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Abstract

Abstract

It is witnessed that modern railway vehicles become lighter, run faster and can
carry heavier loads than ever before. As a result, vehicle-track dynamic interaction
becomes intenser, and some new track structures are widely used to reduce vibration
and absorb noise. At the same time, with the development of dedicated passenger
railway lines, high speed railway lines and urban rail transit traffic, new types of
bridge structures are coming forth to keep up with the development of railway
vehicles and railway lines on one hand. Nevertheless, some existing as well as
newly-built bridges are turning into bottlenecks of the railway lines on the other hand.
It is believed that vehicles, track structures and bridges should be treated as
large-scale systems because of their inherent dynamic coupling property. And the
aforementioned trend of railway transportion leads to some new issues for refined
analysis in the field of vehicle-bridge/track coupling dynamics, such as local vibration
of bridge, flexible carbody vibration and nonlinear vibration of vehicles and track
structures.

Numerical computation is an important method dealing with vehicle-bridge/track
coupling dynamics, and the numerical method of high applicability, accuracy and
efficiency is required to settle the aforementioned new issues in this research field.
Nevertheless, most previous work mainly focuses on limited aspects of the
vehicle-bridge/track interaction problem and adopts excessive simplification. As a
result, the applicability and accuracy of their methodologies are restricted confronting
new issues of vehicle-bridge/track coupling dynamics. In consideration of the
limitations of previous work and the arising of new issues, this thesis aims to develop
a new method for refined analysis of coupled railway vehicle-bridge/track systems.
The main content of this thesis includes:

(1) To account for refined anlalysis of vehicles, bridges and track structures, the
finite element method is used to establish not only bridge/track model (bridge
subsystem) but also vehicle models (vehicle subsystem). The mode superposition
method is applied to form equation motions of the two subsystems. Component mode
sythesis method and Guyan reduction method can be used to reduce dynamic degrees
of freedom to facilate refined analysis of large bridge/track structures.

(2) The connections between the two subsystems are considered based on spatial
wheel-rail contact conditions. Both traditional wheel non-jump condition and refined
wheel jump condition are considered in this thesis. Kalker’s linear theory is applied to
compute wheel-rail creeping forces and Shen-Hedrick-Elkins theory is then used to

I



Abstract

modify Kalker’s linear theory in the case of large creepage ratio.

(3) All of the nonlinear forces in the two subsystems and the nonlinear contact
forces between the two subsystems are treated as pseudo forces to facilitate nonlinear
analysis. The mode superposition method is then not restricted to solve linear
problems and refined nonlinear analysis can be achieved owing to pseudo force
treatment.

(4) Iterative schemes with Wilson-6 method, Newmark-f method and the new
explicit integration method, non-iterative scheme with Runge Kutta method are
respectively developed to find the best solution scheme.

(5) Iterative convergence for both wheel non-jump and jump conditions is
quantitatively studied with spectral radius methodology and then some strategies are
proposed to settle the well-known low convergence ratio and even divergence
problem of iterative scheme.

(6) Based on the aforementioned methodolgies, the programe named as VBC2.0
is developed to analyze vehicle-bridge/track coupling dynamics. The applicability and
reliability of the proposed method and the programe are verified firstly through
numerical examples and comparisons with previous work, and then through
comparisons with measured data from structural health monitoring system of Tsing
Ma Bridge in Hong Kong.

(7) Finally, some refined analysis of vehicle-bridge/track dynamic interaction
concerning long span suspension bridge, cantilever plate of girder box bridge, flexible
carbody and track structures are studied with the help of the proposed method and the
associated programe.

Keywords: vehicle-bridge/track system, dynamic interaction, refined analysis,
finite element method, mode superposition method, Guyan reduction method,
component mode synthesis method, nonlinearity, pseudo force method, wheel
non-jump & jump condtition, creepage, numerical stability, verification by field
measured data, long span suspension bridge, local vibration, flexible car body, track
structures
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