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ABSTRACT

The differential equations governing free, in-plane vibrations of stepped non-circular arches are derived as
nondimensional forms including the effects of rotatory inertia, shear deformation and axial deformation. The
governing equations are solved numerically to obtain frequencies and mode shapes. The lowest four natural

frequencies and mode shapes are calculated for the

stepped parabolic arches with hinged-hinged,

hinged-clamped, and clamped-clamped end constraints. A wide range of arch rise to span length ratios,
slenderness ratios, section ratios, and discontinuous sector ratios are considered. The effect of rotatory inertia
and shear deformation on natural frequencies is reported. Typical mode shapes of vibrating arches are also

presented.
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Fig. 13 Example of mode shapes( s=50)

FAEF Aot & ¢ & Utk

Fig. 11& o}Ae] AtAeml =02, AA =50, ¥
S7H =02, ABAF  p=0301%, FA-3|H(A4),
AA-2(YHAN), 2A-TH AN @yzads Ze
A% widd TEA 01X 244 nfATE Cof @
Bl nAtelel BAIE YERA Zlelth o] a@EeA vd
H7} F7bske A9 FA nRlEeE 3 SUMEE ¢
g Atk

Fig. 12= o}Algo] AkZoldl /=02, AAu) =50,
HHl =4, AAE p=030]3, HA-FH(AAN), A
(LA, 1@—1’@(’21*4)9] 92231 e
HaE X234 obxe] BXY nf1FF C.9 BY
Bl zAto]9] BAIE viehd Folct of 1HEAM &
7L Fske 7Y 1435 e 38 FAEE

g omr o R

e

-

wo 12 b we r>‘
b rg
T T e

4

AZkAolH] 02, THH] p=4,
02, JEAF p-030]1, IH-3)Ag GRz
BdS Hdd XEA ofx9 AEFS Fig. 13
{ s=50)3} Fig. 14( s=150)°l ==&},

4.4 E

£ AFE 295 MUY o nhn A52%e B

7ol o] AIAE WEA o Plinse] 48T
ds B § RPN 01%'3}01 4,
94 2 AUV IAE Tejd BA% WL oY

hinged-hinged, £=0.2, s=150, n=4, t=0.2, u=0.3
: undeformed, : deformed

Fig. 14 Example of mode shapes( s=150)

2 neshgn

%3 Hw AneA SAuA olxel Ade Yehle %
AL WS okAzol xw'olul Aﬂ"&ﬂl, oy ¥ 29
s77me Waol BE P09 1454 B NEEE A

4RE=7HA] Adesta, 1 AdE ‘“*?5}%‘3}

5.

2

ity
Ao
s

(1) Den Hartog, J.P., 1928, “The Lowest Natural Fre-
quency of Circular Arcs,” Philosophical Magazine,
Vol. 5, pp.400~408.

(2) Laura, P.AA. M.J., 1987, "Recent
Research on Vibrations of Arch-Type Structures,”
The Shock and Vibration Digest, Vol. 19, 6-9.

(3) Tufekci, E. and Arpaci, A, 1998, "Exact Solution of
In-Plane Vibrations of Circular Arches with account
taken of Axial Extension, Transverse Shear and

and Maurizi,

Rotatory Inertia Effects,” Journal of Sound and
Vibration, Vol. 209, pp.845-856.
(4)Oh, SJ., Lee, BK and Lee, IW., 2000, "Free

Vibrations of Non-Circular Arches with Non-Uniform
Cross-Section,” International Journal of Solids and
Structures, Vol. 37, pp.4871-4801.

(5) Borg, SF. and Gennaro, J.J., 1959, Advanced Struc-
tural Analysis, Van Nostrand.

- 947 -



