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Xi'an Urban Rail Transit Network Analysis

Luo Ye
(Chang’an University)
Abstract:

Xi’an urban rail transit is rapidly developing. According to the recent plan, urban rail transit
will increase from 4 lines at the end of 2018 to 14 lines in 2023, gradually forming a network scale.
Base on the theory of complex network, calculating the reliability and scalability of urban rail
transit network scale is of great practical significance to improve the reachability of the network
and to improve the operational efficiency and anti-destruction ability of the network. In L space,
the topological structure of Xi’an urban rail transit network is established, and the reliability of the
whole network is analyzed by means of the indexes such as degree of calculation, average degree,
average path length, compactness, clustering coefficient and so on. It is considered that Xi’an
urban rail Traffic network is scale-free network. By studying the anti-destructive ability of the
network, the reliability of the network is further studied, and the random network failures are
simulated and the performance of the network under deliberate attacks is simulated. The network’s
anti-destruction capability is measured by the change of network efficiency. The results show that
the urban rail transit network in Xi’an is in the process of expansion and expansion. The
distribution of node degree is not balanced. It shows robustness to random attacks and obvious
vulnerability to intentional attacks.
keywords: Xi’an urban rail transit network; complex network; scale-free network;
anti-destruction
EE®ENT: B, KKK, 2017121176@chd. edu. cn.
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The Calculation of Bus Topological Structure High Speed Railway Lines’
Capacity

Ran Chen
G A%g R
Abstract:

Based on the line plan, aimed at operating trains on high speed railway lines of bus
topological structure with different speeds, we utilize Graph-Solution Method to calculate the
capacity of the main line of the high-speed railway. The objective function of the Capacity
Calculation Model is to maximize the number of trains. Constraints concludes the headway, the
capacity of the station of restoring EMU, the stopping time, and the number of station tracks. Then
the Graph-Solve Method is proposed to solve the model. Firstly, difficult sections should be
determined. Secondly, we arrange trains’ operation by difficult sections’ order. The degree of
coherence can be used as heuristic information for ant algorithm to complete the timetable with
minimum time window. Thirdly, we will insert another train line until we can’t do that anymore.
At last, the number of trains is the capacity of bus topological structure high speed railway lines
under this particular operation scheme. In the case that Beijing-Shanghai High Speed Railway acts
as main line, and 9 inter-city lines act as branch lines, we calculate the capacity of
Beijing-Shanghai High Speed Railway under the given line plan.
keywords: high-speed railway; Calculation of Capacity
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Analysis of the Characteristics and Robustness of Metro Network
Based on User Demand

Quan Chen
Chang’an University

Chao qun Ma
Chang’an University

Shuang Zhang
Chang’an University

Abstract: Urban rail transit (URT) is an important support for the urban passenger transport
system, it has gradually become the preferred means of transportation for residents, and plays a
vital role in solving the problem of urban traffic congestion. More the emergencies tend to
paralyze certain rail transit stations, thus affecting the overall efficiency of the rail transit network
(RTN). So the analysis of the topological characteristics and robustness of urban traffic track
networks is of great significance for optimizing the road network structure and ensuring stable
operation. Based on the description of complex network theory, this paper uses Space L method to
empirically analyze the indicators and distribution laws of urban rail transit networks (URTN)
such as node degree, average path length and clustering coefficient in Shanghai, Chongging and
Xi’ an, then the user demand factor is integrated into the robustness of each site to deliberate
attacks to measure the node contributes to users with different transmission requirements. The
results show that the URT network scale has a great impact on the urban network structure
function. From the perspective of different users, the key nodes of the network may be completely
different for the same metro network. And the research can provide a theoretical reference for the
routine maintenance, safe operation and reasonable planning and design of the rail transit network.

Key words: urban rail transit network; complex network; user demand; robustness
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Identification of Important Nodes on Urban Based on CRITIC Method

Shuang Zhang (China)
KLZKF
514439627@qgg.com

Kuan-min CHEN (China)
KZKF
514439627@qgg.com

Quan CHEN (China)
KLKRZF
917166531@gg.com

Abstract: Urban rail transit stations play an important role in passenger distribution and
connectivity intervals in the network. If a node fails, it will lead to the embarrassment of
large-area orbital networks. How to effectively evaluate its influence in the passenger flow
network is the focus of research on network structure optimization and reducing operational risks.
Based on the complex network theory, the station is taken as the research object. By establishing
the network passenger flow distribution model and combining the rail transit smart card data, the
CRITIC method is used to determine the objective comprehensive weight and determine the
important nodes of the urban rail transit network. The research method was applied to the Xi’ an
subway network, and the key stations of Xi’ an subway were identified and the current situation of
Xi’ an subway early peak passenger flow was systematically analyzed, and opinions on subway
network operation were put forward.

Key words: CRITIC method; Urban rail transit; important node evaluation; AFC data
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Rail Transit Network Service Spatial Dynamics: Insights from Multiyear
AFC Data

Wang Zi jia, Liu Haixu
Gl Rk FERERA TSR
Abstract:

As an important public transport in Beijing, the passenger flow and service functions change
of Metro at station level reflects city spatial dynamic. Based on Bayesian theory and GMM
(Gaussian Mixture Model), this paper studies the evolution passenger flow and service function of
metro at station level in the past five years from 2014 to 2017 by AFC (Auto Fare Collection) data.
The passenger flow patterns of most stations remain stable, while a few stations change
significantly, indicating that the urban functions of such stations have changed. The analysis of
service function dynamic at station level shows that the city’ s structure of job and house location
in Beijing has largely remained unchanged on a large spatial scale in the past five years, but the
functional areas within the city are undergoing a slow variation, and the area where stations
serving both commuting and living passengers are hot spots in the evolution of urban structure.
keywords: rail transit network; travel behavior; city spatial function; dynamics
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Multi-Objective Planning Method for Layout of Suburban Railway
Stations

Liu Junjiet, Zhou Tianxing?, Liu Lan®
(1.Southwest Jiaotong University; 2.7 B ¥ 4 =F%; 3. Southwest Jiaotong University)
Abstract:

This paper proposes a multi-objective layout planning model for suburban railway stations
based on the importance of urban internal nodes. The importance of urban nodes is evaluated
qualitatively and quantitatively from the six development indicators, and then the set of alternative
sites is determined. Based on the alternative set, considering the interests of construction operators
and passengers as well as the long-term development of the city, a multi-objective site layout
planning model with the minimum construction cost of the site hub, the maximum time-saving
value of residents’ travel and the maximum land value-added benefit of the site is proposed and
solved by using genetic algorithm toolbox. The example of Chengdu-Puxian Railway shows that
the establishment of the alternative set of suburban railway stations requires the overall economic
development of urban nodes to be in good condition and the economic and industrial structure to
be balanced and coordinated. The station layout scheme based on the multi-objective planning
model can give full play to the traffic, economic and social benefits of the nodes, and balance the
planning sub - goals, so as to maximize the comprehensive benefits of the station layout planning
and effectively guide the expansion of urban space.
keywords: suburban railway; node importance degree; station planning; land value increment;
multiobjective; Genetic algorithm
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Discussion About the Multi-Line Corridor in Guangzhou Urban Railway
Planning

Jiang Xuefeng

(Guangzhou Transport Development Annual Report)

Abstract:

At present, China’s urban rail network planning is basically grid layout. This model makes a
high fraction of coverage, but can not meet the different traffic demand.For example, it can not
support the excessive passenger flows ,it causes the high transfer and it is not good for Ultra
long line. This paper analysis the Multi-line corridor in foreign cities, and discusses about the use
in Guangzhou.
keywords: urban railway, Multi-line corridor, Urban planning
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Quantitative Analysis of Operation Optimization Measure for Beijing
Metro Line 13

Jiang Lan, Chen Jianchun, Wang Zijia
(Beijing Jiaotong University)
Abstract:

The increasing contradiction between urban rail transit and urban rail transit infrastructure
can not meet the needs of travel. The adjustment of operational methods can alleviate the
congestion of urban rail transit and improve the travel experience of citizens. Based on the actual
passenger flow data of urban rail transit, the UTPS simulation system is used to simulate and
analyze the passenger flow before and after the adjustment of the operation method, and the
feasibility adjustment of the adjustment measures is carried out through a series of congestion
evaluation indicators provided by the UTPS system to determine the adjustment according to the
actual situation.
keywords: traffic congestion; operation management; computer simulation; passenger flow
analysis
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Comparison and Selection of Operation Plan of Sunset-Departure and
Sunrise-Arrival Train by Grey Correlation Analysis and TOPSIS Method

Luo Yue, LiuLan

(Southwest Jiaotong University)

Abstract:

Three organization modes, i.e. , waiting for integrated maintain time(IMT) on a high speed
railway (HSR) station (WHRS),transfer from HSR to conventional railway (CR) before IMT and
from CR to HSR after IMT(HCCH), were propose according to the vertical rectangle skylight and
segmented skylight on high-speed railway train operation plan. Quantitative analysis is carried out
on the sunset-departure and sunrise-arrival train with passenger satisfaction on departure and
arrival moments, passenger travel expenses, section carrying ability and difficulty of
transportation organization adjustment as the objective function. And the gray correlation analysis
and similarity to ideal solution (TOPSIS) method are applied to carry out the train plan for the
Beijing-Guangzhou high-speed railway Compared with the selection. The results show that the
best solution is the 4 hours segment vertical skylight and speed of 250km/h transfer from HSR to
CR before IMT. The sunset-departure and sunrise-arrival train in China can improve the train
operation efficiency by improving the operation speed, adopting subsection vertical rectangular
skylight, adopting subsection vertical rectangular skylight and other measures.
keywords: sunset-departure and Sunrise-arrival Trains on high-speed railway; comprehensive
maintenance skylights; operation mode; grey correlation; technique for order preference by
similarity to ideal solution(TOPSIS)
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Study on Pedestrian Traffic Organization of Railway Passenger

Transport Hub-Taking Xi'an North Station as an Example

Li Yue, Wang Wei
(Chang’an University)

Abstract:

Railway Passenger transport hub refers to the large-scale integrated traffic station with the
main mode of railway transportation, including urban rail transit and other modes of transportation,
to realize the distribution and transfer function of passengers. As the transfer node of the city’s
internal and external mass transportation mode, the advantages and disadvantages of its pedestrian
traffic organization restrict the operation efficiency and service level of the hub. Taking Xi’an
North station as an example, this paper simulates and optimizes the transfer system of the hub
with the help of Anylogic simulation software. At the same time, based on the simulation results,
the problems existing in the setting of hub flow line organization and equipment facilities are
evaluated, and the concrete optimization measures are put forward to realize the improvement of
hub operation efficiency and service level.
keywords: railway passenger transportation hub; Xi’an North Station; pedestrian traffic
organization; Anylogic simulation
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Study on the Capacity of High-Speed Rail Passenger Hub-Taking Haxi
Station as an Example

Pei Yulong, Chen Hui, Zhang Xiao
(Northeast Forestry University)

Abstract:

The passenger flow that can be accommodated in the high-speed rail passenger hub during
peak hours is mainly limited by the capacity of the hub. The paper introduces the concept of hub
capacity and defines the capacity of transfer facilities such as transfer passages, floor escalators,
platforms, and ticket checking facilities. Through data survey, the relationship model between
passenger flow density and speed of each transfer facility is analyzed to determine the influencing
factors of the transfer capacity of transfer facilities. In addition, the factors affecting the capacity
of high-speed railway passenger transport hub are determined by analyzing the conflict intensity
of various transfer routes within the hub. The calculation model of hub capacity is constructed by
the maximum flow minimum intercept theorem and the “zipper effect” theory. Finally, taking haxi
railway station as an example, through investigating the basic situation of outbound passenger
flow, layout and flow lines within the hub and transfer facilities, the model is used to calculate the
capacity of haxi railway station and analyze whether the outbound passenger flow matches the
transport capacity provided by the hub.
keywords: high-speed rail passenger hub; passenger flow; transfer facilities; traffic capacity
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Research on Pricing Strategy of High-Speed Railway Passenger Ticket
Based on Prospect Theory

Qu Wenxuan, Qin Jin, Wu Xuanke, Zeng Yijia

(Central South University)

Abstract:

