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DYNAMIC BEHAVIOUR OF, CANTILEVER BEAMS 

A. R. Chandrasekaran* 

l'ynopsis 

A number of structures, like chimneys and stacks act as cantHever beams. This paper 
deals with the dynamic behaviour of such beams taking into account bending, shear and 
rotatory inertia deformations. . Equations of motion have been given. Theoretical and 
numerical solutions are discussed. Natural frequencies of vibration have been determined 
for linearly tapering beams. First four modes of vibration have been determined. Slender­
ness ratio and taper have been varied. The variation of frequencies as a function of the 
various parameters have been presented in the form of graphs. 

1-Introduction 

Cantilevered structures like chimneys are generally tapered and have different slender,. 
ness ratios depending upon their height and material of construction. The behaviour of. 
tapered cantilever beams subjected to either pure bendinglt or pure shear2 deformations 
have already been worked out. However, a beam under vibration has bending, shear and 
rotatory inertia deformations acting simultaneously3,4.5. 

In this study, natural frequencies of vibration, corresponding to first fOUi:"mod~s 
of vibration, have been determined for tapered cantilever beams. The slendernessftati'o': 
and taper have been varied. . Also, solid and hollow sections have been considered. The 
results have been expressed in the form of· graphs. ' A comparison .h~s ~~en made~}Vith 
pure shear and Pur~ bending cases .. ~ The natural. frequency of . vibration "of ., ~eams has. a: 
value closer to pure'bc:mding case corresponding to lower modes of vibratioiiarid larger' 
slenderness ratio and tends to those of pure shear case for higher modes of vibration and 
smaller slenderness ratio. " .. 

~, j;:>- , 2-BasicEquations of the Problem 
(,,'''',''.''. 

The following assumptions are made in sdlving the problem. The 'materi~lbt'Wht6tli> 
the beam is made is homogeneous, isotropic and behaves elastically. The cross sectiops 
remain plane in bending. The cross section in shear! are free, to watr.pCibutthe resulting 
axial inertial forces are neglected. Only small osciUations are to be'oofisidered., A beam 
model satisfying the above assumption is generally known as Timoshenko Beam. 

Considering the rotational and franslational equilibrium of elastic and inertial 
forces4, we have 

v 

M 

= -uAG 0):'8, 
ax 
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t Refers to serial number Qf references listed at the end. 

:j:The letter symbols adopted for use in this paper are listed alphabatically in appendix. 
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