Free Vibrations of Curved Members Resting on
Elastic Foundation with Continuity Effect
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Abstract

This paper deals with the free vibrations of horizontally curved members resting on elastic foundations with
continuity ¢ffect. Taking into account the effects of rotatory inertia and shear deformation, differential equations
governing the free vibrations of such beams are derived, in which the Pasternak foundation model 1s considered as
the elastic foundation with continuity effect. The differential equations are solved numerically to calculate natural
frequencies and mode shapes. The experiments were performed in which the natural frequencies of such curved
beams in laboratorial scale were measured and these results agree quite well with the present numerical studies. In
numerical examples, the circular, parabolic, sinusoidal and elliptic curved members with the hinged-hinged,
hinged-clamped and clamped-clamped end constraints are considered. The parametric studies are conducted and the
lowest four frequency parameters are reported in tables and figures as the non-dimensional forms. Also the typical
mode shapes are presented.

Keywords ' continuity, curved member, free vibration, pasternak foundation, shear laver, mode shape, natural
frequency
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Fig. 1 (a) Winkler foundation and (b} Foundation
with continuity effect
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Fig. 3 Stress resultants, inertia forces and restoring
forces on an element of curved member
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Table 1 Comparison of ¢; between this study and
experiments”

End . This study Experi-) Bivor(%)
. : ments |A—-BI|/B
constraint c w; A w: DB %100
Hinged 1 15.54 325 290 12.1
- 2 29.01 606 575 5.4
hinged 3 60.42 1263 1102 14.7
4 106.3 2222 2050 8.4
Hinged 1 16.00 ‘334 311 7.4
- 2 36.23 57 784 3.4
clamped 3 70.46 1473 1423 3.5
4 120.0 2508 2321 8.1
Clamped 1 20.30 4“«34 398 6.5
~ 2 42.55 889 821 8.3
clamped 3 81.63 1706 1626 4.9
4 134.3 2807 2716 3.4

*

parabolic, /=0.35 m. £2=0.105 m. I=5.4x10""m’
L,=1.40 x10 *m*, /=1.89x10"" m*, E=2.1 GPa,
G=0.75 GPa, m=960 kg/m", k=4.5x10° N/m?®
G,=428 N/m ( f=0.3, s=202, s,=40, e=1.25,
£=0.30, A=21.4, g=1.64, 6=0.086. w;=20.9¢;)
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Table 2 Comparison of ¢;” by end constraints and
types of curve

End Shape of Frequency parameter, ¢;
constraint member i=1 | i=2| i=3! i=4
Hinged Circular 14.94 | 31.9853.94|67.47
- Parabolic 15.54 1 32.81|54.32168.75
hinged Sinusoidal | 15.70 | 33.02 | 54.50 | 69.08
Elliptic 15.30 | 32.50 | 54.12|68.23

Hinged Circular 17.50 | 39.49|53.95| 77.86
Parabolic | 18.02 40.20 | 54.37 78.95

clarr;ped Sinusoidal | 18.12 |40.41}54.54|79.25
Elliptic 17.82139.91|54.17| 78.50

Clamped Circular | 21.62 |47.71 | 53.95 | 88.60
B Parabolic | 22.07 | 48.25|54.38|89.61
Sinusoidal | 22.23 | 48.40 | 54.55|89.90

clamped | “gpigtic | 21.86 | 48.03|54.18 | 89.18

* f=0.2, s=50, A=100, g=1, 6=0.02
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Table 3 Effects of g on ¢;* by 4 values

A Foundation shear parameter, g Ratio™
0. 0.5 1.0 1.5 | 20| 2.5
1 1653|6611 668]674(681]|6881|1.054
101 7.74 | 7.80 | 7.86 | 7.92 | 7.98 ] 8.04 | 1.039
102]15.24|15.27115.30|15.3315.36} 15.39| 1.010
103(43.74143.74|43.75 | 43.76 [43.77|43.78 | 1.001
104]55.22|55.22]55.22 | 55.22 155.22( 55.22| 1.000
* elliptic, hinged-hinged, f=0.2, s=50, 5=0.02
** Ratio of (¢, of g=2.5) to (¢, of g=0.)
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2nd mode(flexural mode) : ¢, = 40.20

Fig. 11 Example of mode shapes
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