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ABSTRACT

This paper deals with free vibrations of the tapered beams with the constant surface area. The

surface area of the objective beams are always held constant regardless shape functions of the

cross-sectional depth. The shape functions are chosen as the linear and parabolic ones. Ordinary dif-

ferential equations governing free vibrations of such beams are derived and solved numerically for

determining the natural frequencies. In the numerical examples, hinged-hinged, hinged-clamped and

clamped-clamped end constraints are considered. As

the numerical results, the relationships between

non-dimensional frequency parameters and various beam parameters such as section ratio, surface area

ratio, end constraint and taper type are reported in

tables and figures. Especially, section ratios of

the strongest beam are calculated, under which the maximum frequencies are achieved.
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Table 2 Effects of taper type and end constraint on
B e B e e B e B e e EE frequency parameter, C;*
0
IIIIIIIIIIIIIIIIIIIIIIII Freuenc arameter,q
0 20 40 60 80 100 P End: Ak Taper E v
1A¢ constraint | type | j—3 | j=2 | i=3 | i=4
Fig. 3 Convergence analysis _ Parabolic| 0.812 | 3.364 | 7.631 | 13.598
Linear | 1.008 | 3.405 | 7.868 | 13.643
Table 1 Comparisons of frequency parameter w; be- Parabolic| 1.372 | 4.394 | 9.094 |15.491
. 08| H-C
tween this study and SAP2000 Linear | 1.524 | 4.431| 9.243 | 15.511
End Data Angular frequency, w; (rad/sec) e Parabolic| 2.092 | 5.534 |10.666 | 17.492
constraint*|  source i=1 | i=2 | i=3 | i=4 Linear | 2.249 | 5.488 |10.790 | 17.415
. This study| 3321.3 | 17217.0|37977.4 | 68918.6 . Parabolic| 0.884 | 3.441 | 7.710 | 13.683
SAP 2000 | 3283.9 | 17055.0 | 37863.8 | 68849.8 Linear | 0.658 | 3.411 | 7.524 | 13.654
This study | 5678.4 |21345.9 | 44498 8 | 77352.9 12| g |Parabolic) 1.303 | 4257 | 8941 | 15.334
H-C Linear | 1.125 | 4229 | 8.816 | 15.325
SAP 2000 | 5594.5 | 21142.9 | 44321.5 | 77306.5
Parabolic| 1.820 | 5.172 | 10.275 | 17.089
This study | 8298.1 [26236.9 | 51328.0 | 86569.7 c-C -
c-C Linear | 1.644 | 5.198 |10.169 | 17.151
SAP 2000 | 8195.7 | 26002.9 | 51225.5 | 86526.4
- * o =10.3 for all end constraints and taper types
* H: hinged end; C: clamped end ** H: hinged end; C: clamped end
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7 (a) Parabolic taper, hinged-hinged ends, r=1.2
i i=1,2,3,4: From bottom to top
25—-
20—-
S 154
10—-
5_-
O_III|IIII|IIII|IIII|IIII
0 0.1 0.2 0.3 0.4 0.5
o
30
7 (b) Parabolic taper, hinged-clamped ends, r=1.2
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(c) Parabolic taper, clamped-clamped ends, r=1.2
i=1,2,3,4: From bottom to top
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Fig.4 C, versus « curves: (a) hinged-hinged; (b)
hinged-clamped; and (c¢) clamped-clamped
ends
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