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Free Vibrations of Horizontally Circular Cmfved Beams
with Warping and Rotatory Inertia
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ABSTRACT

This study explores the free, out-of-plane vibrations of horizontally circular curved beams. The
differential equations governing the free vibration of such beams, including the effects of warping and
rotatory inertia, are derived and solved numerically. The Runge-Kutta method and the Determinant
Search method combined with Regula-Falsi method are used to integrate the differential equations and to
obtain the natural frequencies, respectively. The lowest three natural frequencies are calculated over a
wide range of non-dimensional system parameters: the horizontal rise to span length ratio, the
slenderness ratio, the stiffness parameter, and the warping parameter. It is expected that the results
obtained herein can be used practically for the design of curved member systems.
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Q' ~oF,=0, M'—pQ+ T+0Cy=0, M— T +pCy=0 (1-3)
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t=—a N¢'+a '), B;=—ElL,a" (¢ " +a'v") (4,5)
M=EIp"W(¢— 0 "), T=—ELa (¢ +a 'w"), ¢=p""0 (6-8)
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Fo=—7Aw%, Cy=—rlw’9p=—p 'viw;v’, Co=—yLw;’¢ (9-11)
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E=x/l, d=y/l, t=p/l, f=Hh/l, p=v/l (14-18)
s=VIJA/l, s,=\VI,JA] (19,20)
e=GJ/(EI), D=EI,/(EIl?) (21,22)
Ci=w;I™ yA/(ED) (23)
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(19), 20049 s s,= AAvl(slenderness ratio)@H Waolm, (21), (24X e De 44 FAA
F(stiffness parameter)$t $1%8 A4 (warping parameter)olth vtAzte 2 (23)49 C,¥ F3Y 1735 F
(frequency parameter)©] v},
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7=0, é=0, 27°=0, ¢ —¢%n =0 (26-28)
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a=2tan ~[4f/(1—4/%)] (32)
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$EY URRAAS SARMGE B GBS AEHYT UBURAL SAHR] ot
o Runge-Kutta®g ol88%, #49 14084 C,8 A&87] 951 Regula-Falsiis 28¢ 92
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¥ 12 479 8Edy FaAd 14385 Hi(e=0.05)
Frequency parameter, C;

Geometry Data source - -
=1 1=2 1=

f = 0.03277 Ref. [1] 18.94 51.84 82.34
s, = 0.0192 Ref. [4] 20.83 58.03 114.2
D= 1467 This study (R,=1.)  20.90 58.08 114.2
7 = 01340 Ref. [1] 19.17 54.43 109.6
sp= 0.005 Ref. [4] 20.84 58.04 114.2
D=101 This study (R,=1.) 2091 58.09 114.3

E 2v HH-3H 939 £ FHRA A9 JAHA 3 228 BAY I/IFTE £ Rojnk
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$50=[2 sin(a/2)]s,, D,=1[4sin*(a/2)]D, C,=[4 sin%(a/2)1C; (33-35)
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Frequency parameter, C,;

a(deg.) Spa D, This study (R,=1.) Ref. [4]
1=1 1=2 7=3 1=1
15 0.02 0 1143 167.9 266.4 114.3
0.001 139.2 27115 573.0 139.2
0.01 1426 574.7 734.5 -
0.1 142.9 5749 1295. 142.9
0.005 0 1334 561.4 575.3 1334
0.001 140.4 5742 1076. 1404
0.01 1427 5749 1295. -
0.1 143.0 575.0 1295. 143.0
30 0.02 0 26.99 87.00 1143 26.99
0.001 20.84 1032 139.2 2084
0.01 33.80 1426 1989 -
0.1 34.86 142.9 3229 34.86
0.005 0 28.00 1334 311.7 2800
0.001 30.39 140.4 3216 30.39
0.01 33.87 142.7 322.8 -
0.1 34.87 143.0 323.0 34.87
45 0.02 0 9827 5157 6327 9.827
0.001 10.60 58.07 72.70 10.60
0.01 1312 62.22 104.8 -
0.1 1472 62.91 142.9 14.72
0.005 0 9.989 5481 1334 9.989
0.001 10.74 59.03 1404 10.74
0.01 13.16 62.29 142.7 -
0.1 14.72 62.92 143.0 14.72
60 0.02 0 4419 2699 60.72 -
0.001 4675 29.84 62.35 -
0.01 5.949 33.80 75.48 -
0.1 7.564 34.86 79.92 -
0.005 0 4454 28.00 71.38 -
0.001 4709 30.39 76.42 -
0.01 5972 3387 7943 -
0.1 7.569 34.87 79.94 7.569
90 0.02 0 1.222 9.827 26.99 -
0.001 1.261 10.60 29.84 -
0.01 1540 13.12 33.80 -
0.1 2403 14.72 34.86 -
0.005 0 1.225 9,989 2800 ~
0.001 1.264 10.74 30.39 -
0.01 1543 13.16 3387 -
0.1 2.406 14.72 34.87 -
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