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Free Vibrations and First Critical Loads of Tapered Columns
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ABSTRACT

The main purpose of this paper is to present both the natural frequencies and the first critical

loads of tapered columns. The ordinary differential equation governing the free vibration for

tapered columns under compressive axial force is derived. Three kinds of cross sectional shape are

considered in the governing equation. The Runge—Kutta method and determinant search method

are used to perform the integration of the differential equation and to determine the natural

frequencies, respectively. Additionally, the bisection method is used to determine the critical loads.

In numerical examples, the effects of compressive axial force on the natural frequencies of tapered

columns are investigated varying the end conditions. The first critical loads of tapered columns are

determined on the basis of dynamic concept. The effects of cross sectional shapes are shown and

some typical mode shapes are also presented.
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Fig. 3 Dynamic stability of column

Table 2 Comparison of nondimensional natural

frequencies(k=1)

Geometry Frequency parameter, C,
Reference

and load* =1 =2 1=3

Table 3 Comparison of critical loads

Critical loads
Geometry Reference - -
=1 1=2
H-H Present 13.009 52.012
m=1,n=3
k=12 ref.[7] 13.010 52.011
H—-H Present 11.786 47.068
m=1,n=1
k=14 ref.[7] 11.785 47.067
H—-H Present 39.478 157.91
m=2,n=4
k=2. ref.[7] 39.478 157.90
H—-C Present 20.191 59.797
k=1 ref.[14] 20.191 59. 680
C~C Present | 39.478 80.767
k=1 ref.[14] 39.478 80.763
F-C Present 4.6745 35.921
m=2,n=4
k=1.26 ref.] 14 4.6750 —

Table 4 Equations of first critical load(1 <£<3)

Cross sect- End Equation of first critical

ional shape |condition load

Depth taper | C — C | p.=—6.32+30.7k+ 14.9%'
(m=1,n=3) po=—3.05+154k+7.81%
po=—1.014+6.70k+4.16£"
pe=0.640—1.33k+3.18%"
Do =19.7+20.9%—1.03%
bea=10.1+10.6k—0.437%*
ba=4.93+511k—0.161%
pe=0.739+1.77/k—0.0399%*

|

Breadth taper
(m=1, n=1)

po=1.40—1.65k +39.9%"

Diameter .

— b =20.2k

taper B b= 08T
(m=2,n=4) A

MTT ORI OmTT
\
oOxmaocomooox o

|

bu=5.47—11.2k+8.35k

H-H Present 8.8276 38.479 87.884
»=1.9739 ref.[3] 8.8276 38.479 87.834

H~-C Present 12.001 46.367 100.54
p=28.0761 ref. [ 3] 12.033 46.313 100.43
C ~-C Present 14.294 52.026 110.78
p=23.687 ref. [3] 14.357 53.111 111.76
C - F Present 1.6247 20.526 60.448
p=1.9739 ref. [ 3] 1.6249 21.273 60.764

* H : Hinged end, C : Clamped end, F : Free end
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