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ABSTRACT

This paper deals with free vibrations of the circular curved beams with constant volume, whose

cross sectional shapes are the circular solid cross-sections. Volumes of the objective beam are always

held in constant regardless shape functions of the cross-sectional radius. The shape functions are

chosen as the linear, parabolic and sinusoidal ones. Ordinary differential equations governing free vi-

brations of such beam are derived and solved numerically for determining the natural frequencies. In

numerical examples, the hinged-hinged, hinged-clamped and clamped-clamped end constraints are

considered. As the numerical results, relationships between frequency parameters and various beam

parameters such as rise ratio, section ratio, elasticity ratio, volume ratio, slenderness ratio and taper

type are reported in tables and figures.
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(a) Circular curved beam with constant volume

—F=F(s/L)

(b) Taper function of the cross-sectional radius

Fig. 1 Curved beam geometry
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Table 1 Comparisons of natural frequency £} in Hz 25 Tinged-clamped ends. parabolic per
between this study and SAP 2000 79=1.5, u=0.4, p=0.05
-1 /=1,2,3,4: From bottom to top
End Natural frequency £)(Hz) , _| ®: Mode alteration between 4th and 5th modes
constraint ¢ : Error(%)* G E 5th mode ~ _
This study | SAP 2000 5] < (0254,16%9)

. 1 182.0 177.7 2.36 2 7
Hinged | 5 745.5 731.0 1.95 £ 15 —_///\
hineed 3 1,174.7 1,157.7 1.45 c‘g_ B

g 4 1,635.1 1,616.6 1.13 2 ]
c 1 —
. 1 255.2 248.8 2.51 ] _
Hinged |5 874.8 862.5 1.41 g
clamped 3 1,176.3 1,158.7 1.50 w 4
Ped | 4 1,808.8 1,787.5 1.18 05 —_\
Clamped 1 336.9 328.9 2.37 ]
et o 1,012.6 992.9 1.95 i |
1 d 3 1,176'7 1’161‘8 1'27 0 ||IIIIIIIIIIIIIIIIIIIIIIIIIII
clamped |4 1,987.5 1,964.0 118 0 005 01 015 02 025 03
4 2 Rise ratio, f
* Error (%)=|1-SAP 2000/This study|x100 Fig.5 C.—f curve
Table 2 Effects of end constraint on frequency
parameter a* 357 Clamped-clamped ends, sinusoidal taper
1 0.1, u=0.4, $=0.05
Taper End Frequency parameter CZ' 3 i=1,2,3,4: From bottom to top
type constraint** - - - - -| ®: Coordinates of mode alteration
—l 2 = = & ] . (0.764,2.468)
H-H 0.118 | 0.489 | 1.123 | 1.467 s s et 5th mode
. [0} -
Linear H-C 0.170 0.593 1.273 1.471 @ B
C-C 0.231 0.706 1.409 1.503 g 2 —
para. | H-H | 0119 | 0497 | 1120 | 1466 g 3
bolic H-C 0.168 0.592 1.261 1.467 o 15
! c-C 0224 | 0695 | 1.407 | 1472 CR.-
Sim. | HH 0.119 | 0494 | 1118 | 1.447 £ 1
soidal H-C 0.167 0.590 1.261 1.449 ]
C-C 0.224 0.696 1.402 1.462 05 -
* f=0.1, d=15 u=04, 3=0.05 3
** H: hinged, C: clamped U e e e L e I
0 0.5 1 1.5 2
Section ratio, d
Table 3 Effects of elasticity ratio v on frequency Fig. 6 C,—d curves
parameter C;*
Frequency parameter C _
Condition | u - - - - IFREF o WaE yeldoh A 1, 2REe
= 7= = 7= ’
O FE2 IO =713 = 7l

Linear | 035 | 0.117 | 0.487 | 1.117 | 1.389 AFAEE A d7F SRl mE o A

taper, 040 | 0.118 | 0489 | 1.123 | 1467 st} Al 3, 429 IS FAHL d7F U

H-H 0.45 0.119 0.490 1.128 1.542 z;s:]!—oﬂ [q.g]_ Cz“—f =7 ].O]_;]_ J,]];H;‘q_g_ Hol _‘F?‘_oﬂ 1;]_/\]

0.50 0.120 0.490 1.131 1.614 -
A1 ye 7 7 KR FGD]—?')‘
Parabolic | 035 | 0.167 | 0.590 | 1254 | 1388 gadeh weA o7F A7k HE dgts 499
taper, | 040 | 0.168 | 0592 | 1261 | 1467 Aelstd FAoR ARk FAEE AAT & 9
H-C 045 | 0.169 | 0593 | 1266 | 1.543 th. MZ FA% FHHE (0764, 2.468)°014 EE=wsh
0.50 0.169 0.594 1.270 1.615 o] lit]—xg—{sl-]j-

