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Preface

We are fortunate to have Southwest Jiaotong University (SWJTU, Chengdu, China)
to host the Fifth International Conference on Transportation Engineering (ICTE
2015). Transportation and Development Institute (T&DI) of the American Society of
Civil Engineers (ASCE) is a key sponsor of the conference and ASCE is the publisher
of the conference proceedings. SWITU, formerly known as Tangshan Jiaotong
University, is renowned for its prestigious engineering programs in various
transportation related disciplines, dating back to 1896. The editors are grateful for the
kind support of SWJTU, and the organizations and individuals who played important
roles for the success of the conference, which are acknowledged at the beginning of
the proceedings. This conference is held in the city of Dalian with outstanding support
of Dalian Jiaotong University. This is the first time that ICTE is held outside of
Chengdu, China. We all appreciate the diligent work by Dalian Jiaotong University
for ICTE.

The motif of ICTE 2015 is “Comprehensive, Wisdom, Green, Safety, High-Speed and
Innovation”. ICTE 2015 is a platform of communication and discussions among
worldwide experts and scholars in the field of transportation engineering. During the
conference, they will present their latest achievements and innovations to promote
mutual study and collaboration.

All papers in the proceedings were peer-reviewed resulting in over 400 papers
selected for publication. The School of Transportation and Logistics of SWJTU
provided various support for the conference, including soliciting abstracts and papers,
organizing sessions and presentations, and managing the peer-review process.

There were a number of volunteers who reviewed the submitted papers. The
conference and the editors appreciate their valuable work. The editors thank their
important contributions to the conference. The diligent work by members of the
Secretariat in organizing the vast number of papers is critical for the publisher to meet
the deadlines.

Lastly, we would like particularly thank ASCE T&DI Director, Mr. Muhammad
Amer, and staff of ASCE publications for their support of this conference.

Editors of ICTE 2015 Proceedings

Qiyuan PENG, Southwest Jiaotong University, Chengdu, China
Kelvin C.P. WANG, Oklahoma State University, USA

LIU Xiaobo, Southwest Jiaotong University, Chengdu, China
CHEN Bingzhi, Dalian Jiaotong University, Dalian, China
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Abstract: The present paper hypothesizes that when the safety motive of sustainable
development pursued by financial organizations and the service motive aimed by
government financial control contradict, effectiveness of policy conduction would be
undermined. Fuzzy comprehensive evaluation method is employed by different target
groups to evaluate policy satisfaction. The study has shown that target groups are
satisfied with credit system in post-disaster reconstruction.

Keywords: Post-disaster reconstruction; Credit policy; Fuzzy comprehensive
evaluation method; Policy evaluation.

1 Introduction

In accordance with monetary policy, credit policy, an integral part of national
Macro-economic Control system, led by industrial policies, exercised by commercial
banks, whose principles of safety, fluidity and profitability are respected by central
bank, cooperates national social and regional development policies, guides and
standardizes bank credit funds channeled by a series of policies and regulations and
regulatory system (Tang Yingwei, Hong Bo, 2012). Some scholars claim that in
post-disaster reconstruction, powerful monetary policy can provide efficient and
reliable, long-term and standardized capital supply for relief and rehabilitation work.
(Song Xuguang, Pang Mingchuan, Wang Xiaoling etal, 2008). Meanwhile, some
scholars maintain that principles of safety, profitability and fluidity pursued by
commercial banks when allocating credit will undermine the role of control played in
emergency rescue and post-disaster reconstruction (Feng Xiaobin, Wang Yong,2010).
Especially at present, China’s financial system inadequate to catastrophe relief and
precautions is insufficient to carry out post-disaster reconstruction. (Qin Chijiang,
2009). The present paper hypothesizes that when the safety motive of sustainable
development pursued by financial organizations and the service motive aimed by
government financial control contradict, the effectiveness of policy conduction
would be affected.
At the same time, different policy-targeted groups’ or stakeholders’ subjective
evaluation of policy implementation and relevant effects results from such facts as
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the relatively long time-lag between credit policy implementation and anticipation of
target groups in post-disaster reconstruction, the manifestation of loan benefits (such
as income change, project progression, production restoration .etc) brought by
preferential credit policy, which target groups participate, and emergency of conflicts
between target groups’ policy anticipation and the goal of government
macro-economic control.

2 Proposal of Evaluation Scheme and Establishment of Index System
2.1 Design of evaluation scheme

The target groups of credit policy on post-quake reconstruction are mainly
afflicted inhabitants and small and medium-sized enterprise. This study is conducted
with questionnaires, and afflicted inhabitants and small and medium-sized
enterprises are survey target. Counties (prefecture or district) with an economic edge
in pre-disaster days that are severely affected by earthquake and recovered
significantly in post-disaster days, are within our sample scope. Sample size is
devised according to the principle of average sample size conforming to normal
distribution. Questionnaire informs the present authors of the afflicted inhabitants’
and small and medium-sized enterprises’ evaluation results of credit policy
implementation and relevant effects. In the process of data organization and analysis,
a fuzzy mathematical method is used to analyze the final membership grade level of
policy implementation effects so as to investigate the implementation results of
customer-led credit policy in post-disaster reconstruction, namely afflicted
inhabitants’ and enterprises’ satisfaction level of policy.
2.2 Selection of samples and description of data

Of the 40 heavily and severely aftlicted counties (prefectures, districts), Aba
prefecture, Chengdu and Mianyang are chosen to be the key areas to be investigated,
and 11 counties (prefectures, districts), which account for 25% of heavily and
severely afflicted counties, are included to be our survey target. Questionnaires are
distributed to afflicted inhabitants and enterprises who enjoyed preferential credit.
Valid questionnaires obtained from afflicted rural inhabitants, urban inhabitants and
small and medium-sized enterprises are with efficacy rate of questionnaires being
85.46%, 76.36% and 87.27% respectively.
2.3 Establishment of index system and rating scale

(1)Determination of index system

On the basis of evaluation index system related to credit policy, integrating
practical credit situation of post-Wenchuan Earthquake reconstruction, index system
of satisfaction evaluation, which can reflect different target groups’ anticipation of
credit policy, is screened through credit policy of key support work aimed at different
target groups.

The evaluation of implementation effects of credit policy on post-Wenchuan
earthquake reconstruction is shown in table 1.
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Table 1. Evaluation of implementation effects of credit policy on post-Wenchuan

earthquake reconstruction

n Earthquake
reconstruction
R

evaluation R2

Fist class . . .
. Second class index Third class index
index
Evaluation of credit cost in
housing reconstruction x1
. Evaluation of infrastructure after
Afflicted rural ..
. . , credit investment x2
inhabitants - -
. . Evaluation of agricultural
Satisfaction . i
. restoration after credit
evaluation R1 .
investment x3
Evaluation of post-quake income
Target change x4
groups’satisfac evaluation of loan interest after
tion evaluation adjustment y1
of credit | Afflicted urban | Evaluation of maximum loan
policy on | inhabitants’ limit after adjustment y2
post-Wenchua | satisfaction Evaluation of credit period after

adjustment y3

Evaluation of approval efficiency
v4

Afflicted enterprises’
satisfaction
evaluation R3

Evaluation of approval efficiency
z1

Satisfaction evaluation of fund
supply 22

Evaluation of “Four Nos” policy
z3

Evaluation of support magnitude
of credit policy z4

(2)Determination of rating scale

This paper grades influence factors of credit policy on post-Wenchuan
Earthquake reconstruction on the scale of “very satisfied”, “adequately satisfied”,

“not very satisfied”, and “extremely not satisfied”.

B={p, b, b, b,}={VS AS NVS ENS},

(*VS=Very satisfied, AS=adequately satisfied, NVS=not very satisfied,

ENS=extremely not satisfied)
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3 Systematic Analysis of Fuzzy Comprehensive Evaluation of Credit Policy on
Post-Wenchuan-Earthquake Reconstruction
3.1 Satisfaction evaluation of different target groups

Probability and statistics are employed to evaluate different target groups’
policy implementation satisfaction, on the basis of which evaluation matrix Ri can be
obtained.

Every respondent made their sole satisfaction evaluation of credit policy on
post-quake reconstruction. After normalizing frequency of statistics results, with
satisfaction value of each factor in the range of 0 to 1, with the sum of satisfaction
value of every factor totaling 1.

3.2 Determination of index weight

The result of first-level index weight and second-level index weight obtained

after standard treatment of original matrix and entropy calculation are as follows:

Fist-level index weight: W={0'273 0.281 0‘446}

Rural index weight of the second-level index: m ={0.221 0.221 0273 0283

Urban index weight of the second-level index: m :{0'245 0.269 0.255 0'23}

Enterprise index weight of the second-level index: VK:{O.223 0.3260.2460.20f

Every index weight stands for the influence the index has on the target level.
And weight value is proportional to its influence.
3.3 Different target groups’ satisfaction evaluation of credit policy on
post-quake reconstruction

Weighted average method ( - ,D)with the advantage of comprehensiveness,

intensification of the role played by weights and full exploitation of result matrix R,
is chosen to be the fuzzy operator in this paper. Relatively objective and precise
fuzzy evaluation results can be conducted and the weakness of little difference
between rating scale and evaluation results can be effectively overcome. Such a
result as table2 can be got at last.
Table 2. Different target groups’ satisfaction evaluation of credit policy on
post-quake reconstruction

Index Membership grade

Level VS AS VNS ENS
B1 0.1907 0.6034 0.1765 0.0293
B2 0.1025 0.6032 0.2565 0.0378
B3 0.3608 0.2730 0.2884 0.0777
B’ 0.2768 0.3089 0.2826 0.1317




ICTE 2015

© ASCE

(1)Analysis of afflicted rural inhabitants’ satisfaction evaluation

Afflicted rural inhabitants are adequately satisfied with the overall evaluation
factors of implementation effects of credit policy (B1=0.6034) , with its weight
influence factors sequencing x4>x3>x1>x2; According to the frequency statistics of
evaluation matrix, the sequence of factors that afflicted rural inhabitants that are very
satisfied with is x3>x1>x2>x4; the sequence of factors that they are extremely not
satisfied with is x4>x1>x2=x4. It can be seen that afflicted rural inhabitants are
adequately satisfied with the overall implementation effects of credit policy, and that
the result of income raise, which they concern most, failed to meet their expectation
of credit policy on post-disaster reconstruction.

(2)Analysis of afflicted urban inhabitants’ satisfaction evaluation

Afflicted urban inhabitants are adequately satisfied with the overall evaluation
factors of implementation effects of credit policy (B2=0.6032) , with its weight
influence factors sequencing y2>y3>y1>y4;According to the frequency statistics of
evaluation matrix, the sequence of factors that afflicted urban inhabitants that are
very satisfied with is y4>y1>y2>y3; the sequence of factors that they are extremely
not satisfied with is y3>yl=y2>y4. Judging from frequency statistics of the survey
results, the proportion of evaluation factors that afflicted urban inhabitants rated
“very satisfied” is low, and the score of every evaluation factor on the “very
satisfied” scale is less than 0.2. Less than 10% of afflicted urban inhabitants are very
satisfied with maximum credit limit and credit period, while around 30% are not very
satisfied.

(3)Analysis of afflicted enterprises’ satisfaction evaluation

Afflicted enterprises are very satisfied with the overall evaluation factors of
implementation effects of credit policy (B3=0.3608) , with its weight influence
factors sequencing z2>z3>z1>z4; according to the frequency statistics of evaluation
matrix, the sequence of factors that afflicted enterprises that are very satisfied with is
z3>74>72>71; The sequence of factors that they are extremely not satisfied with is
7z4>72>71=73; The main reason behind it is that though the policy did not last long, it
greatly alleviated repayment pressure of afflicted enterprises, transferring their risks
to financial organizations. But in the meantime, it means that the policy poses a
challenge to sustainable development of financial organizations and increases the
pressure of exposing the financial organizations to bad loans.

(4)Target groups’ satisfaction evaluation of credit policy on post-Wenchuan
Earthquake reconstruction

Target groups are adequately satisfied with credit policy on post-Wenchuan
Earthquake reconstruction (after normalization B’=0.3089).The overall satisfaction
evaluation integrates afflicted rural and urban inhabitants’ and enterprises’
satisfaction evaluation. Enterprises are most satisfied with overall policy framework,
afflicted rural inhabitants are not satisfied with it, and afflicted urban inhabitants are
least satisfied with it.
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4 Conclusions

Here we may draw the following conclusions:

(DIn general, Target groups are adequately satisfied with credit policy on
post-Wenchuan Earthquake reconstruction (B’=0.3089), the implementation of the
credit policy effect is positive.

(2)In terms of the target groups’ importance, enterprises accounted for the
largest in the three groups (W = 0.446), and largely affected the final result. Hence,
there is a necessity to strengthen the credit policy support to enterprises.

(3)In terms of the target groups’ satisfaction, rural inhabitants and urban
inhabitants are most satisfied with credit policy, the AS>0.5. By contrast, enterprises
satisfaction with credit policy is low, and its VS and AS are both less than 0.5. In line
with(2), the credit policy still need to focus on enterprises.

5 Suggestions on the Perfection of Credit Policy on Post-disaster Reconstruction

According to the target groups’ satisfaction survey, the credit policy on
post-Wenchuan Earthquake reconstruction has been recognized by target groups.
Judging from the recovery and development level of regional economy and social
enthusiasm, the policy has basically achieved its goals. Meanwhile, to form effective
governmental coping experience of economic policy under emergencies, there is
room for improvement. Firstly, in the process of policy formulation, adhere to the
commercial banks’ principle of safety, fluidity and profitability, government should
play an dominant role, give priority to actual demand and interest of financial
organizations and individuals and shorten the time-lag of fund demand in afflicted
areas. Secondly, financial support system of post-disaster reconstruction should be
further improved, the role that policy finance plays should be reinforced, domestic
demand should be reasonably regulated and controlled, economic growth should be
steadied and development of regional economy should be stimulated and the skills of
afflicted inhabitants to recover production should be elevated. Thirdly, the building
of catastrophe insurance system should be strengthened, and ability of financial
organizations to cope with catastrophes should be improved to alleviate the burden of
shouldering catastrophic risks.
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Abstract: After the earthquake, road transport lifelines were seriously damaged, for
this situation, this paper presents the concept of emergency rescue scheduling
decision under earthquake, which is, when the road traffic is interrupted, other modes
of transport connections will replace to ensure the fluency of traffic lifelines. Based
on the theory of traffic ergonomics, timeliness, security and economy, the three
properties of emergency rescue connection, were nondimensionalized and
polymerized by weight. Using the multi-attribute decision-make theory, established
the utility function model, Finally, verified the model through concrete examples.
Keywords: Traffic engineering; Earthquake disaster; Emergency rescue;
Connections.

1 Introduction

Natural disasters occurred frequently in China, especially earthquakes, brought
huge losses to economy and society. To reduce the loss caused by disasters, the state
departments developed appropriate emergency response plans for different disasters.
Transportation program of emergency relief supplies plays an important role in the
rescue work, in which the scheduling of transport vehicle is the key. During
earthquake, the road transport lifelines, including roads, bridges and tunnels, are
easily damaged, for the security and quick transportation of people and supplies, the
lifeline need to be connected by air, water or rail.

2 Description of the Model

Emergency transportation decision-making model refers to a decision-making
model for decision-makers alternative which within the scope of an integrated
transport network, depending on the level of emergency needs, give the appropriate
connections program based on different security, economy and timeliness. The
model includes not only the choice of transport routes, more important is to choose
the modes of connection, the existing connections to a road-main emergency lifeline
are: highway - aviation - highway; highway -waterway - highway; highway - railway
- highway. The process of integrated transport connections can be expressed by
Figure 1.
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2.1 Process analysis

From the factors and nature of the transport scheduling decision in emergency
situations, it can be seen that the choice of emergency connection modes, can be seen
as a multicriteria decision problem. Its decision-making goal is to select the transport
route which make three attribute vectors (timeliness, security and economy) achieve
the ideal value (maximum or minimum). The key to solve this problem is to
construct the utility functions of attribute components (FU Jialiang, 2006).
According to the multi-attribute decision theory, the properties of each attribute
component of the alternative routes should be nondimensionalized firstly, and then
determine the weight of each attribute, and then each component is polymerized by
the decision utility function. Finally select the maximum expected utility value as a
recommended decision program.
2.2 Parameter analysis

Based on the points of chapter 2.1 , transportation scheduling decision of
emergency rescue needs considering timeliness, security and economy. We can
construct the following network diagram (Xu Peiwen, 2011):

E=1{0,12 ..k}
F={(ab)la,b=10,1,2,---,k,a # b}
G={(m,n)m=1,23;n=1,2,---,s}

H = {h,,(a,b)la,b =0,1,2,:-,k,a # b}

E and F are the sets of nodes and lines that vehicles may go through during the
process of transportation, a and b are any two nodes of set E, showing the two ends
of a line; G is a set of modes and frequency of connections, m = 1,2,3 respectively
represents air, waterway and railway connection. n represents the frequency of each
connection modes from starting points to the destination; H is the set of road rights,
represents the weights of (a, b), indicating its importance of particular attributes (or
a comprehensive attribute) in decision-making; Q is the set of connection rights,
indicating the weights of connection mode in a connection. Such multicriteria
decision problem can be solved with the linear assignment.

The objective function is constructed as follows:
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_ { 1, When the vehicle through line(a, b);
Xab = 0, when the vehicle does not through line(a, b).
(1, When mode m is used;
Yab { 0, When mode m is not used.

when:

hay =M, qmn =N, M and N are sufficiently large integers; k is the total

number of nodes in the road network, s is the number of connections in the process
of comprehensive transportation.
The objective function satisfies the following constraints:
k

Zxa,, —1,b=012 -,k

Xgp =1,a=0,12,-k;

Q
Lol
=)

b=0

3
> Y= Ln=0125;
m=1

N

3
Z Z Ymn =S,
m=1

n

=0
= (xgp) € S.

According to the above mathematical model, we can obtain three components of
the objective function:
(1) Timeliness
Time calculation obey the addition rule, we can set T as the total time from the
starting point to demanding point of any transport route. Ty, is the travel time for
vehicles in the line (a, b), t,,;, is the travel time of connection NO. n using mode m,
the objective function of time component is:

k

k 3 s
minT = min [Z Z TapXap + Z Z ymntmn]
a=

1b=1 m=1n=1

(2) Security
The security attributes of transport scheduling scheme is generally represented
by the probability of security pass, its operations obey the multiplication rule, in
order to ensure its consistency with the transport distance algorithm (timeliness

© ASCE

10



ICTE 2015

© ASCE

11

property has the consistency), Need to do Mathematical transformation for the
probability of security pass, so that the resulting index can obey the addition rule,
logarithmic way just meet this requirement (Li Mao, 2008).

Suppose P is the total security pass probability of transportation routes from
the start point to the demand point, P, is the security pass probability of line (a,b),
Pon is the security pass probability of connection (m,n). In the alternative route

Ug, P is the security pass probability of the line No.i, P is the security pass

probability of the No.j connection point. Entire transportation route consists of m
lines and n connection points. The security pass probability of route ug; is:

k s
P =] [r-] |7
i=1 j=1

To ensure its additivity and non-negative . Both sides multiplied by “—1” after
taking logarithm:

—logP(ust)z—ZlogPi—Zlong 0<P,P=<1

So the objective function based on security attribute is:

maxP = min [i i Xap (=108 Pay) + Z Z (= l0g Pm,»]

a=1b=1 m=1n=

(3) Economy
Suppose E is the total economic consumption of route from the starting point
to demand point, E,;, is the economic consumption of line (a,b), ey, is the
economic consumption of connection (m, n), Economic attribute similar to the time
attribute, they obey the addition rule.
Similarly, the objective function based on economic attribute is:

k k
minE = min Z Z abXab Z Z Ymn€mn
a=1b=1

2 Establishment of the Model
According to the multi-attribute decision theory, Because of the relative
independence among timeliness, security and economy of the relief supplies
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transportation after the earthquake disaster, the utility function of multi-attribute
model can be expressed as the sum of each single-attribute utility in a unified
dimension. According to the previous results of the parametric analysis, Each
property has maintained consistency in the form of transport distance algorithm, so,
Dimensionless Processing for The resulting utility function of each attribute is just
need, the sum of Dimensionless index can be easily attained (Wang Qiang, 2013).

Assume that Ty, and T,.x are the minimum and maximum transit time,
Ppin and Pp.x are the minimum and maximum security pass probability, E.,;, and
Epnax are the minimum and maximum transit economic cost.

Assume that the set of the transportation scheduling schemes from starting point
to demand point is:

M = {ili = (a,b,m,n),a,b =0,1,2,---,k,m =1,23,n=0,1,2,---,s}

g; is the dimensionless index of total transport time of option NO. i, T; is the
total transport time of option NO. i, Ty.x and Ty, are the maximum and
minimum transit time of all the options. According to the dimensionless principle
(Yu Wuyang, 2013), it can be Obtained:

gi_M , TminSTiSTmax' iEM

Tmax—Tmin

Assume that h; is the dimensionless index of transportation security of option
NO. i, P, is the safe pass probability of option NO. i, P,.x and Py, are the
maximum and minimum safe pass probability of all the options. To ensure the
consistency of each property component indicator, we hope that h; will increase
with the increasing of safe pass probability, According to the dimensionless principle,
it can be obtained:

Assume that k; is the dimensionless index of transportation economy of option
NO. i, E; is the economic cost of option NO. i, E, .y and E;, are the maximum
and minimum economic cost of all the options. According to the dimensionless
principle, it can be obtained:

12



ICTE 2015 13

Assume that the weight of timeliness, economic and security the dispatchers
give is (Vaidya, 2006):

0<A <1

0<1,<1

0<1;<1
M+l +2a;=1

A= (/11:/12:/13)T'

Based on the above analysis, the utility function model of transportation
scheduling scheme under emergency conditions is:

G = /11 (Tmax - Ti)

i

Pmux B Pi ) 13(Emax - Ei)

Emax - Emin

+ 2 (1 - .G €[0,1]

Tmax_Tmin Pmax_Pmin

In the formula, G; is the decision utility index of NO. i alternative
transportation scheduling scheme. Larger G; indicates better comprehensive
evaluation result of transportation scheduling scheme, so, we choose the
transportation scheduling scheme which have the maximum G; as the final decision
result.

3 Analysis of Example
3.1 Introduction

March 10, 2011, a 5.8 level earthquake occurred in Yingjiang in Yunnan. The
earthquake caused damage to roads and bridges in varying degrees, But the
earthquake did not cause traffic disruption, the major trunk roads leading to
Yingjiang can meet the basic requirements for access. Rescue vehicles arriving
Yingjiang are mainly from Baoshan, so the purpose of this example is to find the
optimal path from Baoshan to Yingjiang. The surrounding road network of Yingjiang
is schematically shown in Figure 2, the path Information is shown in Table 1.

