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Fig.1 Simplified load models for different types of trains
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6 18 27(5,=0.0909) 20 15 2
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Fig. 7 Variation law of bridge span response with speed
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Research on resonance and cancellation speed of simply supported girder
bridge of high-speed railway based on free vibration

YANG Hong-yin*'*, WU Nan-hao', CAO Hong-you®, WANG Bo?, LIU Zhang-jun'
(1. School of Civil Engineering and Architecture, Wuhan Institute of Technology, Wuhan 430073,China;
2. State Key Laboratory for Health and Safety of Bridge Structures, Wuhan 430034 ,China;
3. School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China)

Abstract: To study the vibration of simply supported beams caused by high-speed trains, using the limit
conditions of the analytical expressions of the moving load, the resonance and cancellation speeds of the
beam are derived. From the perspective of the free vibration amplitude, it is proved that the beam
vibration is mainly contributed to by the first-order mode, and with the increase of vehicle speed, the
contribution of the second-order mode to the free vibration gradually increases, while the higher-order
modes don’t make a contribution. Increasing the damping of the bridge can suppress the vibration,but it
amplifies the free vibration after the train leaves the bridge. Taking two simply supported beam bridges
of 20 m and 32 m as examples, through the amplitude and phase of the free vibration generated by the
axle load, it is clarified that at a certain speed, the superposition, cancellation or suppression of free
vibration is the main cause of resonance and cancellation. When the resonance speed coincides with the
cancellation speed, the cancellation occurs before the resonance. Comparing the analytical value of the
moving load with the finite element result of the vehicle-rail-bridge coupling model, the results show that
the moving load model can effectively predict the displacement time history of the bridge, but when
analyzing the acceleration response of the bridge, it is necessary to consider the vehicle-rail-bridge

dynamic coupling effect.

Key words: high-speed rail; simply supported beam; free vibration; resonance; vibration reduction;

damping
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