Sinusoidal | 0.35 0.223 0.693 1.351 1.426
taper, 0.40 0.224 0.696 1.402 1.462
C-C 0.45 0.225 0.698 1.418 1.526
0.50 0.225 0.700 1.426 1.595

* f=0.1,d=15 5=0.05
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\ E H: Coordinates of mode alterations E,'_}dig] 24]79,-3— ?—:]73‘3}‘:}. o] Eif?‘l‘ E,'_}dig] Z]"ﬁ’%l
v 2] 52 Alshs AVERAE FEST, oF 44
£ L] 5th mode s Aste] A ARl EFE AAESGit) of A
® ] / =13 =
g . (0.0362,1.463) (0.165,1.477) of FASA Ars 2Aste] ojdl AES 2o
A N s et gk

] (1) 72 ARRlEF O aA-1A>3 -l
0.5
. A>34-31d A3 sME A
0 Q) =olv] f7F FUFskE o AAshe Aol
0 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2
Volume rat, QA mEM} WY TRANE 08lE F
Fig.7 C,—f curves Vi R A= i
@) A3 50 Fohe o g,
5 - Hinged-clamped ends, parabolic taper (4) T(:l‘}‘é 7"”_/11 H] u t?% iﬂ@]ﬂ] ﬂﬂ' %7]:3]—1:5 CI‘—‘E
- f=0.1, d=1.5, u=0.4, B=varied with s, (see Eq. 39) N
7 i=1,2,3,4: From bottom to top '6‘7]'??1'11}

4_' | B Coordlnates of mode alterations N — L -
N (&) & a7k Sk G Hashs Aol
5 ] JAE, agre] 54 oAM= gRtel kst

3
] AiAE B9 Fof ] Fhashs TRt Ak,

z
2 o AT «ARuy U5Y TR R ATHY
Eo g FeRgol AUtPU WaIE FAw
= o g AR sgsla, ol tiak FHsA
] Ane BAste] B AHdwWe 2t Wy

0 T T T T T T T T T T T T T T T T =) 57 = =] = — =]

0 5|o 1(|)o 1éo 200 9 WHslaES AAses 54977 Zasi)
Slenderness ratio, s,
Fig.8 C.— s, curves =
: 5 7
2l3E C_lE 2] =0o|H IAHe AAHo _
T T s ol w20 ARSIl A
“O”O]UE C %)\-O L=k “0970]1;}_ . i{—_/\]?} 35]— 0_]0 SF3Lod t}o °] S Hlo A o
. doz FxATAEe] AdS Wwol ¢hE 7| x4
AYAR=N U
EEIM mEghe] WA TAH ¢190]H(KRF-2008-313-D01036), 71|
Fig.8= sld-arg, x=dl W, /=01, 4 qag 2 gagsel A=,
=1.5, u=04%] FAR| Agn] 5 o W3l u}
TR 1EF o WskeE YeRdth s, 0] F 123
bk ce A2 sl F7hetel wEk o gk
o @A Hite= Adko] Qtl ME TAE (1) Haftka, R. T., Griidal, Z. and Kamat, M. P.,
FEA Rrwslo] dWrAsl ) 1990, Elements of Structural Optimization, Kliiwer
Academic Publisher, Netherlands.
5 4 E (2) Lee, B. K. and Oh, S. J., 2000, Elastica and
Buckling Loads of Simple Tapered Columns with
o] =R AP S zte A J3EH I Constant Volume, International Journal of Solids and
rEAsEsssl=ad/A21 ¥ Al6E, 20114/577



o] W ol B £

H ZH.8 3 o

1 T

Structures, Vol. 37, Issue 18, pp.2507~2518.

(3) Keller, J. B., 1960, The Shape of Strongest
Column, Archive for Rational
Analysis, Vol. 5, pp. 275~285.

(4) Park, J. S., 2010, Minimum Weight Beams
with Shear Strain Energy, Master Thesis, Graduate
School of Wonkwang
University, Korea.

(5) Lee, B. K, Oh, S. J. and Lee, T. E., 2009,
Static Arches with Constant Volume,
of the Society for Civil
Engineering, Vol. 29, No. 5A, pp. 477~486.

(6) Lee, B. K., Lee, T. E, Yoon, H M. and
Choi, J. M., 2010, Free Vibrations of Tapered
Circular Arches with Constant Volume, Transactions

Mechanics and

Industry and Business,

Strongest

Transactions Korea

of the Korean Society for Noise and Vibration
Engineering, Vol. 20, No. 2, pp. 144~152.

(7) Gupta, A. K. and Howson, W. P., 1994, Exact
Natural Frequencies of Plane Structures Composed of
Slender Curved Member, Journal of Sound and
Vibration, Vol. 175, No. 2, pp. 145~157.