Table 1. The basic information of section

Speed
Safe pass Connection  Length
Routes . Lines ) (km/ B
probability points (km) i transport C Tergng
h) connection gaint A
Baoshan
A—B— G56— 6 4 _
0.9 0.7 — — 23 57 Starting
C 317 0O 0 point
A—D— G320 6 4 Destination Water transport
0.9 0.8 - - 50 52 connection point
C —S317 0 0
A—E 0.9 G320 waterway 181 60 E Ruili
C—F 0.6 5233 aviation 83 40
E—F 0.7 5233 — 100 40 Figure 2. Network diagram
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3.2 Discussion of optimal connections program

(1) Decision parameters

Follow the route segment of Table 1, determine the Decision Parameters as
Table 2 (Zhang Yi, 2008).

(2) Weights

Calculate the weight of the three indicators by the analytic hierarchy process,
Assume in the three factors of security, timeliness and economy, timeliness is
slightly more important than security, security is Significantly more important than
economy, timeliness is strongly important than economy, we can list the judgment
matrix as Table 3 (Zhou Ping, 2010).

Table 2. Decision parameters Table 3. Judgment matrix
Routes Timeliness  Security ~Economy Index Security Timeliness Economy
A—B 12.7 35.6 9.2 Security 1 23 6
B—C 40.1 53.5 228 Timeliness 32 1 9
A—D 276 35.6 20.0 Economy 1/6 1/9 1
D—C 36.6 41.0 20.8
A—E 100.0 35.6 72.4
C—F 58.4 100.0 332
E—F 70.3 67.9 40.0

Waterway

13.9 100.0 200.0
connection
Aviation
) 111.2 35.6 9.0
connection

Through consistency test, its matrix consistency ratio CR=8.28 X 10°<<0.1, the
inconsistency of the matrix within the allowable range. The weight vector of Each
attribute can be obtained under the above conditions prevailing emergency as follow:

(A4, 25, 43) = (0.375,0.562,0.063)
According to Figure 2, there are three possible transportation scheduling
schemes:A-B-C-FA-D-C-FA-E-F the attribute index and utility function

value of each scheme can be listed as Table 4 (Shen Zhiyun, 2011):

Table 4. Calculation of decision effect

Standardized Standardized Decision
Scheduling  Standardized

) security economic effect

scheme time
index index index
A-B-C-F 1.000 1.000 0.058 0.941
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A-D-C-F 0.927 0.917 0.000 0.863
A-E-F 0.000 0.000 1.000 0.063

It can be concluded that under the assumption of emergency traffic conditions,
scheme A—-B-C-F can get a larger effect index, should be recommended as an
emergency transport scheduling scheme under this kind of situation.

4 Conclusions

Analyzed the differences of transportation scheduling decisions goals between
emergency and general situations through the three properties of timeliness, security
and economy, pointed out that the issue of transport scheduling decisions under
emergency conditions essentially is multicriteria decision problem , firstly
nondimensionalized each attribute components, then obtained the decision utility
function by polymerizing the attribute components with the weighting method, the
multicriteria decision problem changed into a single one, Successfully established a
mathematical model, chose the scheme has the highest expected utility as the
decision-making program. Finally, verified the model with an example, the results
are close to the actual, proved its applicability. This model can also be used in the
general transport scheduling decisions. The further study will be expanding the scope
of the model.
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Abstract: In consideration of the insecurity and high energy consumption of
motorcycle, over 200 Chinese cities have implemented motorcycle forbidden policy
since 1985. Taking Changzhou as an example, this paper firstly summarizes the
policy implemented in Changzhou, and then analyzes the impaction upon
motorcycles, including the deceleration of motorcycle ownership, change of usage
and improvement of safety. Changzhou’s experience shows that the ban has obvious
effect on reducing the ownership and usage of motorcycle. But there is still strong
demand for motorcycle in the suburb area. The ban policy should be strengthened
progressively and varied in different zones rather than one-style-fits-all or
one-step-fits-all.

Keywords: Motorcycle; Forbidden policy.

1 Introduction

Motorcycle, as a convenient and efficient individual traffic, used to play an
important role in urban traffic system. (Zhao, 2007) At the end of twentieth century,
the development of motorcycle reached the peak point and it was common that over
20% of all trips were motorcycles’. But the rapid growth stood out the weakness of
motorcycle like insecurity, high energy consumption and air pollution. (Wang, 2003,
Xu, 2005 and Zhao, 2005) In view of this, over 200 Chinese cities have implemented
motorcycle forbidden policy since the first motorcycle ban in Beijing in 1985. (Deng,
2009, Huang, 2005 and Lin, 2007)

Changzhou implemented motorcycle forbidden policy in 2005. Taking it as an
example, this paper summarizes the motorcycles’ characteristics before and after the
ban, including the deceleration of motorcycle ownership, the change of usage
characteristic and the improvement of safety. Finally, the applicable countermeasures
are put to solve the problems existed in the period of the traffic mode transferring.
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2 Motorcycle Forbidden Policy in Changzhou
2.1 Background

Changzhou is a city in Jangsu Province in China with an area of 4385 km’.
There are totally 4.65 million people in 2012. The whole city can be divided into the
central part and the suburb area. The central part of the city is 616.12 km®with a
population of 1.75 million.

Before the implement of the motorcycle forbidden policy in 2004, there were
over 140,000 motorcycles in Changzhou, accounting for 68.6% of the total motor
vehicles. Every 6.5 person owned a motorcycle calculated on the urban resident
population of 920,000. There were more than 250,000 vehicle-times per day at that
time. The excess motorcycles brought a series of problems like chaotic traffic order,
air pollution, traffic accidents and motorcycle robbery.

Chaotic Traffic Order. In 2005, there were averagely 2800 motorcycles entering
intersection in peak hour. If converted into equivalent car, the motorcycle flow will
account for more than 30% of the whole traffic volume. What’s worse, the
motorcycle illegal rate up to 40% on average in central part of the city.

Air Pollution. In 2003, motorcycles totally discharged 78.5% carbon monoxide,
60.2% nitrogen oxide and 74.7% Non-methane hydrocarbon of all urban vehicle
emissions. The concentration of Carbon monoxide was seven times as the national
standard.

Traffic Accidents. From 2002 to 2004, the traffic accidents caused by
motorcycles were 1183, 5089 and 12495 respectively, which were 9.9%, 24.6% and
46.8% of all vehicle accidents. What’s worse, over 300 people died in the
motorcycles’ accidents.

Motorcycle Robbery. There were totally 879 motorcycle robberies in 2004
which were a threat for residents’ properties as well as psychological insecurity.

2.2 Evolution of the motorcycle forbidden policy

Faced with the problems, Changzhou issued a document called “Suggestion on
Motorcycle Limited Development in Changzhou” to restrict motorcycle development
on October 15, 2005. Since then, the authority stopped motorcycle registration in the
central part of city.

The ban policy has experienced three times adjustment on enlarging the limited
scope and extending the limited time. Before 2005, there was no limitation on
motorcycle travel. Since October 15, 2005, all kinds of motorcycle traffic were
banned in a heart area (3.32 km?) of the downtown from 8:30 to 17:00. Since January
15, 2007, the limited scope expanded from the original 3.32 km® to 34.58 km”. On
March 20, 2008, the local authority extended the limit time from 8:30-17:00 to
8:00-18:30, meanwhile some of the street in the core area banned on motorcycle
traffic throughout the day.

In aspect of supporting facilities, Changzhou worked mainly for three aspects:
one was the installation of 284 road signs on the 127 entrance around the limited
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area; Secondly, construct 57 motorcycle parking lot around the limited area; thirdly,
set up a motorcycle trading market and three motorcycle scrap points to ensure the
scrap of transfer of the motorcycle. In 2008, the local authority set 114 more traffic
signs and adjusted 152 original signs to ensure the completeness of the indicators.

3 Impaction upon Motorcycles
3.1 Motorcycle ownership

(1) Ownership of motorcycles

The ownership of motorcycle in central part fell steeply since the forbidden
policy adopted in 2005. The ownership of motorcycle in 2006 decreased by 53.5
thousands (34.5%) compared with 2005. In 2013, the motorcycle ownership is only
28.2 thousands, which is about 1/6 of that in 2005. 64.7% of all vehicles are
motorcycles in 2005, while it is only 11.6% in 2013. (Figure 1) According to the
forecasting of the authority, motorcycles will completely disappear in 2018 in central
part of the city.
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Figure 1. Development of Motorcycle and Vehicle

(2) Regional difference

Although the motorcycle ownership has declined, but in suburb area motorcycle
is still a very important means of transportation.

In 2005, 78.3% of all vehicles are motorcycle in suburb area. From 2005 to
2013, the motorcycle ownership of suburb area dropped from 350 thousands to 241
thousands. But the percentage of motorcycle is still 39.2%. In some district like
Jintan County, motorcycles still occupied more than half of the whole motor vehicles
in 2013. It can be seen that motorcycle is still an important traffic tool in suburb area.
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3.2 Usage of motorcycles

(1) Mode share

Motorcycles were once the most important transportation mode in Changzhou.
According to the residents’ trip survey in 2004, the motorcycle trip proportion
accounted for 26.2% of all modes, ranking secondary to the bike. The data showed
that motorcycle used to be the initial motorized mode. The proportion of private cars
and public transportation was only 4.72% and 8.39% respectively at that time.

Since the ban, motorcycle share rate has dropped rapidly. From 2001 to 2009, it
dropped from 27.9% to 14.5%. (Figure 2) What’ more, motorcycle trips occurred
mainly in suburbs where motorcycles were not limited. According to an investigation
in 9 intersections in the central part of Changzhou, motorcycle traffic accounted for
only 0.4% of the total flow in 2013.
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Figure 2. Mode Share Rate of Motorcycle

(2) Travel purpose

Motorcycle used to be the main commuter traffic tool. In 2004, 45% of total
motorcycle travel purposes were "go home" and 36% were "go to work". While the
travel purpose like sports, shopping, visiting friends or other recreational elastic trips
were rarely. However, after the extension of the ban time for 8:00-18:30 in 2008,
rigid demands like "go to work" cannot be satisfied by motorcycle. Thus the demand
of motorcycle was switching to other traffic tools.
3.3 Improvement of motorcycle safety situation

A large number of traffic accidents were caused by motorcycle before the ban.
In 2004, most of motorcycles in Changzhou were straddle motorcycles or mid-range
motorcycles. The poor stability and bad braking performance make the rider unsafe.
What’s worse, the safety awareness of motorcycle drivers was poor, illegal drive
behaviors like driving without a helmet or without a license are common.

These reasons led to a growing number of motorcycle accidents. From 2002 to
2004 motorcycle accidents rose from 1183 to 12495 and the proportion of
motorcycle accidents grew from 10% to 47%. What’s worse, the numbers of deaths
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grew from 45 to 170. The annually growth rate was 108%. (Figure 3) 6138 persons
were injured in motorcycle accidents in 2004 as well.

180 17 200%

0
Ban Year
160 4 151

- 150%
140

& 120 100%

: %
5 100 s
e - 50% §
g a0 e
] 7]
e (-5
g 60 0%

40

-~ -50%

[}
]

-100%

el

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Death number —a—Changingrate

Figure 3. Death Number Change of Motorcycle Accidents (2002-2012)

After the ban, the number of deaths caused by motorcycle accidents reduced year
by year. It dropped from 78 in 2006 to 12 in 2012. (Figure 3) From 2004 to 2013, the
proportion of deaths caused by motorcycle accidents has fallen from 40.96% to 20%
according to the local traffic department. Most of the motorcycle accidents happened
in the suburbs like Wujin district.

3.4 Transformation to electric bicycle

Electric bicycle is quite similar with motorcycle in convenient and efficient. But
electric bicycle don’t need driving license and much cheaper than motorcycle. After
the motorcycle ban, electric bicycle developed rapidly. In 2013, the electric bicycle
ownership was as high as 1.39 million. (Table 1) What’s more, the electric bicycle
mainly developed in the central part. It has become the main traffic mode for the
dwellers.

Table 1. Development of Electric Bicycle in Changzhou(2011-2013)

Zone | Ovnenshi | Ounenstip | L 0 | owmerstip | UL
with 2011 with 2012
Allzone | 1143377 | 1313433 14.9% 1395562 6.3%
central part 631110 753171 19.3% 819711 8.8%
Waujin district | 351976 | 391455 11.2% 402838 2.9%
E(’ﬁntf 97666 106182 8.7% 110388 4.0%
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Electric bicycles has replaced motorcycle and become the main body of traffic
accident. In the first quarter of 2013, accidents involved with electric bicycle
accounted for 48.7% of all. What’s worse, 30% of the death accidents are involved
with it. Abundant overweight and overspeed electric bicycle is one reason. Electric
bicycle riders don’t need professional training or driving licenses. The lack of driving
skill and safety consciousness are more significant.

4 Conclusions

The motorcycle forbidden policy in Changzhou achieved the predicted result.
The ownership, mode share rate and motorcycle accidents are all dropping rapidly
since the ban. In 2013, there are only 28,151 motorcycles left in the central part.
Meanwhile the death number caused by motorcycle accidents is less than one-tenth
of before.

But it should be noticed that there is still strong demand for motorcycle in suburb
area. The motorcycle percentage of all kind motor vehicles is still nearly 40% in
2013. Meanwhile the suppressed demand will transfer to the other modes like electric
bicycles. If not handled properly, the motorcycle forbidden policy will just transfer
problems from one to another.

Changzhou’s experience shows that the ban policy should be different in different
zone and limited level should be strengthened step by step rather than
one-style-fits-all or one-step-fits-all. Meanwhile the assorted measures should be
implemented ahead to lead the motorcycle demand to a sustainable way.
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Abstract: As for some Chinese cities as Chengdu which is mostly flat, electric
bicycles take the place of manual bicycles to become the first choice of middle and
short distance transport for lower-and-middle income groups due to their low cost,
higher speed and carrying capacity. But more and more traffic problems resulted
from a large magnitude of electric bicycles appeal to universal attention. Aimed at
the absence of practical survey and research on electric bicycle traffic, this paper
carried out practical traffic survey on electric bicycles in Chengdu, presents statistical
analysis on the structure scale, traffic volume, violations and proportions, especially
on the speed distribution. According to traffic practices of electric bicycles in
Chengdu, this paper affirms their main body position, proposes type selection
diversification, coordination with wurban transit, standardization and strict
management, and humanization in traffic organization. And eight strategies and five
kinds of facility designs are pointed out.

Keywords: Non-motorized vehicle transport; Electric bicycles; Traffic
characteristics; Application management.

1 Introduction

Urban development requires a multilayer transport network with reasonable
structure. Biking trips are favored by lower and middle income groups as a cheap,
green and fast alternative for trips up to a distance of some 3.5 km. Applied as the
transfer mode for mainline trips of urban transit, bicycles are also considered as an
essential mode of urban traffic system.

Just as electric vehicles in comparison with the traditional fuel motors, electric
bicycles not only inherit such advantages as green, cheap and healthy of manual
bicycles, but also add the new functions of fast, high bearing and transporting
capacity similar to automobiles. That makes electric bicycles develop rapidly,
especially in the plain districts suitable to their driving properties. And electric biking
trips have become a primary travel type for the citizens in Chengdu, Sichuan
Province. The total amount of electric bicycles in this area reached 5 million (Li Xin,
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2013), accounting for more than 90% of the total amount of non-motorized vehicles.
The traditional manual bicycle proportion is decreasing year by year, urban trip
structure has changed greatly.

New traffic structure has led to the urban transport in Chengdu city highlights a
series of sharp contradictions. There are frequent electric bicycle traffic violations,
speeding, ignoring red lights, illegal carrying things and taking more riders, and so
on. Many motor vehicle accidents are caused by electric bicycle violations. At
intersections, their competing to go through, occupying the space of motor traffic and
riding on the motor carriageway have become the causation of the decreasing
capacity and growing congestion of urban road network. These problems result from
both the lack of awareness of civilized traffic behavior, and the vehicular and traffic
characters that different from manual bicycles’ characters. Are electric bicycles the
“trouble-maker” or the key factor of urban traffic system? Should the total amount of
electric bicycles be controlled? Or should electric biking traffic be lead in
cooperation with other urban transport types? It is necessary to study the traffic
characteristics of electric bicycles deeply in order to orient electric bicycles correctly
and optimize their application and management.

2 Review of current applications and researches

The studies on the traffic characteristics of electric bicycle are relatively less,
especially little attention has been paid to such a topic abroad where there is a lower
non-motorized proportion. The existing literature and data emphasize mostly on the
design and improvement of the vehicle structures and overall management tactics.
Some strong correlation results include: Ma Guozhong et al. pointed out that the
design speed and weight of electric bicycles are the main factors to influence the
traffic safety (Ma Guozhong et al., 2006). Zhu Wenting et al. discussed the
relationship among traffic accident, speed and load, deduced different safe braking
distances under the road, speed and load conditions respectively (Zhu Wenting et al.,
2011). Zhou Wenhua et al. analyzed the influence of electric bicycles to urban traffic
structure in China (Zhou Wenhua et al., 2005). Chen Yanyan et al. researched the
development of electric bicycles in Beijing from safety, environment, urban transport
strategy and so on (Chen Yanyan et al., 2002). Ye Xiaofe et al. obtained that the
conversion coefficient of electric bicycle relative to manual bicycle is 1.2295 based
on the data of traffic survey in Nanjing City (Ye Xiaofei et al., 2012).

Altogether, the present researches fall short in the group behaviors, macro and
micro characters descriptions under practical traffic environment. And domestic
management regulations of electric bicycles are formulated mostly from the
perspective of administrators or by means of artificial experiences, there is a urgent
need of research on practical traffic operation of electric bicycles.
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3 Traffic survey on electric bicycles
3.1 Operation overview

This survey focused on where are No.3 ring road and the sections of radial main
road. In consideration of the road network structure in Chengdu City, with the land
layout and development, population distribution and economic development and so
on, 16 intersections, 32 sections of urban roads and 4 roads out of the city were
selected as the survey spots. The investigations included traffic volume, speed,
violation behavior and infrastructure, and the works started at the end of October and
finished at the beginning of November in 2012. The investigating time ranged over
morning and evening rush hours.

3.2 Data analysis

By statistical analysis on the practical investigating data (Chengdu
Transportation Committee and Southwest Jiaotong University, 2013), some results
can be found. For example, the electric bicycle traffic accounted for above 70% of
non-motorized traffic. The proportion of electric bicycles to non-motorized vehicles
on over 88.2% survey spots is over 75% and on over 50% spots is over 80%. So it
indicates that electric bicycles have been replacing manual bicycles as the main
transporting types of personal traffic in short distances in Chengdu.

Electric bicycles in Chengdu tend to light motorization corresponding with their
taking dominant position increasingly. Due to higher speed, greater mass, large
number and good mobility of electric bicycles, the traffic accidents related to them
appear the characteristics of higher accident prone and severity. The common
violation behaviors take many forms as speeding, carrying people and cargo together,
competing to occupy motorway, riding on the wrong side of the road, running the red
light or across the stop line at intersections. Through sampling observation of
sections, it could be found that some riding on the wrong side of the road are resulted
from the absence of convenient crossing facilities. For example, the crossing road is
too far, overpass or underpass are planned and designed irrationally that is unable to
meet the demand of the electric bicycle crossing the street. From the data on the 16
intersections and their 32 approaches, it also can be seen that running the red light or
across the stop line at intersections accounted for 40.8% of the total traffic violations
and 10% of total traffic volume, resulting in more serious safety problems. Electric
bicycles often compete with motor vehicles for traffic time and space. There exist
serious conflicts and interferences of the electric bicycles and motor vehicles at large
intersections. At some bus stations, the non-motorized vehicle lanes are occupied by
the platforms. Not only the lane width is cut down but the normal electric bicycle
riding also disturbed seriously by the passengers waiting at the stations. That results
in the poor continuity of non-motorized traffic.

The average speed of motor vehicles on the main roads downtown in Chengdu
is 18 km/h. But the running speeds of electric bicycles are generally above 15 km/h,
around 17-20 km/h far more than the average speed of about 10 km/h of manual
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bicycles. The practical running speed of electric bicycles has been in close to that of
motor vehicles. In other words, the motor vehicles have not any advantages
compared to the electric bicycles from the perspective of speed during rush hours.
For example, the electric bicycle speeds and corresponding frequencies on Xihua
Avenue are shown as Figure 1.
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Figure 1. The speed —frequency distribution of electric bicycles

Figure 1 indicates that even in the traffic peak period the electric bicycles still
maintained a high speed, about 70% of electric bicycles ran at the speed from
15 km/h to 23 km/h, over 70% of electric bicycles ran at more than 20 km/h, far
exceeding the upper bound of 15 km/h regulated by the Chengdu Non-motorized
Vehicle Management Rules (CNVMR).

4 Development orientation and mode

According to the traffic characteristics of electric bicycles, as well as their
advantages and disadvantages in the practical operation of Chengdu, the
development orientation in Chengdu should be positioned as main body of
non-motorized vehicles ownership, type diversity, coordination with urban transit,
standardization and strict management, and humanization in traffic organization. By
extension some instructions could be obtained as below.

(1) Electric bicycle is the direction of development of non-motorized travel.

(2) Electric bicycle should be promoted to develop orderly as the structural
element of the comprehensive transportation system by scientific guide.

(3) More strict regulations and implementations.

(4) To enhance the level of traffic service facilities for electric bicycles.

For electric bicycle travel, the transfer mode of “electric bicycle + public
transport” should be implemented, and B+R (Biking & Riding) transfer system
should also be established.
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This is a green development mode consistent with the actual traffic in Chengdu.
On the one hand, the normal “manual bicycle mode” in transferring has been
converted into the “parallel mode of electric and manual bicycles” from such aspects
as policies, going and parking facilities, improving electric bicycle travel conditions.
On the other hand, the speeding and other violations of electric bicycles have been
controlling strictly and the electric bicycles exceeding national standard have been
reduced and will be eliminated, promoting electric bicycle transport into effective
and sustainable development.

5 Application management

Electric bicycle transport problems couldn’t be simply attributed to the product
or industry itself. The causes include riders, vehicles and facilities. But the main
problem is management. With further popularization of electric bicycles, higher and
higher traffic pressure will be induced, forming a series of challenges on road traffic
management. It is necessary to present systematic countermeasures to solve new
traffic problems due to electric bicycles.
5.1 Basic strategies

In general, there are eight aspects of contents:

(1)To implement the registration mechanism of electric bicycle;

(2) To implement the qualified products list management for electric bicycles;

(3) To strengthen the enforcement of relative laws and regulations on the traffic
violations of electric bicycles;

(4) To establish the waste battery recycling system for electric bicycles;

(5) To strengthen the supervision and management of the electric bicycle
production and sales from source;

(6) To make a clear distinction among the relevant management department
responsibility, improve the efficiency of management;

(7) To improve relevant laws and regulations

(8) To improve the supporting facilities in order to ensure the effect of measures.

