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Preface

Since its opening of the world’s first high-speed railway line in 1964, with its
advantages of high speed and convenience; safe and comfort; environmental-
friendly and low energy; large carrying capacity and all-day transportation availa-
ble, high-speed railway has shown its strong competitive power among many oth-
er modes of transport. According to the statistics by International Union of Rail-
ways, up to November 1 of 2013, there are total 11 605 kilometers high-speed
railways in operation, 4883 kilometers in construction, and another 12 570 kilo-
meters high-speed railways planning to be built in other countries of the world.
While in China, we have 11 028 kilometers high-speed railways in operation, plus
another 12 000 kilometers in construction, which has taken half amount of the
world’s total high-speed railways and become the country that owns the longest
and the largest scale of high-speed railways both in operation and construction.
Meanwhile, 18 cities (including Hong Kong) in China have urban rail transits
that reach 2 100 kilometers in running, and 2 700 kilometers in construction,
which has ranked the top one in the world. High-speed railways and urban rail
transits have become the important engine to drive social economy’s develop-
ment, and the independent innovation for the technology of high-speed railways
has turned to be the nation’s crucial strategic demands.

It is well known that interactions between vehicles and railways become fiercer
and fiercer as train speeds, operation density and axle loads increase. This has
activated technical innovations by railway industries in every country by introdu-
cing new technologies, new designs, new material and modern management
methods into railway infrastructures and equipments, and cultivated the emerge
of the concept of modern railway track. Modern railway tracks are adapted for
high-speed and heavy-haul railways in order to meet the requirements of fast and
super-fast passenger transportations and heavy-haul freight transportations. In
contrast to traditional railway tracks, modern railway tracks exhibit following
features: (1)high standard subgrade; (2) new types of track bed; (3) heavy and

very long continuously welded rails; (4) scientific management of track mainte-
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nances; (5) safe operations and environmental-friendly. It is obvious that tradi-
tional railway mechanics and structural analysis methods cannot meet the require-
ment in analysis and designs of modern railway tracks. Due to the rapid advances
in computing technology in the past few ten years, new theories and methods
have been continuously developed and applied to railway engineering and many
old problems which were impossible to be solved in the past, and new ones which
have emerged during the modernization of railways, become possible to seek a so-
lution.

In the past ten years, a group of researchers led by Professor Xiaoyan Lei at
East China Jiaotong University have endeavored to research into many issues as-
sociating with modern railway tracks, including high-speed railway track dynam-
ics, environmental vibration and noise induced by railway, and engineering appli-
cations in modern railway tracks. Their research activities have been supported
by the National Natural Science Foundation of China (50268001, 50568002,
50978099 and U1134107 and 51478184), the Natural Science Foundation of Jian-
gxi Province (0250034 and 0450012) , the Foundation for University Key Teacher
by the Ministry of Education (GG-823-10404-1001), the Project of International
Cooperation and Exchanges NSFC (2010DFA82340), the Project of Science and
Technology Development Plan by the Ministry of Railway (98G33A), the Pro-
gram for Innovative Research Team (20133BCB24007) and the Training Program
for Leading Scientists in Key Subjects by Jiangxi Province (020001). These ac-
tivities were enriched through cooperation programs between China and Austria,
China and Japan, China and UK, China and USA. All the issues they have inves-
tigated are cutting-edge problems in railway engineering and results from these
research activities are expected to have significant impacts both academically and
in practice. The aim of this book is to summarize these results.

This book consists of fifteen chapters and its manuscript as textbook has been
used to post-graduate teaching in railway engineering major for many years. The
contents include: track dynamic analysis contents and related standards; analytic
method for dynamic analysis of the track structure, Fourier transform method for
dynamic analysis of the track structure; dynamic characteristic analysis of the el-
evated track structure; track irregularity power spectrum and numerical simula-

tion; model of vertical dynamic analysis for the vehicle and track coupling sys-
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tem; cross iteration algorithm for dynamic analysis of the vehicle and track cou-
pling system; moving element model and algorithm; track element and vehicle el-
ement model and algorithm; moving element method for dynamic analysis of the
vehicle and track couplihg system;model of vertical dynamic analysis for the vehi-
cle, track, subgrade and ground coupling system:dynamic characteristic analysis
of the train, ballast track and subgrade coupling system;dynamic characteristic a-
nalysis of the train, slab track and subgrade coupling system;dynamic character-
istic analysis of the track transition between ballast track and ballastless track,
and finally, environmental vibration analysis induced by overlapping subways.
Among them, some innovative results are obtained by author’s group in cross it-
eration algorithm for dynamic analysis of the vehicle and track coupling system,
track element and vehicle element model and algorithm, moving element method
for dynamic analysis of the vehicle and track coupling system, dynamic character-
istic analysis of the track transition between ballast track and ballastless track,
and environmental vibration analysis induced by overlapping subways. Compared
with similar studies, these investigations have distinct characteristics.

Efforts have been made to present theories rigorously and systematically and
equally, to explore their applications in practice. Chapters are relatively inde-
pendent of each other, so that readers can read chapters of their interest without
referring too much to other chapters. The authors are well aware that there are
rooms for improvement and comments and criticisms from readers will be highly
appreciated.

The author is grateful to those who involved in the research and made contri-
butions; they are Linya Liu, Qingsong Feng, Pengfei Zhang, Qingjie Liu, Kun
Luo, Wenjun Luo, Jian Fang, Bin Zhang, Qinming Tu, Qin’'e Zeng, Jianfei
Lai, Shenhua Wu, Maotang Sun, Chaohua Xiong and so on. The author also
thanks those who were helpful in writing and publishing this book.

In addition, the author would like to thank the related departments and the
staffs who supported the researches and the publication. Special thanks go to Pro-
fessor Qinghua Du and Professor Mengshu Wang, both of them are members of
Chinese Academy of Engineering, to Mr. Tianbao Guan, the Senior Engineer of
Shanghai Railway Bureau to Professor Daxun Tong and Professor Wusheng

Wang of Tongji University, for their long term support, supervision and help to
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the author. In especial, academician Wang wrote the Preface to this book in the
busy. Finally, sincere thanks give to my colleagues, to my post graduates,and to
Mr. Yingjie Wei, the book editor of the Science Press, without their efforts with-

out this publication.
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