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Free Vibration Analysis of Monosymmetric
Thin-walled Circular Curved Beam
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ABSTRACT

For free vibration of monosymmetiic thinrwalled circular arches including restrained warping effect, the elastic strain
and kinetic energy is derived by infroducing displacement fields of circular arches in which all displacement
parameters are defined at the cenfroid axis. The cubic Hermitian polynomials are ufiized as shape functions for
developement of the curved thin-walled beam element having eight degrees of freedom. Analyticdl solution for free
vibration behaviors of simply supported thinrwalled curved beams with monosymmetric cross-sections is newly derived.
Also, a finite element formulation wsing two noded curved beam element is presented by evaluating elostic stiffness
and mass matrices. In order fo illusirate the accuracy and practical usefulness of this study, analytical and numerical
solutions for free vibration of circular arches are presented and compared with solutions analyzed by the FEM using
straight beam element.
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Figure 2 Notation for displacement parameters of
curved beam
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Figure 3 Curved member displacement
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Figure 4 Geometry of circular beam
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Table 1 Natural frequency of doubly symmetric thin-walled circular arch, w*

angle Finite Element Method
mode Analytic solution )
(degree) curved beam straight beam
-1 0.000163042 0.000163042 0.000163042
n= 0.0263765 0.0263765 0.0263765
0 =2 0.00260860 0.00260864 0.00260860
- 0.106089 0.106089 0.106089
-3 0.0132054 0.0132063 0.0132054
n= 0.240886 0.240886 0.240886
-1 0.000000729294 0.000000729424 0.000000738620
n= 331694 3.316967 3.31701
%0 =2 0.0000715601 0.0000715930 0.0000717567
- 3.39899 3.39809 3.39907
=3 0.000848510 0.000849345 0.000849542
- 3.54355 3.54376 3.54364
=1 0.0 0.0 0.0
- 13.1882 13.1883 13.1892
180 B 0.0000117307 0.0000117653 0.0000118912
n= 13.2702 13.2705 13.2712
=3 0.000187355 0.000188229 0.000188351
B 13.4151 13.4160 13.4163
=1 0.000000734806 0.000000734896 0.000000698208
52.6731 52.6735 52.6891
B 0.0 0.0 0.0
360 n=2 50,7547 52,7563 52,7708
=3 0.0000185597 0.0000194384 0.0000191807
h 52.8991 52.9026 529154
64 TIRIIEFTHY =RBE Mo M2s (24 Me%) 1998.6



J=1.414cm’
1,=2,070 cm®

G= 109, 760 kgf/ cm®,

L=4500cm, A=14.4cm’,
L=93cm’, I,=2I3cm’,
E =284, 200 kgf/ cm?,
o= 0.00785kgf! cm®

ofxlof} thgt T dole HAFZR s}
o dAA FAHL ATrkE ®IAA )
Astgon HelE Rod dafA G2t
th X 194 WY AFREe wWe o5
(2,)8t BRI G) o3 BP0 s
Asstr] o, st FFE=e tishe]
u, 9 ol " F 1A 2FFE YRS
o A9 2(18)& o]&3ly 74146}%17
FHRAE o] &3 MM dHaLT E
o|7} 71 AojA= 79360 - )oll tﬂo}ci —*r
HE Hole FARe AHro g49 F
AEEtg) dojd A7z RE FHE 84E
0708 A8 FAE 24F o)8d A
Solle 718teERl AdA8E nEste ofx] 9
Ay 50709 842 Rt ezl
ol gt detxe TRAFTFE MG

Ax, ® 1o YUehd upe} o] B AFA
AASE Ags] g FAR g4d 93 &Y
A7t JAR QAE o83 4 At A
2 & Y3k

5.2 &0 HHS
N g

2 dAdMe

B - [ P

FeAAHT dSHIG
& Zhe 4yl AYgARAE e 5
Ptk dHe] Ao 71sE 243
= ofgfel vEbd Hhel o] N(zs)% 2)(6)°d
oz TN Hojd duHdsR
HEsle] 4 £ Stk EE, © ¥—’F°ﬂ
HEe TEAHE Totsty Ho}oq

qlﬂﬂi.%%lp A(13)% o] 88} Hﬁ@
Aolil WY 2& ouX|AoA FEukE RE

[e}
JrojAE WHASES BASI AR

=

wlﬂ

A OAEHE wEdsne Aes a4
Astolt}
0.5cm X2y
— :
Hem X3
‘l
Deom
A=12.5cm?, E= 13,000 kgf/ cm®,

G=28,000 kgflcm®,  J=1.04167 cm®,
e;=8.61538 cm, I,=133.38542 cm",

I, =67.91667 cm’, I,=5682.1302 cm®,
Is=—1585.12821 cm®, Ly =—100.0 cm®,
7465.7298 cm’, Iy = 282.051 28¢cm®,
Ly =—41.666667Tcm’, o= 10.00785 kef/ cm’,

By =16.10417 cm®, By =—1.06209 cm®

]¢¢2 =

Figure 5 Cross section and section properties of the
monosymmetric circular arch
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Table 2 Natural frequency of monosymmetric thin-walled circular arch, L = 1200.0 cmx, a)2

angle q Analytic solution Finite Element Method
{degree) mode Method 1 Method 2 curved beam straight beam
B 0.0000339233 0.0000339267 0.0000339253 0.0000343869
n=1 504119 503195 504119 503139
% o 0.00422112 0.00422282 0.00422183 0.00423705
4.18083 417178 4.18083 4.16936
~ 0.0694180 0.0694720 0.0694431 0.0696487
n=3 3.27466 3.26620 327472 326202
=1 0.0 0.0 0.0 0.0
20.7490 21.6751 20.7490 20,6753
180 =0 0.000613810 0.000614069 0.00061439%6 0.000622853
18.4340 18.3614 18.4340 18.3528
=3 0.0125648 0.0125775 0.0125835 0.0126632
15.1514 15.0815 15,1514 15.0613
=1 0.0000324325 0.0000324352 0.0000324341 0.0000307968
84.8226 84.2290 84.8226 845388
0 = 0.0 0.0 0.000001 0.000001
79.5830 78.9957 79.5830 78.9973
=3 0.00104492 0.00104583 0.00105948 0.00108232
71.4373 70.8618 71.4373 70.8044
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Table 3 Natural frequency of monosymmetric thin-walled circular arch, L = 250.0 cm, «°

Zteot,

angle g Analytic solution Finite Element Method
mode
(degree) Method 1 Method 2 curved beam straight beam
-1 0.0318090 0.0318883 0.0318105 0.0324411
n= 81.7402 80.7971 81.7402 80.4651
0 -5 13.4646 13.5891 13.4656 13.8222
"~ 30.5850 29.9947 30.5856 29,5564
-3 33.3731 32.7736 33.3749 32.3064
"= 240.323 242.070 240.361 245.689
- 0.0 0.0 0.000001 0.000005
= 406.684 398.763 406.684 397.025
180 - 1.29962 1.31524 1.30018 1.35617
"~ 205.099 198.608 205.100 194.984
-3 67.8975 £9.3936 67.9272 719117
n= 99.9679 95.7551 99.9767 92.7175
- 0.0232171 0.0232263 0.0232178 0.0221255
n= 1848.46 1782.94 1848.46 1771.16
360 - 0.0 0.0 0.000174 0.000169
n= 1314.98 1255.03 1314.98 1233.14
-3 3.74659 3.85965 3.75927 4.13519
= 725.235 676.009 725.259 648523
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