5.2 Traffic facility design

Firstly the coordination planning should be prepared comprehensively among
the traffic facilities of electric bicycles and other vehicles, as well as urban
architecture. Then the detailed engineering works include traffic designs on the
non-motor vehicle lane, non-motor vehicle crossing facilities, non-motor vehicle
parking facilities, non-motor vehicle traffic signs and markings, and non-motor
vehicle lighting system.

How to implement the above strategies and take or select the designing
parameters could refer to the Study on the Orientation and Guidance Strategies of
Non-motorized Vehicle Development (Chengdu Transportation Committee and
Southwest Jiaotong University, 2013), which is developed by Prof. Liu Lan and his
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team.

6 Conclusion

Chengdu’s practices indicate that electric bicycle is a kind of energy saving,
environmental protection, economic, fast and safe transport means. And it is an
effective way to solve the travel problem for low-income groups in urban districts.
And it is also an important element of urban integrated transport system. Electric
bicycles should be selected as one of the main transport means in urban districts. But
they may also become the important causes of traffic violation and congestion due to
their special characters of speed, weight and size, which is different from manual
non-motorized vehicles.

It is necessary to represent a compromise to balance the interests of all parties,
neither harming electric bicycle production enterprises and riders, nor ignoring the
dangers of electric bicycles. Therefore strict production supervision and traffic
management should be implemented for electric bicycle traffic. And the service
facilities must be improved to match traffic characteristics of electric bicycles. It is
worth noting that the transfer trip with mass transit would be the function orientation
and application direction for electric bicycles. Such application requires perfect
biking and riding facilities and effective information service system.
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Abstract: In the trends of rail transit network development, this paper gives a brief
analysis of the superiority and impact factors of the modern tram network
development. On this basis we present three kinds of adaptation modes of the
modern tram network development. These three modes respectively focus on the
small and medium-sized cities groups, the new town in big cities and the ecological
tourism zone. At the same time we conduct the case studies.
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1 Introduction

Since the 1990s, a large number of major European countries restore or create
some new modern tram lines, which are planned into networks in small and medium
cities to replace the buses. The modern tram’s revival gradually attracts our country’s
attention, and lead to a construction boom by virtue of its own advantages. By the
end of 2013, a total of 24 cities planned or constructed the modern tram, some had
already completed the construction and put into operation (LAN Lan,2014). With the
growing scale of the modern tram construction, the pace of its network develops
faster and faster. Combining the modern tram’s system characteristics, we research
on its own advantages, factors and applicable models in network development, to
provide the impetus and further promote to China's modern tram scientific network
development and operations.

2 Rail Network Features

Rail network operators system emphasizes the result itself overall functionality
and scale effects with respect to a single line when the size of urban rail transport
network develops by a number of rail lines staggered convergence to form an overall

(13 4]

net” system. Rail network evolution process can be viewed as a development
process from a single independent rail line to rail network operators having

functional classifications, shown in Figure 1.

Figure 1. Rail Network Diagram
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Rail network development will significantly improve the network traffic
attractive features and enhance the function in the transportation system. According
to the domestic rail network mileage scale threshold defined in accordance with the
rail singlet average length estimates, the rail network usually develops into a rapid
stage by the construction of 2 to 3 rail singlet and develop into a stable stage by the
construction of 8§ to 9 rail singlet (GUO Xiucheng, et al,2013).

3 Modern Tram Network Development Advantages

Modern trams system is in the volume of rail transport. Its main functions are
regarded as a link connecting the metropolitan main city and outlying areas, and as
the backbone transportation bearing peripheral groups in big cities and main areas in
small cities (ZI Haibo, et al,2009). The former is the extend and complement for
large capacity rail network. Its lines are relatively fragmented and low degree of
networking. The advantages of modern tram network development are highlighted in
the latter one, mainly shown in the following points:

(1) Highlight the advantages of green transport

Domestic cities in the process of economic development are always bound to
face such problems as traffic congestion, excessive energy consumption and
pollution. Urban transport system is one of the main sources of energy consumption
and environmental pollution. So the development of non-polluting, energy-efficient
modes of transportation undoubtedly is the promotion to solve urban social problems.
Modern tram is a clean and energy-saving mode of transportation by electric driving
without consuming non-renewable resources such as oil. Its introductions improve
urban transport system structure. After a net operating the entire modern tram system
efficiency will be enhanced, and so do the traffic environment capacity. At the same
time it will reduce environmental objective constraints sustainable of urban transport
development.

(2) Flexible running cross path

Modern trams can take unique or mixed road rights, also can take a variety of
different running cross paths after network. Trains can run line collinear, or choose a
variety of lines. It can give better service comparing to other rail transportation
cross-line operations which mature technology is not yet convenient and flexible.

(3) Network effects reflect the value-added benefits

There are two points to rationally plan the modern tram network to reach a
certain scale, coverage and liquidity. On one hand through the plan of network layout,
construction sequence, transfer node program and entrances and exits, can attract
tourists to achieve the network passenger benefits. On the other hand at the site
perimeter do the implementation of property development, business development,
media and information development and other aspects of the whole network
co-ordination, to enlarge the value of the network operators and increase non-fare
revenue sources. Network efficiency and value-added benefits of passenger will be

32



ICTE 2015

© ASCE

bumper.

(4) Humanistic philosophy more in-depth

Modern trams own beautiful appearance and sit comfortable. It can run with
undulating terrain and landscapes to make urban transport and natural landscape
complement. With its network development, modern tram have become ubiquitous
network traffic landscape. It carries the characteristics of different cities and cultures,
deepening the humanities transportation philosophy, playing an important advocacy
role values heritage and humanities. It has considerable recognition.

4 The Modern Tram Network Development Affecting Factors

Modern tram has developed over 120 years so far. The technical conditions of
separate construction are more mature. The construction of modern tram in our
country is changing from simple "Line type" to "Network type". Only when the
transition fully completed, the modern tram’s advantages are in order to truly reflect
such as large capacity, convenient, safe and quasi-point. It is worth noticing that the
network development process will bring opportunities. But the development is
affected by many factors, mainly on national policy, urban environment, planning
and operational control and the operational organization.

(1)National policy

There are many rail alternative ways, so we should consider many factors in the
choice of city rail transportation, including national policies on rail transport like
development strategy and overall development plan. China has not yet issued any
relevant policies of the modern tram construction. The existing city modern tram
networks are mostly in infancy. We need national policy to support providing more
evidence and guarantee for the development of the modern tram network.

(2)Urban environment

Modern tram network development needs both in-depth studying of its own
network characteristics and paying attention to study the relationship between the
modern tram and other external networks like urban master planning and urban bus
network. It helps further optimize the network structure, play network efficiency, and
improve operational efficiency of the whole urban transport system. In addition,
more considerations need to focus on urban geography and climatic conditions,
especially those areas in special or bad weather. We should ensure the modern tram
having safe and efficient operations.

(3)Planning and operational control

It’s easy to implement the project at formation stage of the early modern tram
network because the factors subjecting to construction are few in each line. The
network construction will be related to the multi-line hubs operating line
constructions, and more affected by the constraints. The implementation of the
project is extremely difficult. Its main feature is the high construction of large-scale,
complexity, quality, engineering, and technology risks content. Network
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constructions are reflected in the planning stage. Whether the transfer station
synchronized planning, implementation, or network parking depot, the network level
of planning control center, are extremely important to the main substation.

(4)Operational organization

The modern tram network development requires operators to organize urban
spatial, land use and traffic adapted distribution. Operations management should
change from a single sub-population management to co-ordinate transformation
management. Regulatory should approach to the fine transition. Data management
should focus on sharing information. By this way the lines or a combination of
cooperation can form a unified overall operational efficiency. For example, wire
mesh size, the lines and transfer passengers are increasing. There are more needs to
select a matching cross-road tram running form and train plan. At the same time, the
setting of lines in the transfer station, back line, lines cord, tie lines and other
infrastructures, can also restricts the application of network operations organization
methods and techniques.

5 The Modern Tram Network Development Adaptation Model

Modern tram network has significant advantages. The modern tram "into a
network " is different from the "line type" modern tram because the former come up
a higher requirement. By studying the modern tram network adaptation mode can
provide theoretical guidance to the development of modern urban tram network.
Most of our cities are pushing bus priority development strategy. Small and medium
cities are suitable for building the modern tram. Building a modern tram network as
the backbone of transportation to guide the development of public transport,
supplementing by regular buses, taxis and other modes of transport, can be order to
create efficient multi-level comprehensive urban transportation system. But for large
cities inside, traffic resource constraints. The development of high strength,
concentration of high traffic and mixed traffic issues are outstanding. More and more
objective environmental constraints require large volume of rail lines as the
backbone network and the modern tram extend and complement the backbone
network. Therefore the scope of the modern tram network development should be
explored combining the characteristics of urban development needs and considering
the special circumstances.
5.1 Between small and medium cities groups

With the development of small and medium cities, urban space functional
structure is gradually clear. It forms some different city groups, focusing on the
development of competitive industries or economic characteristics, or achieving
specific social function. Among different functional small and medium city groups
there are greater demand for transport corridors. Taking into account the moderate
population and land size, it is particularly suited to modern tram network
development by different group centers. By this way meet passengers demand and
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use rail network radiation to adjust and optimize the function of each tour location.
Similarly, no matter what kind of functional group, they all need fast and convenient
transportation to increase green area attractivity. The modern tram network uses its
advantages to create a harmonious and comfortable traffic environment. So it can
largely replace private cars and long-haul buses for those powerful life groups. The
modern tram spread internal group to external access site for the center of the
ring-type network. Thus it focuses the internal life of the area around the site and
creates a "door to door" traffic community development models, build a beautiful
environment, quiet life living area (WANG Mingwen, et al,2007). With the
development of modern tram network, residents can also customize the modern
tram’s time of departure frequency according to their needs. For example, at the peak
of shorter headway, schedule most vehicles to meet peak passenger flow direction,
and at night to reduce the train to mitigate the impact on the lives area. In special
events we increase train to meet the special needs of passenger flow, make the
modern tram operating organization more efficient, humanistic, a resident of their
own "private train".

Yibin is planning the modern tram which belongs to this model. Yibin is in the
full implementation of bus priority development strategy, planning to build 7 tram
lines into the net total of 168.1km. It strives to form integrated public transport
system that the modern tram as the backbone system, regular bus as the main body,
small buses and ferry system as the complement. Yibin is a typical urban
development group city. The modern tram lines network plan cover all 15 groups,
and make each of the core groups together. Thus it separates groups in old city area’s
population, eases traffic pressure, promotes the development of new groups, and
enhances the overall quality of the city center. At the same time it forms the special
features of the landscape along the belt line, rail travel fast lane, airport express
high-speed rail lines. T4 line in network goes into a ring at the South Stream
independent groups which is a national industry model. So the internal groups travel
more convenient and comfortable. The South Stream live groups can concentrate on
creating "door to door" transportation community development model, making the
development of the modern tram network into a deeper level.

5.2 Inside metro cites

When urban development reaches a certain size, it will make the original spatial
organization development model change to begin gradually expanding the space
outside the city that is the construction of the metro. As the expansion of the metro
area shares the downtown urban functions, it generally drive the development and
utilization of regional economic development along transportation through the
construction of rail transit or urban freeway. At the same time it support and guide
the metro superior resources. Peripheral metro is in the development stage, which
generally have a clear function of unified planning. It has more moderate passenger
demand and road construction is also in the initial stage. But planning perspective
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passenger demand is growing faster, having higher capacity loading rate environment.
These are suitable for modern tram network development system. From the
development of long-term strategic significance, the area plan overall in advance,
and the modern tram take advantage of green transportation and create a livable
town.

The development of modern tram network makes the new town transport no
longer route through a single connection into the center of the city. It greatly
facilitates the travel of passengers, also share the single connection point at traffic
congestion, make the traffic channel between town and the downtown unimpeded.
Due to the lower bound metro road environment, the modern tram lines network can
use a central green belt laying unified way. It should be considered to construct
contact line between different lines, to make up trams better.

The modern tram construction in Hunnan new town in Shenyang belongs to this
model. Shenyang City let the "Golden Corridor, silver belt" as the skeleton, plan the
“two cities, two districts, multi-center” to form a spatial structure. Hunnan area
focuse on the development of large business exhibition, researching, recreational
sports and other modern services. It will become the city's future administrative and
cultural center. So till 2013 there is an opportunity to build a modern tram network, a
one-time planning and construction of nine lines, length of 139.3km (WANG Yingjie,
et al, 2014). Hunnan modern tram network as trunk transportation full account of the
extended reservation network operators to meet the needs of rail transport separation,
to meet future demand for passenger transport development corridor. It not only
provides a safe, comfortable, fast, user-friendly service , but also makes full use of
the existing road resources to provide a solution for metro transportation
development model. It’s guided by the construction of public transport infrastructure
in advance of travel modes and residents car regulatory development. Thus promote
the metro ecological sustainable development of Hunnan new area.

5.3 Eco-tourism zone

Eco-tourism industry due to its characteristics, urban transportation needs
seasonal change, and visitors have a motorize, individual tendencies. Urban transport
systems assume the dual pressures of local and foreign traffic. Urban residents and
visitors focus on the different transport services. This requires the construction of
transportation systems with eco-tourist attractions. Modern streetcar system’s fast,
comfortable, green, and other features in such a city will be fully reflected. But
considering the limitations factors, we particularly definite the eco-tourism zone as
the fitness area the modern tram network development.

Eco-tourism zone, which is special ecological environment and tourist
attractions in eco-tourism city, gather related services industries driven by scenic or
ecological tourism development. Modern tram network cover the entire eco-tourism
zone and band together to support their strengths and meet the different seasonal
variation, high mobility, strong individual tourist flows, acting as a wide range of
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"public tourist traffic". Thus not only meet passengers traveling quality, comfort and
high travel requirements, but also service as a unique transport landscape itself into
eco-tourism area, to develop related industries.

Here we need also talking about crossover model of eco-tourism zone network
development. If the zone is located in the center of major cities, where has been built
a higher level of rail transportation such as subways, then the modern tram network
development’s main direction is the existing rail line network encryption,
characterized by emphasis on the existing rail. Each line is wire short length and
complex. If the zone is located in the center of the small and medium city, then
modern tram network development’s direction will also consider both factors among
small city groups and ecological tourism function. Similarly, if the zone is located in
the metro or district, also take into account two models of new city and ecological
tourism.

SND(Suzhou New District) modern trams is this development model that make
eco-tourism zone and the metro district balanced. SND is located in the core area of
the Yangtze River Delta, west downtown of Suzhou. It will create an overall spatial
structure called "one core, one center, two biaxial, three areas". SND plan to
construct six modern tram lines, total length 80km, including three basic lines, two
complementary lines and a characteristic line. Thus will form four integrated
transport hub including Suzhou park, intercity rail, eco-city and wetland (MIAO
Caixia, 2013). The role of T1, T2, T4 line are connections between high-tech zone
and the main city rail to play extended transitional and complementary. These six
lines as the backbone of transportation systems adapt to high-tech zones to guide
urban development. At the same time gather the scenic Taihu, Wetland Park, Suzhou
park and related industries eco-city linking up, belong to the eco-tourism zone
network development model. It shows the ecological characteristics of the bus
system style of high-tech zones.

6 Conclusions

The development of modern tram network, takes advantages in the economic,
safe, convenient, environmentally friendly, humane, and enhance to be further "green
transport" and "human traffic" reflect. It is great significance for the improvement of
urban transport environment, reducing urban traffic pressure and improving the
image of the city. Therefore, to those small and medium cities which have built the
modern tram lines, should actively promote their construction development. To those
big cities which overall plan and integrate metropolitan transportation planning,
should recognize the role of the modern tram fit. It should be recognized in demand,
function, sustainable development and other aspects, choose rational planning and
compatible network construction mode of urban development.
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Abstract: The lightweight design of vehicle has become an important research topic
of green transportation because of many advantages with high security,
energy-saving, emission reduction and so forth in the environment of the green
traffic. In a premise of clear understanding of lightweight vehicles, the article
discussed the factors influencing lightweight vehicle design from the two aspects of
design cost and vehicle energy consumption. The research results show that: through
the use of green welding forming technology, it can effectively reduce the vehicle
quality and the energy consumption. By using aluminum alloy, weathering steel and
composite material composite structure design, not only it can satisfy the
requirements of the integration of the vehicle structure, but also can reduce the
vehicle weight to realize the balancing of benefits and costs so as to provide a good
direction for the green traffic to build a resource conserving and environment
friendly society.

Keywords: Green transportation; Structure design; Lightweight design of vehicle;
Green manufacturing.

1 Introduction
1.1 The Green Transportation and the lightweight design of vehicle

The Green Transportation is important for the inevitable choice to acquire
sustainable economic development. It also plays an important role for providing a
humanity living environment. The core of Green Transportation includes trip
accessibility, passenger safety and convenience, minimization of the expense of the
resource and land, compromise between transportation and environment, and the
system self extensibility.

For conventional fuel vehicles, the current research and development are
heading for efficient, low energy consumption and emission development, these
indicators are closely related with the quality of automobile. Also, automobile
lightweight is the most effective way to reduce vehicle fuel consumption and
emissions.

For the sustainable development of the automotive industry, energy saving,
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environmental protection and safety problems have been in urgent need to solve,
where the lightweight design of vehicle ought to be put forward.
1.2 Research status

Cristello put natural frequency, torsional and bending stiffness, maximum Mises
stress as constraint, considering the quality, manufacturing speed reduction and the
collision process, the use of multidisciplinary optimization design method of zero
emission vehicle frame is optimized.

Abhijit Londhe uses the method of test design of lightweight design of natural
frequency, stiffness and strength of a SUV model based on the research.

Alimardani considers the car dashboard support NVH and crashworthiness, and
use the size optimization method to carry on the structure lightweight design.

Based on the Cui Xintao body quality, structure performance and cost, using the
method of lightweight multi material body, in all parts of the body material type and
thickness as design variables to build the body material and structure optimization
design mathematical model, finally has carried on the optimization using genetic
algorithm.

Zhang Weigang for automobile front rail structure, optimize the use of the
structure of the multi objective optimization design method of stepwise regression
model based on the research.

2 The forming of lightweight technology

As is discussed above, lightweight automobile body is the purpose of the car
performance unchanged as the premise, reduces the quality of body in order to
reduce the vehicle quality, thus reducing the fuel consumption, reduce pollution, but
also the manufacturing cost of automobile try not to be improved. At present, the
main ways to reduce mass of body including the use of lightweight materials,
advanced forming technology and manufacturing process and body structure
optimization design.

Fig. 1 Lightweight and body weight diagram
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As is shown from the diagram drawn in matlab. Light weight does not
necessarily reduce the performance of the vehicle, the automobile lightweight in
reducing vehicle quality and can also reduce the vehicle 's center of gravity, thus
effectively improving the performance of motor vehicles; smaller car quality can
improve drivetrain load; in passive safety, lightweight can shorten the braking
distance and reduce the collision process of inertia and kinetic energy in the collision
of the automobile lightweight; at the same time can also reduce the automobile in the
running process of a lot of resistance.

The forming of lightweight technology refers to meet the application of high
strength material, and realizes the part integrated design need to adopt technology. At
present, these are the widely used: TWBs Technology (TWB), hot pressing forming
technology (HPF) and hydraulic forming technology (HF) etc..

2.1 TWBs Technology

Over the past 10 years, the rapid development of technology in aerospace and
automobile industry in laser welding. Tailor welded blanks can according to the
requirements of the different properties of each part of body parts, the use of welding
method to weld two block or plate of different thickness, performance or materials
together, the formation of laser tailor welded blanks (TWB) for stamping, so as to
reduce the number and weight of parts and reduce the cost for such purposes, at the
same time also ensure the integrity of structure and precision of variable cross
section plate; continuous extrusion (TRB) is the use of flexible rolling technology a
sheet rolling forming. Due to the continuous change of the cross section shape,
compared to the performance of TWBs with material has better. In recent years,
variable cross section plate technology has been widely used in the automotive
industry.

2.2 hot pressing forming technology

Plate body structure and body used determines the body strength, the body of
some key parts often need steel high strength steel plate. Hot forming is one of the
many solutions. Hot forming, the yield strength of the steel plate can reach more than
1000Mpa, if the use of heat molding plate in the body, it can be in constant mass
based on the strength is improved 30%. And the tensile strength of steel plate, hot
forming is about 3 times that of ordinary steel, but also have very high hardness of
both the steel toughness. Application of hot forming of steel can greatly improve
their safety performance, the collision process can give good protection of occupant.
2.3 hydraulic forming technology

Hydroforming is a plastic processing technology for force transmission medium
using liquid alternative to traditional die or punch to make parts processing.
Technology is not only used in the precondition of ensuring the parts stiffness,
strength and uniformity of the lower hydraulic forming, but also can improve the
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quality of products and forming limit.

3 Lightweight technical indicators

Lightweight technical indicators can give body to develop a directional
guidance, it is difficult to form a highly recognized in the industry index. The
following is the application of several kinds of lightweight car body index:

(1) Light Weight Index

Type (1) is defined as a light Weight Index:

M 10°

In the formula, L is a light Weight Index; M for body in frame quality, kg; Cr for
static torsional stiffness, Nm/ (DEG), including the windshield and side frame; A is
the projection area, m*; A= wheelbase * (track front + rear wheel) /2.

L=

(2) The minimum yield strength

The minimum yield strength reflects the high intensity ratio of timber in the
body, the body is minimum yield strength per unit mass of the yield strength values,
the calculation method of formula (2):

Zn:Rxm,.

R=1—
Zm:‘
! (2

In the formula, n is the number of body parts; m is the quality of the parts; R is
the yield strength of the material.

In the process of lightweight design, using different types of stainless steel with
different yield strength and tensile strength, the relevant mechanical properties of
common stainless steel material in the vehicle design comparison diagram, including
the yield strength, tensile strength and elongation of the comparison in the concrete
implementation step, should be based on the design of the construction unit
requirements to determine the specific.
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Table 1. The mechanical properties of different types of stainless steel

sketch
Grade Yield strength Tensile strength Elongation
(N/mm?) (N/mm?) rate %
SUS301L-LT 2215 2550 =45
SUS301L-DLT 2345 =690 =40
SUS301L-ST =410 =760 =35
SUS301L-MT =480 =820 =25
SUS301L-HT 2685 2930 220
SUS304 2205 2520 240

(3) The quality of body volume unit
Body mass per unit volume refers to quality in the whole body in space in the
unit volume of material contains, the calculation method of formula:
M

_M _
VT Taw 3)

In the formula, M is the quality of body; L, W and H respectively for white body
length, width and height.

(4) Lightweight cost coefficient

In modern lightweight trolley in design process, the design cost lightweighting is
for lightweight design can fully applied to an important constraint condition of the
course of events. Therefore, how to coordinate the application significance of
lightweight design and cost of the technology is very practical.

