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Free vibration analysis of unsymmetric parabolic arches
with fixed ends

&3

Lee, Byoung Koo

Summary

The¥governing differential equations and the boundary conditions for the free vibra-
tionjof the unsymmetric parabolic arch with fixed ends are derived on the basis of the
equilibrium equations and the D’Alembert principle. The effect of the rotary inertia
as well as the extensional and the flexural deformations is considered in the governing

differential equations.

A trial eigenvalue method is used for determining the natural frequencies. The Ru-
nge-Kutta method is used in this method to perform the integration of the differential

equations.

The detailed studies are made of the lowest three vibration frequencies for the par-
abolic chord length equal to 10m. The effect of the rotary inertia is analyzed and it’s
numerical data are presented in table. And as the numerical results the frequency
versus the rise of arch and the radius of gyration are presented in figures,
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Fig. 1. Geometric quantities of an arch
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Fig. 3. Configuration of an unsymmetric
parabolic arch with fixed ends
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Table-1. Comparision of frequencies for

this study and SAP IV (I=10m)

““models this

of mode | study S(‘?l: gf Error (%)
arch (f:cps) -CP

h=2m 1 21. 41 92.28 0.94
L=8m 2 102.16 103.10 0.91
r=0.15m 3 195.58 198. 60 1.52
h=2m 1 46.25 46, 64 0.84
L=12m 2 81.97 82.47 0.61
r=0.2m 3 106. 40 107.10 0. 65
h=4m 1 97.41 97.97 0.57
L=8m 2 145.03 147. 80 1.87
r=0.25m 3 217.78 221.70 1.77
h=4m 1 36.53 35.98 1.53
L=12m 2 84.45 83.04 1.70
r=0.3m 3 103. 64 103.40 0.23
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Table-2. Effect of rotary inertia on fre-
quencies(l=10m) :

models frequencies(cps) B—A
of mode - A (%)
arch R=0.(A)|R=1.(B) .
h=2m 1 91.84 91. 41 —0.47
L=8m 2 102,517 102.14 —0.34
r=0.15m 3 197.25 195.58 —0.85
h=2m 1 46. 41 46. 25 —0.34
L=12m 2 82.27 81.97 —0.36
r=0.2m 3 107. 14 106. 40 —0.69
h=4m 1 98.17 97.41 —0.77
L=8m 2 145. 69 145,03 | . —0.45
7r=0.25m 3 219.67 217.78 —0.86
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Fig. 4. Frequency vs. rise of arch curves
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