(8) Howson, W. P., Jemah, A. K. and Zhou, J.
Q., 1995, Exact Natural Frequencies for Out-of-plane
Motion of Plane Structures Composed of Curved
Beam Member, Computers & Structures, Vol. 55,
No. 6, pp. 989~995.

(9) Kang, K. Z., Bert, C. W. and Striz, A. G,
1996, Vibration Analysis of Horizontally Curved
Beams with Warping Using DQM, Journal of
Structural Engineering- ASCE, Vol. 122, No. 6, pp.
657~662.

(10) Wang, T. M. and Guilbert, M. P., 1981,
Effects of Rotatory Inertia and Shear on Natural
Frequencies of Continuous Circular Curved Beams,
International Journal of Solids and Structures, Vol.
17, No. 3, pp. 281~289.

(11) Issa, M. S., Wang, T. M. and Hsiao, B. T,
1987, Extensional Vibrations of Continuous Circular
Curved Beams with Rotatory Inertia and Shear
Deformation I: Free Vibration, Journal of Sound and
Vibration, Vol. 114, No. 2, pp. 297~308.

(12) Gendy, A. S. and Saleeb, A. F., 1994,

Vibration Analysis of Coupled Extensional/Flexural/
Torsional Modes of Curved Beams with Arbitrary
Thin-walled  Sections, Journal of Sound
Vibration, Vol. 174, No. 2, pp. 261~274.

(13) Kawakami, M., Sakiyama, H., Matuda, H. and
Morita, C., 1995, In Plane and Out-of-plane Free
Vibrations of Curved Beams with Variable Section,
Journal of Sound and Vibration, Vol. 187, No. 3, pp.
381~401.

(14) Lee, B. K, Lee, T. E., Carr, A. J. and Oh,
S. J., 2007, Out-of-plane Free Vibrations of Circular
Strips with Variable Breadth, International Journal of
Structural Stability and Dynamics, Vol. 7, No. 3, pp.
403~423.

(15) Wang, T. M., 1975, Fundamental Frequency
of Clamped Elliptic Arcs for Vibration Outside the
Plane of Initial Curvature, Journal of Sound and
Vibration, Vol. 42, No. 4, pp. 515~519.

(16) Takahashi, S. and Suzuki, K., 1977, Vibrations
of Elliptic Arc Bar Perpendicular to Their Plane,
Bulletin  of the Japan Society
Engineers, Vol. 20, pp. 1409~1426.

(17) Scott, J. F. and Woodhouse, J., 1992, Vibration
of an Elastic

and

of Mechanical

Strip with Varying Curvature,
Philosophical Transactions of the Royal Society of
London Physical Science and Engineering, Vol. 339,
pp. 587~625.

(18) Lee, B. K, Oh, S. J., Mo, J. M. and Lee, T.
E., 2008, Out-of-plane Free Vibrations of Curved
Beams with Variable Curvature, Journal of Sound
and Vibration, Vol. 318, Issues 1-2, pp. 227~246.

(19) Wang, T. M. and Brannen, W. F., 1982,
Out-of-plane Vibrations of Curved Beams on Elastic
Foundation, Journal of Sound and Vibration, Vol. 84,
No. 2, pp. 241~246.

(20) Lee, B. K., Oh, S. J. and Park, K. K., 2002,
Free Vibrations of Shear Deformable Circular Curved
Beams Resting on an Elastic Foundation, Inter-
national Journal Structural Stability and Dynamics,
Vol. 2, No. 1, pp. 77~97.

(21) Issa, M. S., Nasr, M. E. and Naiem, M. A,
1990, Free Vibrations of Curved Timoshenko Beams

578/t ASXNSE&s=58/A21 A A6 &, 2011



)

o]z

= O %

&

A

o

5.3

1K

X180 AHE

°]

on Pasternak Foundations. International Journal of
Solids and Structures, Vol. 26, No.4, pp. 1243~
1252.

(22) Borg, S. F. and Gennaro, J. J., 1959, Advanced
Structural Analysis, Van Nostrand, USA.

(23) Chopra, A. K., 2001, Dynamics of Structures,
Prentice-Hall, Inc., USA.

(24) Shu, C., 2000, Differential Quadrature and Its
Application in Engineering, Springer Verlag, UK.

(25) Carnahan, B., Luther, H. A. and Wilkes, J.
0., 1969, Applied Numerical Methods, John Wiley
& Sons, USA.

(26) Lee, B. K., Oh, S. J, Li, G. and Choi, K.
M., 2003, Free Vibration Analysis of Parabolic
Arches in Cartesian Coordinates, International Journal
of Structural Stability and Dynamics, Vol. 3, No. 3,
pp- 377~390.

l=2&/A21 8 A6z, 20113/579