In the green traffic environment, the design of the lightweight body needs not
only many physical properties of the vehicle's consideration, also need to ensure
energy conservation and environmental protection concept of green transportation, so
in the light of quantitative assessment index, need to research and development,
materials, repair and so on. The calculation method of the following specific formula
is shown:

D hyxk; xt;
LC=%&=1"""1
KxT 4)

In the formula, h refers to the number of design units, k refers to the unit cost of
the design units, t refers to the unit time design. K refers to the total cost of the
design units, t refers to the total time design.
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Fig. 2 Relationship between the lightweight design and technology costs
diagram
From Figure 2, the existence of optimization of the lightweight design of A and
the total light weight design of B between the vehicle's lightweight degree and cost
of the technology, according to the actual need proper selection of the weight of the
meet, in the appropriate technologies cost range, get the optimal design of vehicle
lighter .

4 Sensitivity analysis

Sensitivity analysis of the objective in lightweight optimization of body
structure design, is not only to determine the body in structure on its performance but
also to design sensitive variables to lose weight.

The response of a system is determined by the properties of composition of the
various parts of this system, and each attribute parts and the influence degree of the
system response of each are not identical. Sensitivity analysis can be obtained which
attributes influence on the response of the system to larger or smaller, so as to
provide suggestions for designers.

In the sensitivity analysis method, the parameters of the system by using the
variable V; parameter, for the design goal of G, the function relation is formed
between V; and the design variables, namely g=G (V;), if the design of the variable
Vi has small changes, the design goal was to produce corresponding change:

—aGAV

Ag R i
o, (5)

When the design variables change the same value, namely the I Delta V = Delta,
Delta and variation of the design goals of g each are not identical, iGv can sensitivity
is defined as the design goal of G to the design variables V. Using the body stiffness
sensitivity of each plate thickness analysis as an example, the finite element
equilibrium equation for elastic statics:
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(Gl ]a =[F]

nxn [ nx1

nx1 (6)

In the formula, N is the degree of freedom;[G] ., is the the total stiffness matrix;

nxn

[J],., 1s the structure of displacement vector; [F'] ,is the load vector.

On the design variables V derivative can be obtained:

[G]nxn {3_J} + {%_G} [J]nxl = {%_F}
V) V) ixn V) (7)

Among them, the design variables can be focused on the lightweight design
according to different determined, and then complete the sensitivity analysis of
lightweight car body design.

5 Model of lightweight design

The design variables, constraints and the objective function are the three
elements of the optimization design. In the lightweight body structure design, with
each plate thickness as design variables and body first-order torsion and bending
natural frequency as the constraint conditions, using the body quality minimum,
torsional and flexural rigidity and maximum the optimization goal, the definition of
the natural frequency changes the amount not less than the original frequency of 95%,
and the lightweight cost coefficient of cost and weight coefficient of the standard
deviation of not more than 30% to get the body of multi-objective lightweight
optimization design mathematical model:

minf (x) = {/;, (x), £, (x)= 1, (1)} ®)

S ()= |fL ()= fic (x)| 9)

Among them, f, (x), f,-(x) need through the following algorithm for data

standardization processing, then into operation of £, (x).
xX=X"
Stdr=std(x);
[n,m]=size(x);

Sddata=x/stdr(ones(n,1):);
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Then:

gh(x)_gob(x) S 005
8o (X) (11)

gb(x)_got(x) S 005
8o (X) (12)
x=[x1,x2,x3~~,xi]T,i:1,2,~-~ (13)

01X TN <03 =12,

Yoi (14)

In the formula, f(x)is the objective function; f, (x) respectively for yield

stiffness objective function s Sa (x) is the quality objective function; f, (x) is the

torsional rigidity of objective function; g, (x),g,(x)is first order bending natural

frequency model and first-order torsional inherent frequency during the process of

optimization, g  (x),g,(x)is first order bending natural frequency model and

first-order torsional inherent frequency in the initial model.

6 Conclusions

The lightweight body structure multi-objective collaborative optimization design
method to the body is established seeing the minimum mass and stiffness maximum
as optimization objective. The whole body a twist modal frequency taken as
constraints, design variables on the sensitivity analysis is about to determine the
thickness of the multi object body the collaborative optimization design.
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Abstract: Developing battery electric bus (BEB) has become a good means to help cut
down the increasing greenhouse gas emissions and global crude oil demand. Due to
the limited driving range and long charging time of BEB, battery swap station (BSS)
seems the best option for BEBs to replenish energy at present. This paper presents a
novel method to design the BSS for BEBs. Based on several assumptions and running
rules for BEBs, the swapping and charging demand of BEB fleets are analysed to
calculate the design scale of the BSS, which include the scales of battery packs, battery
swapping system and battery charging system. As a case study, the BSS serving for
120 BEBs in World Expo 2010 Shanghai China, are simulated through a Matlab
program. The results show that the simulation can provide an equivalent level of
operation. And the scales calculated by the method are close to the actual values,
which indicates that the design method we proposed is effective.

Keywords: Battery electric bus; Battery swap station; Swapping and charging
demand.

1 Introduction

Developing battery electric bus (BEB) is a good choice to limit the emissions and
demand for fossil fuel due to increasing number of vehicles. To overcome the
disadvantage of driving range, it’s necessary to construct charging/battery swap
infrastructure for these BEBs.

There have been a number of studies related to this subject. But these studies
mostly focused on the charging infrastructure for electric cars not including BEBs
(Aultman-Hall et al. 2012; Dong et al. 2014; Kuhne 2010; Lee et al. 2014; Nie and
Ghamami 2013; Sellmair and Hamacher 2014; Tuttle and Fellow 2012). The charging
demands of BEB fleets are quite different from those of electric cars. So it’s necessary
to propose some new and special infrastructure planning methods for the BEBs.

On the other hand, most researches only study the charging station rather than the
battery swap station. Only a few literatures involved the battery swapping. Yu et al.
(2014) proposed a model and efficient method for the optimal planning of charging
station and BSS, whoes results show that BSS is more suiTable for public
transportation. Kaschub et al. (2012) proved the economic feasibility of BSS for
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BEBs. But they did not discuss how to calculate the scales of the BSS based on
swaping and charging demand of the BEB fleets. None of the existing literatures have
ever studied the design of the BSS for BEBs.

The objective of this paper is to propose a method to calculate the economically
ideal scales of swapping/charging facilities and battery packs that BSS should deploy
to meet the swapping and charging demand. As a consequence, the BEBs can be
widely adopted in the marketplace.

2 Method
2.1 Running Rules of BEBs

Several assumptions and rules are made for BEBs to follow.

Assumption 1: The BSS is built near by the bus terminal station of several routes.

Assumption 2: Each battery pack in BEB is full initially and will be replaced with
another full one in BSS;

Assumption 3: The energy consumption of battery pack is linearly associated
with mileages ignoring the impact of weather and passenger flow;

Assumption 4: The charging time of battery pack is in direct proportion to
charging depth, in inverse proportion to charging rate.

Rule 1: BEB only departs from bus terminal station, running back and forth along
the route counts as a round. All BEBs of the same route go to the same BSS for battery
swapping, then back to bus terminal station waiting for next round;

Rule 2: BEB won’t go to the BSS during a round until it has finished this round.
Namely, if the energy is not enough to support next round, it’s time for the BEB to
swap battery;

Rule 3: When BEB finishes the daily running hours, it heads for the BSS to
replace the battery pak with a full one, no matter how much energy is left. Then, back
to the bus terminal station for parking, ending the operations of a day.

The running track of BEB is showed in Figure 1.

Bus Terminal Station Nmax X L Bus Terminal Station
(“ _______ <@ -————--
1
. - - = = = = _99 _________
Nipax X L

Battery Swap Station
Figure 1. The running track of BEB.
Given the operating schedule of the route, departure and arrival time of each BEB

can be obtained, then:
Arrive(m,n) = Depart(m,n)+1T, @)
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bus Ip ( )

where n the serial number of each bus, m the serial number of each departure,
Depart(m,n) represents m-th departure time of the bus n, Arrive(m,n) represents m-th
arrival time of the bus n, 7, the cycling time of the route (min), L the route length, }'the
average speed of buses (km/h), n,, the number of stops in the route, #,, the average
time of each stop (min), Ny, the bus configuration of the route, and /p the departure
interval in peak hours(min).
2.2 Swapping and Charging Demand Analysis
2.2.1Time Distribution of Battery Swapping

Plenty of researches show that depth of discharge between 70% and 80% is
beneficial to the life of battery and provides a favorable working environment for
BEB. So we make SOC,,;>0.3, then actual max range of BEB can be calculated as
follows:

range = Rangex(1-SOC_, ) 4)
where Range is the theoretical max range of BEB (km), and range the actual max range
of BEB (km). Then max number of rounds per charge is calculated.
range—2x1

where [ is the distance from bus terminal station to the BSS (km), fix(x) rounds the x to
the nearest integer towards zero.

Whenever the BEB finished N, rounds, it should run to BSS from terminal
station for battery swapping. The swapping start and end time of BEB can be
calculated based on arrive time of the last round.

SwapS(h,n) = Arrive(hX Ny ,n)+ T, (6)
SwapE(h,n) = SwapS(h,n)+T, (7)

where SwapS (h, n) represents the start time of 4-th swapping of the bus n, SwapFE (h,
n) represents the end time of /-t swapping of the bus #, both of them are 4 xn matrixes,
T the time of BEB running from terminal station to BSS, and 7 the time each battery
swapping should take. The number of battery swapping in every minute can be
counted based on SwapS (h, n) and SwapE (h, n), which is denoted as SwapDis(t), the
time distribution of battery swapping.
2.2.2 Charging Time of Battery

The charging time of battery is determined by the depth of charge (DOC) which is
equal to the depth of discharge (DOD). According to the Assumption 4, the charging
time of battery is expressed as follow:

DOC=DOD=(N_, x2L+2x[)/ Range (8)
1
T, =X POCX60 )

where T, is the charging time of the battery pack (min), CR the charge rate of the
chargers.
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2.2.3 Time Distribution of Battery Charging
In case the replaced battery pack will be transported to charging rack
immediately, the start time of battery charging is equal to end time of battery swapping
ignoring the transport time. Given the charging time, the end time of charging can be
obtained.
ChargeS (b) = SwapE (h,n) (10)

ChargeE(b) = ChargeS(b)+T,(b) (11)

where ChargeS(b) represents the start time of b-th battery charging, ChargeE(b)
represents the end time of h-th battery charging, both of them are hx1 matrixes. The
number of battery charging in every minute is counted based on ChargeS(b) and
ChargeE(b), which is denoted as ChargeDis(t), the time distribution of battery
charging.
2.3 Design of the Battery Swap Station

The battery swap station maily consists of battery charging system, battery
swapping system and monitoring system (Figure 1). Design of the BSS aims to decide
the scales of BSS, which include the number of charging devices and swapping robots,
the amount of battery packs, the power capacity of BSS, etc.

Battery Charging Stock Distribution
Maintenance Supervisor Room substation
Area Room

cQujcujcu|jCcU|cCUu|jCu|cCcUufcu|cu|cu Charging Units cujcufcujcu|cujcujcufcujcu|cu
21 (22|23 |24 (25|26 (27|28 |29 |30 31 (32(33|34(35|36|37|38|39]40

[ B21 [ B22 | 823 | B24 [ B25 | 826 | B27 [ B28 | B29 [ B30 | Battery Packs | 831832 [ 833 | 834 B3 [ 836 | 837 ] B38 [B39 [ 840

]
Swapping Robot 1 Swapping Robot 3 i
|
im e
| & Swapping =D
] Lane 3
1o a
| B
Swapping Robot 2 Swapping Robot 4

| Bo1 | Bo2 | 803 | B0 | 80s | B0 | 807 [ 808 | 809 | 810 | Battery Packs [ B11 [ B12 [ 13 [ 814 [B15 [ B16 [ 817 [ B18 [ B19 [ 520 |

cduUjcujcu|Cufcu|CcU|cCUu|cu|cCcU|cu cujcufcujcufcujcu|cufcu|cu|cu
01|02|03|04|05|06|07| 08|09 |10 |ChargingUnits| 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20

Figure 1. The example layout of battery swap station.

2.3.1 Scale of Battery Packs

With battery swap mode, BEBs should be equipped with a certain amount of
backup battery packs to relive the disadvantages of short range and long charging time.
So the number of the battery packs the BSS should hold is calculated as:

Nypuior= N+, (12)
where N, is the number of buses of all routes, N, the number of the backup batteries.
Due to the expensive cost of battery, the number of backup battery packs should be
minimized when the normal operation is ensured. Therefore we propose an algorithm
(Figure 2) to get the optimal number of backup battery packs.

Bus
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Initialize :
Nv=0, i=1, k=1

v

k-th battery swapping [«&

SwapS(k)<ChargeE(i)?

i=i+1 No=Np+1 k

k+1

End
Export the N»

Figure 2. Algorithm of calculating number of backup battery packs.

2.3.2 Scale of Battery Swapping System

The battery swapping system is made up of several swapping units, each of which
consists of a swapping lane and two swapping robots.When the BEB drives into the
swapping lane and stops at specific location, the two robots can automatically
complete the battery swapping. The number of battery battery swapping units (Nsy) is
equal to the maximum number of BEBs whose batteries are being swapped at the same
time in the BSS, which can be obtained from the time distribution of battery swapping.

Ny, = ALZX (SwapDis(t)) (13)

2.3.3 Scale of Battery Charging System
The battery charging system consists of a series of charging units responding to

battery packs. Therefore the output power of charging unit should be matched with the

energy of battery pack.

UxI UXCXRC

14

Tinax X @ Ninax X P 1

where Pcy is the output power of the charging unit, U the charging voltage, I the
charging current which is equal to the product of battery pack capacity(C) and
charging rate(RC), 7.4 the max efficiency of charger, and ¢ the reactive loss of lines.
The number of charging unit (.,) should not be less than the maximum number

of batteries that are charged at the same time, which can be obtained from the time

Fy =
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distribution of battery charging.

73

New = MAX (ChargeDis(t))x(1+ y%) (15)

t=tg
where 5 is the start of service time of BSS, #; the end of service time, and )% the
design margin (10%~20%).
The power capacity of battery charging system depends on the output power and
number of charging units in BSS, which can be expressed as:
Py = Ney X Fey X(1+7%) (16)

3 Case Study
3.1 Data Preparation

The BSS of World Expo 2010 Shanghai China was the first large scale
application in public transit system. There were 120 BEBs runnnig on 3 routes in the
expo park (Figure 3).
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Figure 3. Layout of BEB routes and BSS.

The operation and scheduling of the 3 BEB routes are shown in the Table 1.
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Table 1. Operation and Scheduling of the BEB Lines (Cai 2012)
. Expo Avenue Expo Guozhan Line | Longhua East Road
Details . . .
Cross-river Line Line
Number of Buses 80 30 10
Service Time 9:00-24:00 9:00-24:00 9:00-24:00
Number of Stops 11 7 12
Length of Route 6.7 km 1.8 km 2.65 km
Average Speed 28 km/h 28 km/h 28 km/h
Distance between Terminal
Station and BSS 3.3 km I'km 3 km
Cycling Time of the Route! 40 min 15 min 18 min
Departure Interval (peak) 1 min 1-2 min 3-4 min
Departure Interval (off-peak) 30-45s 30-45s 2 min
[a]: average time of each stop is 0.5 min.
Other parameters for simulation are presented in Table 2.
Table 2 Simulation Parameter Setting
Parameter C U 1 RC Range | SOC,, | Hmax ® y% T,
Value 360Ah | 440V | 100A | 0.3C | 100km | 30% | 85% | 90% | 10% | 8 min

3.2 Simulation of Operation

Based on the method proposed above, we designed a MATLAB program to
simulate operation of the BSS and BEBs. Input the prepared data and run the program,
the operation of the BSS in one day will be simulated minute by minute. As a
consequence, the minutely state of the BEBs, swapping systems and charging systems

can be recorded in matrixes: Depart(m,n) & Arrive(m,n), SwapS(h,n) & SwapE(h,n),
and ChargeS(b) & ChargeE(b) respectively. By these matrixes, we can analyse the
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>
£

¥

(a) Time distributio

3 £}
% %
o
.

n of B

54



ICTE 2015

Number of Battery Packs
wn

L

mm Total
O ——— — — = — — mm m e m Expo Avenue Cross-river Route |
""" Expo Guozhan Route

="= Longhua East Road Route

Number of Battery Packs

Figure 4. Swapping and charging demand analysis.

As shown in Figure 4(a), different routes have different time distributions of
BEBs arriving at BSS. According to Rule 3, every BEB need go to swap battery pack
after finished its last round of one day. Since there is no more tasks for the BEB, it is
not necessary to complete the swapping and charging immediately. In consequence,
we exclude the last swapping and charging of all BEBs when plot the Figure 4(b) and
Figure 4(c). It can be concluded that there are at most 8 BEBs being swapped and 80
battery packs being charged at the same time, which decide the sacles of battery
swapping systems and battery charging systems.

3.3 Results and Discussion

There are several parameters evaluating the operation of the BSS in Table 3.
Comparing with actual values, the simulation provides an equivalent state of
operation.
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Table 3. The Simulated and Actual Values of the Operation Parameters

Operation Number off Average Daily| Max Range Average Daily Average
Parameters BEBs Mileage per Charge Swapping Times | Charging Time
Simulated Value 120 178.4 km 62.6 km 3.0 111.9 min
Actual Value 120 181.4 km 67.8 km 2.7 118.5 min
Deviation 0.00% -1.65% -7.67% 11.11% -5.57%

Through the Matlab simulation of operation, we can calculate the design scales of
the BSS. Compare the simulated values with actual values in Table 4. It indicates that
the scales calculated by our method are close to the actual scales with small deviations,
which verifies the validity of the simulation and method above.

Table 4. Comparison of the Simulated and Actual Scale of BSS

Scales Npatery Nsu Ncy Pcy Ps
Simulated Value 240 8 89 62 kW 7.2 MW
Actual Value 232 8 112 63 kW 8§ MW

Deviation 3.45% 0.00% -20.54% -1.59% -10.00%

4 Conclusions

This paper presents a novel method to design the battery swap station for battery
electric buses. Base on the swapping and charging demand analysis of the BEB fleets,
the design scale of BSS can be calculated, which include the scales of battery packs,
battery swapping system and battery charging system. We verified the method via a
case study of BSS in World Expo 2010 Shanghai China. With a Matlab program, we
simulated one day operation of the 120 BEBs and analysed the swapping and charging
demand for the BSS. The operation parameters and scales of the BSS in simulation are
close to the actual values, which concludes that the design method is effective.

This paper contributes to the construction of the electric public transit system. It
provides a planning and design guide for government, bus companies, infrastructure
operators and other decision makers, avoiding blind constructions.
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Abstract: For the bulk and stable cargo, railway commonly uses the protocol
transport. The railway transport enterprise can avoid the market risk at the same time
when providing security to transportation capacity. This paper introduces the option
theory to the process of protocol transport in pricing, establishes the optimal decision
model based on the largest returns of enterprise and customer and solves the
problems of setting option exercise price and buying option quantity. This paper
considers the changes in market prices and the competition of other modes of
transport when building the model and finally applies the model to a simple example.
Keywords: Protocol transport; Option; The optimal decision; Exercise price.

1 Introduction

Option is a kind of derivative financial tools generated from the base of futures,
refers to the buyers and sellers have a transaction of a certain number of the subject
matter with a specific target price at a certain period of time or a certain time point in
the future. During this process, the buyers can exercise option or not at expiry. In
September 2012, the railway freight implements "real goods" reform and one thought
of the reform is to ensure the transportation capacity of the bulk and stable cargo by
protocol transport. In June 2013, the railway implements the reform of railway
freight transportation which includes the protocol transport.

In the railway freight market, the transport demand of coal, ore and other large
enterprises is relatively stable, so the railway transport enterprises usually sign
transport protocols with these large enterprises, which stipulates the price, the
amount of transportation capacity and the expiration and so on. In this way,
these large enterprises provide stable, adequate supply of goods to the railway
transport enterprises and the railway transport enterprises provide adequate, reliable
transportation capacity. The railway transport enterprises can sell the remained
capacity in the railway freight market. However, there is a certain risk of selling out
the remained capacity because of the changeable demand and price in the railway
freight market. According to the above analysis, we can find some similarities
between option and transport protocol, so we try to introduce the option theory to the
railway freight transportation.
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2 Railway Freight Option

Railway freight option is a kind of option contract in which the railway
transport enterprise is a seller, the large enterprise is a buyer (called protocol client)
and the subject matter is the railway freight transportation service. At the same time,
we need to make clear the following contents.

(1) The option premium: It means the fees that used to buy the option are given
to the railway transport enterprise by protocol client.

(2) Strike price: It means the price of transport services that paid by protocol
client when it received the rail transport services from the railway transport
enterprise.

(3) Protocol expiration: It means the option is expired at the period of time or the
time point agreed by railway transport enterprise and protocol client. After the period
of time or the time point, the option is no longer in force.

(4) Quantity of the purchased option: It means the quantity of transport services
that given to protocol client from railway transport enterprise by strike price.

After signing transport protocol, protocol client pays option premium which
agreed by both sides to railway transport enterprise. During the protocol expiration,
if protocol client exercises the option, it will buy the option quantity of transportation
capacity from railway transport enterprise by strike price. If not, railway transport
enterprise will sell out the option quantity of transportation capacity and not return
the option premium.

3 Analysis of Railway Freight Transport Protocol Price Based on Option

Under a series of assumptions and base on the principle of maximize the revenue
of railway transport enterprise and protocol client, this paper establishes the optimal
decision model and determines a reasonable option strike price and quantity.
3.1 Symbol definitions and assumptions

Po means the unit price of transport capacity in spot market, Puand P4 means the

up or down unit price of transport capacity in spot market on option expiration day,

Pi | Prmeans the average up or down unit price of transport capacity of other
transport mode and % d means the percent of up and down, » means risk-free rate,

¢, means the option premium of unit transport capacity, ¢ means the strike price

of unit transport capacity, » means quantity of the purchased option agreed by both

sides, “ . ©s means long or short preparation cost by providing unit transport

capacity, KC means fixed cost by providing transport capacity. Equation
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D =a—-bp+e¢ indicates functional relation between the market demand D and the
price p in spot market. There are only two changes (up and down) with the price of

transport capacity in spot market on option expiration day. Equation ¢, =h(c)

means option premium is influenced by strike price. Railway transport enterprise and
protocol client can accept the price of transport capacity in spot market.
3.2 The establishment of model

According  to  the  assumptions, 0~ (1=P)(p, =)+ P(p, —c)

r=(1—P)u*+P(—d*)’pu=p0(1+u*)’pd=p0(1—d*)’ thenP=g. Assume
U+

* ot 3

u =e 1, d =1-¢" pased on the data of different years, o means standard

deviation of railway freight market returns and z means the length of time (year).

Situation 1: During the protocol expiration, assume the unit price of transport
capacity in spot market decline (probability is P ) and less than the strike price of unit
transport capacity, then protocol client dose not exercise the option.

