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Abstract

This paper deals with the free vibrations of horizontally curved beams partially supported
on elastic foundations. Taking account of the effects of rotatory inertia and shear defor-
mation, differential equations governing the free vibrations of such beams are derived, in
which the Pasternak foundation model is considered as the elastic foundation. Differential
equations are numerically solved to calculate natural frequencies and mode shapes. The
experiments were performed in which the free vibration frequencies of such curved beams
in laboratorial scale were measured and these results agreed quite well with the present
studies. In numerical examples, the circular, parabolic, sinusoidal and elliptic curved mem-
bers are considered. The parametric studies are performed and the lowest four frequency
parameters are reported in tables and figures as the non-dimensional forms, Also the

typical mode shapes are presented.
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Fig. 1 (a) Winkler foundation
(b) Foundation with continuity effect
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variables

- 107 -



5382 A43d AS5ZE 20019 94U

Zolth, ¥¥ R, RE AN HEOE 7
7 w9gely FHuAS MEPRIol of &
goldE 93 Auel ¢ W AAL TS B
g +o% Zad zago2A AuugyRel
AT AeNy ERE TEET

Fig. 3¢ AFA ¥4 mlagsd Hgse ¥
52 ugd e M. T R QE ¥ EUE, v
£Y TAEY HQRAOL F,. Cp R GE®
7o +3YY BAY, NAVYSY % VE
PB4l PAnLtie] AgIHE B3
3 249 % B R, RAlY 38 By
g AR A (D~@) 2o

Q' = pF, = PR, =0 rrrerermseniimmmniniiinnis 1)
M —pQ+ THpCau=10 errremerimeaninininns 2)
M—=T +0Cs+ pRy=0werereseesmeennnncncenns (3)

A7IM ()& d/dee) mEd ARt

Fig. 3 Stress resultants, inertia forces and restoring
forces subjected to a small element of curved
beam member

Bagwd wAs: ¥y MT R Q= 4
(4)~(6) 3 7o) & % U@

M=FEIp " ($— T') roereerrerecnmninssninnciniies (4)
T=GJo NI+ @) -rrrereremenmsmnnnnnn (5)
QR=aAGB= @AG(p Lo — T) rererreseenennen (6)

d714 AE BdRY, I JE FAEHES] 9 2
ARYME R ¥ERYF, ES Gt MES B4
A+ R AGGAASF, ot SAYAA BE A

2 JHEe w9dod
Ayepye F, 548499 C,2 WS

Fu=—A@y e )
Cop=—mIw? W iriirmieininiiin (8)
Cy=—mIp@P P rererersesrsnieenniininiieinens (9)

A7\ me FAANES AFYE, ov IHZER
4 (rad/s) oItk

ojade] 3 ¥ AAPY HEANA 4 (6)e] A
iy ase|T, 4 (8)°] INHBAAFAoITE 4
(D~ 718 BAEE o]&3td BdA
el Ed FARAY A AFAFES Auwjdte
718 njENANE 4 F UL, SHANT
FHNY R, o ANY R A54E #e A
winyel Mo ulelr AP A

B AFdAE MENM AF§ uisg} ol
Ae e Aurygoz ¥ sl AREZ Ayt
€ X @35lE Pasternak 238 A9 stdoh Fig. 4
¥ Pasternak Z%F o] ¥A JFAFA] @A
HEFHoE A GEAE Yebd HLeZ B
= Auta Pste GAE, ke Winkler A4HA<,

%
54

ef————— P

B ——»

e

ol vndeformed; _ _____ Q) S

! i 1
I

=TT - - !

