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Free Vibration Analysis of Arches Using Higher-Order
Mixed Curved Beam Elements
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Abstract

The purpose of this research work is to demonstrate a successful application of hybrid-mixed formulation
and nodeless degrees of freedom in developing a very accurate in-plane curved beam element for free
vibration analysis. To resolve the numerical difficulties due to the spurious constraints, the present element,
based on the Hellinger-Reissner variational principle and considering the effect of shear deformation,
employed consistent stress parameters corresponding to cubic displacement polynomials with additional
nodeless degrees. The stress parameters were eliminated by the stationary condition, and the nodeless degrees
were condensed by Guyan Reduction. Several numerical examples indicated that the property of the mass
matrix as well as that of the stiffness matrix have a great effect on the numerical performance. The element
with consistent mass matrix produced best results on convergence and accuracy in the numerical analysis of
Eigenvalue problems. Also, the higher-order mixed curved beam element showed a superior numerical

behavior for the free vibration analyses.
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Table 1 Fundamental frequency (rad/s) of hinged circular arches for various subtended angles

22) (20) N
Angles(degree) 5112\4(12?;4) (ll\ngIT:o. £) THISESZ El. 1b@Y Heppler®™
10 5845.78 5852.32 5841.74 5874.30 5849.90
20 2836.20 2829.66 2827.63 2823.10 2830.20
30 2370.01 2373.23 2339.82 2345.20 2339.70
60 564.05 567.71 560.25 561.20 560.24
90 230.31 232.94 229.66 230.40 229.77
120 115.82 117.50 115.64 116.30 115.64
150 64.52 76.24 64.43 64.93 64.44
180 3791 38.71 37.86 38.24 37.87
210 22.80 23.42 22.77 23.05 22.77
240 13.69 14.19 13.66 13.87 13.67
270 7.94 8.39 7.92 8.06 7.93
300 4.20 4.65 4.18 427 4.19
330 1.70 2.28 1.69 1.73 1.69
350 0.50 1.38 0.49 0.50 0.24
ARAE Y3 AF AgHE I3 3FPIL A
&3t A% 489 Lagrange H.Z#E AMS
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4e Jepiley. olzRe FA#MATY ¢ \
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A AL 4 = 9
Aot A2 AL ¢ Fig. 8 Geometry of the hinged circular arches
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