(1)Protocol client still choose railway freight transportation (probability is B).
The equation C, =al + SE means generalized cost include time cost and

expenditure cost. & and S are conversion factors. Assume there are m kinds of

_C‘G
transport modes, the probability of choosing railway is P :me—, so the profit

2
i=1

functions of protocol client and railway transport enterprises are:

G, =pD—cyn—p,D=(p—p,)D—cyn (1)

O =cpn+p,D—cD-KC=cpn+(p,—c,)D-KC 2)

Bring in D=a-bp+¢& and the profit expected values of protocol client and

railway transport enterprise are:

E@G)=["[(p=pa-bp+x)=cynlf (x)dx (3)
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E©Q) =] [en+(p; —¢,)a—bp+x)=KC]f (x)dx 4)
(2)Protocol client choose other transport modes (probability is 1—B) and the

profit functions of protocol client and railway transport enterprise are:

G,=pD—cyn—s,D=(p—p,)D—cyn &)
QO =cyn—KC (6)
The profit expected values of protocol client and railway transport enterprise are:
EG) =" 1(p—pa-bp+x)—cplf (x)dx ()
EQ)=[" (eyn=KC) [ (x)dx (8)

Situation 2: During the protocol expiration, assume the unit price of transport
capacity in spot market rise (probability is1—P).

(1)Protocol client still choose railway freight transportation (probability is £ ). If

the quantity of purchased option in protocol is greater than the actual demand when
exercising option, it will need to buy D —n transport capacity in spot market and
consider choosing the railway or not. The profit functions of protocol client and
railway transport enterprise are:

pD—cn—cD,D<n )
[pD—-cn—cn—p,(D—-n)]R +[pD—con—cn—p;(D—n)](l—P]),D>—n

2

2

3 ch+(c—c,)D-KC,D<n 10)
B [en+(c—c,)n+(p, —c )(D—n)—KC]R +[cyn+(c—c,)n—KC](1-F),D>n

The profit expected values of protocol client and railway transport enterprise are:

EG)=["""lp=eNa=bp+ ) el f M)+ [ A ()

EQ)=["""ley+(c=b)a=bp+x)=KCUf M)+ [ Bfd(x) (12)
With

A=[(p=pNa=bp+x)—cpn—cn+pnlB+[(p=p,)Na=bp+x)=cyn—cn+ pnl(1-F)
B=[¢cn+(c—c,)n+(p,—cs)a—bp+x—n)—KC]F, +[cn+(c—c,)n—KC](1-F)

(2)Protocol client choose other transport modes (probability is 1— F,) and the

profit functions of protocol client and railway transport enterprise are:
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G,=pD-cpn—p,D=(p=p,)D-cyn (13)
0, =c,n—KC (14)
The profit expected values of protocol client and railway transport enterprise are:
EGy) =] [(p=p\)Na—bp+x)-cnlf (x)dx (15)
EQ)=| (cyn—KC)f (x)dx (16)

Comprehensive situation 1 and 2, the profit expected values of protocol client and
railway transport enterprise are:

E(G)=P[RE(G))+(1-B)E(G)]+(1-P)[RE(G,) +(1- R)E(G,)] (17)

E(Q)=PIRE(Q)+(1=-R)E(Q)]+ (- P)IREQ,)+(1-R)E(Q,)] (18)
Differentiate the equation (17) and (18) by » and equate to zero, we found

¢(2-H+PR)

F(n—a+bp)=1- , , (19)
Bp,—Bp,+p,—c
2—-P+PP
Fln-a+bp)=1-—92=H+PH) (20)
—Rp,+FRcg—c, +c
Comprehensive equation (19) and (20), the optimal option strike price ¢ is:
c:gpu_ﬁpz‘ngﬁ"fﬁ 21

4 Example Analyses

Assume the protocol expiration in transport protocol signed by railway transport
enterprise and protocol client is a half of a year and & is the uniform distribution by
[-100 , +100], we found its density function and distribution function are

1 0,x<-100
—.—-100<x <100
f(x)=4200" * and F(x)= x;;(())o,—IOOSxSlOO . Assume
0, other Lx>100

risk-free rate » is 4%, standard deviation of railway freight market returns o is

0.4068, the unit price of transport capacity in spot market p, is 100, long

preparation cost by providing unit transport capacity ¢, is 80, short preparation cost
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by providing unit transport capacity ¢, is 120, the average up unit price of transport

capacity of other transport mode in spot market on option expiration day p, is 95,

the average down unit price of transport capacity of other transport mode in spot

market on option expiration day p, is 105 and in order to simplify, assume P is 0.9.

According to the above contents, we found”*=0.10, d*=0.095,P=O.308,1—P=0.692,
Pu=110,P1=90.5. Bring to the equation (21), the optimal option strike price € =90.25

and the option premium €0=13.744. Bring to the equation (20), the optimal quantity

of the purchased option 2 =279.
In this part, the paper just uses a simple example to apply the above model by
simplifying the process and is aimed at proving the availability of the model.

5 Conclusions and Future Research

This paper introduces the option theory to the railway freight transportation and
establishes the optimal decision model based on the largest returns of railway
transport enterprise and protocol client. We explore the problems of how to
reasonably set option exercise price and buy option quantity. During the research,
this paper considers simple changes of supply, demand and price in spot market and
competition among transport modes. However, the changes of supply, demand and
price in real market are more and more complex than in this paper. This is the
insufficient part of this paper, we hope for further study and analysis.
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Abstract: Nowadays railway transportation developed towards High-speed in
passenger transport, heavy load in freight transport and High density in urban railway
system. As a result, the rail/wheel wear become more and more serious, thus
decreased the rail rigidity and changed the rail-wheel contact and impact the safety
and comfort of railway transportation. In this paper, we are committed to make a
precise prediction of rail wear in order to guide wheel/rail profile optimization and
rail grinding cycle making by introduced a numerical model in predict of rail wear
along with the passing gross weight grow. Firstly, a wheel-rail wear model based on
non-Hertzian rolling contact theory and the energy dissipation principle are carried
out with the help of vehicle-rail coupling dynamics software and MATLAB
fixed-point iteration. Then, the wheel-rail contact geometry was calculated and the
development of wear area, wear depth distribution along with the passing gross
weight grow was calculated. At last, for the purpose of verifying the accuracy of the
model, a comparison between the calculated results and the measured value was
made. As a result of analysis the relationship between wear and passing gross weight,
the impact of wear on the rail/wheel geometry is summarized.

Keywords: Heavy haul rail; Rail wear; Passing gross weight; Non-Hertzian rolling
contact theory; Energy dissipation principle; Wheel-rail contact geometry.

1 MODEL ESTABLISHMENT
1.1 ROLLING CONTACT MODEL

At present, There are two theories in wheel-rail rolling contact investigation:
Hertzian rolling contact theory and non-Hertzian rolling contact theory. Both of the
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calculation method have great accuracy and high calculate speed. The Hertz theory
assume the contact patch is oval and the size of spot size is decide by the radius of
the curve. The distribution of the normal force is ellipsoid and the curve radius is
constant. But the curvature radius of wheel-rail contact surface apparently changes
when wear appeared. The Non-Hertzian Contact Theory use the wheel/rail normal
spacing to calculate the wheel/rail contact issues, and is applicable to most rail type
condition except two-point contact with different normal direction and conforming
contact with curved surface. It is obvious that the non-Herztian is more suitable to
our calculation.

Trace line method is used to solve the relationship of wheel-rail contact
geometry. The CONTACT is written with non-Hertzian theory by Kalker. Though it
is precise enough but not suitable for repeated interactive process in wear calculation.
We developed a fixed point interaction program instead of CONTACT. As the wear
grinds on, the wheel/rail tends to conforming contact. In the computation model,
increase the number of computing units with the growth of contact patch area to
ensure the calculation accuracy and improve the computing speed. The results of
compared CONTACT outcome with our program value is shown in Tab 1.

Table 1. Comparison result with CONTACT

Optimized

Project CONTACT Differ
program

Normal force peak(MPa) 1896 1920 1.3%
Longitude shear force peak(MPa) 384 362 6.1%
Lateral shear force peak (MPa) 52 55 5.5%
Longitude creep force(N) 10749 10530 2.1%
Lateral creep force(N) 1770 1757 0.7%
Torque of spin creepages(N-mm) 4607 4926 6.5%
Number of stick zone cells 105 104 1.0%
Number of Sliding area cells 27 28 3.6%
Number of noncontact area cells 36 36 0.0%

As is shown in Tab.1, the results are nearly the same, and the largest differ is
about seven percent. It means our method for non-Hertzian contact is accurate
enough and feasible.

1.2 RAIL WEAR MODEL

Rail wear is mainly composed of adhesives wear, abrasive wear, fatigue wear,
corrosion wear and fretting wear. And abrasive wear and adhesive make up the bulk
of rail wear. Only the abrasive wear and adhesive wear are considered in the model.
The Archard wear model and energy dissipation model has been developed, both of
them have high accuracy in solving rail wear issues, while the energy dissipation
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model take the effect of friction coefficient into consideration witch is seen as a large
impact on rail wear. It is obvious that the energy dissipation model is more practical
to calculate rail wear.
1.3 GENERY MODEL

Based on the analysis above, we use energy consumption model to estimate the
total amount of wear with the help of fixed point iteration algorithm in MATLAB.
Assume the contact region flat and ignore plastic deformation. Use the trace line
method to analysis wheel-rail contact geometry and non-Hertzian rolling contact
theory to get the relationship between rail wear and wheel-rail contact geometry with
the change of wear. Thus the model was built and the relationship between wear and
passing gross weigh was get. The simulation procedures are as follows:

1) Use multi-dynamic software package in modeling vehicle/rail interaction to
analysis the interaction force and the creep forces/creepages of wheel/rail
rolling contact.

2) Calculate the normal gap between wheel and rail with the track line method.

3) Perform wheel-rail rolling contact calculation to get friction power density
with energy consumption model, then calculate the wear depth and position.

4) Work out the rail cross-section after wheel-rail wear.

Car body
center plate
kk"\_;\
2rd Suspension—— T Bolster ——
—t
X T Side frame —

1rd Suspension — .

(/ \‘ ( \'\ \/ (/ y  Wheelset

\ / i \ /

Rail
ragid Foundation Rail Plate
e ~

407
Figure 1. The topological structure of vehicle track model

2 CALCULATION RESULT
2.1 THE MODEL INPUT

The analysis example is C80 which is widely used in China. The curve is
composed with straight line, transition curve, circular curve, transition curve and
straight line. All of them are 200 meters long. The schematic diagram is as follows:
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Figure 2. Rail curve schematic diagram of model

2.2 MODEL RESULT VERIFICATION

Comparison between results of numerical simulation and filed test to verify the
correctness of the wear prediction. As we can see in Fig.3, the result of model is
closed to the field test data except the inconsistent in the early stages. For the
predicted results, the vertical wear of outer rail grows at a constant speed of
0.018mm/MGT. While the measured vertical wear grows rapidly at first, then gets
steady at about 0.018mm/MGT until the passing gross weight reaches 30MGT. the
decarburized layer on the surface of the new rail which is easily to wear and rail
hardening phenomenon cause this to happen.

~
~ n
mner rail/mm
wow

predicted %

e predicted

measured

w— measured

vertical wear of outer rail/mm
o -
e in

e

) 100 200 300 400
carrying gross weight/MET

o

50 100 150 200
€Carrying gross WElght /MGT

Figure 3. Model result verification outer/inner rail

2.3 WEAR AREA PREDICTION

Calculation was made to predict the rail profile change, and the chosen curve
includes 30 observation points, the interval of adjacent point is 20 meter. The length
of the chosen curve is 600 meters and consist of two transition curve and one circular
curve. It is thought that the inner rail wear faster than the outer rail, so we reveal the
wear area of the inner rail at 0-300MGT passing gross weight, and 0-150MGT of the
outer one.

In Fig.4, we connect the thirty observation points with smooth curve to show the
relationship between gross weight and wear area of both side of rail.
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Figure 4. Predicted wear area along outer/inner rail

In the midpoint of the outer rail, the average wear area of the circular curves is
about 40 percent larger than those on transition curves, while 20 percent of the inner
rail. The results show positive correlation between wear area and curvature.
2.4 WEAR DEVELOPMENT ON MIDDLE POINT OF CURVE

According to the simulation results, in Fig.5, we illustrate the wear development
on midpoint of rail profile The abscissa represents the arc length from wear
prediction point to the center point of rail top and the working side as the negative
direction

w—11MGT
— 30MGT
62MGT

wear depth/mm
&

—100MGT

B A o
1]

Feagne " aomo~uan

v 31
1
1
2
3
&
5!
6.

35

E 25

g

T 4 ——320MGT

=

2 1s —210MGT

[ 1 100MGT

8

g os m —62MGT
0

w—30MGT
o
=1

oNTOOONT
EETEEEEE
mEANME T N0
t

op center/mm

Figure 5. Abrasion loss on the midpoint of outer/inner rail

As shown in Fig.5, at the beginning, the wear area position ranges from -2mm to
-23mm to rail top center, and then extends to both side of the rail top. The speed of
wear zone growth on the working side is slower than the other side.

3 CONCLUSIONS

From the analysis above, our model successfully predict the relationship
between rail wear and passing gross weight, which is precision enough when
compared with field test data. In this model, we take profile change and the
coefficient of friction into consideration and complete the calculation with high
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accuracy and speed. Side wear of rail and wheel wear can also be predicted.
Comprehensively consider wheel-rail friction control, rail wear and grinding, a better
wheel/rail maintenance and repair strategy can be established.
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Abstract: In railway transportation, the rail wear decreases the sectional area, not
only reduces the rail’s strength, but also changes the wheel-rail contact geometric.
Furthermore, rail wear affects the stability of the trains. This paper presents a rail
wear prediction model. First, to know if the prediction model was credible, a circle
curve center point rail wear was predicted and the results compared with the field
measured value. Then, we predicted wear value under different axle loads and gross
tonnages through the model. As the results shown: (1) Before the passed gross
tonnage exceeds 30MGT, the wear depth increased significantly with the increase of
axle load; (2) While the passed gross tonnage reached 60MGT or 90MGT, the wear
depth under different axle load hasn’t too much discrepancy; (3) As the gross
tonnage continued to increase, reached 120MGT or 150MGT, the wear depth under
23t was the shallowest, while the wear under 21t and 25t were the same.

Keywords: Heavy haul railway; Rail wear prediction; Axle load; Gross tonnage.

1 Introduction

In China, high-speed and heavy load are the symbols of modern railway
transportation. With the increase of velocity, axle load and traffic density, rail wear’s
increasing is inevitable. In railway transportation, the rail wear decreases the
sectional area, not only reduces the rail’s strength, but also changes the wheel-rail
contact geometric. Furthermore, rail wear affects the stability of the trains. Analysis
on the influence of axle load on rail wear contributes to perfecting the measure to
reduce rail wear.

In this paper, a numerical wear prediction model was established. Then, the
heavy haul rail wear was predicted through the model. Moreover, the prediction
results were compared with the field measured value. At last, the rail wear under
different conditions (axle load, gross tonnage) was predicted and the results were
analyzed.

2 Wear Prediction Methodology
A wear prediction model consists of three main parts, (a) dynamics simulation
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of vehicle/track, (b) wheel/rail rolling contact analysis, (c) rail wear calculation. The
wear prediction model general architecture is showed in Figure.1

Rail wear

Rail profile updating calculation

3

Initial rail/wheel Dynamics simulation Calculaton of
profile and vehicl  —m of vehicleftrack in - [  rail Normal force  —
aftrack parameters SIMPACK and creepage

I

Calculation of
wheel/rail contact
geometry

.| Rolling contact
i analysis
Calculation of

MNormal gap between
wheel and rail

Figure 1. Process flow chart of wear prediction model

2.1 Dynamics Simulation of Vehicle/track

SIMPACK software was used to reproduce the dynamics of vehicle/ track. The
vehicle model was simplified and consisted of three parts: car body, bogie and
wheelset, and every part was rigid. The wheelset and the bogie were connected by
primary suspension, while the car body and the bogie connected through the
secondary suspension. The vehicle model in the SIMPACK is showed in Figure.2.
The track model was simplified as slab track.

Figure 2. UIC gateway software architecture
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2.2 Wheel/rail Rolling Contact Analysis

The rolling contact analysis was based on Kalker’s three-dimensional elastic

bodies rolling contact theory, which was very fit for wheel/rail contact analysis.

2.3 Rail Wear Calculation

Rail wear calculation was based on energy consume theory. The theory believes

that wear value is proportional to the wheel/rail frictional work and inversely

proportional to hardness.

2.4 Calculation Parameters of the Model

Considering that some other factors also have influence on wear value, some

calculation parameters of the model are showed in Table.2.

Table 1. Calculation parameters of the model

Calculation parameters Value
primary suspension longitudinal stiffness Ky 11MN/m
primary suspension lateral stiffness K, 13MN/m
Vehicle primary suspension vertical stiffness K, 160MN/m
parameters | secondary suspension longitudinal stiffness K 3MN/m
secondary suspension lateral stiffness Ky 3MN/m
secondary suspension vertical stiffness K, 4MN/m
cushion layer vertical stiffness K,y 187.5MN/m
cushion layer vertical damping Cy, 0.03MNes/m
Track cushion layer lateral stiffness Ky, 39.2MN/m
parameters cushion layer lateral damping Cy, 0.04MNes/m
curve radius 500m
curve superelevation 85mm
Other running speed 60Km/h
parameters coefficient of friction between wheel and rail 0.3

3 Wear Prediction Results and Analysis

3.1 Wear Model Valuation

To valuation the model, the wear circle curve center point which is severest was

predicted. Our engineers measured the wear value in filed. The railhead midpoint

wear value is showed in Table.1.
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Table 2. Railhead midpoint wear value in circle curve center point

High rail Low rail
gross tonnage prediction measured prediction measured
/MGT value (mm) value (mm) value (mm) value (mm)
11 0.32 0.53 0.43 0.58
30 0.7 0.91 0.63 0.84
62 1.22 1.3 0.93 1.03
100 1.84 1.81 1.8 1.66
150 2.73 2.67 2.87 2.84

The prediction results and measured results were compared, shown in Figure.3

and Figure.4. The comparison showed that the prediction value was nearly consistent

with the measured value, and the wear prediction model was credible.
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T T T T T T
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Figure 3. Railhead midpoint wear value comparison for high rail
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Figure 4. Railhead midpoint wear value comparison for low rail

3.2 Wear Prediction Results and Analysis

To know the influence of axle load under different gross tonnage, 21t, 23t, 25t
axle loads were considered in the model. While the passed gross tonnage reaches
30MGT, 60MGT, 90MGT, 120MGT, 150MGT, wear of circle curve center point
were calculated and the results were showed in Figure.5, Figure.6, Fiureg.7, Figure.8
and Figure.9 respectively.
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Figure 5. the rail profile wear while the gross tonnage reaches 30MGT
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Figure 6. the rail profile wear while the gross tonnage reaches 60MGT
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Figure 7. the rail profile wear while the gross tonnage reaches 90MGT
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© ASCE



ICTE 2015

© ASCE

3.5 4

g 3

£ 25 - 21t

£

2 2 23t

°

51.5* 25t

: 1-

()]

= 05 -

°

Q O7\\\\\I\\I\\\\\\l\\\\\\\\\\\\l\\l\\\\\\\\\\\\\\\\\\\I\\IT

= N Q ® O S NT RO T RNNT OO N

= NP Ao dNYNooaas T oo oo Y¥onoa
©° U M A NN . ©

distance from the railhead midpoint/mm

Figure 9. the rail profile wear while the gross tonnage reaches 150MGT

As the calculation results shown, before the passed gross tonnage exceeds
30MGT, as showed in Figure.5, in the left half of the rail head, the wear depth
increased significantly with the increase of axle load. However, while the passed
gross tonnage reached 60MGT or 90MGT, the wear depth under different axle load
hasn’t too much discrepancy as showed in Figure.6 and Figure.7. As the gross
tonnage continued to increase, reached 120MGT or 150MGT as shown in Figure.8
and Figure.9, the wear depth under 23t was the shallowest, while the wear under 21t
and 25t were the same.

4 Conclusions

In this paper, wear of a heavy haul railway circle curve center point were
calculated under different conditions based on a wear prediction model. The results
showed:

(1) Before the passed gross tonnage exceeds 30MGT, the wear depth increased
significantly with the increase of axle load;

(2) While the passed gross tonnage reached 60MGT or 90MGT, the wear depth
under different axle load hasn’t too much discrepancy;

(3) As the gross tonnage continued to increase, reached 120MGT or 150MGT,
the wear depth under 23t was the shallowest, while the wear under 21t and 25t were
the same.

5 Recommendations for Future Research

In this paper, only three kinds of axle loads and five gross tonnages were
considered. If there were more time, many conditions could be considered and
calculated, and the results would be more enrich.
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Abstract: Railway freight volume is an important index in railway transportation.
This paper combined ARMA model with multivariate regression model to analyze
the variables that affected the rail freight volume. Ten variables are selected as
explanatory variables to study their relationship with rail freight volume. The results
show that the rail freight volume is affected by many factors together and we also get
the rail freight regression equation. Our results can provide the support for the traffic
department to develop the transport plan.

Keywords: Rail freight volume; ARMA model; Regression analysis.

1.Introduction

Railway freight reflect the transport demand of various sectors of the
government. It plays an important role in formulating the national and regional
economic development plan. Prediction of railway freight has attracted a lot of
interest by many researchers. Previous research on this area has been diverse. From
an methodological standpoint, watched fractal theory(Lin,2005), rough set
theory(Zhang,2007), neural network theory(Xie,2009 and Li,2003), the complex
network theory(Li,2004) et.al have been used to forecast the volume of railway
freight. As rail transport system is a complex system of uncertainty, rail freight
affected by many factors, previous study mainly include the following three aspects:
national economic factors(Zhao et.al,2004); transport system factors(Li,2004);
policies and other factors(Li,2004; Zhao et.al,2004).

This paper takes advantage of the ARMA and regression analysis at the same
time, which is bebeficial to overcome the lack of single method. We make use of rail
freight data from China Statistical Yearbook to verify the validity of the model. And
the results and conclusions can provide references for the development of railway
transport development plan and to determine the operational decisions.
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2.Rail freight factors analysis and data preprocessing

Factors affecting rail freight transport is very extensive and complex. This paper
will divide the related factors that affected rail freight into two categories: external
factors and internal factors. External factors refer to external factors that could affect
the railway freight. such as gross domestic product, total fixed asset investment, the
total freight of other means, express volume and total production of primary energy.
Internal factors refer to rail freight competitiveness and attractiveness of their own.
Such as national railway wagon ownership, national railway mileag, transit van
residence time, freight train travel speed and truck turnaround time.

The factors affected railway freight transport can be expressed as Fig.1.

