8x10°kg/m? 2.8x10° kg/m?
Poisson’s ratio () 0.33
Width (b) 1m
Length (L) 2.8m 2.8m
Height (h) 1.58>x107*m 1.58X107*m
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Table 2 Comparisons of the natural frequencies

(Hz) of a Bernoulli-Euler beam by the
exact analytical method, SAM and FEM

(NISA)
Mode numbern Analytical | SAM [FEM(NISA)
(Exact)

1 1.67 1.67 1.67
2 10.5 10.5 10.4
3 29.3 29.3 29.1
4 57.6 57.6 57.0
5 95.0 95.0 94.0
16 987 987 911
17 1129 1129 1016
18 1277 1278 | 1113
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