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The ordinary differential equations governing free vibrations of elastic horizontally curved beams

are derived, in which the effects of rotatory inertia and shear deformation as well as the effects of

both vertical and torsional Inertias are included. Frequencies and mode shapes are computed

numerically for parabolic curved beams with the hinged-hinged, hinged-clamped and clamped-clamped

ends. Comparisons of natural frequencies between this study and ADINA are made to validate the

theories and numerical methods developed herein. The lowest three natural frequency parameters are

reported. with and without the effects of rotatory inertia and shear deformation, as functions of the

three non-dimensional system parameters:

ratio and the stiffness parameter.

the horizontal rise to span length ratio, the slenderness
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Table 1 Comparisons of ¢;* between this study 120

T T T L
and ADINA | 2=50, ,,=22.5, + =106, 1=0.32, R=S=1 4
: Both clamped ends
End . | Frequency parameter, ¢; | Error T
constraint | ° This study | ADINA (%)** 4
Both | 478 4.79 0.21 J
hinged | 2 28.35 28.38 0.11 ﬁ
ends 3 67.22 67.25 0.05 5 B
Hinged | 1 10.16 10.14 0.20
clamped | 2 37.15 36.96 051
ends 3 79.72 79.00 091
Both 1 16.31 16.20 0.68
clamped | 2 46.83 46.23 1.30
ends 3 93.12 91.37 1.92
*f=0.2,2=75, A,=67, €=0.26, u=0.32, R=5=1
** Error(%)=11— (this study/ ADINA)|x 100
Fig. 3 ¢; versus f curves
Table 2 Effects of rotatory inertia (R) and
shear deformation (S) on ¢; for hinged- S ——
. —
clamped ends™ | f=0.2, A,=0.45\, + =1.06, 11=0.32, R=8=1
: Both clamped ends ]
Frequency parameter, c; L
f R S
€ Cy €3
0.1 0 0 20.79 67.29 74.19
1 0 20.69 £66.29 7327
0 1 13.93 4555 73.09 .
1|1 13.90 45.22 73.09 s
0.2 0 0 16.46 56.57 73.98
1 0 16.39 55.82 7397
0 1 11.05 38.41 73.20
1 1 11.03 38.16 7313
0.3 0 0 1242 45,30 73.35
1 0 12.38 4478 73.27
0 1 8.32 30.78 63.84
1 1 8.31 30.61 63.25 N
*A=50, 2,=22.5, e=1.06, £=0.32 Fig. 4 c¢; versus A curve
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Table 3 Effect of shear parameter ¢ on ¢; for
both clamped ends*

B Frequency parameter, c; Ratio™*
<1 Co [&]

0.20 16.93 47.04 7342 0.9962
0.25 16.94 4732 7351 09974
0.30 16.96 4751 7358 0.9983
0.35 16.96 47.64 7362 0.9989
0.40 16.97 4774 73.65 0.9993
0.45 { 16.98 47.82 73.68 0.9997
0.50 16.98 47.89 73.70 1.0000

* f=0.2, A=50, A,=22.5, e=1.06, R=S=1
** Ratio of each ¢; to ¢; of #=0.5

c;=73.1

f=0.2, . =50, »,=22.5, - =1.06, «=0.2, R=§=1
———————————— : Undeformed axis

. Both clamped ends

— — — — : Hinged-clamped ends

—————— : Both hinged ends

Fig. 5 Example of mode shapes

/= LZ2RS

O

gE=8/A 1348 A1=E, 2003

Table 1 B Fig. 3, 425 & 7324 /05T
o e TA-LY, AA-2H, Q-5 ue A
= A

Table 32 APWHF p 7t FAY 72/ AFF ¢ 9
15} 3T

1
42 ¢ Ak F o] HAM p=0.50 dHF
©=0.22 c; 9 ¥& 099620 Estd oF 04%

[e]
0] 9GS ul$ I} 47t AV)E FAEAE £
3

£=0.32, R=S—19 79o] #4u 59 AE
2 ygig, oldd 15
Wele) 9% ¢ % 4 o

ol o F23 FH A

Koo oogh ¢

o
8
o
oX
X
2
o
E
oft
tlo
b
- %
s
4
o
5

do rlo

olo X,
{E oj
oo

oft (i Ly

tlo oXx ;&
-!m -
I T
> 3
32
o,

ol
ox
1>
ulo

tlo M
2
it
_Orl_r‘
38
&

e rﬁ H o 4
o]
ﬁ 5 &
©
2 g
%
S} ofd
]
tlo c};&
oo
2 b
ne
2 K
22
iin]

o o
o
O
o

(1) o] =&dlA d&ad LHdFF ADINAY
Ao} vf¢ A
(2) ZRAFre 2Y-24, Sd-24. 3

Hel &ME HArh

) T8 S o =]
2AA LRAEFE g2,
(6) AR F7he IRAEFFE TN
(7) Adgo) 277 afREsel vAs GF



E=4
o) Aol Qoln AHEL FM BF FH 2
2ol BA AN TRASSE A5 4%

(1) Shore, S. and Chaudhuri, S., 1971, "Free
Vibration of Horizontally Curved Beam,” Journal
of the Structural Division, ASCE, Vol. 98, No.
ST3. pp. 793~796.

(2) Laskey, A. J., 1981, Out-of-plane Vibration
of Continuous Circular Curved Beams Considering
Shear Deformation and Rotatory Inertia, M. S.
Thesis, University of New Hampshire, USA.

(3) ol®l, upF, A7, BATH 1996, "8 A
A AgHE S TEgh d&FHAEe] 3%
A gtz E =T, AsH, A3, pp
197 ~ 206.

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

(5) Kang, K., Bert, C. and Striz, A. 1996,
“"Vibration Analysis of Horizontally Curved Beams

dRargdssEE =R /A 134

with Waping Using DQM.” Journal of Structural
Engineering, ASCE, Vol. 122, No. 6, pp. 657 ~ 662,

) ol 1998, "AAFFEAC g3 £H H
FAHe] ARHE" dFERFI=TH, 4 18 1,
A 3 %, pp. 303~311.

(7) 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.

(8) Maurizi, M. J., Belles, P. M., Rossi, R. E.
and Rossa, M. A. 1993, "Free Vibrations of
Clamped at the Ends”
161, No. 1.

Three-centered Arc
Journal of Sound and Vibration, Vol
pp. 87\189.

o, Mehzl, ofef, 2002, "
7y e ARFE" FSAE

T"};S A12A, A 13, pp. 82~88,
(10) Lee, B. K. Oh, S. J. and Park. K. K,
)

rﬁ rﬁ

ﬁ}%’—t
313
)

=
<)

>l}i
rlr -
o
o o

2002, “Free Vibrations of Shear Deformable
Circular Curved Beams Resting on Elastic
Foundation,” International Journal of Structural

Stability and Dynamics, Vol. 2, No. 1, pp. 77 ~97.

(11) Lee. B. K. and Wilson, J. F.. 1989, "Free
Vibrations of Arches with Variable Curvature,”
Journal of Sound and Vibration, Vol. 136, No,1,
pp. 75~89.

A1%, 2003¥1/69



