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ABSTRACT

This paper deals with free vibrations of the parabolic hollowed beam-columns with constant

volume. The cross sections of beam-column taper are the hollowed regular polygons whose depths

are varied with the parabolic functional fashion. Volumes of the objective beam-columns are always

held constant regardless given geometrical conditions. Ordinary differential equation governing free

vibrations of such beam-columns are derived and solved numerically for determining the natural

frequencies. In the numerical examples, hinged-hinged, hinged-clamped and clamped-clamped end con-

straints are considered. As the numerical results, the relationships between non-dimensional frequency

parameters and various beam-column parameters such as end constraints, side number, section ratio,

thickness ratio and axial load are reported in tables and figures.
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Table 1 Comparisons of natural frequencies C; be-
tween this study and reference

Geometry | 8 ; Natural Frequency, Ci |peviation
This study Ref.?” (o)**
1 28.11 28.08 0.107
001l 2 129.42 129.39 0.023
H-H* : 3 296.07 297.71 0.554
=00 4 534.22 533.29 0.174
a=1.0 1 25.87 25.68 0.388
p=3.0 o1 | 2 118.59 118.35 0.202
: 3 270.64 272.30 0.613
4 490.55 487.77 0.567
1 84.52 83.93 0.698
002 | 2 238.22 235.99 0.936
Cc-C* : 3 462.35 466.47 0.891
n=4 4 783.27 774.01 1.182
a=1.0 1 70.91 70.61 0.423
p=30 o2 | 2 200.31 198.53 0.889
: 3 389.87 392.43 0.657
4 660.21 651.16 1.371

* H: hinged end, C: clamped end
** Deviation(%)=| (this study —reference)/this study |x100

Table 2 Effect of side number n on non-dimensional
natural frequencies C;

Frequency parameter, C; Devia-

Geometry| n - - - - tion
i=1 =2 1=3 =4 (%)**

H-H* 3 11.06 | 43.41 | 97.69 | 173.69 | 0.00
a=12 4 9.97 | 40.05 | 90.60 | 161.28 9.86
3 =0'2 5 9.76 | 39.40 | 89.17 | 158.86 | 11.75
-1 ‘5 6 9.69 | 39.19 | 88.73 | 158.10 | 12.39
P © 9.64 | 39.02 | 88.37 | 157.48 | 12.84
H-C* 3 18.92 | 56.49 | 116.03 | 197.34 | 0.00
a=12 4 | 17.41 | 52.29 | 107.67 | 183.33 7.98
520‘2 5 17.11 | 51.47 | 106.04 | 180.59 | 9.57
- '5 6 | 17.02 | 51.21 | 105.53 | 179.74 | 10.04
Pt © | 1694 | 51.00 | 105.11 | 179.04 | 10.47
Cc-C* 3 | 24.65 | 67.35 | 132.23 | 21890 | 0.00
a=12 4 | 2278 | 6243 | 122.78 | 203.42 | 7.59
3 :0'2 5 | 2241 | 61.47 | 120.94 | 200.40 | 9.09
:1'5 6 | 2230 | 61.17 | 120.36 | 199.46 | 9.53
p=t © | 2221 | 60.93 | 119.89 | 198.69 | 9.90

* H: hinged end, C: clamped end
** Deviation(%):\ (C](nzg)_cl)/cl(n:3) ‘X 100
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Table 3 Effect of thickness ratio 3
sional natural frequencies C;

on non-dimen-

Frequency parameter, C; Devia-

Geometry| [ tion
=1 =2 =3 =4 (%)

H-H* 0.1 29.72 | 89.41 | 189.64 | 327.98 0.00
n =4 02 ] 14.84 | 44.78 95.11 | 164.60 | 50.07
=18 0.3 9.83 | 29.89 63.72 | 110.46 | 66.92
» :0'1 0.4 7.28 | 22.43 48.15 | 83.72 | 75.50
’ 0.5 5.72 | 17.98 38.98 | 68.05 | 80.75
H-C* 0.1 | 36.64 | 105.60 | 213.74 | 361.10 0.00
1 =00%:* 0.2 ] 1829 52.88 | 107.18 | 181.21 | 50.08
a=12 03| 12.10 3528 | 71.79 | 121.58 | 66.98
p=0.15 0.4 8.93 2647 | 5422 | 92.11 | 75.63
’ 0.5 6.99 21.21 | 43.87 | 74.84 | 80.92
C-C* 0.1 | 51.35 | 137.16 | 266.33 | 438.63 0.00
n=3 02| 25.63 68.67 | 133.55 | 220.10 | 50.09
=08 03] 1696 | 4582 | 89.44 | 147.66 | 66.97
=02 0.4 | 12.54 3438 | 67.55| 111.85 | 75.58
' 0.5 9.82 27.53 | 54.63 | 90.86 | 80.88

* H: hinged end, C: clamped end
** p=00 : circle cross-section
**% Deviation(%)=| (Ci =0.y—C1)/Cis =0.1y X100
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