—1 Gross domestic product

—— Total fixed asset investment

| External factors | — | The total freight of other means

—— Express volume

—— Total production of primary energy

The factors of rail

freight demand —— National Railway wagon ownership

——1 National railway mileag

| Internal factors || Transit van residence time

—— Freight train travel speed

—— Truck turnaround time

Figurel. The factors that affected rail freight volume

To facilitate the description, we give the following abbreviations of the related
variables in Table 1.

Table 1. Abbreviations for variables

Symbol  Meaning Units

X1 Gross domestic product One hundred million yuan
X2 Total fixed asset investment One hundred million yuan
X3 The total freight of other means Ten thousand tons

© ASCE
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X4 Express volume Ten thousand tons
X5 Total production of primary energy  Ten thousand tons
X6 National Railway wagon ownership Vehicles

X7 National railway mileag Ten thousand km
X8 Transit van residence time Hours

X9 Freight train travel speed Km/h

X10 Truck turnaround time Days

Y Freight Volume of Railways Ten thousand tons

In order to test the validity and usefulness of the method, we sort out rail freight
data and its related factors data in China from 1998 to 2012 .fitting and testing the
data use SPSS17.0 and R3.2.1, Explanatory variables includes 10 Variables and
railway freight volume are selected as response variable. The raw data of factors and
national rail freight data in Table 2. It is noted that all data in Table 2 come from
"China Statistical Yearbook."

Table 2 Railway freight data and influencing factors data from 1998 to 2012

Year

X1 X2 X3 X4 X5 X6 X7 | X8 | X9 | X10 Y

1998

84883.7 | 28406.2 | 1103118 | 7667.7 | 135738 | 439326 | 5.76 | 5 | 32| 5 | 164309

1999

90187.7 | 29854.7 | 1125454 | 9091.3 | 140110 | 436236 | 5.79 | 49 | 32 | 5.5 | 167554

2000

99776.3 | 32917.7 | 1180101 | 11031.4 | 143046 | 439943 | 5.87 | 4.7 | 32 | 5.39 | 178581

2001

110270.4 | 37213.5 | 1208597 | 12652.7 | 154168 | 449921 | 591 | 4.6 | 40 | 5.08 | 193189

2002

121002 | 43499.9 | 1278491 | 14036.2 | 164752 | 446707 | 5.95 | 4.6 | 32 | 5.1 | 204956

2003

136564.6 | 55566.61 | 1340244 | 17237.8 | 196308 | 503868 | 6.04 | 4.5 | 33 | 5.1 | 224248

2004

160714.4 | 70477.43 | 1457395 | 19771.9 | 231176 | 520101 | 6.1 | 4.4 | 32 | 4.94 | 249017

2005

185895.8 | 88773.61 | 1592770 | 22880.3 | 272771 | 541824 | 6.22 | 43 | 32 | 4.9 | 269296

2006

217656.6 | 109998.2 | 1748836 | 26988 | 284193 | 558483 | 6.34 | 4.4 | 32 | 4.87 | 288224

2007

268019.4 | 137323.9 | 1961585 | 120190 | 309161 | 571078 | 6.36 | 4.3 | 33 | 4.76 | 314237

2008

316751.7 | 172828.4 | 2255583 | 151329 | 339260 | 584961 | 6.4 | 4.6 | 33 | 4.73 | 330354

2009

345629.2 | 224598.8 | 2491874 | 185786 | 366705 | 594388 | 6.55 | 4.7 | 33 | 4.68 | 333348

2010

408903 | 251683.8 | 2877536 | 233892 | 403777 | 622284 | 6.62 | 4.5 | 33 | 4.48 | 364271

2011

484123.5 | 311485.1 | 3303698 | 367311 | 440620 | 644677 | 6.6 | 4.5 | 34 | 4.45 | 393263

2012

534123 | 374694.7 | 3709998 | 568548 | 460578 | 664333 | 6.63 | 4.7 | 34 | 4.68 | 390438

3. Method

In the statistical analysis of time series,autogressive-moving-average(ARMA)
models provide a stationary stochastic process in terms of two polynomials, one for
auto-regression(AR) and the other is moving average(MA).

The AR (p) model of order p is written:
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p
X, =c+) 90X,  +¢ (1)

i=1

Where ¢,,---, ¢, are parameters, ¢ 1s a constant, &, is the random variable.

The MA(q)model of order q is written as

9
X, =u+e+) 6¢., )

i=1

Where 6, are parameters, g is the expectation of X, ,and &, are error terms.

The ARMA(p,q) model can be written as:

Xt:C+€t+Zp:¢)ithi+Zq:0i€t7i (3)

i=1 i=1

Regression analysis is a statistical method to determine between two or more
quantitative variables interdependent relationships. Specifically, the regression
analysis is Variables determined by the provisions of the causal relationship between
variables, regression model, and based on the measured data to solve the various
parameters of the model, and then evaluate whether the regression model can fit the
measured data; can be a good fit if you can predict based on the argument further.
The specific steps of regression analysis are as follows:

Determining variable

) 4

Correlation analysis

) 4

prediction error

) 4

predictive value

Figure 2. Steps of regression analysis

© ASCE



ICTE 2015

© ASCE

4. Results and analysis

Correlation analysis is first conducted, the results are listed in table 3, most
variables have strong relationship with railway freight volume Y , and their
Zero-order correlations more than 0.8 basically, X, and X, have weak relationship
withY . The relationship of X,,---, X, withY are presented in Table.3.

Table 3 The correlation coefficient of X with Y

Zero-order Partial Zero-order Partial

correlations correlation correlations correlation
X1 965 904 X6 992 251
X2 942 =212 X7 .989 .524
X3 946 -.709 X8 -411 -.696
X4 .833 116 X9 .069 -.368
X5 .994 .399 X10 -.908 -.469

Despite the influence of each variable on the rail freight are different, all these
variables have an impact on cargo sizes. In order to learn the trend of the railway
freight volume and factors, we use ARMA model to analyze the data. As the raw data
have a different dimension, we first conduct logarithmic transformation for the raw
data, the trend figure of the transformed data can be see in Fig.3.

It can be seen from Fig.3 that X, have the maximum fluctuation in all variables,
as X, refer to express volume, in 2007, the internet experienced rapid development,

which leads to a larger growth of express volume.

151 X
— X2
X3
— X4
1.0 X5
— X6
X7
X8
05 Yo
—X10
Y
0.0
0.5

T T T T T T T T T T T T T T
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

Figure 3. The trend of variables
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Furthermore, we make use of R to achieve the order of the regression equation,
the Fig.4 are the trend and stationary of the railway freight volume from 1998 to
2012, it shows that the rail freight volume experienced a relatively high growth in
2001, and its value back to its previous level in 2002. Overall, the growth of railway
freight volume is very slow.

38

Freight Traffic of Railways
3z

1988

2002 2006 2010

Difference
n

T T T
2000 2004

2008 2012

Figure.4 The trend of rail freight and the first order differential of rail

freight

Then we can make multiple regression analysis for the explanatory variables
and the response variable, the anova of the model is presented in Table 4, it shows
that regression analysis for these variables are statistically significant.

Table 4 ANOVA of variables

Model SS df MS F Sig.
Regression 9.115E10 10 9.115E9 703.686  .000
residual 5 181E7 4 1.295E7
sum 9.120E10 14
Table S Multiple regression model
Coefficients  Std. Error t Stat Sig.
Intercept 05549.834  266494.642 359 738
X1 .895 212 4.219 013
X2 -.148 342 -434 .686
X3 -.100 .050 -2.009 115
X4 016 .070 234 .826
X5 184 212 .869 434
X6 .076 .146 519 631
X7 42935.468 34935.680 1.229 286
X8 -26315.700  13568.263 -1.940 124
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X9 -524.832 663.183 -.791 473
X10 -9804.594 9231.805 -1.062 348

The results of regression analysis are presented in Table 5, we can write out the
multiple regression equation as follows. And we can use this equation to analysis the

relationship between Y with X, (i=1,---,10).

Y =95549.834+0.895X, —0.148X, — X, +0.16X, +0.184X, +0.076 X,

4
+42935.468.X, —26315.700.X, —524.832.X, —9804.594 X, @

From regression equation (4), we could know that Y have positive correlation
with X, X,, X, X, X,,Y have negative correlation with X,, X,, X,,X,,X,,. And

regression equation (4) can be used to predict the short term rail freight volume if we

know X,,---, X

24210

5.Conclusions

Railway freight volume analysis play a fundamental role in making freight
traffic plan. This paper analyzed the influence factors on rail freight volume based on
ARMA model with multivariate regression model, we get the regression equation
that characterized the relationship between rail freight volume and ten selected
indicators. we found that rail freight volume is affected by many factors together, and
gross domestic product produce a vital role on rail freight volume. For one hand, our
results can be used to analysis how the ten selected variables influence the rail freight
volume. For another, the regression equation can be used to predict the short term rail
freight volume. In the future, we can combine the time series method with the
machine learning method to analyze this question.
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Abstract: Adaptability of high-speed passenger transport products is assessed from
the service level and market competitiveness. Index system of service level is
established and grey comprehensive evaluation method is used to calculate the
service level of Wuhan-Guangzhou high-speed line. Sharing rate of high-speed
railway is calculated by non-disaggregate model, and analyzed the influence of fares
and travel time on the sharing rate. It is concluded transport enterprises should design
products based on demand of market and itself, and then discount fares and adjust
travel time to improve adaptability of high-speed passenger transport products.
Keywords: High-speed railway; Adaptability; Service level; Sharing rate.

Introduction

With the development of high-speed railway, railway transport capacity is
released, and it creates conditions for improving high-speed railway services.
Passenger channel gradually formed in some economically developed cities, in which
high speed railway, ordinary railway, highway and other transportation ways compete
with each other (BaolJingjing, 2012). Transportation market competition is becoming
increasingly fierce, high-speed railway transport enterprise must evaluate on existing
products, then design and optimize the transportation service to provide high quality
products, which can help maximize attract traffic and strengthen the competitiveness
in the transport market. Based on this, this paper firstly analyzes the internal service
characteristics of high-speed railway transportation product, and calculates the share
rate of high speed railway; then based on demand, paper evaluates the product from
the high-speed rail competition in the transport market to analyze the suitability of
high-speed railway product (Liu Dongfei, 2013).

1 Measurement index system of service level

Service level of high-speed railway transportation product reflects the extent to
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meet the transportation needs. The evaluation index system of service level of
transportation product is shown in the figure below:

Delayed train recovery R
punctuality
rate
SSTY'CC level 'Of Travel speed, coefficient ks
T‘ram operation of travel speed Quickness
diagram
Train time density .
o convenience
deviation

Rationality of

- economy
train fares

Ticket price satisfaction

1

e
90TAIOS UOT}eLIOdSURI]

Per capita area

Product comfort Train stationarity comfort

Train service satisfaction

Figure 1.Evaluation index of transportation service level
1.1 Service level of train operation diagram

Service level of train diagram includes recovery rate of late trains, travel speed,
coefficient of travel speed and deviation of train time-density.

Recovery rate of delayed trainrefers to the ratio of late trainsthat can be restored
punctuality of total delayed trains by setting buffer time in train diagram, under the
conditions of certain capacity utilization and probability distribution of delayed time.

Travel speed is referred to the average speed of train running in the segment,
including stop time in intermediate stationsand additional time of start-stop.
Coefficient of travel speed is the ratio of the average travel speed of running speed,
which reflects the reduction degree resulted bytrain stopping on the way.

Train time density deviation R is to contrast passenger travel time preference
and statistics of departuretrains from train schedules in different periods, and
measures the matching degree between train departure time and passenger travel time
preference.

1.2 Rationality of train fares

Economy mainly depends on the level of high-speed railway freight rate, and
freight rate levels associate with income, transportation costs and competitive factors.
This paper selects fares satisfaction to measure the rationality of train, it reflects
satisfaction of passengerson fares from the passengers'point of view.

1.3 Product comfort

Product comfort refers to the comfort level of passengers perceived on the train,
and decided by the per capita area, operation stability and to train service
satisfaction.

Per capita area is calculated depending on the type of emu, and refers to the
ratio of the area passengers can useof the train capacity.Running stability N is
subjective feelings of passengers on the magnitude and frequency of train vibration.

Train service satisfaction refers to all the passengers' satisfaction on the train
service, that will begetaccording to the questionnaire statistical analysis.
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1.4 Classification standard of evaluation index
The indexes will be divided into five grades in order to get a unified evaluation
results, A grade (5 points) is the best, class B (4 points) is second, and so on, each
level corresponds to a certain range of parameter values. Specifically, the
classification standard of each index is shown in table 1.
Table 1.The evaluation index system and grading standard

Rule layer Index layer A/5 B/4 C/3 D/2 E/N
punctuality Recovery rate >0.95 [0.9,0.95) [0.85,0.9) [0.8,0.85) <0.8
Travel speed [240,300) [200,240)  [160,200) [120,160) <120

quickness Coefficient of travel [0.8,0.85) [0.7,0.8)
[0.85,0.9] [0.6,0.7) <0.6
speed (0.9,0.95] >0.95

economy Fare satisfaction >0.9 [0.8,0.9) [0.7,0.8) [0.6,0.7) <0.6
Per capita area >1 [0.8,1) [0.6,0.8) (0.3,0.6) <03

comfort Train stationarity <1 (1,2] (2,4] 4,5] >5
Service satisfaction >0.9 [0.8,0.9) [0.7,0.8) [0.6,0.7) <0.6

. Train time density
convenience o <0.2 (0.2,0.4] (0.4,0.6] (0.6,0.8] >0.8
deviation

1.5 Evaluation results and conclusions

On the basis of operation data of Wuhan-Guangzhou high-speed line and
passenger questionnaire survey, the calculated results and service levels of each
index is determined. We issued 2000 questionnaires by face-to-face form, and
effective rate is 88.2% According to passenger preference for the transport product
quality, we judge the relative importance ofevaluation indexes and construct
judgment matrix by Analytic Hierarchy Process, then the weights for each indicator
is shown in table 2.

Table 2.Evaluation index calculation results and the weight

) Resul Level2 Levell Ratin
Rule layer Weight Index layer Level . .
ts weight  weight g
. Delayed train recovery
punctuality 0.081 0.96 A/5 0.5 0.041 5/A
rate
. Travel speed 2463  A/S 0.67 0.147
quickness 0.220 . S5/A
Coefficient of travel speed 0.852  A/S 0.33 0.073
economy 0.116  Ticketpricesatisfaction 0.29 E/l 0.34 0.040 1/E
Per capita area 1.03 A/5 0.33 0.052 433
comfort 0.158 Train stationarity 1.19  B/4 033  0.052 A; B

Train service satisfaction 0.86 B/4 0.34 0.054

. Train time density
Convenience 0.200 o 0.44 C/3 1 0.200 3/C
deviation

The service level evaluation result is 3.67 through grey comprehensive
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evaluation method based on the above results.Therefore, the service level of
high-speed transportation supply in the Wu-Guang channel is between B and C grade.
Among them, quickness, punctuality belongs to grade A, comfort is between class A
and class B, convenience belongs to class C, and economy belongs to E grade.
Following conclusions are get: 1) Increasing the speed of train travel can make
high-speed railwaymore attractive; 2) The level of high-speed railway train service
process needs to be improved; 3) Train time density deviation degree is higher and
should be adjusted to improve the convenience; 4) Passenger considerfares high
because of fare mechanism not flexible enough. So this paper will analyze the
suitability of high-speed railway passenger transport products on the basis of fares.

2 Calculation on sharing rate of high-speed railway

Based on analysis and evaluation on internal service properties of high speed
railway transportation product, the market share in the channel still need to be
calculated to analyze high-speed rail products adaptability from the perspective of
the competition with other modes. Logit model is one of the most commonly used
model of non-disaggregate model, paper will use it (Wu Wenxian, 2011).
2.1Selection and calibration of characteristic variables

According to the results of existing research and software, this paper finally
choose income, travel time and cost as characteristic variables of linear utility
function, specific calibration method is as follows.

The income level determines on the travel consumption desireto a certain extent,
there are significant differences in main factors considered by different passengers
when choosing the mode of transportation, the feature variables can be directly
obtained from the questionnaire. This questionnaire takes monthly income of 4,000
or less as low-income groups; monthly income between 4000 and 8000 for income
levels; monthly income of more than 8000 as high-income people.

Travel time is generally defined as passengers’ travel timein transit, and is

calculated as follows: T = VOd +26, +1 A A (1)

In the formula, #;, —time needed of traveler n choose the mode i to arrive/depart
the station ;7 « ¢ £, —time required to get on. get off and wait; L , —distance of

1 way; V, —average speed of i mode of transportation.

Travel cost is determined through fare rate multiplied by the distance between
each OD.Quantitative values of characteristic variables are listed in the table below.
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Table 3.Service parameters of transportationmodewithinWuhan-Guangzhou channel

The mode of Operating Freight rate average time of city average waiting
transportation ~ range (km) (Yuan/km) traffic (h) time (h)
) ) 0.96 (Guangzhou)

High speed train 1069 0.45 0.83

0.96 (Wuhan)

. 0.46 (Guangzhou)
Train 1069 0.16 1

0.60 (Wuhan)
) 1.56 (Guangzhou)
Air 873 0.762 1.5
1.56 (Wuhan)

To model parameters are calibrated by Transcad:

=== 1 [ ]3] 35 9% 3] 5

E]
|Alternatives |hsll_income |AS C_hstr |cosl |ll |AS C_air |ail_income |
tr _cost br_tt

:hsll income OMNE hstr_cost hstr_tt

air air_cost air_tt OMNE income

:Mudel 0.000039 -1.014608 -0.001520 -0.245116 -1.706230 0.000154

Figure 2 Results of parameters calibration
Combined with average time-consuming of urban passenger traffic in cities
along Wuhan-Guangzhou railway, the utility function formis shown.

v, =-0.001520C-0.245116T V,, =—0.001520C -0.2451167 +0.000099inc

hstr

—-1.014608 V. =-0.001520C—-0.245116T +0.000154inc—1.706290

In the formula, C—travel cost; T—travel time; inc—the income.

The sharing rate of existing railway, high-speed passenger railway and air three
ways is shown in the table below:

Table 4.Passenger transport sharing rate of differentways in the channel

interval
Wuhan-Guangzhou Wuhan-Changsha
mode
Train 26.92% 48.57%
Hs train 49.91% 35.86%
Air 23.17% 15.57%

For Wuhan-Guangzhou channel, railway has higher market share, which
reached more than 70%.Sharing rate of high-speed railway and air passenger
transport is relatively low because the distance is short and time advantage is not
obvious.

2.2 Influence of high-speed railway fares on passenger sharing rate

Research about influences of high-speed railway fares on passenger sharing rate
provides the basis forestablishing reasonable fares and improving the market
competitiveness of high-speed railway products.

Here take Wuhan - Guangzhou section as an example,study the effects of fare

© ASCE
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for the sharing rate, the specific results as shown in the figure in figure 3.

For Wuhan-Guangzhou segment, price elasticity of share rate among income
groups is a constant, with a mean of 3.36X 10 The fare is lower, the greater the
share rate is.Therefore,transport companies want to increase the sharing rate of high

speed railway, they can make a certain degree of reduction of ticket pricesaccording
to different income groups.

0.80 o
075 N Low 0.65
=i—Middle 0.6 1
0.70 +———— =i .
High 0.55 -
0.65 + S
0.60 - 0.5
0.55 - 0.45 "\{‘v
0-50 T T T T T T T 1 0.4 T T T T T T T T . 1
SS S22 282 . é(}o'z’ SO S S 9 9 o 4 g
S§2383F IR SR AP RSP EAS
Figure 3.The influence of high-speed rail fares Figure 4. The influence of air fares

Air fare is lower,the sharing rate of high-speed rail is lower. Sensitivity change
of income groups to air fares is not big;high-income people have greater
susceptibility to airline fares; and when the air ticket discount gets to a certain degree,
the sharing rate of different groups is basically the same. When air fareis down,
high-speed railway transport enterprises can also make a certain degree of
reductionaccording to the specific situation; when high-speed fares and air fares

changes at the same time, sharing rate of high-speed railway change as shown in
figure5.

0.75
0.64 =
: 0.70
0.59 -\’\ 0.65 -
. *‘ o 0.60 -
oo N S S S o |00
NNV SR SR ARV
) o 9 gl o Sl o S oo 0.50 .
O‘\ ,\’Q ,19 ,)’Q b‘Q 4 S ,\Q %Q . T T T T T T T T T 'min
0 10 20 30 40 50 60 70 80 90

Figure 5.Influence of high-speed rail and air fares Figure 6. The influence of travel time

From the foregoing: 1) High-speed railway and air ticket prices fall at the same
time, the sharing rate of high income and middle income groupsis on the decline. The
sharing rate of low-income groupsrise first with ticket prices down, then itrises no
longer when fare discount is 5 fold, if discount continues high-speed railway sharing
rate willedcrease; 2) High income passengers have higher sensitivity to the
high-speed rail and air fares.

Currently, fares developing of various modes of transport should be well
adapted to the market mechanism and make different price strategy according to
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different consumer groups. Enterprises should raise the ticket prices of high and
intermediate grade groups andreduce fares of ordinary seats at the same time; take
fare difference between high and intermediateseats to compensate fares of ordinary
seats.
2.3 Influence of travel time on sharing rate

Studying the influence of travel time on sharing rate can provide technical basis
for designing high-speed railway transportation products and increasing the amount
of visitors attracted. It can be seen from figure 6.

(1) The sensitivity of travel time to the sharing rate basically remains unchanged.

Compared withthe average of price elasticity above, travel time has greater impact on
the sharing ratethan the fares;

(2) High-speed sharing rate shows a trend of gradually increasing with the
shortened travel time;

(3) According to the needs of enterprise itself and passengers to design
high-speed passenger rail products and make a certain compression on running time,
such as raising speed, which can help to improve the market competitiveness.

3 Conclusion

This paper set up index system of service level from the supply service level of
railway transportation and market share; and then conducts a preliminary assessment
on service level of high-speed products. Finally, it calculates the sharing rate of
high-speed through non-disaggregate model, andadaptability of high-speed passenger
rail products is evaluatedfrom the angle of market competitiveness. Conclusion is
transport enterprisecan make a certain degree of price discounts and compress travel
time according to specific market demand and the needs of itself.Based on
characteristics of passengers' choice behavior, enterprise can design different
products to meet the demand of passengers, improve the adaptability of the
high-speed railway transportation products, and make the high speed railway
transport enterprise has a stronger market competitiveness.
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Abstract: Based on the multi-body dynamics software SIMPACK, a vehicle-track
dynamics model on heavy haul railway is established. And effects of curve radius
and superelevation on wheel-rail dynamics performance are analyzed by the model.
The results show that wheel-rail dynamics performance is improved with the increase
of curve radius of heavy haul railway, but it is improved to a lesser extent when
curve radius is over 800 m. And wheel-rail dynamics performance will be decreased
when the superelevation on curve is excessive or inadequate. So deficient
superelevation is advantageous for improving the wheel-rail dynamics performance
and the reasonable superelevation is recommended to decrease 5% to 10% of
balanced superelevation.

