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Variation of modal shapes of beams for various amplitude ratio
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Nonlinear Vibrations of Slender Structural Members
*
Kazuo TAKAHASHI and Yutaka NOGUCHI

As the construction scale of bridge becomes larger,bride mem-
bers increase the slenderness ratio and tend to be subjected to vi-
brations caused by a breese or a gust which may endanger its integ-
ty.Since recent bridge construction technology employs steel pilpes
for lateral members,diagonal members and intersection of truss from
the points of taking advantage of weight leighting of construction
and beauty.These members are fixed with constant distance between
panel points.The axial tensile force due to lateral deflection ocC-
curs during vibration.Equations of motion of these members are
governed by nonlinear partial differential equations.This paper out-
lines the solution of nonlinear vibrations of beams or columns,and
describes fundamental discussions on various nonlinear properties.

This problem is analyzed by the application of a Galerkin method
in which the effect of multi-mode participation is considered,and an
unspecified function of time resulting in nonlinear coupled differ-
ential equations of motion is solved by the harmonic balance method.

The stability problem is investigated by studying the behavior
of a small perturbation of the steady-state response which results
in the coupled Hill type equation.This problem is transformed by the
harmonic balance method into the eigenvalue problem of nonsymmetric
matrix. A summary of results is as follows.

(1)The frequency increases with amplitude of vibration.Results pre-
dicted by the present solution agree closely with the experimental
data.The clamped beam exhibits less change in frequency with ampli-
tude than does the simply-supported beam.

(2)The normal mode of nonlinear vibrations of beams changes consid-
erably with increase of amplitude.The normal mode becomes flatter.
(3)The effect of the initial axial force on frequency is conspicu-
ous where amplitude is small and becomes smaller with increase of
amplitude.

(4)The induced axial tensile force due to lateral deflection is ap-
preciably large since the axial stiffmness is much greater than the
flexural stiffness.This will be of pronaunced influence upon the de-
sign of the panel points.

(5)The nonlinear vibrations of beams are affected remarkably by the
effect of the initial static deflection.The frequency decreases with
increase of amplitude when amplitude is smaller than the initial
static deflection,while frequency increases when amplitude is great-
er than the initial static deflection.

(6)Besides simple harmonic response,other branch solutions involving
superharmonic responses and subharmonic responses are found.The theeo-
retical results agree well with the experimental ones.The jump phe-
nomena are recorded experimentally.

(7)In the case of nonlinear response to pulse excitations,amplitude
is not proportional to load intensity,and the period decreases with
increasing load intensity.The simply-supported beam is much affected
by the nonlinear effect than the clamped beam.

*Department of Civil Engineering,Nagasaki University



