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Free Vibration Analysis of Horizontally Curved Beams
considering Warping and Rotatory Inertia
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Abstract

This study explores the free, out-of-plane vibrations of horizontally non-circular curved beams. The differential
equations governing the free vibrations of such beams, including the effects of warping and rotatory inertia, are derived
and solved numerically. The Runge-Kutta method and Regula-Falsi method are used to integrate the differential
equations and to obtain the natural frequencies, respectively. Experimental measurements of frequencies for the laboratory—
scale models are conducted to validate the theoretical results. The lowest three non-dimensional natural frequencies are
calculated over a range of non-dimensional system parameters: the horizontal rise to span length ratio, the
parameters related with slenderness ratios, the stiffness parameter, and the warping parameter. It is expected that the
results obtained herein can be used practically for the design of curved member system including the curved girder bridges.

Keywords : free vibration, horizontally curved beam, natural frequency, rotatory inertia, variable curvature, warping
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