In view of the single fare of high-speed railways in China, the lack of flexibility leads to the
problem of violent fluctuations in passenger flow and difficulty in increasing revenue. According
to the influencing factors of passengers’ choice behavior, the market segmentation of high-speed
rail passengers is carried out. Using the psychology of passengers to purchase tickets, taking the
expected travel cost as the reference point and maximizing the ticket sales revenue, the
prospective theory is used to construct the differential pricing model under the elastic demand. A
simulated annealing algorithm is designed for the characteristics of the model. The model is
solved under the off-peak period and peak period of two passenger flow intensities. Through the
analysis of the Beijing-Shanghai high-speed rail example, the results show that the differential
pricing is implemented on the basis of passenger travel decision-making, and the price reduction
at off-peak period attracts passenger flow, and the ticket sales revenue increases by 10.41%.
During the peak period, the price was increased to maintain the passenger flow, and the ticket
sales revenue increased by 7.98%. Increasing passenger expectations has a greater impact on
ticket sales. This study provides theoretical and methodological support for the development of
fares for high-speed railway management departments, and provides reasonable suggestions for
further increasing the ticket sales revenue of high-speed railways.
keywords: differential pricing; Passenger Expectation; Prospect Theory; Simulated annealing
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Joint Optimization Method of High-Speed Rail Ticket Price and Seat
Allocation Based on Revenue Management

Zeng Yijia, Qin Jin, Wu Xuankequ, Wenxuan
(Central South University)
Abstract:

China’s high-speed railway has been highly recognized by the market and passengers, but
there are still some lines with large fluctuations in the seat rate with time, resulting in inadequate
capacity or capacity waste phenomenon. In view of the fact that the current high-speed railway
fare is fixed and cannot guide the problem of regulating passenger flow and increasing revenue,
the related theory of revenue management is introduced, and the joint optimization method of
high-speed railway dynamic pricing and seat allocation for multi-train and multi-stop stations
considering passenger elasticity demand is proposed. The optimization model was constructed
with the goal of maximizing the total expected revenue, and took the seat allocation limit and
dynamic fare of each ticketing period as the decision variables, and considered the constraints of
the upper and lower limits of the price and the train transportation capacity. A solution method
based on bee colony algorithm was designed. Finally, taking Beijing-Shanghai high-speed railway
as an example, it was shown that under the condition of no increase in capacity, the proposed
optimization method could increase the expected revenue by up to 4.28%, thus providing
theoretical and methodological support for the joint optimization of high-speed railway ticket
price and seat allocation.
keywords:railway transportation; joint optimization; artificial bee colony algorithm; high-speed
railway; elastic demand; revenue management
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A Priority-Based Heuristic Approach for Demand-Oriented Train
Timetabling

Zhou Wenzhuang(China)
HEgAFE
zwl_0631@csu.edu.cn

Fan Wenzhuang (China)
PN

zhwfan@csu.edu.cn

You Xiaorong(China)
HERFE
174211027@csu.edu.cn

Deng Lianbo(China)
PN
Ibdeng@csu.edu.cn

Qin Jin (China)
R RFE

ginjin@csu.edu.cn

Abstract: Passengers’ train-choice based on a train timetable can be viewed as a feedback of
train timetabling, and its application to assist scheduling trains can make train timetable closely fit
the travel demands. For combining with passengers train-choosing to optimize the train timetable,
this paper firstly formulated a bi-level programming model for their integrated optimization on a
rail network. Its upper-level model is to optimize train’s arrival and departure times at each visited
stations with the aim of reducing passengers’ total travel cost, while its lower-level model aims to
decide passengers’ train-choices based on a given train timetable for calculating the objective of
upper-level model, namely, the total travel cost of passengers. Then a priority-based heuristic
algorithm is designed to solve this model. It firstly generates an initial train timetable, and then
repeatedly improves it according to passengers’ train-choices obtained by a passenger distribution
sub-algorithm. In the process of improving a train timetable, we first schedule each train one by
one according to its distributed passengers, in which all safety headway constraints among trains
are temporarily shelved. After that, a sub-algorithm based on a proposed weighted directed graph
is designed to make all trains satisfy all considered safety headway constraints. The performance,
convergence and practicability of the proposed method are analyzed based on the Changsha-
Zhuzhou-Xiangtan intercity rail in China.

Key words: train timetabling; Passenger’s train-choice; Demand-oriented; Priority-based
heuristic algorithm; Weighted directed graph
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Performance Analysis of Two Kinds of Car Assembling Queuing Models

Li Jing (China)
R AR A F
lijingyongxiang@163.com

Minhao XU (China)
PR XBRFXRIZH SYRF R

xuminhao@my.swjtu.edu.cn

Bin Shuai (China)
PR B A F IR SR F kR

shuaibin@home.swjtu.edu.cn

Abstract: The assembly mode determines the end condition of a car assembly process.
Time-fixed assembling is a highly efficient mode, which is propitious to improve transport quality.
For the problem of cars assembling in a marshalling station in the time-fixed mode with soften
terms, two types of discrete-time single-server finite-buffer batch arrival and batch-service
queuing models were established and comparatively analyzed. Both queue length distributions at
departure epochs and arbitrary epochs were obtained. Based on these probabilities, various
performance measures of interest such as the mean queue length, the mean accumulation delay,
busy period probability, traffic volume in one day were discussed though some numerical
examples by comparing these two models. Finally, the optimum minimum number of cars with the
increasing arriving intensity was also analyzed.

Key words: railway transportation; time-fixed assembly mode with soften terms; queuing
system; batch arrivals; batch service; minimum number of cars
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Optimization for Train Plan of Urban Rail Transit Network Based on
Full-Length and Short-Turn Routing

Yang Anant, Wang Bo?, Huang Jianling?, Chen Yanyan?, Li Chen*
(1. Beijing University of Technology; 2.4t 7 XiB 13 & F3)

Abstract:

According to the properties of disproportional distribution of passenger flow in urban
railway transit, we develop a multi- objective optimization model of train plan for transit network
by integration of full-length and short-turn routing mode and flexible length of train formation,
where the objective functions are minimum passenger transfer waiting time for the whole network,
and running kilometers of rolling stocks. And the constraints are departure interval, load rate,
available number of trains, railway capacity, etc. Finally, Beijing’s URT network is explored in a
numerical experiment, and the train plans of 17 railway lines during off-peak were analyzed, the
sensitivity analysis of the full load rate and the time cost of passengers were also carried out. The
results indicate that the passenger generalized travel costs and enterprise operating costs were
respectively reduced by 17.75% and 12.19% by this optimization train plan for line 4-Daxing and
line10. Moreover, with the increase of load ratio and time cost, the ratio of transfer cost to total
cost is increasing.
keywords: urban rail transit; Full-length and short-turn routing; Multi-length of train formation;
train plan; Bi-objectives
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Train Tracking Interval Compressing Method Based on Speed Control in
High-Speed Railway Line

Wang Chaoyu, Peng Qiyuan, Lu Gongyuan, Zhang Shoushuai
(Southwest Jiaotong University)
Abstract:

The high-speed railway train tracking interval is the key to restrict the passage capacity. The
arrival interval is the bottleneck of the train tracking interval. In order to compress the train
tracking interval, this paper studies the speed optimization control method of balancing train
section interval and arrival interval by sectional speed reduction. Firstly, the calculation formula of
train section interval and arrival interval time under the condition of speed optimization control is
derived. Based on this, the influence of speed control value and speed control section on
compression tracking interval is analyzed, and the rules are summarized and different speed
optimization control schemes are designed. By the simulation experiment of Shanghai Honggiao,
the section interval, arrival interval and increase time of interval travel were obtained for each
speed optimization control scheme. The optimal speed optimization control strategy is
summarized. The experimental results show that the reasonable speed optimization control can
significantly compress the train arrival tracking interval, and the maximum compression can reach
nearly 80 seconds.
keywords: train tracking interval compression; sectional braking; speed control; simulation
verification
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Research on Tracking Interval Compression of High Speed Railway
Train Based on Track Occupancy

Pan Mingxuan, Lu Gongyuan, Ning Jia

(Southwest Jiaotong University)

Abstract:

Compressing train tracking interval is a necessary measure to improve the station’ s ability.
China’s high-speed railway train tracking interval has further optimized space compared with
Japan, France and other countries, and a reasonable track application scheme can effectively
compress the tracking interval time, which is of great significance for improving transportation
capacity. This paper first analyzes how the track occupancy influence the tracking interval. Then,
based on two different schemes of fixed and unoccupied track occupancy, the paper constructs an
integer programming model for compressing train tracking interval. Finally, a highspeed railway
station is taken as an example for analysis. Cplex is used to obtain the scheme of track occupancy
based on the two schemes, and the validity of the model is verified. At the same time, the
occupancy is more balanced, the approach conflict is better, and the compression tracking interval
effect is more significant, thereby the station passing ability is stronger.
keywords: track occupancy
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Train Rescheduling for High-Speed Railway Under the Influence of
Multi-Disturbances

Xu Peijuan, Zhang Dawei
(kexg)
Abstract:

It is one of critical tasks to adjust timetable timely in high-speed railway (HSR) operation
system. Multi-disturbances, i.e., primary delay, speed limitation or blockage of dwell lines, are
considered in this paper, where a mixed integer linear programming is formulated based on the
alternative graph to minimize the sum of times of changing dwell lines and secondary delay.
Therefore, train real-time speeds, train orders, running times and occupations on dwell lines are
adjusted and optimized simultaneously. In order to solve this complex model within a limited time,
a new-designed solving algorithm applied in an actual case, i.e., timetable of Wuhan-Guangzhou
high-speed railway, and it is able to provide an acceptable solution efficiently, and the validity and
feasibility are demonstrated as well during the computation process. At last, delay times and
frequencies of changing dwell lines caused by different disturbances are computed and analyzed
during the experimental tests.
keywords: train rescheduling
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The Train Operation Adjustment of Interval Interruption

Zhang Shengrui, Sun Qing, Chen Hengrui
(Chang’an University)
Abstract:

In order to reduce the impact of disruption on urban rail transit trains in the interval, this
paper study the train operation adjustment method when the train cannot run due to the
interruption. Using the idea of set, the train on the urban rail transit line is simplified into an
event-activity network model. Based on the adjustment method of changing route, the paper
establish a mixed integer-programming model according to the characteristics of urban transit. The
optimization software Lingo solves the adjusted train-running schedule.
keywords: urban rail transit; sectional intersection; train operation adjustment; mixed integer
programming model
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Study on Collaborative Optimization of Dynamic Pricing and Ticket
Allocation for High-speed Trains

Wu Xuanke, Qin Jin, Qu Wenxuan, Zeng Yijia

(Central South University)

Abstract:

Based on the supply and demand relationship of the transportation market and passengers’
travel choice behavior, this paper studied the collaborative optimization method of dynamic
pricing and ticket allocation for high-speed railway. Considering the price elasticity of passengers’
demand, this paper aimed at maximizing the expected revenue, and established a collaborative
optimization model for high-speed railway dynamic pricing and ticket allocation and we designed
a fractional steps method to solve and determine the optimal price and ticket allocation for
different trains in different time periods. Finally, the optimization calculation of the
Beijing-Shanghai High-speed Rail illustrated that the model adopted in this paper can formulate a
reasonable time-based price and ticket allocation according to the characteristics of different trains
and can avoid premature cracking of long-distance seats, leaving a sufficient number of seats to
passengers with higher willingness to pay, so as to improve the revenue of railway transportation
enterprises, which could provide a reference for the formulation of dynamic pricing and ticket
allocation for high-speed railways in China.
keywords: high-speed railway; dynamic pricing; ticket allocation; collaborative optimization;
revenue management
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Optimization Method of Switch Jumper Setting Based on Strategies for
Reducing Conductive Interference

Liu Chang, Yang Shiwu, Lv Jiaqi
GEF il K F 2 T3 L TAFR)
Abstract:

The traction current has conductive interference to the railway signal system, which is also
known as unbalanced traction current interference. In the switch section within station, the traction
current has obvious interference on the receiving equipment of track circuit and cab signals due to
the installation of multi-jumpers, wing rails and insulation joint inside the switch. This paper
analyzes the structural characteristics of switches in depth. By establishing a comprehensive
simulation model of switch section track circuit within station and simulating the complete system
of return current on traction network - locomotive - rail, the mechanism of traction current
conductive interference in the switch section within station is analyzed. Based on this, an
optimization method of switch jumper setting is put forward. The main research platform is
Multisim and MATLAB/Simulink. The simulation results show that the main reason for the
conductive interference of traction current in the switch section within station is that switch
structure results in different impedance of two rails and the induction signal of locomotive is
bypassed in the switch section. Besides, different jumper location leads to different interference
intensity of traction current. Therefore, in practical engineering, it is possible to reduce the
interference to a certain degree by reasonably setting the switch jumper.
keywords: switch jumper; traction current; conductive interference; switch section within station;
track circuit
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Research on Early Warning Method of ZPW-2000A Joint-Less Track
Circuit Based on Historical Data

Li Wei, Ou Dongxiu
(Tongji University)

Abstract:

Based on the centralized monitoring data of the ZPW-2000A jointless track circuit, this paper
realizes the early warning for the frequent faults of the track circuit of the high-speed railway.
According to the mapping relation between the monitoring data and the basic equipment faults
indoors and outdoors, the data trend analysis method is used to predict the monitoring data in the
future period from the historical data, and the possible faults in the track circuit equipment can be
early warned. It plays a positive role in the implementation of comprehensive maintenance and
intelligent operation and maintenance of modern railways.
keywords: faults prediction; ZPW-2000A jointless track circuit

fEE "N =8, RBFKRE, [w1257050@163. com,

27



p/yr‘C_ WORLD TRANSPORT CONVENTION2019

_‘_// June13-16,2019 Beijing,China

Mgk 5 T2 BIM IE a8 350 8%

Ik, B, #Higs
(TR RSk B AT TR AN 8))

H OE: HFk, R GET LR RERSE, TR AL IR AR T. A& BIME R K
Je, 4547 6913 BAL A R AT HLIE X 3R A R = I R T R FH AR B T F K adbk.
VAFE il 38 TAE A, #mE ek £ 38 TAEA BIM Bkt P a8 XA BB A, 45
£ 7 BIM # K& EGIXT Pt aEfRDR T X, FrATFIEEX.

