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Spatial Free Vibration and Stability Analysis of Thin-Walled
Arches with Variable Curvature

I R 3eq
Seo, Kwang-Jin Min, Byoung-Cheol Kim, Moon-Young
ABSTRACT

An improved formulation for spatial stability and free vibration of thin-walled curved beams with
variable curvature and non-symmetric cross sections are presented based on the displacement field
considering the second order terms of finite semitangential rotations. By introducing Vlasov's
assumptions, the total potential energy is derived from the principle of linearized virtual work for a
continuum. In this formulation, all displacement parameters and the warping function are defined at the
centroid axis so that the coupled terms of bending and torsion are added to the elastic strain energy.
Also, the potential energy due to initial stress resultants is consistently derived corresponding to the
semitangential rotation and moment. The cubic Hermitian polynomials are utilized as shape functions for
developement of the curved thin-walled beam element having eight degrees of freedom. In order to
Hlustrate the accuracy and practical usefulness of this study, numerical solutions for free vibration of
arches are presented and compared with results of other researchers and solutions analyzed by the
ABAQUS's shell element.
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53 FHSIEE g WEau] ofx|el 3XHH ot sy
Z
X3
4cm X2
-~ |=—1.5cm
(b) okxe] ©H
obxo] By

a9 5¢ v gHses g ¥o Wy XEA oxE YER: lth oA ©e 3¥ 5(b)

ol o} 23 Mo AMRE AEdT 2 dHASE G2 2tk
L=5cm, h=20cm, E=2040,000ks/cm® , G = T84,615kg/cm® ,
=6.0cm’, J=234cm', L =80cm', I,=1.12cm’

B dAs g 9 JHEREE) HudE FERE ngn Sugo] 3 dAlsts A foln wuie
Fre F2E A distel Aol A TEA olxe AAHA M FYEr] Y, 2009 F
My 248 °1%’5‘P°‘1 23393 ABAQUSE ©] &3 sldoiAe dHe] tigted 47), dopddroz 407§
2 o|&slo] & 160719 YA E AlE3Ien dais 9¥H ZAAAHRES HLsgd E 38 ALy



© o)
Ao
!4

of diate] aHEalA Ang
of

ATelA HAG R A% A A7E ABAQUSE

E 3 uhe dds) 224 olxe A2eE

buckling loads thin-walled ABAQUS
! 8 curved beam element (shell elements)
P 19928 19915
<« 282775 -28938.0
6.4 =2
2 AT

A wug degwel 748 Ywapng)E3E nelstn F9¢ Sudel 24 Tgehe
o) wAde SQdel SO gl gelgezi 320l dat UYY e T 4F 9 A4S
A% #4o] 15 S4el2L AR Hermition THE4E

=)

Fatgich 2 A79 BRAES AFE] fstd e 472 R ABAQUSE o] &3t4 Hladion I
39S 2o A =gdid.
geAAg AT gd obx9 Ao dig ARAF WM sHstd dE A7 AN vng

uE E% 13} et obx 9} 324 ARAF 4E Fést] ABAQUSS d24F 0|83 3
sgon 1 23 W 5L AVNY IR Qad g oAUt BAsdey wele A
A 5t

72 %
A9 TEY obA9 34E ATANE ¢ 23, & AT o4 25ko) ABAQUSS] I o
237) 42 2 AGGT o o
2 AT Ao AxxAH vjhd HEYRS 21 TFo] Was FHnY 43
jol H5# o2 AANSAD oF olg3 fB8L 227 ;
% gle Aoz Wy,

. Papangelis, T.P., Trahair, N.S.(1987). “Flexural-torsional buckling test on arches.” J. Engrg. ASCE,
113(7), 1433-1443. ’

2 Yang. Y.B. Kuo, S.R.,(1987). “Effect of curvature on stability of curved beams.” J. Struct. Engrg.
ASCE, 113(6), 1185-1202.

3 Kang, Y J, Yoo, C. H(1994). “Thin-walled curved beams. I * Analytical solution for buckling of
arches.” J. Engrg. Mech., ASCE, 120(10), 2102-2125.

1 lee B K., Wilson, ]. F.(1989). “Free Vibrations of Arch with Variable Curvature.” J. of Sound and
Vibration, 136(1), 75~89

50H. S. ], Lee, B. K., Lee, I. W.(1999). “Natwral frequencies of non-circular arches with rotatory inertia
and shear deformation.” J. of Sound and Vibration, 219(1), 23~33.

6. Tseng. Y. P, Huang, C. S.. Lin, C. J.OS97). “Dynamic Stiffness Analysis For In-Plane Vibrations Of
Arches with Variable Curvature.”, ]. of Sound and Vibrations, 207(1), 15~31

. Chang, S. P, Kim, M. Y., Kim, S. B.(1996). “Stability of Shear Deformable Thin-Walled Space Frames
and Circular Arches.” ASCE Journal of Eng. Mechanics, 122, 844~8%4,

CKim, M. Y, Chang, S. P, Kim, S. B.(1996). “Spatial Stability Analysis of Thin-walled Space Frames.”
Int. J. Numer. Methods Engineering, 39, 499~525.

~J)

oc

-176-



