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Free Vibrations of Tapered Cantilever-Type Beams with Tip Mass
at the Free End
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Abstract : The purpose of this paper is to investigate the natural frequencies and mode shapes of tapered
beams with general boundary condition(translational and rotational elastic support) at one end and carrying a
tip mass of rotatory inertia at the other end. The beam model is based on the classical Bernoulli-Euler beam
theory which neglects the effects of rotatory inertia and shear deformation. The goveming differential
equation for the free vibrations of linearly tapered beams is solved numerically ucing the corresponding
boundary conditions. Numerical results are compared with existing solutions by other methods for cases in
which they are available. The lowest three natural frequencies and the corresponding mode shapes are
calculated over a wide range of section ratio, dimensionless spring constant, mass ratio, and dimensionless

mass moment of inertia.
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Abstract : The differential equations governing free vibrations of the elastic arches with unsymmetric axis
are derived in the rectangular coordinates rather than in polar coordinates, in which the effect of rotatory
inertia is included. Frequencies and mode shapes are computed numerically for parabolic arches with both
clamped ends and both hinged ends. Comparisons of natural frequencies between this study and SAP 2000
are made to validate theories and numerical methods developed herein. The convergent efficiency is highly
improved under the newly derived differential equations in the rectangular coordinates. The lowest four
natural frequency parameters are reported, with and without the rotatory inertia, as functions of three
non-dimensional system parameters: the rise to chord length ratio, the span length to chord length ratio, and
the slenderness ratio. Also typical mode shapes of vibrating arches are presented.

- 394 -



