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Study on Dynamic Characteristics of Elastic Supported Arch Structures
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Abstract: The displacement mode shape function of the arch free vibration was simulated with a
linear combination of cubic B-spline. The vibration frequency equation of the elastic supported
arch structures was derived according to Hamilton principle, in which the additional inertia force
of the lumped mass at the arch foot was taken into account. The influences of the vertical and
rotational elastic supports on the dynamic characteristics of arch structure were studied. The
concept of the vertical critical stiffness coefficient was put forward. The study results show that
the vertical elastic supports decrease the natural frequency, and the influence is biggest when the
rise-span ratio is about 0. 1. Meanwhile, the vibration mode sequence characteristics change. As
the stiffness of the vertical elastic supports is same with the vertical critical stiffness coefficient,
the natural frequency and the second frequency is almost equal. If the vertical support stiffness
coefficient is less than the critical stiffness coefficient, the first vibration mode of structure is
symmetrical, and the second vibration mode is antisymmetric. The vibration mode sequence
characteristics are different from those of the arch with rigid supports. If the vertical support
stiffness coefficient is greater than the critical stiffness coefficient, the first vibration mode is

antisymmetric, while the second vibration mode is symmetrical. The vibration mode sequence
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characteristics are same with those of the arch with rigid supports. The rotational elastic supports

will decrease the natural frequency of the arch structure, but will not change its vibration mode

sequence characteristics.

Key words: structure engineering; dynamic characteristic; Hamilton principle; elastic support;

arch structure; stiffness coefficient
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Fig. 1 Elastic Supported Arch Structural Model
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Fig. 2 Relations of Natural Frequency Coefficient and
Rise-span Ratio
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Fig. 3 Relations of Natural Frequency Coefficient
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