KHRIA): Hul ZGE F b BIM; EwaRst; EwRitF
Positive Sequence Design Practice of BIM in Metro Station Engineering

Zheng Guangliang, Xia Zanou, Han Dezhi

(Beijing Urban Construction Design & Development Group Co., Limited)

Abstract:

In recent years, the rail transportation industry has developed rapidly, but the degree of
industry informatization is relatively low. With the development of BIM technology, new
opportunities are brought to the informatization of the industry. This poses a major challenge to
the quality of design and the way to design synergies. Taking a railway traffic engineering as an
example, this paper expounds the problems and processing methods of the subway station project
in the forward design of BIM, and probes into the design process and cooperation mode of BIM
technology in the forward design. And applied to engineering practice.
keywords: rail transit station; Building Information Modeling; Positive sequence design; Positive
sequence design coordination
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Rail Transit Passengers’ Willingness to Get On and Off Model

Li Qianggiang

(Chang’an University)
Abstract:
The rapid development of rail transit, in order to ensure the efficiency and safety of traffic,
requires rapid evacuation of passengers at the station platform. Passengers getting on the train
quickly is the key to ensuring the evacuation of the platform. This paper puts forward the concept
of the willingness of rail transit passengers to get on and off, and establishes the model of urban
rail transit passengers getting on and off based on least squares. Finally, according to the measured
data of Xi’an subway, the willingness of Xi’an subway to get on the train is calculated. The
existence of will is proved. Finally, it provides the basis for the management of rail transit stations.
keywords: willingness to get on and off; parametric model; least squares
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Identifying the Passenger Travel Behavior of the Metro System Using
Wi-Fi Information

Zhang Xinyu (China)
KLZKF
619588854@qg.com

Li Yan (China)
KZKRZF
2017121153@chd.edu.cn

Chen Fu (China)
KRKF
396120858@qg.com

Abstract: In order to accurately identify the passenger travel characteristics in urban rail
transit with the network operation environment, a distributed traffic behavior identification system
with Wi-Fi information is designed. The information detection technology can effectively identify
the passenger travel behavior in urban rail transit, avoiding a great deviation between the
deductive travel behavior and the actual travel behavior. This paper utilizes Wi-Fi information
detection technology to obtain the passenger travel information on urban rail transit stations. The
travel characteristics, such as travel time distribution and travel route choice inferred from the
Wi-Fi information detection data is shown in field experiment in Xi’an Urban Rail Transit to be
consistent with those inferred from AFC data. The result shows travel characteristics can be
identified by Wi-Fi information technology with relatively high accuracy, Sampling rate and
matching degree, which might provide some basic evidence for improving metro operation
management and fare clearing.

Key words: Wi-Fi information; urban rail transit; travel characteristics; travel time
distribution
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Research on Active Management of Metro Station Passenger Flow
Based on System Dynamics Modeling

Jiang Peng, Hu Mingwei, Wang Shoufeng

(Shenzhen University)

Abstract:

Aiming at the problem of passenger congestion in metro station during rush hour, the system
dynamics model is established to model the facilities layout and passenger flow, combined with
the pedestrian traffic flow theory. With the simulation model, the location and causes of the metro
station congestion are identified. Through system dynamics, the active passenger flow
management is established and simulated to evaluate the effectiveness and efficiency of the
schemes. The results show that the model based on system dynamics is effective in passenger flow
active management and organization. The results show that some effective suggestions could be
put forward on the active passenger flow control scheme of the metro station, according to the
simulation analysis of its system dynamics model.
keywords: metro station; System dynamics; Active management; Pedestrian traffic
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Analysis of Passenger Flow Characteristics of Shanghai-Nanjing
High-Speed Railway Based on Passenger Ticket Data

Qin Jin, Tan Yuchao, Hao Lina

(Central South University)

Abstract:

The annual ticket data from July 2016 to July 2017 of Shanghai-Nanjing high-speed railway
is used as the basic statistical data. Based on this, the four indicators of the flow connection
strength, the contact direction index, the concentration coefficient and the urban attraction of each
city along the Shanghai-Nanjing high-speed railway are calculated. Based on the urban grading
system of Shanghai-Nanjing high-speed railway based on passenger flow intensity, the
characteristics of passenger flow in different periods of Shanghai-Nanjing high-speed railway are
analyzed based on the new urban classification, including node passenger flow, section passenger
flow, travel OD, and time passenger flow. Volume, average passenger distance and other content.
Finally, from the two perspectives of transportation organization and fare formulation, relevant
suggestions are given for the operation and management of Shanghai-Nanjing high-speed railway.
keywords: shanghai-Nanjing high-speed rail; passenger flow analysis; city classification; Big
Data
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32



N
p/yr—ci WORLD TRANSPORT CONVENTION2019
A

SU[JZ7 June13-152019 Befing.China

ETEERENAA S KB RFHED

AR, Rk, FFA
O @R % R TS R)

OB SRR ANF TR, RIRT 2016458 A1 HE 201747 A 31 A A —4F
B ZHIE, NERIZOAFEFRERITHNFENT, DT AREZ 500 BRI
AT, P, BANZOHRRESHOA B DHERE. BATAAE, ETHE
A PMEEBR. BAR O, RAB&ERAERERBIENMT; REBTITARESTOLAE
A7 B %) B AR AT B 18] 69 HLAE A B A i AR B AR & K R Z 1A 98K R AT R T ARE SR B A
TER T, Mmig B4, RIBHA LT ERRIRSRAEAAEE R, HAH
2y 5k 0938 R R AL

KR REHZH%: BEHIE; B4, 28 &

udf

Analysis of Passenger Flow Characteristics of Zhengzhou-Xian
High-Speed Rail Based on Ticket Data

Hao Lina, Qin Jin, Tan Yuchao

(Central South University)

Abstract:

Taking Zhengzhou-Xian high-speed railway (HSR) as the research object, the passenger
ticket data of one year between August 1, 2016 and July 31, 2017 were extracted. From the
characteristics of the spatio-temporal patterns of passenger flow and the travel behavior of
passengers, the passenger flow characteristics and their changing rules of Zhengzhou-Xian HSR
were analyzed. Among them, the analysis of spatio-temporal patterns of passenger flow includes
daily hourly passenger flow, passenger flow change rule, upstream and downstream passenger
flow, node passenger flow, passenger flow OD, section passenger flow and passenger flow
distance analysis. The analysis of passenger travel behavior characteristics includes the law of
travel time and travel time and the analysis of the relationship between seat choice and travel
interval. Based on the passenger flow characteristics and change rules of Zhengzhou-Xian
HSR,this paper puts forward suggestions for the operation strategy optimization of
Zhengzhou-Xian HSR from three perspectives of strengthening passenger transport marketing,
optimizing transportation organization and improving transfer service system.
keywords:zhengzhou-Xian high-speed railway; passenger ticket data; passenger flow
characteristics; operational advice
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Crowded Treading Warning System for Urban Rail Transit Stations
Based on Video Detection Technology

Xu Jiajia
Anhui Sanlian university

Feng Pengfei
Anhui Sanlian university

Shao Minghu
Anhui Sanlian university

Han Tingting
Anhui Sanlian university

Abstract: Based on the rapid development of rail transit and the large crowded treading
dangers of rail transit stations, this paper proposes to construct a crowded treading warning system
for urban rail transit stations based on video detection technology, which uses video detection
technology to passenger flow in rail transit stations. The passenger flow, velocity and density data
of the bottleneck channel are collected, the passenger flow prediction neural network model is
trained and the traffic flow density is predicted by the three-parameter relationship of the traffic
flow, and the SPSS software is used to fit and analyze the passenger flow parameters. The limit
value of the flow-density polynomial model passenger flow is predicted, and the pedestrian flow
mutation model based on the catastrophe theory is input to realize the definition of the critical
passenger flow density. On this basis, the real-time predicted value of the passenger flow density
is compared with it. Analysis, set the corresponding early warning coefficient, early warning level
and early warning measures, so as to truly realize the real-time warning of crowding and trampling
of rail transit stations based on passenger flow density prediction.

Key words: video detection; crowded stepping; passenger flow; warning level

fEE BN FMEE, REZBEERR, xujj91@163. com.
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Evaluation of Head Damage of Standing Crews in Subway Collision
Accidents

Fan Chaojie
(Central South University)
Abstract:

With population growth and urban development, subway traffic is developing more and more
rapidly. The safety of occupants in subway crashes has also received increasing attention. In this
paper, the subway station occupant is selected as the research object to evaluate the damage of the
most dangerous occupant’s head in the collision accident. In this paper, the
car-occupant-loop/crossbar coupling collision dynamics model is established in MADYMO
software according to the layout of a certain type of subway car and the common standing attitude.
The occupant collision dynamics analysis is carried out. The head-floor coupled collision finite
element model is established. The intracranial pressure, the Von-mise stress of the brain tissue and
the Von-mise stress of the skull were used to analyze the head injury of the standing occupants in
different standing positions in the subway collision accident. The results show that the head injury
situation of the occupant in the subway collision accident is serious and even fatal; the head
damage analysis based on the finite element simulation parameters can accurately determine the
position and severity of the head injury, and effectively predict the standing occupant head. Partial
collision damage. This research can provide basic data and research ideas for the collision
protection of subway vehicles standing occupants.
keywords: subway crash
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Study of Influence Between Evacuation Time and Evacuation Walkway
Design Parameter of Medium and Low Speed Maglev on Viaduct

Pan Zihua, Wei Qingchao, Ding Ming, Zhang Fenghe
(Beijing Jiaotong University Beijing Jiaotong University Beijing Jiaotong University L A& &£ F L5 1%)
Abstract:

Passenger evacuation of Medium and Low Speed Maglev on viaduct has aroused wide
concern. The design parameters of Evacuation walkway has shown a significant impact on
passenger’s evacuation time since it is the main evacuate facility in an emergency. To clarify the
influence between evacuation walkway design parameters and evacuation time for interval
evacuation on a viaduct, a multi-agent evacuation simulation model of Medium and Low Speed
Maglev is built up based on Pathfinder Simulator. With this model, the evacuation time of 90
match conditions of entrance wide d1 and platform wide d2 of the evacuation walkway are
calculated. The main results show that evacuation time on the viaduct is better to be divided into 3
stages during one evacuation process. Besides, the change rules of egress time in different match
conditions of walkway parameters shows that reasonable match of entrance wide d1 and walkway
wide d2 will significantly decrease evacuation time on viaducts. From the perspective of actual
demand in evacuation on the viaduct. Entrance wide d1 should be taken into consideration in
evacuation walkway design specification and recommended match values of d1 and d2 are
discussed in this research.
keywords: Mid and Low Speed Maglev; Evacuation; Viaduct; Simulation; Parameter Design
EZ & BELE, dtH, panzihuad09129@163. com.
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Investigation and Analysis on Passenger Psychology and Behavior of
Evacuation of Maglev Transit