Keywords: Curve radius; Superelevation; Wheel-rail dynamics performance; Heavy

haul railway.

1 Introduction

With the development of heavy haul railway and the increase of axle load and
density of heavy haul train, dynamic interaction will further enlarge between wheel
and rail. More factors affect wheel-rail dynamic characteristics and there are many
domestic and foreign scholars have done a lot of research on this. The effect of track
stiffness on vehicle vibration is investigated by means of the theoretical method of
vehicle-track coupling dynamics (ZHAI Wanming, 2000). And the impact of
suspension parameters of heavy haul train on wheel-rail dynamic performance is
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analyzed and the lower suspension wheel-rail dynamic interaction purposes can be
achieved by optimizing parameters (HAO Jianhua, 2005; WANG Kongming, 2005;
YANG Chunlei, 2011). The impact of mutations on the high-speed vehicles fastener
stiffness and dynamic characteristics of the track is calculated and analyzed
considering different fastener stiffness mutation conditions (LIU Xueyi, 2014).
Although scholars analyze the influence of different factors on wheel-rail dynamic
characteristics from multiple angles, the depth analysis of relationship between
railway line parameters and wheel-rail dynamic characteristics is not much from the
point of railway line design. So the paper will study effects of curve parameters such
as curve radius and superelevation on wheel-rail dynamic characteristics of heavy
haul railway and the theoretical basis is provided for improving wheel-rail dynamics
performance in railway line design.

2 Calculation model and evaluation index

A dynamics simulation model of vehicle/track system in heavy haul railway
curves is made by SIMPACK. The 30t axle vehicle model is used, including rigid
bodies of one body, two bolsters, four side frames, four wheelsets and so on. And
many principal nonlinear factors on vehicle system are considered. The DOFs of
vehicle dynamics model were 60, as shown in Table 1. The vertical and lateral DOFs
of rails and the integral vertical stiffness, damping of track as well as the integral
lateral stiffness, damping of track are considered in the dynamics model. In the
simulation model, LM tread and 75kg/m rail of China are used. In order to study the
influence of single factor of railway curves on the wheel-rail dynamic characteristics
of heavy haul railway, the track irregularity is out of consideration.

Table 1. The DOFs of vehicle dynamics model

Rigid  Longitudinal  Lateral Vertical
1g1 ongrtudina atera CHCAL Anti-roll  Pitch Yaw  remark

bodies movement movement movement
Car-body Xe Ve Ze Oc Be Ve —
Bolster — — Zbj Ol — Vbi j:2
Side .
Yo , Z o . . —4
frame 1] V4 tj tj Bij Mt ]
Wheelset Xyj Vwj Zyj Olwj Bwi  wi =4

The traditional evaluation methods (ZHAI Wanming, 2007) are used in the
evaluation of the wheel-rail dynamic characteristics of heavy haul railway system.
The main evaluation indexes include derailment coefficient, wheel unloading rate,
lateral wheel-rail force, vertical wheel-rail force and wheel-rail wear index.
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3 Results and Discussion
3.1 Influence of curve radius on wheel-rail dynamic characteristics

When calculating the speed of heavy vehicle on curve is 60km/h and seven
kinds of operating conditions are considered according to 400 m and 600 m, 800 m,
1000 m, 1200 m and 2000 m and 4000 m on curve radius (R). And all curves of
superelevation adopt balanced superelevation. Figure 1 shows influence law of
wheel-rail dynamic responses in the condition of different curve radius, including
derailment coefficient (Q/P), wheel unloading rate (UR), lateral wheel-rail force (Q),
vertical wheel-rail force (P) and wheel-rail wear index (WTI).
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Figure 1. Influence of curve radius on wheel-rail dynamic performance

Figure 1 shows that wheel-rail dynamics performance is improved with the
increase of curve radius of heavy haul railway and the values of Q/P, UR, Q, P and
WI are decreased by 80.3%, 73%, 80.1%, 3.9%, 98.7% when the curve radius is
increased from 400m to 4000m. The influence on wheel-rail wear index is maximum
while influence on vertical wheel-rail force is minimum with change of curve radius.
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And the curve radius is less than 800m, the wheel rail dynamics performance
decreases obviously with decreasing curve radius. But the curve radius is more than
800 m, they increase slower with the growth of curve radius. Therefore, curve radius
should be adopted more than 800 m as far as possible in the design of heavy haul
railway in order to reduce dynamic interaction between wheel and rail.
3.2 Influence of superelevation on wheel-rail dynamic characteristics

When calculating the speed of heavy vehicle on curve is 80km/h and curve
radius is 800m. Superelevation value is used by superelevation change rate (Ry,) that
is the ratio of difference value between actual superelevation and balanced
superelevation and balanced superelevation. And the range of Ry is -40%~40%.
Figure 2 shows influence law of wheel-rail dynamic responses in the condition of
different Ry,
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Figure 2. Influence of superelevation on wheel-rail dynamic performance

Figure 2 shows that WI grows but Q/P, UR, Q and P decrease after increasing
with the increase of curve superelevation. Compared to the maximum value of
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dynamic response on balanced superelevation (i.e., superelevation change rate is 0),
the values of Q/P, UR, Q and P increase respectively by 31.3%, 161.9%, 42.5%,
7.4% when superelevation change rate is -40%, but WI decreased 18.9%.When the
superelevation change rate is 40%, the values of Q/P, UR, Q, P and WI rise
respectively 10.3%, 348.7%, 10.2%, 16.5%, 18.5%. Also we can see from Figure 2
that the values of evaluation indexes except WI on wheel-rail dynamics performance
will be decreased when the superelevation on curve is excessive or inadequate. And
when Ry, is in the -5%~-10% range, the values of Q/P, UR, Q and P reached the
minimum and the largest decreasing range respectively is 30.5%, 62.6%, 36.4%,
7.1%. Therefore, the reasonable superelevation is recommended to decrease
5%~10% of balanced superelevation and deficient superelevation helps to reduce the
dynamic wheel-rail interaction.

4 Conclusions

The following conclusions can be drawn from the study.

(1)When the curve radius of heavy haul railway is less than 800 m, the
wheel-rail dynamics performance decrease greatly with decrease of radius curve, but
the wheel-rail dynamics performance increase with a small range when the radius is
more than 800 m. And the curve radius of more than 800m should be used to
effectively reduce the wheel rail interaction in the design of heavy haul railway.

(2)The wheel-rail dynamics performance will be decreased when the
superelevation on curve is excessive or inadequate. And it is small deficient
superelevation, the better wheel-rail dynamic performance can obtain. And the
reasonable superelevation of heavy haul railway is recommended for 90%~95% of
balanced superelevation.

(3) It is shown through the analysis that the wheel-rail dynamics performance of
heavy haul railway is enhanced accordingly with the improvement of heavy haul
train speed. But the influence law of curve parameters of heavy haul railway on
wheel-rail dynamic characteristics is similar under the condition of different train
speed. So only calculation results for the train speed of 60 km/h are given in this
paper.

(4)The curve parameters of heavy haul railway have a large influence on the
wheel-rail dynamic characteristics. Only the relationship between single parameter of
railway curve and wheel-rail dynamic characteristics is analyzed in the paper. Main
parameters of railway curve can be matched reasonably to further improve the
wheel-rail dynamic performance in the design.
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Abstract: Ballast bed in heavy haul railway will accumulate residual deformation
and lead to track accumulative settlement under the repeatedly influence of the
dynamic load of train. Studying on rule LU Ye s of track settlement of heavy haul
railway is the premise of variant design and maintenance management, the effects of
transportation conditions and track structure parameters on ballast settlement were
analyzed by improving the existing track settlement calculation model and building
track structural finite element analysis model. The results show that vehicle running
speed, axle load and railway traffic are main factors of controlling track deformation;
it benefits to decrease track settlement by adopting heavy rail, increasing bottom area
of sleeper, reducing space of sleeper; track settlement reduces by 12.3% when
thickness of ballast increases from 30cm to 40cm, and track settlement increases by
25% when elastic modulus of ballast increases from 90MPa to 150MPa, however,
increasing thickness of ballast leads to more maintenance work and small elastic
modulus reduces the capacity of structure, therefore, it is important to select track
structural parameters reasonably.

Keywords: Heavy haul railway; Ballast bed settlement; Effect parameters; Vertical
deformation.

1 Introduction

Two reasons caused settlement and deformation of line: ballast bed settlement
and track bed disease. Ballast bed settlement account for 90% of total subsidence of
ballasted track. Indoor and field tests (Augustin, 2003; Baessler, 2003) were
conducted to study on characteristics of ballast bed accumulated settlement and the
calculation formula, theoretical simulation (Indraratna, 2003; Saussine, 2006; Martin,
2012; Eric, 2012) were conducted to analyse settlement rule and influence
parameters of ballast bed settlement. So existing track accumulative settlement
calculation models are insufficient for heavy haul railway

This paper derive and transform the settlement model of China Academy of
Railway Sciences as the calculation model, build finite element model for heavy haul
railway by finite element analysis program, analyse ballast bed settlement of
different ballasted track structure under different transportation conditions.
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2 Building Track Settlement Calculation Model

This paper use the settlement model of China Academy of Railway Sciences(Eq.
1) for reference, transform some parameters of it and build a more reasonable model.

The model include compressive strain and vibration acceleration of ballast bed,
but compressive strain of ballast bed(g) is not convenient to simulate in the model,
accumulated settlement is related to transportation conditions and track structure,
especially vibration acceleration of ballast bed and stress on the surface of ballast bed
is the direct factors of ballast deformation. Therefore, vibration acceleration, stress
and height of ballast bed and parameter of sleeper are in the model of this paper.

B=127x10"6 (eay) 1)

with f: amount of ballast bed settlement under load for one time(mm/ 10° times);
ay: vibration acceleration of ballast bed (g); &: stress of ballast bed(u¢)

The relationship between pressure of sleeper and amount of compression of
ballast bed can be obtained by fitting the experimental data, as shown in Eq. 2

Ay = 14.591Q0%553 (2)

Stress of ballast bed is amount of compression of ballast bed(4y) divided by
thickness of ballast bed(H), as shown in Eq. 3

g=2 (3)
H
Fed Eq. 2 into Eq. 3,
.55
e = Ay _ 14.591Q%>53 (4)
H H

pressure of sleeper and stress on the surface of ballast bed are in Eq. 5

Gb=% (5)

with 0, stress on surface of ballast bed (kPa); Q: pressure of sleeper (kN); b:
effective support width of sleeper (m); [: effective support length of sleeper (m)

Fed Eq. 4 and Eq. 5 into Eq. 1, settlement calculation model of ballast sleeper
with parameters:pressure and vibration acceleration of ballast sleeper is in Eq. 6.
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-2 (% 24 1.3272
B = 5.854 x 10 (—) (o, b)* (6

H
In the following, we refer settlement to ballast bed settlemen for simplification.

3 Transportation Conditions Effect on Ballast Bed Settlement
3.1 Speed

Take speeds are 60km/h, 80km/h, 100km/h and 120km/h, axle load is 27t, type
II concrete sleeper, analyse regulation between settlement and speed.

Tablel. Ballast bed settlement under different speeds
speed /km/h 60 80 100 120
maximum ballast bed settlement /x10°mm | 4.904 | 6.104 | 7.708 | 19.743
average ballast bed settlement /x 10°mm | 2.551 | 3.753 | 4912 | 7.907

As shown in Table 1, amount of settlement increase as speed increase. When
speed increase from 60km/h to 120km/h, amount of maximum settlement increase
from 4.904x10°mm to 19.743x10°mm under one time load, with the increase of
speed, change rate is large. When speed is more than 100km/h, amount of settlement
increase rapidly, so speed should not be too high.

3.2 Axle Load

Take axle load is 25t, 27t and 30t,speed is 80km/h. As shown in Table 2, axle
load has great impact on settlement, When axle load increase from 25t to 30t, amount
of maximum ballast bed settlement increased by 38.6%. Therefore, axle load become
one of major parameter to control track deformation.

Table2. Ballast bed settlement under different axle loads
axle load (t) 25 27 30
maximum ballast bed settlement /x10°mm | 5.339 | 6.104 | 7.398
average ballast bed settlement /x10°mm | 3.246 | 3.753 | 4.620

3.3 Traffic

Amount of settlement would increase with traffic increase, due to unable to
reflect influence of traffic, using times of load to reflect cumulative settlement. The
relationship between carrying gross weight and number of load replication as follow.

N, = 1 )

- At'Ng

with N; : number of load replication corresponding to 1 million tons of carrying gross
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102

weight; A;: axle load; N,: axle replication under one time load
Firstly, calculated the amount of settlement under one time load, used Eq. 7 to
calculate the number of times, then it can calculate a amount of ballast bed settlement
under certain traffic. As shown in Figure 1.
From Figure 1, amount of settlement increase along with number of loads, i.e.
amount of subsidence of track structur become large when the traffic increase.
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4 Track Structure Effect on Ballast Bed Settlement
4.1 Rail

This paper calculated amount of settlement when the type of rails are 68 rail and
75 rail, axle load is 27t, speed is 80km/h and type III concrete sleeper.

Table3. Ballast bed settlement under different type of rails

type of rails 68 rail | 75 rail
maximum ballast bed settlement /x10°mm | 7.977 | 6.104
average ballast bed settlement /x10°mm | 4.721 | 3.753

From Figure 2, maximum settlement decrease when quality of rail is enlarged,
amount of settlement decrease by 23.5% if use 75 rail rather than 68 rail, therefore,
type of rails have strong effect on settlement.

4.2 Sleeper

Calculated amount of settlement when sleepers are type III concrete sleeper and

type Il concrete sleeper, axle load is 27t, 80km/h speed and 75 rail.
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Figure3. Maximum ballast bed settlement under different type of sleeps

Table4. Ballast bed settlement under different type of sleeps

sleeper type Ilconcrete | type III concrete
sleeper sleeper
maximum ballast bed settlement /x10mm 6.766 6.104
average ballast bed settlement /x10°mm 4.031 3.753

From the above, amount of settlement under type III is 10% lower than type
II, increase area size of sleeper bottom can reduce amount of settlement, for
increasing contact area of sleeper will reduce stress of the surface of ballast bed.

4.2 Sleeper Span

There are 1667 sleepers in per kilometer in heavy haul railway, calculate
amount of settlement under 1760 sleepers and1840 sleepers in per kilometer,
corresponding to sleeper span of 0.600m, 0.568m and 0.545m. Axle load is 27t,
speed is 80km/h,75 rail and type III concrete sleeper, results are shown in Table 5.

TableS. Ballast bed settlement under different spaces of sleeps

sleeper span (m) 0.600 | 0.568 | 0.545

maximum ballast bed settlement /x10°mm | 6.104 | 5.367 | 4.846

average ballast bed settlement /x10°mm | 3.753 | 3.532 | 3.315

Amount of settlement increase with the increase of sleeper space, amount of

settlement increase by 25.9% when sleeper space increase from 0.545m to 0.600m.
Therefore, rational sleepers should be configured to control settlement.

4.4 Elastic Modulus of Ballast Bed

Calculated amount of settlement when elastic modulus are 90, 110, 130 and

150MPa.Results are shown in Table 6.
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Table6. Ballast bed settlement under different elastic modulus
elastic modulus (MPa) 90 110 130 150
maximum ballast bed settlement /x10°mm | 4.867 | 5.345 | 5.806 | 6.104
average ballast bed settlement /x10°mm | 3.149 | 3.305 | 3.559 | 3.753

From table 6, the greater of elastic modulus,the stronger of track structure
vibration, this increase amount of settlement, amount of settlement increased by 25%
when elastic modulus increased from 90MPa to 150MPa, thus, different elastic
modulus have different effect on settlement. Too small elastic modulus can decrease
settlement but also decrease the bearing capacity of track structure.

4.5 Thickness of Ballast Bed

Calculating amount of settlement when thickness of ballast bed are 30cm, 35cm

and 40cm. Results are shown in Table 7.

Table7. Maximum ballast bed settlement under different thickness of ballast
thickness of ballast bed (cm) 30 35 40
amount of ballast bed settlement /x10°mm | 3.753 | 3.485 | 3.292

Amount of settlement decrease with the increase of thickness, and the influence
to settlement of thickness is larger. Amount of settlement decreased by 12.3% when
thickness increased from 30cm to 40cm. The greater thickness of ballast bed can be
advantageous to the dispersion of train load, but increase maintenance workload.

5 Conclusions

(1)Transportation conditions have a large effect on ballast bed settlement.
Amount of settlement will increase with the increase of speed, amount of settlement
increases about 3 times when speed increases from 60km/h to 120km/h, and amount
of settlement increases rapidly when speed is more than 100km/h; amount of
settlement increases by 38.6% as axle load increases from 25t to 30t, with increasing
traffic, there is a linear relationship between amount of settlement and traffic.

(2)Track structure also have effect on ballast bed settlement. Amount of
settlement decreases by 23.5% by using 75 rail; type III concrete sleeper and type I
concrete sleeper are almost the same; amount of settlement increases by 26.9% when
sleeper space increases from 0.545m to 0.6m; amount of settlement increases by 25%
when elastic modulus increases from 90MPa to 150MPa; the thicker of ballast bed,
the smaller vibration acceleration of ballast bed, amount of settlement decreases by
12.3% when thickness increases from 30cm to 40cm; Therefore, comprehensive
consideration should be taken during selecting the track structure in view of each
track structure parameter have different effect on settlement.
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Abstract: To understand the characteristics of head check (HC) propagation, the
methods for reconstruction and modelling HCs in the rail were presented by realizing
the geometry morphology and spatial position of HCs with the help of some creative
technologies: X-ray computed tomography (CT) was applied to detect the rail
specimens taken from a curve in a heavy-haul railway and the three dimensional
(3D) internal information of HC was extracted and digitalized to the point cloud data
with 3D coordinate by thresholding of the grey level. For splicing HCs in different
rail specimens, removing the abnormal points, extracting and fitting the edges of
HCs, the algorithms for investigating the geometry characteristics, including
geometry morphology and spatial angle were designed and programmed. Therefore,
the reconstruction of 3D HCs in rail was realized by reconfiguration of geometry
morphology and spatial position. By defining the contact property, the fitted 3D HCs
were assembled and coupled with a 3D rail model for further crack propagation
analysis with the eXtended finite element method (XFEM). The reconstruction
results can provide an accurate method for reconstruct HC and a reliable model for
study the HCs propagation in the rails of the heavy-haul railway.

Keywords: Heavy-haul railway; HCs; X-ray CT; 3D reconstruction; XFEM.

1 Introduction

With the application of the alloy rail and heat-treated rail with high hardness
and good wear-resistance in China heavy-haul railway, rolling contact fatigue (RCF)
cracks came to be one of the main defects to rail lifetime. Head Check (HC), one
kind of RCF cracks, initiated at rail gauge corner and shoulder at the early stage after
new rail installation and propagated rapidly while it could not be worn away easily.
To investigate the characteristics of HCs propagation, a model with information
about the geometry morphology and spatial position of HCs should be built and
analyzed for simulating further. The traditional destructive examinations only
allowed to observe the crack from the cross-section along the longitudinal or
transverse direction of the rail by cutting, of which only the projection of the crack in
the longitudinal or transverse planes were observed and the true morphologies of
HCs were damaged (Zhou, 2014) since the HCs often took an orientation of a certain
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angle with respect to the longitudinal or transverse direction of the rail, and it was
hard to reconstruct HCs. Thus, the shape of the HCs were often assumed as standard
semi-circular or semi-elliptical in traditional models (Bogdanski, 2002). As HC was
micro-scale and distributed densely, 3D image software had the limitation on the
precision of reconstruction the geometry and spatial position automatically, while
error was larger if dealt with by manual operation, e.g., defining the value of HC in
size and spatial position.

In this paper, X-ray computed tomography (CT) was applied for examining the
three dimensional (3D) shape of the HCs inside the rails. 3D rendering of the HCs
shape were obtained by thresholding of the grey level, and the 3D internal
information of the HCs were extracted from the surrounding rail microstructure and
digitalized to the point clouds data with 3D coordinate, by which the geometry and
spatial position of HC was defined. Considering wheel-rail interaction and with the
help of eXtended finite element method (XFEM) (Ding, 2007), 3D rail finite element
(FE) model coupling with reconstruction 3D HC was built, which provided a reliable
model for study the HCs propagation.

2 Extraction of point cloud data of 3D HCs

A 500m radius curve in a dedicated coal heavy-haul railway was chosen as field
test line. The samples were 75 kg/m U75V heat-treated rails. As shown in Figure 1,
samples were cut to specimens by the size of Smm high, 10mm wide, and 50mm
long along the longitudinal direction of rail. HCs in specimen 1 and 2 were chosen to
CT scan because it located 12 mm away from the gauge face where HCs were first
observed at this location in field tests.

Train running direction

Rail centerline

Figure 1. Schematic diagram and actual specimens

CT scan devices scanned the rail specimens by X-ray. The reflected energy was
converted into 3D grey value, forming the original RAW format data; the images of
scanned specimen with HCs could be shown in 3D image software, shown as figure
2. Because of different grey values of rail and HCs, the STereo Lithography (STL)
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file of HCs which contained point cloud data, could be exported by thresholding of
the appropriate grey value.

The marked HC

Specimen A \'\

Artis created by /

segmentation

Figure 2. Process of extraction of HCs data

By numerical calculation, the complicated STL file was simplified to points
represented by 3D coordinate. As a result, the spatial position and geometry shape of
HCs could be obtained.

3 3D reconstruction of HCs

The specimen A and B were examined respectively and the marked HC in
Figure 2 were segmented. As HC was micro-scale and distributed densely, 3D image
software could not guarantee the precision of the reconstructed geometry and spatial
position by automating, while it had larger error by manual aligning. Thus, a several
algorithms were used to ensure the accuracy of reconstruction of HCs.
3.1 Splicing HC:s in different rail specimens

Because the same HC were segmented in specimen A and B, they should be
spliced to ensure the integrity of geometry. The procedure was shown as figure 3.
Point M, N, O'and P were the boundary points in the bottom.

Z Specimen A
Rotate T

‘Z

Specimen B

,é N

Figure 3. The translation and rotation of HCs in two specimens
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Considering the two specimens were an integral part, point M and point O'
should coincide, point N and point P as well. There were one rotational degree of
freedom (about z axes) and three translational degrees of freedom (about x axes, y
axes and z axes) as the two specimens were parallel when scanned. The algorithms of
translation and rotation are shown as follow:

x;li X 4i Axyo
Vi |=| Vai [+ Ao (1
Z;li Zai 0
cos@ sind O
[xz ¥, zz]z —sin@ cos@ 0 ~[x1 Y ZJ (2)
0 0 1

In formula (1), x,,, v, and z, are the coordinate of HC after translation;
x,, v, and z, are the original coordinate; Ax,,, and Ay, are the difference
between point M and O'. In formula (2), (x2, y», z2) are the coordinate of HCs after
rotation; (x1, y1,21) are the original coordinate; ¢ is the angel between vector MN
and vector O'P, with cos@ = (1\7\% O'P)/(‘MNIX‘O'PI).
3.2 The shape definition of HCs

(1) Rotating projection in 3D spherical coordinate system

As the HCs point cloud data were curved surface instead of plane, it would be
smaller than actual size by vertical projective operation. Therefore, 3D spherical

coordinate was adopted for rotating projection. In order to calculate effectively, all
the data were projected to XOY-plane by rotating projection, ensuring original size of
HC. Transformation matrix of projection to XOY-plane was as follows:

X, :xl.+(\/xf+yf+zi2 —\/xf+yf)-c059

¥, =yi+(\/xi2+yi2+zl.2 —\/xiz+yi2)'sin0 3)
z=0

Where cos&le./\/xf+yf, siné?:yl./«/xf+yf.

