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RESEARCH ON THE NONLINEAR DYNAMIC BEHAVIORS
OF ELASTIC SUPPORT SHALLOW ARCH"

Yi Zhuangpeng'®  Kang Houjun® Wang Lianhua’
. DCchoot o, L ngineering an rc ltecture, angsna nwersity o, clence an ecnnotogy. angsha N mna
(1. School of Civil Engineering and Archi Changsha University of Sci d Technology. Changsha 410114, China)
(2. College of Civil Engineering, Hunan University. Changsha 410082, China)

Abstract The nonlinear dynamic behaviors of an elastic support hinged-hinged uniform shallow arch with two
torsional springs located at two ends respectively under external excitation are investigated. Based on the control
equation of elastic support shallow arch the multiple scale method was used for the perturbation analysis of inter-
nal resonances, and the averaging equation with its polar form was determined. The influence of the stiffness for
elastic boundary, which has a one-to-one relationship to the corresponding coefficient in the averaging equation,
can be reflected in the natural frequencies and mode shapes of arch structure via the characteristic equation. Then
the 1:1 internal resonance between the lowest two modes was selected as studying object for numerical calcula-
tion. The analytical results show that there exist internal resonance forms for both cross and veer in the torsional
elastic support shallow arch, further the two-mode interaction induced by external excitation may lead to quasi-pe-

riodic oscillation and chaotic motion when the systematical parameters are controlled in a certain range.

Key words shallow Arches, torsional elastic support, internal resonance, bifurcation, veer

lIBS

¢, +¢; =0 (A1) K, =<¢,6(d,,¥,) >+ <d,G (¥, ,b)>+
we, +k 0’ c, —wes + ke, +kymes =0 (A2) <P (D Xm) > + <PGy (Yo »b,) > +
cosw"’c; +sinw'’c, +coshw'’c; +sinhw’c, =0 2<h,65(dy X)) > +2 <D, 6, (X sb) > +
(43) 2<¢,Gy(d, b, sb) > +2<h,65(d, b, P, ) > +
(weosw”” —k,w"*sinw"”* )¢, + (wsinw"” - 2<¢,6:(d,,b,,,) > (B2)

12 172 12
kw “cosw e, — (w “coshw = +

KI = <d>nGZ<d)m9‘W;m> >+ <d)n(;2<1'pnn’¢m> >+

V2.1 12 V2112
kyw “sinhew ) c; — (w” “sinhw ™~ +

<(TbnGZ((rbn ’A/mn) >+ <d)nGZ</\/mn ’(r’)n) >+

szOSha)l/2>C4 +k27TCS =0 (A4) <¢)n,G3((bn ’d)n ’¢m) >+ <d)u(;3(d)n ’¢m ’¢n) >+
V' w( e, + ey +Tses +iey) +5es =0 (A5) <¢,65(d,.,b.,9,) > (B3)
/\EF‘ KZ = <d)nGZ(¢m?Wmm) >+ <¢HGZ(WWH’¢M) >+
(1 +cosw”?) sinw'” (1 +coshw"?) 2<,6,(dp Xom) > +2<D,6, (X b)) > +
rotirge) pooshe g (rgeie ),
m @ m @ m @ 3 <d)nc3<¢m ’d)m ’(r’)m> > (B4)
: 172 2
F4 = _Slnzhw ’FS =7T4(1 +%) —wz 21{3 = <¢ILGZ(¢)n’1I/mm) >+ <¢"GZ(II/W”’¢") >+
T tw

<. 6o (D X)) > + <D, 6 (Yo sby) > +
<$,G (b, b, 0,) > + <, 65(d, b, ) > +
<$,6i(d,,d,,0,) > (B5)

Ky = <G (b, W) > + <G (W, ) > +
2<d Gy (b)) > +2 <Gy (x> y) > +
3<¢)JCS(¢}1 ’(;bh’d)h) > forh:m,n (Bl>

Received 12 October 2012, revised 27 Noverber 2012.
# The project supported by the National Science Foundation of China (11002030, 10972073, 11102063, 11032004 ) , the program for New Excellent
Talonts in University (NCET -09 —0335)
1 Corresponding author E-mail ; yizhuangpeng@ 163. com