deformed v ¢
GI'
v
R,
R,

Fig. 4 Restoring forces of Pasternak foundation
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Table 1 Comparisons of c¢; between this study and

experiments *
. Expe-
End _ This study rirngnts I(SXOE()%%
con- 1 -
traint | @i(rad/| w;(rad/| "% 109
strain i s), A s), B
. 1| s48| 181 193 6.6
N HE R A
. 3| 57.78 1 +12,
hinged | | j0468 | 2230 | 2040 +85
. 1| 928] 198 187 +56
Hinged | 5| 3373 709 154 63
3| 6818 14 141 +2.
clamped |y | 198745 | 2523 | 2321 +80
clamoed | 1| 1538|328 313 +46
amped | o5 1 4017 lggg 1§og +(15.<3)
3| 7954 1 -1,
calmped | 4113091 | 2831 | 2712 +42

* parabolic, /==0.3464 m, A=0.1039 m,
I=5.4x10""m* I,=1.40x10"%m*.
J=1.9%x10"%m*, E=2.1 GPa,

G=0.75 GPa, m=960 kg/m®,

k=4.5%10° N/m?

G,=428N/m, L,=0.07 m,L,=0,24 m
(f=0.3. s=200. 5,=39. e=1.25. p=0.30.
A=21. g=1.59, 5=0.02. m;=0.2, m,=0.7,
(l),'=2]..36‘,‘)
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FHRE PEHOE AXHT Sl @A
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e folm Awe) Yol7t ALFEE F m, 3ol
ALFS o Y= ANT Qo G, ¥E (ratio) el
A B F ARl Al 3 ARENE @A e
BTl e A2 A ¢ F Yo 5 A 3%
E9 AfolE BAALY FFo) A9 Pt AL
¢ % Yok A 3REJH MEY ZEQA AE AT
3 gAANE HEW RERTE § T o
dYgHel 2 e ¢ F Utk
FAR7F RRAAAE ASE F5 Wl 4
}og ctde] FXeY AAAME  m=0.2
m=0.12 4l $ANY AHE 1Y
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24-94, A4-24, 39-339) w2 &4

Table 2 Effect of partial foundation length on ¢; *

Frequency
my parameter, c¢;

i=1i=2|i=3 i=4|i=1]i=2]i=3|i=4
0.0 | 6.88 |29.69]54.28{67,29| 1,00 { 1.00 | 1,00 | 1.00
0.2 | 7.91 }30.75|54.29(68.22| 1.15| 1.04 { 1,00 | 1.01
0.4 110.71]32.31(54.30168.53| 156 | 1.09 | 1.00 | 1.02
0.6 113.95{32.49154.31(69.51| 2.03 | 1.09 | 1.00 | 1.03
0.8 16.29{33.75(54.32169.82| 2.37 | 1.14 | 1.00 | 1.04
1.0 [16,78}34.65]|54.3317067| 2.44 | 1.17 | 1.00 | 1.05

*Parabolic, hinged-hinged ends, /=0.2, s=50, s,= 16,
A=100, g=20, 5=0.02, m;=0

**Ratio = ¢; 0f my [/ ¢; of my=10

Ratio**
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Table 3 Comparisons of ¢ by end constraint and
type of curve

End Type of Frequency parameter, c;

constraint| curve i=1] i=2| i=3| i=4

Circular | 1398 | 3099 | 53.93 | 67.36
Parabolic | 14.62 | 31.81 | 54.16 | 68.80
Sinusoidal{ 14.81 | 32.02 | 54.21 | 69.25
Elliptic 1434 | 31.48 | 54.08 | 68.17

Circular 17.40 | 39.09 | 53.94 | 77.73
Parabolic | 17,90 | 39.75 | 54.36 | 78.87
Sinusoidal{ 18.02 | 39.93 | 54.49 | 79.21
Elliptic 17.71 | 3948 | 54.18 | 7838

Circular 2183 | 47.71 | 53.95 | 88.71
Parabolic | 22.25 | 48.22 | 54.40 | 89.72
Sinusoidal| 22.40 | 48.37 | 5455 | 80.04
Eliptic | 22.05 | 48.00 | 54.20 | 89.28
*f=0.2, s=50, A=100, g=20, b=0.02,
m=0.2, my=0.7

Hinged

hinged

Hinged

clamped

Clamped

clamped
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