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Fig.1 The schematic of a vertical elastically supported shallow arch and the excitation
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Variation of coefficients in the averaging equation with the truncation mode order

Table 1

truncation mode order N for £, = 100, k, = 100 truncation mode order N for k; = 100, k, = 500

coefficients
7 8 9 10 11 6 7 8 9 10 11
Spum 5077.021 5 076.586 5 086.756 5 086.743 5 086.830 5 086.551 34.550 34.521 34.830 34.804 34.322 34.924
Sun 625.114  625.059 626.207 626.194 626.281 626.002 18.146 17.998 19.184 19.159 19.177 19.178
Spin 1 355.397 1 355.096 1 360.634 1 363.557 1 364.960 1 364.960 13.875 13.750 14.961 14.924 14.921 14.921
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Nonlinear Dynamic Response and Bifurcation Analysis
of the Elastically Constrained Shallow Arch

YI Zhuang-peng', ZHANG Yong', WANG Lian-hua’
(1. School of Civil Engineering and Architecture, Changsha University of
Science and Technology, Changsha 410004, P.R.China;
2. College of Civil Engineering, Hunan University, Changsha 410082, P.R.China)

Abstract: When the ends are elastically constrained in vertical and rotation directions for the
shallow arch, the natural frequencies and modes are quite different from those of the case of i-
deal hinged or fixed boundary condition, and the different constraint stiffness will change the
nonlinear responses and the parameter fields of various bifurcations under external excitation.
The dimensionless dynamic equation was established by introducing the fundamental assump-
tions of shallow arch, and the method that the effects on the boundary constraint stiffness were
considered in the natural frequencies and modes solution was employed, then the full-basis
Galerkin discretization and the multi-scale perturbation methods were used to obtain the polar-
and Cartesian-type averaging equations, of which the coefficients had one-to-one correspon-
dence with the values of constraint stiffness. With the application of numerical calculation, the
dynamic behaviors of the vertical elastically constrained system in the case of one-to-two inter-
nal resonance between the lowest two modes under periodic excitation were studied. Both the
comparison of calculated results with finite element results and the convergence of the coeffi-
cients in averaging equations proved the feasibility of the present method. Also, the numerical
results show that there exist several bifurcation points with the variation of the amplitude and
frequency of excitation, and the parameter distributions for the occurrence of bifurcations are
associated with the values of constraint stiffness. Moreover, there are a series of steady-state
solution, periodic solution, quasi-periodic solution and chaotic solution windows in the vicinity
of the unstable areas or resonance regions which are connected by the bifurcation points, and

the period-doubling bifurcation can be observed with the variation of parameters.

Key words: elastic restraint; shallow arch; 1:2 internal resonance; multi-scale method; bifur-
cation; chaos
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