Wei Qingchao, Pan Zihua, Wang Kuang, Chu Zhijie, Yan Rui
(Beijing Jiaotong University Beijing Jiaotong University ~China Railway First Survey And Design Institute Group Co.,Ltd. Beijing

Jiaotong University  Beijing Jiaotong University)

Abstract:

As a new type of urban rail transit system, emergency evacuation on Maglev railway has
attracted widely attention recently. It is important to understand the characteristics of passenger’
psychology and behavior in emergency circumstances for improving emergency evacuation on
Maglev railway lines. A questionnaire survey was implemented on two main Maglev lines in
China and 338 valid volumes questionnaires were obtained. Statistical analysis was conducted on
passengers’ opinions on emergency evacuation facilities, common sense of safe evacuation,
psychological reflection of evacuation and possible evacuation behaviors, and the correlation
between the results was analyzed by using Chi-square test. The results show that passenger’s
psychological activities and actual evacuation movement are significantly correlated with the
gender, the level of passengers’ education as well as related to the status that whether the
passengers have experienced evacuation drills or be familiar with the station surroundings.
Therefor passengers’ psychological activities and potential evacuation movement, which are
strongly influenced by evacuation environment and facilities, should be taken into consideration in
evacuation study for Maglev transit system. Meanwhile, strengthening guidance in evacuation,
increasing the number of evacuation marks and the content comprehensibility and expanding
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public participation in safety evacuation drills can help improve emergency evacuation safety for
maglev railway system.

keywords: Maglev Transit; Emergency Evacuation; Psychology; Questionnaire Survey;
Correlation analysis
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Scheme Evaluation Model of Sichuan -Tibet Railway Based on Large
Earthquake Risk Analysis

Luo Yuan
(China Railway Eryuan Engineering Group Co.LTD)

Abstract:

Research purposes: The area of Daofu and Ganzi along the Sichuan-Tibet railway are the
most famous area of high seismic intensity in china. Seismic activity in the area is strong, the
frequency is high and the magnitude is large too.  Therefore, the study on the evaluation of the
route scheme based on the large earthquake risk analysis is of great importance to the route
selection design and safe operation for the Sichuan-Tibet railway.

Research conclusions: Firstly, the definition of railway large earthquake risk is proposed
based on risk analysis theory, and the joint probabilistic model is used to calculate the occurrence
probability of large earthquake. Then, the risk is divided into three categories of acceptable risk,
tolerable risk and intolerable risk. By analyzing the Chinese railway safety conditions and the risk
criteria of other related industries, the related parameters are pertinently demonstrated and
analyzed and the F-N curves of life risk standard are built too. Combined with the life risk
standard curve and the railway economic evaluation method, a relative standard and absolute
standard of economic risk is put forward respectively. The final example analysis shows that: (1)
The economic risk of large earthquakes in the Luhuo section railway belongs to the tolerable risk
range; (2) The conversion engineering - expected operating expenses increases less after
considering the large earthquake risk for the low proportion of bridge and tunnel line scheme, and
this should be a universal phenomenon.
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Design and Construction of Underground Station with No-Pillar in Jinfu
Road on Chengdu Rail Transit Line 6

Zhou Xiaojun, Zhu Dongfeng, JingWenqi, Jiang Huaizu, Su Zhigang
(Southwest Jiaotong University; % =+ — B #id 33l TAEA FR o 5))
Abstract:

On the basis of the urban surroundings in which Jinfu metro station closely adjoins Jiaoda
road tunnel passing through Jinfu road as well as Jinfu and Changjiu trade building for selling
mechanical and electronic instruments, an arch-shaped urban rail transit underground station with
no-pillar is firstly designed on Chengdu metro line 6 in sandy cobble strata. The characteristics of
designing the retaining piles for foundation pit of Jinfu station as well as the arch-shaped station
with no-pillar is analyzed. Meanwhile, the type of retaining structure for foundation pit along with
construction method to build the metro station is also summarized in this paper. Engineering
practice shows that the design and construction technique presented in this paper turns out to be
both rational and feasible and can be used to design and build urban rail transit underground
station under both similar and complex urban environment.
keywords: urban rail transit; arch-shaped station with no-pillar; foundation pit; semi-cover and
cut method; incomplete heterotypical bored pile
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Research and Typical Arrangement of Foundation Pit Support System
of Subway Station

Zhang Youjie
(Anhui Transport Consulting & Design Institute CO., LTD.)

Abstract:

As an effective way to fundamentally improve the urban public transportation situation, rail
transit plays an increasingly important role in urban public transportation. The goal of Hefei is to
become a “regional mega city” and will accelerate the construction of rail transit during the

“13th Five-Year Plan” period. Combined with the design and construction of Hefei Rail Transit
Lines 1 to 5, the station perimeter is selected from the aspects of enclosure form selection and
depth of consolidation, support level and vertical arrangement, changing support, pipeline
suspension and expansive soil treatment. The main points of the design of the retaining structure,
and the layout of several typical shapes of the auxiliary retaining structure, to increase the
understanding and understanding of the auxiliary foundation pit, is conducive to the
standardization, scientific and rationalization of the design work in progress, so as to continuously
improve the work efficiency and quality.
keywords: station attachment; foundation pit engineering; support system; typical arrangement
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Research on Dynamic Evaluation of Route Alignment Scheme for High
Speed Railway

Shi Jin, Xu Ping

(Beijing Jiaotong University)

Abstract:

The route alignment scheme were evaluated and analyzed using vehicle track dynamic
method , based on the design requirements of a overseas high speed railway project in China. (1)
Based on the PCT dynamic evaluation method, the non-synchronization of the car body following
the track surface is considered in the course of running train operation, which can reflect the
comfort of passengers objectively; (2) Sperling index and UIC513 evaluation methods are not
fully evaluate low frequency vibration induced by route alignment, so it’s difficult to distinguish
the comfort differences between route alignment schemes. But the PCT method mainly evaluated
low frequency vibration and passenger comfort, which can distinguish the influencing degree of
comfort between different route alignment schemes preferably; (3) Carbody acceleration and
traffic safety index frequency statistics can reflect the dynamic effect of train on track, which can
be used to evaluate the effect of different route alignment schemes in operation; (4) The dynamic
evaluation method of route alignment scheme proposed in this paper can be applied to other
similar projects.
keywords: High speed railway; Route alignment; Dynamics; Evaluation
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The Finite Element Analysis of Pile-Soil Stress Ratio in
Geogrid-Reinforced and Pile-Supported Embankments Under

High-Cyclic Loading

Huang Jiandan (China)
EREmEmERRTMRLR (KF) BRAS
huangjiandan@sucdri.com

Abstract: The pile-soil stress ratio in geogrid-reinforced and pile-supported embankments
may change under high-cyclic loading, especially the low subgrade (the height less than 3 meters).
Currently, the finite element analysis of pile-soil stress ratio in geogrid-reinforced and
pile-supported embankments under high-cyclic loading is rare. In the view of this, a new method
(called “the implicit-explicit method” ) is applied in the finite element software. Based on the
further development platform provided by ABAQUS, this implicit-explicit method is programmed
by FORTRAN into the user-defined material subroutine (UMAT). The finite element model is
established by ABAQUS to simulate the field test, in order to confirm the validity of the finite
element model. Using this verified finite element model, pile-soil stress ratio under high-cyclic
train loads is analyzed.

Key words: elastoplastic; geogrid-reinforced and pile-supported embankments; high-cyclic
loading; pile-soil stress ratio
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Review of Pressure Wave Propagation Characteristics and Research
Methods in High Speed Railway Tunnels

Xu Hongtao?!, K.H. Wu?, Bai Zhirui®, Mao Huaxiong*
(1. University of Shanghai for Science and Technology; 2.7% 354+ 4 4 F& 2 3] ; 3.University of Shanghai for Science and Technology;
4. FHhb TAEEE (L&) AIRASE)

Abstract:

When the train passes through the tunnel at high speed, obvious air pressure transients occur
due to the limited airspace in the tunnel. The pressure variations will also be observed inside the
train due to limited sealing performance. At present, the research on tunnel pressure wave in China
still hangs on numerical simulation calculation and model test. This paper combines the current
situation of numerical simulation and field measurement research methods of tunnel pressure
waves at home and abroad, and summarizes the methods suitable for numerical simulation. It also
proposes a field measurement scheme which is more suitable for tunnel pressure wave
characteristics than traditional methods. The tunnel pressure wave is studied by related methods.
The results show that the Thermo TUN simulation analysis software is feasible for numerical
simulation of pressure wave. The PCB piezoelectric micro-barometer and CRONOS
multi-function measurement system can accurately measure the pressure wave. It reflects the
change of pressure inside the train when the high-speed train passes through the tunnel, and
provides reliable experimental demonstration for numerical simulation and model test.
keywords:tunnel pressure wave; high speed train; numerical simulation; vehicle testing
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Improvement of Vibration Reduction of the Ladder Track by Different
Supporting Forms

Tian Qingrong, Jin Hao
Tongji University

Abstract: In order to improve vibration reduction of the ladder track, three different
supporting forms are introduced in this paper. Firstly, mode shapes and natural frequencies of
these three ladder tracks are studied by FEM. Secondly, the vibration acceleration at the
longitudinal sleepers and the ground under the impulse force is measured. Finally, the
vibration-reduction ability of ladder tracks is analyzed. The results show that the supporting form,
i.e. adding extra bearing pads under the sides of the longitudinal sleepers based on the commonly
used ladder track, has the higher natural frequencies than the other supporting forms. It makes the
ladder track more stable and has the better vibration-reduction ability in 1~80 Hz.

Key words: underground railway; floating-slab track; ladder track; modal analysis; vibration
measurement
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The Effect of Soil Reinforcement on the Train-Lnduced Vibration of the
Railway Embankment-Metro Tunnel Intersection

Zhang Xiaohui
Tongji University

Hu Botao
Tongji University

Si Jinbiao
Tongji University

Abstract: The authors conduct an in-situ measurement of the train-induced the vibration
response at the intersection of the Beijing-Shanghai Railway embankment and the Shanghai Metro
Line 11 tunnel. The measuring points are arranged on the railway sleepers, the railway shoulders
and the ground surface, the vibration acceleration was monitored when the train passing. The
effect of the soil reinforcement on the environmental vibration is studied through using the
established FEM. The results confirm that with the spreading of the vibration, the maximum of the
ground vibration acceleration induced by the train attenuates with fluctuation. The measured
results are consistent with the simulated results, which verify the correction of the model. The
results of the tests indicate that the elastic modulus increases with the soil reinforced, the
acceleration of ground vibration increases with fluctuation, which is unfavorable to control the
ground vibration.

