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Complex Dispersion Analysis of Vertical Bending Vibration Wave of
Periodic Ballasted Track Structure

Xu Wei

(China Reilway 25th Bureau Group Co., Ltd, Guangzhou 510600, China)

Abstract: The periodic characteristics of the track structure have filtering characteristics for the propagation of
vibration waves within the structure, and dispersion analysis is important for understanding the vibration trans-
mission characteristics of the track structure. Based on the virtual spring model and the energy functional varia-
tion principle, we propose a new method to calculate the complex dispersion of the periodic structure of the rail
based on the virtual spring model and the energy functional variation principle, which can consider the damping
factor and the material frequency variation effect. The accuracy of the method is verified by comparing with the
existing literature, and the method is used to analyze the influence law of fastener stiffness frequency variation
effect, fastener damping and ballast damping on the vibration wave complex dispersion characteristics of track
structure. The results show that the stiffness frequency variation effect and the fastener and ballast damping have
a large influence on the attenuation domain and the attenuation speed of the vibration, which must be considered
in the vibration transmission analysis of the track structure.
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Fig.1 Physical model of ballast track structure
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Fig.2 Calculation model of ballast track structure
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Tab.l Material parameters of double—layer ballasted track structure model

EERN W SRR HUE
WL L p,, 7850 kg/m? WP A, 77.45 cm?
BT i m, 160/kg FNF ) B 1 0.6 m

FIV T ) W BE e 75 kN/mm YU R R B 36 GPa
T A 2 1] WU BE &, 140 kN/mm R NTES 0.4

BB I, 3217 em* WEIARA L 0.3
HPL R B E, 210 GPa

(a) Matrix dimension is variable

(b) Virtual spring stiffness factor is variable
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Fig.3 Convergence analysis of ballast track structure model
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Fig.4 Frequency dispersion curve of ballasted track
structure
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Fig.5 Variation curve of spring stiffness versus frequency
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(a) Real part of wave number
(b) Image part of wave number
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Fig.6 Dispersion curve of ballast track structure fastener
stiffness frequency variation effect
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Fig.7 Ballast track structure dispersion curve with fastener damping
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(a) Real part of wave number

(b) Image part of wave number
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Fig.8 Ballast track structure dispersion curve with ballast damping

(a) Real part of wave number

(b) Image part of wave number
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Fig.9 Ballasted track dispersion curves considering damping and frequency change effects
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