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Abstract

This paper deals with the free vibrations of shallow arches resting on elastic foundations.
Foundations are assumed to follow the hypothesis proposed by Pasternak. The governing
differential equation is derived for the in-plane free vibration of linearly elastic arches of
uniform stiffness and constant mass per unit length. Sinusoidal arches with hinged-hinged
and clamped-clamped end constraints are considered in analysis. The frequency equations
(lowest symmetical and antisymmetrical natural frequency equations) are obtained by
Galerkin’s method. The effects of arch rise, Winkler foundation parameter and shear
foundation parameter on the lowest two natural frequencies are investigated.
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Fig. 1. Mode shape and variables of shallow arch resting on elastic foundations
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Table 1. Comparison of frequency parameter C, and C, between
this study and references

Data Frequency parameter
Geometry source 3) G, Shape
hinged | A=0. Present | 1846 (S)" | 48.85(A) |[straight
- k=05 g=2.| Ref. [1]1 | 18.46(S) | 4885(A) | beam
hinged | 4=, Present | 17.09(S) | 41.87(A) |straight
k=2, g= Ref. [7) | 17.09(S) | 41.87(A) | beam
A=10. Present | 41.87(A) | 71.85(S)
E=2. £=0. | SAP90 | 4087(A) | 7090(s) | &ch
clamped | 1=0. Present 28.77 (S) 70.83 (A) |straight
- k=05 g=2.| Ref. [1] | 28.10(S) | 6897 (A) | beam
clamped [ =0, Present | 30.95(S) | 6657 (A) |straight
k=45, g=0.| Ref. [7] | 3064(S) | 6524 (A) | beam
A=5. Present | 43.41(S) | 64.72 (A)
k=2 g=0. | SAP%0 | 4316(S) | 6260(a) | &ch

* S symmetric mode, A: antisymmetric mode
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Fig. 4. C; vs k curves(hinged-hinged) Fig. 5. C; vs % curves(clamped-clamped)

217



A, A g=39 O AFA2AM O, [0 At dAIERE, @ B Ac qAAIFTEA g n
FAESFE e 3o

Fig. 4% 5% #z} ¢<3d 9 ¥2A oA 9 FAY LHITTS WinklerA| A k2
2AE Jed Aotk Fig. 49 (@~de Z& 4=0, 4, 8 109 H¥ H}oln, Fig. 59
(@)~(de dZF i=0, 6, 9, 12 tiF AFolth o] ZHFEANAN 7139 HE&L &AM Fig. 29 3
A et o] aYelM WinklerAWAT k7 F7bste 3¢ 2RAFTFE 33 S
¢ 5 Ut

.4 &

o] =F& AT 9o F 2 olXe ARKAF FF ATEA € ATEAE 8%
Astd ohg3 #2o

D F A diAdsz TAHE G4AN o $UA ¥ olx g A{AFS AW o
AN E FEIILY, Fd EHAY DA E dnRge] GRzPE Z= Fdob
X & A 43t Galerkin method2 3443t At.

2) WA 2 duANEYH U AAA /AT FHAE FEEG A 27) 2 299 A)
A&t

3) B 479 B3y FH4E vastd 4E2d 143FF T84S AF9

4) AXFREAN FA DHFAFFY olXxo], WinklerAWHAIG, AGX A Atojo]
AE E43tArt

2 =2 #I3%sIZADY Ged 7y AY(KRF-98-001-E01895)9] ¢}3te] o] Foly
A7ZAAY] dREA AEGTY A7H A9 A=Y

FaEd
1. olHF, 1994, "Ad3 < Ze @R ¥ 29 AFAF A4, 337283 =83,
A6d A3Z, pp.107-115.

2. Yokoyama, T. 1996, "Vibration Analysis of Timoshenko Beam-Columns on Two-Parameter
Elastic Foundations,” Computers & Structures, Vol. 61, pp.995-1007.

3. Laura, P.A.A. and Maurizii, M.J, 1987, "Recent Research on Vibrations of Arch-Type
Structures,” The Shock and Vibration Digest, Vol. 19, pp.6-9.

. Selvadurai, A.P.S., 1979, Elastic Analysis of Soil-Foundation Interaction, Elsevier.

. Simitses, G.]J., 1976, An Introduction to the Elastic Stability of Structures, Prentice-Hall.

. Chen, WF. and Lui, EM,, 1987, Structural Stability-Theory and Implementation, Elsevier.

. Abbas, B.A. and Thomas, J, 1978, "Dynamic Stability of Timoshenko Beams resting on an
Elastic Foundation,” Journal of Sound and Vibration, Vol. 60, pp.33-44.

i e IO ) B

218