Key words: Embankment-tunnel intersection

fEZFE T : KIS, BIFKE, zhangxh@tongji. edu. cn,

47



N
p/yr—ci WORLD TRANSPORT CONVENTION2019
A

SU[JZ7 June13-152019 Befing.China

B IR A B E LR AN TS R TERN N N 53

IAT, KRR, R, K
(1. RFKRE; 2 LFRERF)

1 OE: AT T 8 KSR S R (3542 75, 5mH129m+75. Bm), A R T iEAR R
BEMRBAY, RS EEFREEH TG AR L7 £ RIS XSid s H— KBk
SRR SN N FRA, FRTESERFHEH T (L35 L, FHTHE) 7| FiiThhe
Fatelth 2 AT HGH . FREN: X EHH 129m 693 T Sl 58 K %558 R A &
RIGEFHRBE TR, AANAHEE LR “HBBA” THAHIK, ER4F5, iR K
TFTHREH 72.0mm, EARRIKEHGEEREITEFALT, =685 % QA faho iR F A
b RALTEIRAL B K, AT HIE AP £ BT ETEA R (120km/h ATF), HrEFHH
P AT T HE AR 100mm, 7| 55T 4R ) TRAGTTERE, Y5REE
100km/h B, HRREEF TR A T & BATEFE M6 T 424647, KI5 E 4 FAF A 35 L H A 3)
25mm B, defh LR AR BkN [RMA, M TFTREHF R4ttt LK B FHEK,

R Had 8, KRR XML FIEEF; R

Analysis of Dynamic Response of the Large Span Continuous Beam
Bridge in Urban Rail Transit and Train Operation

Wang Jinping !, Xiao Junhua * , Wu Nan?, Zhang De *,
(1. Tongji University;2.Beijing Jiaotong University)

Abstract:

Taking a large span continuous beam bridge (75.5m+129m+75.5m) of the Rail Transit as the
research object, Firstly, the deformation development trend of the bridge was analyzed. Then a
three-dimensional finite element coupling dynamic model of type A metro train-supporting block
track-large span continuous beam bridge, which considered the girder deformation, was
established and verified. Finally the influence of the deflection/camber of girder on the train
running performance and the fastener force was studied. The research conclusions can provide
reference for making the scientific alert threshold for large span continuous beam bridges of urban
rail transit. The research shows that: the large-span continuous beam bridge with a main span of
129m gradually developed intoa “seagull-shaped” deformed shape(upward deformation in the
side span,downward deformation in the middle span). The maximum track settlement was 72mm 4
years after the actual bridge was built,but the vertical displacement and acceleration of the bridge
control sections are in accordance with the specification.Within the operating speed range of urban
rail transit trains (below 120km/h), when the mid-span deflection is less than 100mm,the train
running safety indicators are far less than the specification limits,only when the train speed
increases to 100km/h, the girder deformation becomes the decisive factor to determine train
running comfort.When the side-span camber of the continuous beam bridge reaches 25mm, the
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uplift forces of the fastener exceeds the limit of 8kN, and the mid-span deflection does not cause a
significant increase in the uplift forces of the fastener.

keywords: urban rail transit; large span continuous beam bridge; girder deformation; train
operation; fastener force
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Vibration Response Analysis of Spring-Steel Floating Slab Track with
the Semi-Active Vibration-Isolation Magneto-Rheological Dampers

Wei Kai, Xie Meng

(Southwest Jiaotong University)

Abstract:

In order to improve the low-frequency vibration-reduction efficiency of steel-spring floating
slab track (FST), Semi-active magneto-rheological (MR) damping technology is embedded under
FST. A vertical dynamic model involving vehicle and steel-spring FST isolated by MR dampers is
established, and a numerical simulation method for semi-active On-Off ground-hook control
strategy of MR damper is also proposed. Based on the dynamic model and simulation method, the
non-linear vibration response characteristics of steel-spring FST supported by semi-active MR
dampers are investigated. The results show that MR damping force can increase the safe
allowance of vertical FST deformation, but too much MR damping force easily make steel rail
arch up. Semi-active MR damping force can readjust the frequency-domain distribution of
vibration energy under FST. In other words, semi-active MR damping force can not only
effectively share the vibration energy between 1Hz and 16Hz under FST, but also transform the
propagating vibration energy at the sensitive frequencies (4~8Hz) of human beings into the one at
the frequencies less than 1Hz. After application of MR damping, FST supporting stiffness is
allowed to reduced, and the vibration-isolation efficiency of steel-spring FST can be also further
improved.
keywords: steel-spring floating slab track; magneto-rheological damper; semi-active control;
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vehicle-track coupled dynamics; nonlinear dynamic response

{EEEN: FBol, METEAKSF, weimike@home. swjtu. edu. cn.

51



N
p/yr—ci WORLD TRANSPORT CONVENTION2019
A

SU[JZ7 June13-152019 Befing.China

WA AR BN FR EE 1 15 S0l R IR IR RAEA R

HE, WY
CLES FED

@ ZE: vA Vossloh300 4R#tath s HAn A AR 5t &, #| A BA iR E 4009 /) XA, FF
HAHEETERFHREEWF 74269902 W Zener B VAR Berg BHER, MRA5KIET
MR EIR L AR, RIGIERE TR B 4FIE, FFRRIN, (1) FHEEKEK
HIRFEEAKET, bR B ARag i @ i S R A AR 5B MAE & ) FAFAE, 2 S M ER G
JG, ZirE W R EEE AR E R R g & (2) de R HEAOR/ IR T A
NAFIEEHNERKRDEARLK, BRERAEHGE R EFEKR; (3) ATERFHEESL
WLF 7 A289 5 8 U Zener A2 A A8 Bk R M da 2 IR AL F R E 5 EME T o948 5 /)
AR, T AR ZMAH A RS REICR IR T 46 B T 6930 4k,

KERIA: Mde bR EAR RRBHN A FIE; BT, MEERENAHFIE; 57K
) AER

Experimental Investigation and Theoretical Model of Viscoelastic and
Plastic Dynamic Properties of Rail Pads

Wei Kai, Xie Meng

(Southwest Jiaotong University)

Abstract:

The viscoelastic and plastic dynamic properties of a Vossloh 300 rail pad were measured by
the mechanical testing machine equipped with a temperature control box. Then a fractional
derivative Zener model based on Time-Temperature Superposition and WLF formula, in parallel
with Berg friction model, was used to describe the frequency-, temperature- and
amplitude-dependent dynamic properties of the test rail pad. It is found that (1) the dynamic
hysteresis curve of the test rail pad has a super-elastic and plastic mechanical characteristic under
a low-frequency large-amplitude dynamic load. However, as the frequency increases, the dynamic
hysteresis loop would approach the linear viscoelastic elliptic hysteresis loop. (2) The frequency-
and temperature-dependence of the dynamic viscoelastic properties of the test rail pad have little
relationship with the amplitude, but apparently increase with the increase of preloads. (3) The
fractional derivative Zener model based on Temperature-Time superposition and WLF formula
could represent dynamic viscoelastic properties of the test rail pad in any temperature and
frequency, and the model is more suitable to describe the frequency-dependent loss factors of rail
pads within the dominant frequency-band of railway wheel - rail vibrations at low temperatures.
keywords: rail pad; viscoelastic and plastic dynamic properties; temperature-, frequency- and
amplitude-dependent dynamic properties; dynamic experiment; dynamic model
1EEEN: EYl, AEXIEKATE, weimike@home. swjtu. edu. cn,
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Influence of Frequency-Dependent Dynamic Properties of Rail Pad on
Vertical Vibration Characteristics of Rail

Wei Kai, Xie Meng
(Southwest Jiaotong University)
Abstract:

In this paper, the frequency-dependent dynamic properties of the rail pad of the Vossloh 300
fastener were tested by universal mechanic machine and temperature box, which characterized by
the temperature-frequency equivalent principle and the fractional-order Zener model of the WLF
equation. Then the influence of the frequency-dependent properties of the rail pad on the vertical
vibration and transmission attenuation of the rail was analyzed based on the finite element method.
The results show that: (1) In the double logarithmic coordinate system, the stiffness and damping
coefficient of the rail pad are linearly positively or negatively correlated with the frequency. (2)
The frequency-dependent damping of the rail pad mainly enforces the vertical vibration of the rail
in the middle and low frequency range, which excites the first-order vertical resonance frequency
of the rail. The frequency-dependent stiffness of the pad can predict the first-order vertical
resonant frequency of the rail more accurately. The pinned-pinned resonance frequency of the rail
is not affected by the frequency change characteristics of the pad. (3) Considering the
frequency-dependent dynamic properties of the rail pad, the rail vibration below the first-order
resonance frequency of rail could reduce near the excitation point, while high frequency vibration
of rail will not attenuate rapidly and spread along the rail in a long distance.
keywords: rail pad; frequency-dependent dynamic properties; rail vibration; displacement
admittance; decay rate
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High-Frequency Random Vibration Analysis of a High-Speed
Vehicle-Track System with the Frequency-Dependent Dynamic
Properties of Rail Pads Using a Hybrid SEM-SM Method

Wei Kai
Southwest Jiaotong University

Xie Meng
Southwest Jiaotong University

Abstract: A hybrid SEM-SM method for high-efficiency computation of the high-frequency
random vibrations of a high-speed vehicle-track system with the frequency-dependent dynamic
properties of rail pads is presented. First, the Williams-Landel-Ferry (WLF) formula and
Fractional Derivative Zener (FDZ) model were respectively applied for prediction and
representation of the frequency-dependent dynamic properties of Vossloh 300 rail pads frequently
used in China’ s high-speed railway. Then, the proposed hybrid SEM-SM method was used to
investigate the influence of the frequency-dependent dynamic performance of Vossloh 300 rail
pads on the high-frequency random vibrations of high-speed vehicle - track systems at various
train speeds or different levels of rail surface roughness. The experimental results indicate that the
storage stiffness and loss factors of Vossloh 300 rail pad increase with the decrease of dynamic
loads or the increase of preloads within 0.1-10000 Hz at 20° C, and basically linearly increase
with frequency in a logarithmic coordinate system. The results computed by the hybrid SEM-SM
method demonstrate that the frequency-dependent viscous damping of Vossloh 300 rail pads,
compared with its constant viscous damping and frequency-dependent stiffness, has a much more
conspicuous influence on the medium frequency (i.e., 20-63 Hz) random vibrations of car bodies
and rail fasteners, and on the mid- (i.e., 20-63 Hz) and high-frequency (i.e., 630-1250 Hz)
random vibrations of bogies, wheels and rails, especially with the increase of train speeds or the
deterioration of rail surface roughness. The two sensitive frequency-bands can also be validated by
Frequency Response Function (FRF) analysis of the proposed infinite rail - fastener model. The
mid- and high-frequencies influenced by the frequency-dependent viscous damping of rail pads
are exactly the dominant frequencies of ground vibration acceleration and wheel rolling noise
caused by high-speed railways, respectively. Even though the existing time-domain (or
frequency-domain) finite track models associated with the time-domain (or frequency-domain)
Fractional Derivative Viscoelastic (FDV) models of rail pads can be also used to reach the same
conclusions, the hybrid SEM-SM method in which only one element is required to compute the
high-order vibration modes of infinite rail is more appropriate for high-efficiency analysis of the
high-frequency random vibrations of high-speed vehicle - track systems.

Key words: vehicle-track system; high-frequency random vibrations; frequency-dependent
dynamic property of rail pad; spectral element method; symplectic method
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A Theoretical Study on the Train-Induced Vibrations of a Semi-Active
Magneto-Rheological Steel-Spring Floating Slab Track

Wei Kai
Southwest Jiaotong University

Xie Meng
Southwest Jiaotong University

Abstract: In order to further improve the vibration-reduction effect of a steel-spring floating
slab track (FST), especially at the inherent frequency of a steel-spring FST, semi-active
magneto-rheological (MR) dampers were applied to support a floating slab in a traditional
steel-spring FST. Based on the experimental study and the proposed theoretical model of the MR
dampers with a simple semi-active control method, a vertical vehicle—magneto-rheological
steel-spring FST coupled dynamic model was established. The proposed dynamic model was used
for a safety analysis and a vibration-reduction evaluation to theoretically validate the feasibility of
semi-active magneto-rheological steel-spring FST. It was concluded that the introduction of
semi-active MR dampers to support a floating slab in a traditional steel-spring FST has no impact
on the security of subway vehicles running on FST. MR dampers with a semi-active control
strategy can effectively not only improve the vibration-reduction effect at the basic frequency of a
steel-spring FST, but also they can also suppress the vibration-amplification negative effect under
a floating slab above the basic frequency of a steel-spring FST. There are the two key parameters
of the maximum MR damping force and the displacement threshold in a semi-active
magneto-rheological steel-spring FST. The larger MR damping force can deteriorate the negative
vibration-suppression effect under a floating slab above the inherent frequency of the FST, while
the higher displacement threshold can decrease the vibration-attenuation velocity of the FST
supporting force.

