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Fig.2 Diagrams of time history, frequency spectrum,
and phase trajectory of cable
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Fig.4 Diagrams of time history, frequency spectrum,

and phase trajectory of deck
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Fig.5 The maximal amplitude of cable with the variation of parameter
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tower and deck with presence of damping
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DYNAMICS OF A THREE DEGREES OF FREEDOM NONLINEAR
VIBRATION MODEL OF CABLES AND BRIDGE DECKS AND
TOWERS WITH THE FREQUENCY 1: 2: 1 INTERNAL RESONANCE *

Zhang Yan' Wang Huailei' Yang Jie’
(1. Institute of Vibration Engineering Research, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

(2. Department of Civil Engineering, Nanjing, University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract A nonlinear coupled vibration model of cables and bridge decks and towers and its 1: 2: 1 resonance
was Investigated. The cable was simplified as a concentrated mass jointed by two weightless strings. The deck and
the tower were both simplified as a concentrated mass that can only move vertically and horizontally, respectively.
By these simplifications, a nonlinear vibration system of three degrees of freedom was established. With the appli-
cation of the method of multiple scales, the condition of occurrence of the internal resonance was obtained. The
validity of the analysis was verified by numerical simulation. The results show that the 1: 2: 1 internal reso-
nance will arise under some initial condition and then the vibration energy will be transformed and exchanged a-

mong the cables, the decks, and the towers regularly.

Key words cable-stayed bridge,  cable-deck-tower,  nonlinear vibration,  method of multiple scales,

internal resonance
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