Key words: semi-active vibration control; magneto-rheological damper; spring-steel
floating slab track; vehicle - track coupled dynamics
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Analysis of Acoustic Radiation Properties of Ballastless Track by Using
Wavenumber Finite Element and Boundary Element Method

Feng Qingsong, Xin Wei, Luo Xianneng, Liu Quanmin, Lei Xiaoyan
(East China Jiaotong University)

Abstract:

In order to study the acoustic radiation characteristics of ballastless track, a wavenumber
finite element vibration model of the CRTS | slab ballastless track is established. Applying a unit
harmonic load on the rail top, vibration velocities of rail and slab are gained and then taken as the
boundary conditions, acoustic radiation characteristics of rail, slab and integral track are calculated
by using the wavenumber boundary element method. The results indicate that the sound power
level of rail, slab and integral track in the frequency range below the first order peak frequency
increase linearly with the increase of frequency, but it has multiple peak peak after the first order
peak frequency. Before the first order peak frequency of integral track, contribution of acoustic
radiation of slab is dominant, but after this peak.
keywords: ballastless track; peak frequency; acoustic radiation; wavenumber finite element;
wavenumber boundary element
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Interactive Influence on Multiple Head Checks Propagation in Rail

Sun Dingren, Zhou Yu
(Tongji University)
Abstract:

Head checks (HCs) at rail gauge corner and shoulder were inspected by X-ray Computed
Tomography scan technology (CT scanning). The boundary points of at the mouth and tip of the
real HCs were obtained by grid method to establish the numerical model of the real HCs. Taking
the HCs at the gauge corner and shoulder of the high rail in a heavy-haul railway sharp curve with
traffic gross tonnage of about 62MGT as an example, the transformation of the stress intensity
factors (SIF) at the tips of multiple HCs and the effect of the crack number on them were analyzed.
The results show that the HCs were more likely to extend with an orientation of 10° - 30°  with
respect to rail longitudinal direction. The SIFs of K1 was less than 0,K2 was greater than 0, and
K3 was reduced from positive to negative along rail gauge corner to crown when contact patches
pass by the crack central mouth, which shows the HCs mainly propagated as Model Il (sliding)
and I (tearing). The existance of multiple HCs would suppress crack propagating as Model |
(opening), but promote their propagating as Model Il and 111, and the influence would be enhanced
as the numbers of HCs were increased. Comparing to single crack, SIFs at the tips of multiple
cracks would increase. The SIFs at the tip of the middle crack were greatly influenced by
adjacent cracks. Therefore, at least 3 cracks were recommended in crack propagation modeling for
crack prediction.
keywords: rolling contact fatigue
1EEEN: INRA, BEIFKF, 379321085@qq. com,
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A Hybrid Numerical Simulation Technique for Train-Track-Bridge
Coupled Systems and Its Application

Eric Liu, Yu Zhiwu, Guo Wei, Jiang Lizhong

(Central South University)

Abstract:

A hybrid numerical simulation technique (HNST) for Train-Track-Bridge (TTB) Coupled
systems is presented in this paper. Using the client-server theory, the TTB coupling system is
divided into train and track-bridge substructures. Each substructure is simulated by OpenSees and
packaged as an independent server; the coupling contact relationship is handled as client. And the
client and server achieve data transmission through network communication technology. Then,
HNST can make full use of the advantages of the OpenSees software, so as to it is able to quickly,
efficiently and flexibly complete the TTB coupling system solution.
keywords: coupled system; hybrid numerical simulation technique; train-track-bridge system;
client-server technique; OpenSees
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Simulation Analysis of Rail Wear in Freight Railway Based on Wheel-Rail
Non-Hertz Contact

Ma Jingwu, Duan Xiaofeng, Han Feng

(Lanzhou Jiaotong University)

Abstract:

With the development of railway operation, the axle load of freight cars is increasing, which
leads to abnormal rail wear. In order to make the vehicles pass safely and smoothly, it is necessary
to study and analyze the rail wear. In this paper, a three-dimensional rail wear model is established
by using UM dynamics software, and the rail wear situation under the condition of some lines of
Hongning Railway Special Line is calculated. The correctness of the model is verified by
comparing the measured results. The results show that under the same vehicle passing speed,
assuming the vehicle speed is 60 km/h, the side wear of the outer rail at the middle point of the
curve is greater than the vertical wear; the wear difference between the left and right rails in the
straight line is not big and the wear is very small; the wear of the inner rail in the transition curve
section mainly distributes at the running surface about 10 mm from the middle of the rail head,
and the wear of the outer rail mainly distributes at the inner radius 80 mm arc section; and the
wear of the outer rail in the circular curve section is obvious. Obviously, it mainly distributes on
the arc with 80 mm inner radius of rail head, and the wear of internal rail mainly distributes on the
arc with 300mm inner radius of rail head.
keywords: rail wear
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Iterative Computation Method of Train-Load-Induced Uneven
Settlement of High-Speed Railway Transition Zones

Shan Yao
Tongji University

Xiao Junhua
Tongji University

Abstract: The subgrade uneven settlement associated with rail deflections mainly occurs in
bridge-embankment transition zones of high-speed railways. In order to predict the uneven
settlement in these regions, an iterative computation method of train-load-induced uneven
settlement of the transition zone is proposed. In this method a vehicle-track-subgrade model is
employed to investigate the vehicle track interactions and the deviator stress field of the transition
zone. Combined with soil cumulative plastic strain model, the deterioration process of the uneven
settlement of the transition zone is obtained. The results indicate that the uneven settlement of the
transition zone induced by train loads tend to be steady when the number of repeated load
applications is larger than 40000. The settlement of the subgrade changes abruptly at first 5 m
measured from the abutment as well as 22 m to 28 m from the abutment. These two regions should
be adequately strengthened and more attentions should be given to these regions for track
maintenance.

Key words: transition zone; uneven settlement; vehicle-track interaction; cumulative plastic
strain
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KEEIR): ARE3E; FAMEE; LR R LB AR, 4
Interaction and Control of Small Spacing Shallow Buried Shield Tunnels

Zhao Yiding, Yang Junsheng, Liu Shouhua

(Central South University)

Abstract:

Practical application shows that the construction of the second shield tunnel in shallow soft
stratum affects the safety of the first shield tunnel, especially when the spacing of the two tunnels
is very close. Based on Chencun Tunnel No. 2 of Guangzhou to Foshan intercity railroad, a
number of refined numerical models were built to simulate the shield construction. According to
the numerical results, the interaction mechanism of shield construction and the interaction law
under different spacing of the double-line parallel shield tunnel were analyzed. The results show
that there is a linear positive correlation between the spacing and the width of the surface
subsidence trough, and a negative correlation between the spacing and the peak value of
settlement, additional deformation of segment, joint opening and additional tensile stress.
Up-soft/low-hard stratum and the top block are located at the top of the segment, resulting in low
disturbance resistance on the upper part of the segment. As a result, the influence of the second
shield tunnel construction on the first shield tunnel is significant. Therefore, the top block should
not be placed on the top of the segment in the future shield construction. Since the additional
tensile stress of the segment is sensitive to the spacing. The safety control measures of ~ “partition
wall + cement-soil mixing pile” were adopted for Chencun Tunnel No. 2. The measured results
show that the control effect is obvious.
keywords: soft stratum; shield tunnels; interaction; refined numerical simulation; control
EERN: BZT, 734169065@qq. com.
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P kFEEATRSR: PRIEHEHEDARAD)

B E. WARIBE TR CRTS| A Uk X LA HE —4AHT B & 45 /70 B B0
HAE, AN RARAP], KA MATLAB -F & % #I4Z 5 FF & 5| & - R ek i -Hr R AR A & ik
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Dynamic Response Analysis of the High-Speed Railway CRTS-|
Ballastless Steel Trussed Girder Bridge Considering the Temperature
Deformation

Zhang Peng, Yu Zhiwu, Mao Jianfeng, Jin Lin
(P k¥ LATRFR: HREBEERRBRIAEERE THRFIATESE, S4B LERRAT IRERE
bR ERTASRE; bR ITART S E DA )

Abstract:

To study the influence of temperature deformation on the dynamic responses of CRTS-I
ballastless Steel Trussed Girder Bridge coupled system traversed by high-speed train, one railway
bridge is taken as a numerical example, a calculation program based on MATLAB is developed to
calculate the dynamic responses of train-ballastless-bridge coupled system. a three-dimensional
model of ballastless -bridge subsystem is established using the finite element method, each vehicle
of the train is modeled as 35 degrees of freedom model by applying the rigid-body dynamics
theory. Firstly, the effect of temperature deformation to ballastless vertical irregularity is analyzed.
Then the influence of temperature deformation on dynamic response of vehicle and bridge are
calculated. The result shows: beam temperature deformation has significant effect on irregularity.
The bridge dynamic deflection and acceleration response caused by track irregularity change
caused by temperature deformation are almost negligible. The difference of vertical acceleration
can reach 15-25% locally. It is suggested that the influence of beam temperature deformation
should be considered in the dynamic response of ballastless steel trussed girder bridge.
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keywords: high-speed railway; temperature deformation; train-track-bridge coupled system;
ballastless; steel trussed continue girder bridge
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Influence and Safety Assessment of Surface Structure by Grouting in
Subway Tunnel

Liu Jigiang®, Dong Zenglei?, Zhang Xueming®, Zhang Hongwei*, Zhang Yongxing®
A PARERBTERARNE; 2. FPERF: 3 PAXRFLIRIEFR; 4 PAERBETERNAMRASE; 5 @Rk xF)

Abstract:

In urban subway construction, excessive grouting often leads to uplift of stratum and damage
of superstructure. In order to study the law of displacement and deformation of superstructure
caused by grouting, the failure of a building caused by grouting in a subway in shenzhen which
the stratum is dominant by sand pebble, is taken as the background, the displacement and
deformation of the building in the process of tunnel undergoing are analyzed by field test and the
measured data, main perspective are got as following: Grouting plays a leading role in the process
of undergoing, and its influence on the building is much greater than that of tunnel excavation.
During grouting, the vertical displacement of the building increases rapidly,after grouting, the
vertical displacement declines due to pressure relief, slurry solidification and soil consolidation.
Because the slurry splits the cracks in the formation, the amount and rate of grouting increase
abnormally, the uplift of the building correspondingly increased dramatically in these days, with
the maximum one-day uplift reaching 41.55mm. Similar to the uplift trend, the building
inclination increases rapidly during grouting and declines after grouting. Moreover, non-uniform
uplift is the main cause of inclination and crack, the change of water level has great influence on
the development of fractures.

keywords: subway tunnel; sandy cobble stratum; crossing under the existing building; grouting;
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Study on Temperature Field Evolution Law of a CRTS ||| Ballastless
Track Slab

Jin Chen, Hu Wentao
(East China Jiaotong University)

Abstract:

To evaluate the temperature field distribution and evolution within a CRTSIII ballastless
track slab, accounting for factors including the climate temperature, solar radiation and wind
speed, a predicting formulation is proposed. Based on the measured data of the on-site temperature
distribution of the CRTSIII ballastless track slab of Chang-Ji-Gan high-speed railway line, a
prediction model of the temperature field of the track plate is proposed based on the basic
principles of heat transfer and the consideration of meteorological data. According to the model,
the temperature gradient representative values of the track plates in different regions are calculated.
It shows that the variation of temperature field of a slab is generally in accordance with
environmental temperature variation at the top and about 2 hours delay at the bottom. The
variation in temperature gradient is evident only within 0~0.12m, and being weak with depth.
According to the formulation, the largest daily temperature gradient occurs at the same time, but
its amplitude changes with season. The largest annular positive and negative temperature gradient
occurs in summer season, which is 93.1°C/m and -44.1°C/m respectively. The calculated data
agrees well with the measured temperature data; Considering the representativeness of the
provinces in different regions, the recommended values of the positive and negative temperature
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gradients of the track plates in different regions are proposed.The research results can provide

reference for the design, construction, operation and maintenance of CRTSIII ballastless track
plates.

keywords: high-speed railway
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Mesoscopic Analysis of Dynamic Response of Granular Materials of
High-Speed Railway Ballastless Track Subgrade

Zhang Xiao, Xiao Junhua, Zhang De
(Tongji University)
Abstract:

Based on the FDM-DEM coupling method, the real-scale numerical model of the high-speed
rail-free track subgrade structure is established, which verified by comparing with the measured
data on site. By using this model, The mesoscopic dynamic response of subgrade granular
materials under different vehicle speed conditions was analyzed. The main conclusions are as
follows: 1) The main frequency of the particle vibration response is related to the characteristic
length of the train body structure. However, as the train speed increases, the high-frequency
components gradually appear in the particle vibration spectrum, which causing more mesoscopic
movement of particles. 2) When the train speed is increased, the vibration response spectrum of
the surface layer particles of subgrade bed shows an increasing trend in the high and low
frequency bands; but the vibration response of the particles of the bottom layer is only increased
significantly in the range below 20 Hz, the vibration response of the particles in the higher range is
not obvious. 3) When the train runs at high speed, an increase in vibration response of particles in
the interface region between surface layer and bottom layer was discovered.
keywords: High speed railway; Ballastless track subgrade; Granular material; FDM-DEM
coupling model; mesoscopic analysis
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Experimental Study on Additional Deformation Characteristics of
Subgrade Subjected to Two-Step Cyclic Loading

Wu Junjiet, Qing Yuangi?
(1. Shanghai Maritime University; 2.Tongji University)

Abstract:

The additional deformation will be induced with the new traffic load on the subgrade, despite
the deformation is stabilized during operation. In this study, a two-step cyclic dynamic loading test
was performed to study the additional deformation trend. Using dynamic triaxial apparatus,
different cyclic loading amplitudes and frequencies were applied to analyze the additional
deformation under the second-step loading, on condition that the first-step deformation was
stabilized. The results showed that: higher amplitude or lower frequency of the second-step
loading resulted in larger additional deformation; higher amplitude or lower frequency of the
first-step loading resulted in less additional deformation in the second step. When the subgrade
deformation was stabilized after the first-step loading, larger load amplitude in the next step was
applied. This led to much less additional deformation of the second step than the plastic
deformation in the first step. The tests results may assist in the calculation and evaluation of
subgrade permanent deformation.
keywords: subgrade; additional deformation; two-step cyclic loading; dynamic triaxial test
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Research on Settlement Characteristics of Subgrade of Karez
Foundation Under High-Speed Railway Load

Chen zZhiming, Zhang Yanfei, Liu Xianfeng, Gao Zefei, Chen Weizhi
(Southwest Jiaotong University)
Abstract:

In order to ensure the construction and safe service of the high-speed railway in the Karez
area, the numerical simulation of the settlement characteristics of the Karez foundation was
carried out. The influence of the buried depth of the Karez , the shape of the Karez and the type of
the Karez support on the maximum settlement of the subgrade was further studied. The results
show that the buried depth of the Karez has a great influence on the settlement of the subgrade,
and there is a critical depth of embedding, which makes the settlement of the Karez the largest.
When the buried depth of the Karez is small, the settlement value of the subgrade is small; when
the buried depth of the Karez increases to a certain value, the settlement value of the subgrade
surface reaches the maximum; when the buried depth of the Karez continues to increase, the
settlement value of the subgrade begins to decrease. small. The shape of the Karez has a
significant influence on the settlement of the subgrade. Among the four shapes, the subgrade
above the Karez with the horizontal ellipse has the largest settlement. The Karez support type has
a significant impact on the settlement of the subgrade. In the three types of support, the subgrade
above the plain soil well has the largest settlement. This research can provide technical basis and
reference for the evaluation of the site of the Karez foundation and the construction of the
high-speed railway.
keywords: High-Speed Railway; Karez Foundation; Subgrade Settlement; Numerical Simulation
E& &N : BRERA, AEKI@AS, 775778719@qq. com.
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Application of Foamed Light Soil in Soft Soil Subgrade of High-Speed
Railway

Han Bowen, Cai Guoging

(Beijing Jiaotong University)

Abstract:

ABAOUS software is used to establish a two-dimensional finite element model which can
simulate the filling and fill. The finite element method is used to calculate the settlement of the
soft soil subgrade filled by high-speed railway and the conventional filling. The difference
between the two different embankment consolidation settlement is compared and analyzed. The
results show that the foam lightweight soil is used instead of the conventional filler. For the
roadbed, the weight of the roadbed and the additional load of the soft soil foundation are
significantly reduced. Using the lightweight foam soil to fill the soft soil roadbed can control the
post construction settlement of the soft soil subgrade and reduce the consolidation settlement.
keywords: high-speed railway; soft soil roadbed; foamed lightweight soil; consolidation
settlement; post construction settlement
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Numerical Study on Asphalt Concrete Waterproof Sealing Layer for
Subgrade Under Low Temperature Conditions

Cai Degou?, LvSong?, Yan Hongye!

(1. China Academy of Railway Sciences; 2.Beijing Jiaotong University)

Abstract:

In this paper, the generalized Maxwell model is adopted for asphalt concrete to establish the
track structure model and study the mechanical characteristics of asphalt concrete waterproof
sealing layer under low temperature. The results indicate that the longitudinal stress of the
waterproof sealing layer of asphalt concrete at the shoulder is small and directly affected by the
external temperature. However, the longitudinal stress of asphalt concrete layer in the position of
expansion joint is larger because of the deformation of support layer under the low temperature.
So there is a risk of cracking in the position of expansion joint. Combining with practical
application, this paper puts forward some measures to improve the state of the asphalt concrete
waterproof sealing layer and reduce the risk of cracking, such as laying composite geomembrane
sliding layer at the position of expansion joint and choosing proper construction temperature.
keywords: asphalt concrete waterproof sealing layer; viscoelastic model temperature field;
contact relationship
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Study on Construction Order and Reinforcement Measures of New
Overlapped Shield Tunnel

Xu Hongwei
(b 4k 5 w9 By SR8 IR R A TR )

Abstract:

Most overlapping tunnels in China adopt the construction sequence of "first down then up” to
control the construction safety. Taking an overlapping tunnel project as an example, combined
with the analysis of Engineering geology, construction schedule and construction organization,
this paper considers that it is feasible to adopt the construction sequence of “first up and then
down", and that the construction sequence of "first up and then down™ is better than that of "first
down and then up".Through the calculation of bending and shearing resistance of longitudinal
bolts in shield tunnels, it is concluded that the construction sequence of "first up and then down™
requires rigid support for the upper tunnels to bear the temporary bending moment and shearing
force caused by the construction of the first tunnels.
keywords: overlapping tunnel; construction sequence; first down and then up; rigid support
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Simulation and Analysis of Integrated Water Pumping-Recharge for
Subway Foundation Pit in Soft Soil Area

Yao Yanming, Jing Hao, Du Yunlong, Xia Ming, Di Honggui
(Tongji University)

Abstract:

In the construction of foundation pit, it is essential to control confined water in order to
ensure the safety of foundation pit and surrounding environment. Taking the confined water
control in the foundation pit project of Ningbo Rail Transit Line 4 Children’ s Park Station for
demonstrating, a confined water control scheme for pumping-recharge integration is proposed in
this paper. Firstly, based on the three-dimensional unsteady seepage model of groundwater, the
depth of the confined water level is predicted to guide the design optimization; Then, the
hydrogeological parameters of the confined water layer are back analyzed using the results of the
pumping verification test and the variation of environmental water level around foundation pit
under the pumping and irrigation integration scheme is further studied; finally, numerical
simulation is used to analyze the influence of design parameters such as water stop curtain
insertion ratio and recharge well position.
keywords: Foundation pit; pumping-recharge integration; design optimization; inverse analysis
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Swelling-Shrinkage Deformation of an Expansive Soil Foundation Under
High Speed Railway Embankment Loads: a Case Study

Pan Gaofeng, Sun Danxi, Liu Xianfeng, Tian Maocheng
(Southwest Jiaotong University)
Abstract:

Designing and constructing road and railway embankments over expansive soils is not trivial
because those soils may experience significant volume changes upon drying and wetting related to
seasonal climate changes.This paper presents a case study of the swelling-shrinkage behaviors of
an expansive soil ground under high speed railway embankment loads at a test site along
Kunming-Nanning High-speed rail line (KNHR). A full-scale field test facilities was built for the
site filling test in expansive soil ground, of which consist of embankments with five different
heights (0.9m, 1.9m, 2.7m, 4.88m and 7.49m). All the test embankments were fully instrumented
to monitor the ground deformation and the change in volumetric water content profiles of the
foundations during the entire filling process (base filling period, placement period and track laying
period). Field test results demonstrate the feasibility of constructing embankments with
appropriately de-signed heights over the expansive soil ground to satisfy the strict requirements in
short and long-term deformations for high-speed railways. Finally, a simple method for estimating
the critical filling height of a subgrade was proposed , which protect the top surface of subgrade
from swelling-shrinkage behaviors of an expansive soil ground.
keywords: high-speed railway; embankment; expansive soil foundation; swell-shrinking behavior;
field test
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Study on Thermodynamic Properties of Modified Aeolian Sand in Cold
Regions

Liu Changjiang, Zhang Chunde
(P o=+ BE Ak &4k TAH RN E))

Abstract:

There are many transverse cracks in the surface of the embankment which was made of
modified aeolian sand in cold regions because of drastic changes in temperature. Cement and clay
were used as additives of modified aeolian sand in the paper. Then, thermodynamic tests are
conducted on the modified aeolian sand samples with different content of cement and clay, and the
relationship between thermodynamic properties and the content of cement and clay was analyzed.
According to the tests, the change trend of specific heat capacity of modified aeolian sand is
roughly opposite to that of thermal conductivity under the condition of constant temperature. The
thermal conductivity decreases first and then increases with the content of clay in modified aeolian
sand, and increases with the content of cement. Under the condition of variable temperature, the
change process of specific heat capacity of modified aeolian sand samples with different mixing
proportions is roughly same, and the general trend is that the specific heat capacity increases with
the increase of temperature. With the increase of clay and cement content, the linear expansion
coefficient of modified aeolian sand samples decreases.
keywords: Cold regions; Modified aeolian sand; Thermal conductivity; Specific heat capacity;
Coefficient of linear expansion
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Analysis of Influence of Deep Foundation Pit Dewatering Based on
ABAQUS

Yang Xiuzhu(China)
HREEAF L ARTREF B
2050537464@qqg.com

Lv Kai(China)
HEGRZFE
Ivkai2020@163.com

Lei Jinshan (China)
HEAFIARIREFR
5822673@qg.com

Liu Jia (China)
REAFELIARTIES
1071233196@qgqg.com

Abstract: The development of underground space at home and abroad has been plagued by
groundwater problems, and safety accidents caused by deep foundation pits are also common. In
order to study the law of groundwater seepage and analyze the influence of urban foundation pit
dewatering construction on surrounding buildings, based on the Shenzhen GangXia North
Comprehensive Transportation Hub Project, the precipitation of this project was simulated by
numerical simulation and on-site methods. In the process of precipitation construction, the seepage
law of groundwater and the stress and deformation of the soil are obtained. It is found that within
the scope of influence, the layered settlement of the soil meets the characteristics of “three-stage”;
in addition, we analyze the numerical model and analyze the difference. Under the precipitation
speed and the depth of the different water curtains, the surface settlement of the soil shows that the
groundwater seepage path is different under different precipitation speeds, resulting in different
soil stress states, thus producing different deformations and settlements; Curtain, in a certain depth,
the deeper the water stop curtain, the smaller the groundwater seepage flow outside the foundation
pit, the smaller the groundwater flow velocity, and the smaller the ground surface settlement.

Keywords: Deep foundation pit; Precipitation construction simulation; Effect of precipitation
speed; Analysis of water curtain depth
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Study on Internal Force and Deformation Characteristics of Variable
Section Anti-Slide Piles

Li Ligin
(FEFR)
Abstract:

In order to study the deformation and bearing behavior of the variable-section anti-slide pile
under the action of landslide thrust and pile front soil resistance, the circular anti-slide pile is
selected as the research object for the problem of the displacement of the up-and-down
displacement of the anti-slide pile used in the sliding surface. Considering the influence of factors
such as reduction ratio, variable diameter position and pile spacing, the internal force and
deformation characteristics of variable cross-section anti-slide piles are studied. According to the
form of the anti-slide pile, the pile above the sliding surface is regarded as the cantilever beam
with elastically oriented hinge. The pile below the sliding surface is regarded as the “Winkler”
elastic foundation beam, and the variable series resistance is derived by the power series method.
The internal force calculation formula of the anchorage section of the slide pile is used, and the
internal force calculation program of the whole pile section is compiled by Matlab, and the
internal force change of the whole section of the variable section anti-slide pile under the
influence of different factors is visually analyzed. The results show that the upper pile is regarded
as the cantilever beam with elastically oriented hinge, which can make the displacement of the pile
continuous at the sliding surface; under the same residual anti-sliding force, the maximum bending
of the pile with the increase of the reduction ratio The moment will increase and the displacement
of the pile top will decrease. However, the reinforcement effect of the variable diameter ratio is
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not obvious. With the downward movement of the reduction position, the maximum bending
moment and the displacement of the pile top are smaller; The change of the pile spacing, the
maximum bending moment of the pile body and the displacement of the pile top will change in
proportion.

keywords: Slope engineering
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CRTS |l Type Slab Ballastless Track Interlayer Damage Detection
Method Based on Lamb Wave

Li Zaiwei, Zhu Wenfa, He Yuelei, Chai Xiaodong
(L#ETARRKE)

Abstract:

CA mortar interlayer damage directly affects the service performance of CRTS Il slab
ballastless track. The air-coupled dispersion characteristics and excitation parameters of ballastless
track slab are studied by developing a theoretical model of Lamb wave propagation energy
leakage in CRTS Il slab ballastless track with rigid boundary constrains. The method to detect the
void of the CA mortar interlayer is verified by the laboratory scale model test. The results show
that the excitation center frequency of the laser probe of the CRTS Il ballastless track plate is
28kHz and the incident angle is 3.5° . It can stimulate the A3 mode to detect the interlayer void
damage of the track plate. With the increase of void damaged size between CA mortar layers, the
energy leakage decreased and the received Lamb wave’ s energy of A3 modal increased as well as
the amplitude, also shows a linear variation law; The non-contact and air-coupled Lamb wave can
realize the fast quantitative detection of the interlayer damage of CRTS Il type slab ballastless
track.
keywords: CA mortar damage; Ballastless Track; Air-coupled ultrasonic; Lamb wave
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Key Technology of Deviation Correction of Turnout Ballastless Track
Structure Based on High-Polymer Chemical Desorption

Liu Jin
(China Academy of Railway Sciences Corporation Limited)
Abstract:

The large deviation of the turnout ballastless track structure affected smoothness of the
railway line. It was necessary to correct the deviation of ballastless track structure to restore the
smoothness of the line. The technical difficulties of deviation correction of turnout ballastless
track structure were analyzed, the key technology process of deviation correction based on
high-polymer chemical desorption and air cushion lifting was studied, the track dynamic
performance synchronization monitoring technology was applied. Results showed that the bond
coefficient between the base plate and the roadbed surface had a significant effect on the lateral
thrust value of the jacks. When the bond coefficient increases from 0.5 to 1.0, 2.0 and 5.0, the
maximum increase of lateral thrust value is 62.1%, 144.9% and 290.2%. The high-polymer
chemical technology ensured the complete separation between track structure and graded broken
stone layer, therefore, the adhesion and friction were reduced significantly which created a
prerequisite for the successful implementation of the deviation correction. The smoothness of the
line was improved significantly, and the dynamic performance response of the ballastless track
after the deviation correction was satisfied to meet the safety and stability requirements of the
high-speed train operation.
keywords: Grouting; Uplift; Concrete structure; Ballastless track; Rehabilitation
EEEN: YT, PEKERFEMRREZABRAT, 705478890€qq. com.
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Efficient Impedance Model for the Prediction of Train-Induced
Vibrations in Over-Track Buildings

Zou Chao, James A. Moore, Masoud Sanayei, Wang Yimin, Tao Ziyu
"IN K= Acentech Inc. Tufts University South China University of Technology

Abstract: Rapid growth of the urban development of Chinese mega cities lead to land

utilization challenges resulting in the need for over-track buildings above metro depot. However,
the high frequency of subway operations into and out of depots can generate excessive vibrations
that transmit into the over-track buildings, with radiate noise within the buildings. The adversely
affect the living quality is the dominant concern of building occupants. In order to predict building
vibrations to provide reference for vibration mitigation design prior to construction, the impedance
model was proposed. The model was validated by applying to two filed buildings over a metro
depot that comprises of more than 50 over-track buildings.
By comparing the predicted vibration responses with the measured responses, the impedance
models successfully predicted the floor vibrations levels of a low-rise steel-framed building with
walls and a high-rise reinforced concreate building with bearing walls. The vibration at the
building base is different with the vibration on the soil near the building base due to it has a
building coupling loss for vibration transmission from soil to building foundation. Impedance
modeling of buildings is a powerful, efficient, and rapid way that can be used for floor vibration
predictions.

Key words: Vibration; Prediction; Building; Impedance modeling

E&EI/T: P8, " HRIKE, chao. zou@gdut. edu. cn,

82



N
p/yr—ci WORLD TRANSPORT CONVENTION2019
A

SU[JZ7 June13-152019 Befing.China

BT 042 A MO ek A RIS ER 5T

Fabik, Ardmi, R
(P £ TR REAFEAN )

B E: RTHEGEEMALRG, BER, HREYE. ST FREEY, RANER
B EZMRIY BIE—BSFNEE, HEEMOLANINRARIE. ALEATR4A
B E IR EARTRE ISR A Ak F MR AL, B b, SO EMT ). %
AP AFE WA AT 4 K& 45 NEARIEAR, FI R B4 W& 75 R BRI 14 AN AR
iy KRG, ATRBG 14N SIIR, 2AFE—. Rk, A AWERL T ERR
WA ERMA SRR X R, T — Rk Eamitae; %6, AT T —REKFMEER
LATR AR, M T R ERHEFIE, AL T K REEMGRET @, AT —K
Wbk FAnf i A T i ek

KA ek Ei, KA, HE2R%

Research on the Characteristics of Generations of Subway Vehicles
Based on Artificial Neural Networks

Qi Hongfeng, Shao Fubo, Liang Yu
(CRRC Industrial Institute Co.,Ltd)

Abstract:

Urban rail transit vehicles have become an important part of public transport due to the
outstanding advantages: high speed, large traffic volume, low energy consumption and less land
occupation. Metro vehicles have been developed for over one hundred years and there is obvious
generational characteristics. In this paper, the generational characteristics of metro vehicles are
studied from the top index of metro vehicles based on the systematic view. Firstly, the paper
synthetically analyzes 45 specific indicators of four categories: vehicle transport capacity, safety,
comfort and environmental friendliness. And then 14 core indicators are extracted by employing
the complex network method. Secondly, the first and second generation metro vehicles are
analyzed based on the 14 core indicators. By employing the artificial neural networks the
relationship between the performance and indicators of metro vehicles is obtained. And then the
performance of the next generation metro vehicles can be predicted. Finally, the characteristics of
the next generation of metro vehicles are predicted based on the performance of the next
generation of metro vehicles and the latest technology. The future development direction of metro
vehicles is pointed and the theoretical basis for the next generation of metro vehicle manufacturing
is provided in this paper.
keywords: metro vehicle; characteristics of generations; key words: artificial neural networks
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Reproduction Method of Key Pneumatic Valves Leakage Faults for
Standard EMU Brake System

Zuo Jianyong, Ding Jingxian, Feng Furen
(Tongji University)

Abstract:

The pneumatic valves used in the standard EMU brake system are prone to fatigue, aging,
stuck and other performance degradation during long-term service, and even functional failures
such as braking not releasing, which seriously affects operational safety and efficiency. In this
paper, the relay valve, one of the key pneumatic valves of the brake system, is taken as an example.
Its working principle is introduced, and its common failure modes are analyzed. The "leakage" is
proposed as the main failure mode, and it is further divided into internal leakage and external
leakage. The relay valve simulation model is established by AMESim software. The internal and
external leakage faults of the relay valve are simulated by the model-driven simulation method
based on fault reproduction, and the influence of leakage on the BC pressure and balance state of
the relay valve is analyzed. It is found that the relay valve has a “dynamic balance” position
besides the “three-state” position, and the fault comparison test is carried out on the leakage fault
simulation test bench. The test results show that the relay valve model established by AMESIim
can effectively reproduce the relay valve leakage faults. The method proposed in this paper can
also be used to reproduce other pneumatic valves leakage faults in brake system.
keywords: standard EMU; pneumatic valve; leakage; fault reproduction
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Analysis on Influence of Ice-Covered Brake Pads on the Stress
Characteristic of Alpine EMU Brake Disc

Zuo Jianyong, Liu Jialiang, Song Shigiang, Ding Jingxian
(Tongji University)

Abstract:

According to the phenomenon of the abnormal wear of the brake disc of the high-speed train,
taking the ice-covered pad and brake disc into consideration, ANSYS/LS-DYNA and Ls-Prepost
are used to establish the contact fiction model between pad and disc. Based on the fourth strength
theory and cutting principle, the stress characteristics of the brake disc under different brake disc
pressure are explored. It is found that peak value of stress of brake disc decreased by 41.68%
under normal conditions and the difference of maximum axial displacement is nearly 4.5mm. The
peak stress is larger and the maximum equivalent stress changes slightly with the change of gate
pressure, only 43.22Mpa. The overall trend of disk axial displacement increases with the increase
of gate pressure. The analysis provides important reference value for improving abnormal wear of
the brake disc in extremely cold and snow environment and theoretical basis for engineering.
keywords: low-temperature EMU; ice impurity; brake disc; stress characteristics; numerical
simulation
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Load Characteristic Analysis of High Speed Train Bogie

Wang Wenjing, Yan Ruiguo
(Beijing Jiaotong University)

Abstract:

In this paper, the bogie load of a high-speed train is studied. On the basis of calibration
experiment and line test, the load characteristics of bogie floating and sinking load, torsion load
and anti-rolling torsion bar load are analyzed. The functional relationship between load change
and velocity is obtained. The results show that there is no obvious difference between floating
load and torsion load under straight line and curve conditions, but they are more sensitive to speed
change. The load of anti-roll torsion bar has strong recognition ability to straight curve change.
When running in straight line, the load of anti-roll torsion bar fluctuates near zero. When running
in curve, the load of the anti-roll torsion bar is the smallest when the speed reaches the ultra-high
critical value.
keywords: high-speed train bogie; load characteristics; floating load; torsional load; anti-roll
torsion bar load
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Influence of Welding Process Parameters on Welding Deformation of
Bogie Side Beam of High-Speed EMU

Shan Qing, Zahng Tianyi
(PERAPEEEZRBARAS], FHKFE)

Abstract:

Bogie is an important part of high-speed EMU, and its quality is related to the smoothness
and safety of the rail car. The side beam of bogie frame is a large part, which has long welding
seam and large heat input, the residual deformation after welding is difficult to control. Therefore,
it is urgent to study the optimal bogie welding process parameters and reduce the welding residual
deformation of bogie. In order to save the calculation cost, this paper extracted the curve T joint
model from the bogie side beam structure. Taking welding speed and welding current, voltage as
research objects, based on the thermo-mechanical coupling method and design of experimental
method, the welding simulation analysis was carried out. As the result, the optimal combination of
welding process parameters is proposed, and the influence of the above parameters on welding
heat input and welding residual deformation is further discussed. After applying the optimal
welding process parameters to the side beam of the bogie, the welding residual deformation of the
upper and lower cover plates of the side beam can be guaranteed to meet the requirement of
flatness 1mm without post-welding treatment.
keywords:bogie side beam; curve T joint model; welding parameter; welding residual
deformation
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Influence of Transition Curve on Vehicle-Line Dynamic Response of
Suspended Monorail

Kou Junyu, Yu Haowei, Xie Yi, Luo Yuan, Xiao Jie
(China Railway Eryuan Engineering Group Co.LTD)

Abstract:

Based on the theory of vehicle dynamics, the vehicle-line coupling dynamics model of
suspended monorail is established through the dynamics software Universal Mechanism. It
conducts research on six transition curve types including cubic. fifth, seventh and ninth parabola.
half-wave and one-wave sine, and the variation regulation of dynamic response characteristics
under each line style is analyzed. The simulation results indicate that the transition curves of
high-order curve types have no absolute advantage over the cubic parabola for the suspended
monorail with low running speed, which is different from the theoretical results. Because the
effective length of the cubic parabola is longer, its initial variation point of low frequency sloshing
is slightly later than other line styles. The sloshing period of the fifth parabola and half wave sine
curves is the shortest among all line styles. For the lateral sloshing amplitude of the vehicle body
in the same attenuation period, the seventh and ninth parabola. one wave sine curves are the
largest, followed by the cubic parabola, the fifth parabola and half wave sine curves are the
smallest. In general, the transition curves of fifth parabola and half wave sine have better
characteristics.
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Discussion on the Basic Characteristics and Technical
Countermeasures of Vacuum Pipeline Traffic

Liu Benlin
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Abstract:

The vacuum environment for transportation is not only has the well-known advantage of low
resistance, but also has the problems of requiring a reliable vacuum boundary and large overhead
for entering and exiting the vacuum environment. In view of the technical characteristics of
vacuum pipeline transportation, the author and collaborators proposed the “ Processing
Bearer-Seal separtely”  vacuum pipeline construction scheme and the “Passenger exchange
with no parking” passager transportation operation plan. The “Processing Bearer-Seal separtely”
transforms the construction of the vacuum pipeline into a project the construction of RC and
affiliated renovation works, thus the cost canbe controlled. “Passenger exchange with no
parking” enables a vacuum pipeline provide direct passenger transportation services on aa
reciprocal basis for many cities along the route, thus the performance and ratio canbe improved.
This paper also discusses the  “introduction feasibility” of vacuum pipeline transportation.
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