(2) Removing the abnormal points and fitting the shape of HC

The outline shape of HC was decided by its boundary points, and the boundary
information could be obtained by computing the point set of the convex hull (Liu,
2007). However, abnormal boundary points seriously affected the accuracy of the
fitted shape of HC, shown as figure 5(a). Thus, PauTa criterion was applied to
remove the abnormal points (Zeng, 1988).
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The fitted ellipse after

The distance between boundary } = ;
’ removing abnormal points

point and the fitted line

(a) The original fitted ellipse (b) The amended fitted ellipse
Figure 4. The comparison of fitted ellipse after removing abnormal points

By the least square method, the fitted regression line of HC points was obtained.
The distance of all the boundary points to the fitted regression line could be
calculated and PauTa criterion was applied if they obeyed the normal distribution:

P(jx—x|<30)=0.9974 (4)

After removing the abnormal points, the direct least square fitting of ellipse
method (Andrew, 1999) was taken to fit the shape of HC. The length of semi-major
axis and semi-minor axis could be shown as

a’ =2(AXc* +CYc® + BXcYe—1)/ (A+C++J(4A—C)* + B?) (5)
b* =2(AXc* +CYe® + BXcYe—1)/ (A+C—+(A-C)* + B?)

Where, Xc and Yc are the coordinate of ellipse center; A, B, C are coefficients of
normalized ellipse AX*+BXY+CY*+DX+EY+1=0 in XOY-plane.

After that, the crack tip (i.e., HC edge inside the rail) was fitted with the
calculated ellipse shape, while the crack mouth (i.e., HC edge bordering on the rail
top or gauge corner) was fitted with rail profile of the corresponding position to
make the fitted HC shape be consistent with the actual case as much as possible.

3.3 Definition of HC’s spatial position by plane fitting

The spatial plane where point cloud data of HC located could be defined
through the least square plane fitting method, by which the spatial position could be
obtained. Assuming that Ax+By+Cz+1=0 represented a spatial plane which did not
pass through the origin, the transfer matrix can be seen in formula (6) and the matrix
of coefficient was calculation in formula (7), according to the least square method.
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X, M 5 Bl=l—-1 (6)
' cl -1

xi yi Zi

A foz Zx[y[ inzi ) _in
B|=|Xxy, Xy Zyz -2 (7
C| |Zxz Zyz Xz | |-Xgz

By rotating the fitting shape of HC (in XOY-plane) to the position where were
perpendicular to the normal vector (7 =(A,B,C)) of the plane, the spatial position of
HC could be defined.

4 XFEM model of rail assembling with HC
4.1 Discrete equation

Considering the actual propagation of the HCs, the more effective method
XFEM was applied, which had the advantages of allowing modeling of complex
shaped cracks in 3D media by the level set method, easy intersecting them in the
elements by the enriched finite element and considering the stress singularity, which
could provide reasonable meshes and calculation time. Like FEM, the discrete
equation of each element could be shown:

Kd*=F° (8)
Where K“is the element stiffness matrix, F° is the equivalent nodal force and d*

is the element node displacement. Each direction component of d° could be
expressed by (Xiao, 2012)

u(x)=Y N+ . N ()H(f(xX)a,+ Y, N(x)D ¢ (x)b; 9)

ieN Jjendise ke N

To explain the stress singularity of crack tip, ¢,(x)1s used with
q)t(x):[\/;sing,x/;cosg,x/;singcos&x/;cosgcosﬁ] (10)

4.2 FE rail model with the constructed HC

The fitted ellipse was imported into CAD software, in which the ellipse was
modified by combining with the rail profile around gauge corner to correspond to the
actual geometry. Then, the fitted HC was transferred into finite element (FE) sketch
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data (Yang, 2011) and 3D HC shell was created. 3D rail solid model was built by
assembling and coupling with the fitted 3D HC shell, it was shown in figure 5. As
under the wheel-rail force, hard contact property with a penalty function was defined
in case of penetration (Jim, 2014).

The profile around
gauge corner (curve)

Crack mouth

o5 ',*’ 3D rail model

The fitted ellipse

Figure 5. Finite element model of HC coupling with 3D rail model

For simulating the effect of wheel-rail interaction, moving Hertz contact normal
pressure and creep force was applied on the rail, which made the stress and strain
result close to the actual case.

5 Conclusions
Reconstruction and modeling method for HC in heavy-haul railway based on
CT scan technology could implements the following features:

(1) With CT scan technology, 3D point cloud data of HCs could be precisely
distinguished and extracted by thresholding of the grey level; the integrity of
geometry was insured by splicing, which could restore the actual geometry of
HCs more accuracy.

(2) By rotating in 3D spherical coordinate system, removing the abnormal
boundary points by the least square method and PauTa criterion, the outline
shape and size of HC could be obtained; the spatial position of HC in rails
was defined by the least square plane fitting method, which guaranteed the
reliability of the fitted HC.

(3) 3D HCs reconstruction could be realized by the definition of HC geometry
and spatial position, which provided a more realistic basic for FE model;
XFEM provided a more effective and accurate way to FE calculation.

It was shown that the 3D reconstruction and modeling method for HCs based on
CT had a good applicability for crack propagation simulation, which could provide
reliable model for study the HCs propagation in heavy-haul railway. By this method,
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further work, such as the propagation of HC in rails at different traffic and the
relationship between HC propagation and wear growth can be investigated.
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Abstract: heavy-haul loading transportation can improve efficiency, greatly reduce the
transportation cost in shipping bulk cargo. This article discussed the organization mode of
heavy-haul loading transportation, comprehensively consider the operation condition of
heavy-haul loading train and its economic benefits, use the running time consumption
minimum and operation benefit maximization as objective function, use the uniqueness of
operation scheme and Loading and unloading capacity as the constraint condition, built the
0-1 nonlinear optimization model of heavy-haul loading operation plan. For the convenience
of the model solution, use the Linear weighted method to change the model objective
function into single objective function. Design the genetic algorithm to acquire the
prioritization scheme of heavy-haul loading train plan.

Keywords: Heavy-haul train; Loading area; Train operation scheme; Genetic
algorithm.

Heavy haul transportation has put forward higher requirements to the traffic
organization and technology station reorganization work in order to play the advantages of
heavy haul transportation, we need improve train marshalling and traffic organization
scheme, rationally adjust the labor division of marshalling station, solve the successive
problem of supply, freight and transport capacity. Finally improve the formation of the
network in the whole region.

1 The construction of model

Organizing the wagon flow into heavy haul train can speed up the delivery of
the goods, improve the section carrying capacity, but the grouping of heavy haul
train needs more centralized supply and adequate supply of empty car, put forward
higher requirements for marshalling capacity of loading area technology
station. Therefore we cannot simply organize the wagon flow into heavy haul train
form. we need consider the station line operation capacity and transport organization
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form. use the train plan benefit maximization as the goal to determine the optimal
train operation plan. Freight train need loading, adaptation and truck operations in the
way, use M as the total time cost, then the formula of the objective function is:

minM = M+ M vy

Use My indicate the consumption of heavy haul train technical
operation time, use Myy indicate non heavy haul train time consumption.
Defined the decision variables:

-
lif there is heavy haul train
H in the Ny Imarshalling heavy haul train
X —y s H(k) __ in the first marshalling station
st Xst —
_ Oothers Oothers
lif the first marshalling station of Imarshalling heavy haul train
k non heavy haul train is k H(k) __ in the last marshalling station
X st X st _
Oothers Oothers

lif thereis non heavyhaultrainin
the N,

Xst _
Oothers
ol ) . M
use * as heavy haul train assembling parameter from s to t, use s as heavy
. . mH
haul train assembling parameter from s to k. use =% as numbers of heavy haul train
ml 1!
from s to t, use = ¢ for numbers of heavy haul train from s to k. use “* for
OH
technical operation time consumption of heavy haul train at technical station, use "~
W
for time consumption of heavy haul train in indirect way, use % for time

consumption of heavy haul train in direct way, use CSf/ Ci for non-heavy haul train

. m, /m . t
assembling parameter, use s for numbers of non-heavy haul train, use “* for

technical operation time consumption of non-heavy haul train at technical station, use
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0. . . T V. .
st for time consumption of heavy haul train in indirect way, use "+ for time

consumption of non-heavy haul train in direct way.

If there is no coding work in the way at marshalling station, the consumption of
Nst in the loading area and unloading area can be divided into the following three
kinds of circumstances.

(1) if marshalling heavy haul train in the first mashalling station, the
consumption in the loading area, first marshalling station and unloading area is:

El' =N (w_ +t +0) x7%, kev (s)

(2) Send the heavy haul train to the final collapse from loading area, the
consumption in the loading area, technology station and unloading station is:

EF =[em” £ N, +0D WY, ke V(s)ke V()

st

(3) Directly send Nst to the unloading area from loading area, the consumption
in the loading area and unloading area is:

H_, H_H H\ _H
E3 _(cskmst +Nstvst) Xt

If there is non heavy haul train in the Nst, the consumption in the loading
area, way and unloading area can be divided in to following three circumstances:
(1) the traffic were sent to the front technology station as technical traffic, the
consumption in the loading area and unloading area is:

EM =N (w, +0S,)xf,,ke V(s)

(2) the traffic was centred in loading area and sent to technology station k, the
consumption in the loading area and unloading area is:

EZNH = (cskmst + Nslost)xk ke V(S)

st

(3) Directly send Nst to unloading area from loading area, the consumption in the
loading area and unloading area is:

E3NH =(c,m,+N_,v, )x,

st st

(4) as long as there is no through train from loading area to unloading area ,then
there will be marshalling consumption in the technology station. if wagon flow’s last
marshalling station is j, wagon flow Nst were marshalled in the k station, then V (k,
t ) represents a collection that wagon flow need to be marshalled in the way. and V
(k, t) includes k station. then the consumption of wagon flow Nstin the way is:

EM =N, 32 > tx,
kep(s,t)ieV (k,t)

The total consumption of wagon flow is:
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ES=E,+E,,

Heavy haul train can improve the transportation efficiency, it has higher
economic profit. when calculating the income, we only need to compare the two
different parts of the organization form’s save and loss. because the gain of
heavy-duty train is currency as the unit.so it needs to be converted to consume hours
of car in the optimization model. Set operation 1 column heavy-duty train to unload
area, the increase transportation income in relative to the heavy-duty trainis W,, in order to
conversion the yieldtohours car consumption, introduce the conversion factor, the
revenue calculation formula of heavy-duty train is:

C H H -t H H (k)
EH =ﬂNst /rnstVVCs ('xst +'xst )

The goals of the mode require to minimum car hour consumption and maximum returns of
heavy-duty train, the objective function of the model is:

E=minES + max E;,

Traffic into heavy-duty train or heavy-duty train, there are three ways can be
used, we can organize through train to unload area, or we can send it to the technical
station, then incorporate it into the corresponding technical traffic. either assemble
with shaft in the loading area, then organize through train to unload area. There is only
one kind of the operation mode, namely operation scheme has uniqueness.

X, + fo, +x5 + ZXf;I © =1
kep(s,t) keV (s)uV (1)

if organize heavy-duty train or non heavy-duty train, we must satisfy the
conditions of loading and unloading area, calculating formula of allowed intensive
number of loading and unloading car from loading area to unloading area is:

!
st

m,, =min(m,,,m.,)

If we organize through train to k station, we must meet the following
requirements:

Use”"s for number of car directly from s to k, D (k) for the collection of

station that attract traffic.
When marshalling heavy-duty train from loading area to a fulcrum station
k, allowable dense number of car attracted by the direct traffic needs to satisfy the
following requirements:
miT ( Z xRy~ sttxff <0
1€0(s) 1€0(s)
I (x) is a step function, defined as
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1x)0
1=
When marshalling non heavy-duty train from loading area to a fulcrum station
k, allowed intensive number of train that attracted by the through traffic need to
satisfy the following requirements.
mszl( Z xft)_ sttxft <0
teQ(s) te O(s)
Organize heavy-duty train or non heavy-duty train, if it is through traffic from

0x<0

loading area to unloading area, whether single or more, its operation must meet that
the car hours saving on the way without adaptation through technical station= car
time consumption in loading area, otherwise, it should not be commonly is divided
into separate marshalling. For a single traffic, it meet the necessary conditions for:
Zz‘sttxff >cl'm!
Episi)

thNsrxsr 2 csmst

Jjep(st)

10
6 7 8
N6= >
N7} >
Ns | R
| >
No j—
N]cl >

N“I —

Figure 1. Loading area train diagram

L for loading area, label 1-5 for technical station that can marshall heavy-duty
train,6-11 for unloading station, a simplified road network structure and the flow
diagram is shown in figure 1.a simplified road network structure and the flow
diagram is shown in figure 1. There are 6 direct traffic,, if loading flow respectively
N6=75, N7=35, N8=20, N9=70. N10=40 and N11=45, cost parameters respectively wt
= 10, ot= 10, vt = 7, ot= 8 and vt= 5, average plait bought for heavy-duty train
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mt= 70, average plait bought for direct train to reach the unloading point mt =
40,, and parameter ck/ct= 12, ck/ct= 10, A1=A2= 0.5. The average conversion
consumption of heavy-duty train at technical station is 8,the average conversion
consumption of non heavy-duty train at the technical station is 4,assume organize 1
column heavy haul train that has 60 cars, its earnings 350, 450, 550, 500, use MATAlab
software to design genetic algorithm, get the following loading heavy-duty train
operation plan:

The traffic N6 and N11 organize the direct train from loading area to unloading
area.

The traffic N7and N8 does not meet the condition of overloading and direct
train, use rolling off the train to send to the front technology stand into the site traffic.

The traffic N9,N10 organize the direct heavy-duty train to unloading area when
gather full shaft.

2 Conclusion

Built the nonlinear 0-1 programming model of loading area heavy-duty train, the
objective function is the sum of time consumption at loading area, unloading area and
on the way and heavy-duty train economic benefit. The model can comprehensive
describe various combination of loading area heavy-duty train and guarantee the
maximum benefits of operation scheme. Numerical example verifies the various
traffic combination scheme in loading area, use maximum benefits of operation plan
to confirm the rationality and validity of the operation plan .At the same
time, building loading area heavy-duty train operation plan should also be
coordinated with technical train stations on the way very well, so as to ensure
normal execution. of operation plan .
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Abstract: Passenger flow assignment has a direct influence on optimization of the
high-speed railway train operation plan, thus the rational assignment passengers is a
basic link and an important role. Considering the level of passengers demand and the
impact of passenger product attribution on the passenger assignment, this paper
classifies passengers and trains into different category, and shows the cost
conversion coefficients of between each passenger set and train set. During the
construction of distribution network, this paper divides network into 4 types of nodes
and 6 directed arcs: running arc, accumulation arc, transfer arc, stop arc, getting on
arc and getting off arc, according to the train arrival and departure time and
passenger getting on and off procedure. Every arc has its calibration parameters.
Research shows that the essence of assignment under this network is the problem of
maximum flow with minimal fare, the assignment process has characteristics of
self-driven, the getting on and getting off arc is only used to limit capacity and with
no assignment cost produced. = The assignment process can be achieved by looking
for OD node circuits of corresponding passenger flow from the assignment network.
Corresponding algorithm is designed by the use of the properties and the algorithm
steps are present-ed.

Keywords: High-speed railway; Train operation plan; Assignment network;
Maximum flow with minimal fare.

1 Introduction

Although the high-speed railway transportation is taking the social
responsibility of passenger transport, the economic benefit should be considered.
Meanwhile, high-speed railway should also try to improve service, expand market
share, cut costs, and improve profitability, while meeting the transport needs of the
community.

The key problem of passenger transportation organization is high-speed railway
train operation plan'". It’s the foundation of computerized train graph and train-set
scheduling, which directly reflects the management strategy and service quality of
railway passenger transportation. A rational high-speed railway train operation plan
not only contributes to improve the operational efficiency of railway passenger
transportation, which represents competitive ability compared with other transport,
but relates to the ability to provide a consistently high level of service and to get the
expected economic returns ). Therefore, the key demanding prompt solution
problem is that how to compute a rational high-speed railway train operation plan or
how to optimize train operation plan ™.

Optimization of high-speed trains is a large and complex system optimization
problem, with the numerous influence factors and optimizing the links. Determining
the train plan of passenger service information is a key to solve the optimization of
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high-speed train problem, as passenger flow information is the basic principle of
operation scheme''. Although many studies, no matter in China or international, have
already carried out a more in-depth study and achieved a certain theoretical results,
most studies were directed at a single speed and does not take into account
differences in passenger levels in practical situation. Chinese high-speed passenger
transport organization mode is trains in different speed rating sharing the same line,
and the delivery of passenger flow structure is not uniform. Therefore, the key
problem is to optimize passenger flow at different levels, such as in the high and
medium speed train, operation scheme reasonable distribution.

This paper focuses on how to turn a reasonable distribution of passenger flow in
the train involving on operation plan, so that provide the basis principles and
specified direction for the further optimization train operation plan, rather studying
on computing train operation plan.

2 Assumptions

(1) Fixed passenger flow

Assume all the relevant passenger flow data, which is divided into middle and
upper levels in accordance with a specific principle, have been fixed. In other word,
passenger flow of different levels in any OD is fixed.

(2) Fixed train path

Assume there is a completed train operation plan. In this plan, two speed rating
trains (i.e. high-speed and mid-speed) correspond to two level passenger flows (i.e.
high level and middle level); and the transport capacity is over the transport demand.
Moreover, the object of this study focuses on one single direction trains. This is
because, in reality, the train is usually symmetrical opening lines in pairs, and thus,
the results of the plan in one direction can be applied to the reverse trains.

(3) Classified train in different speed

In order to corresponding the level of trains with the level of passengers, this
study classifies the train not only according to the initial, final and intermediate stops,
but also according to the level of passenger flow on trains, due to the high speed
railway served different level passengers. To take train’s speed level into account, the
initial train operation plan contains the high-speed and medium-speed train, and any
type of train contains only one speed-level train. In other words, two trains are
classified into different levels as long as they have different speeds, though these two
trains have same the initial, final and intermediate stops.

(4) Fixed sensitivity of traveler time and money

The sensitivity of passengers for components of the generalized travel cost
(includes payments for time and money) is different, because the impact of factors
for passengers, such as the travel purposes, the economic capacity, is different. For
instance, the high level passengers have relatively low sensitivity for money, because
of their high time value; the low level passengers have high sensitivity for the money
(i.e. they prefer to spend more time to save money), because of their relatively poor
economic conditions. Although, the sensitivity of the time and money is an important
criterion to classify the travelers’ level, it’s hard to quantify, due to it involves
traveling behavior, economic capacity, consumption habits and values. Therefore,
this study assumes passengers’ sensitivity of time and money is fixed.

(5) Fixed train seating capacity
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China's CRH series are mainly used on high-speed railway motor train, there are
several different models and the seating capacity of every model is different.
Sometimes, the seating capacity is changed even in the same model motor train, as
the marshalling mode is different. Therefore, in order to facilitate the study and
description of the nature of the problem, while reducing model size, this study
assumes the train seating capacity is fixed in the train operation plan.

(6) Fixed the additional time for starting and stopping

Additional time for starting and stopping, whose proportion of value is very
small in the train running time, depends on motor train performance, railroad track
condition, speed, etc. To facilitate this research, this study treats the additional time
for starting and stopping as a part of the stopping time, which won’t bring an obvious
error. This means this study assumes the stopping time has included the additional
time for the starting and stopping, which produces by train stopping. What’s more,
this study assumes the stopping time is related to the station nature, which means if
the station nature is the same, the stopping time is the same.

3 The Model
3.1 The objective of the passenger flow distribution

Rational distribution of passenger flow is the basis for optimization of
high-speed trains and an important part. To improve the social benefit and marketing
efficiency of high-speed railway by optimizing the train operation plan, the passenger
travel demand and travel costs should be considered during the distributing the
passenger flow. On the premise of meeting the whole passengers need, the
passengers total travel cost, which includes the travel fare, travel time and travel
expenditure *, is the objective of the passenger flow distribution. That is:

minz=) TN, +¢€ (D
i=1
Where
T;is passengers’ average travel cost of the i" passenger flow;
N; is the total number of passengers of the i passenger flow;
m is the total number of passengers flow in initial train plan of high-speed
railway;
€is penalty values variables, if there are some passengers outside the service
train at the end of passenger flow distribution process, € is infinity, which
means this distribution plan cannot meet the need of passenger flow; if there is
no passenger outside the service train at the end of passenger flow distribution
process, € =0, which means this distribution plan can be applied.
3.2 Passengers’ travel cost analysis
T:1is mainly composed of passengers’ travel fare and time consumption. Travel
fare makes up of the urban traffic fare for arriving railway station, the urban traffic
fare for leaving railway station and the fare for railway ticket. Time consumption
consists of the time for arriving railway station, waiting railway time, train running
time, stopping time, the time for leaving railway station and transfer time.
(1) This study only focuses on the travel cost caused by the high-speed railway,
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rather those travel cost outside the railway, which have no effect on the passenger
flow distribution in the train operation plan, such as the time and fare for the arriving
and leaving railway station.

(2) The accumulation time can be calculated by the method in reference [1].
But the accumulation time will change with the train’s number and frequency of
some level passengers, due to the level of trains and passengers. However, the
passengers’ stopping time is irrelated to the passengers’ level, then, the passengers’
stopping time consumption can be fixed in the train operation plan, if some level
passenger’s is distributed to the " level train.

(3) The travel cost T . (i.e. travel ticket fee and the running time) of the gth

train can calculate:

L
T :£+ Py 2)
¢ v}s wg

Where

L is the train’s running time;

v, is the velocity of the g” train;
P, is the fare rate of the g" train;

@, is the time cost of the gth passenger.

If a high level passenger is sent to a medium-speed train, he may be unsatisfied,
because he cares more about the time compared with money. Similarly, it is
unsatisfied to send a middle level passenger to a high-speed train, because middle
level passengers have high sensitive to the money. Therefore, it is necessary to
conversion travel cost 7, from the two aspects: time and price, for the above

situation. That is, the scaling factor7} :

Vou P
n=| v, +7, | (y + =1) (3>
vfr ppa

Where

%, 1s the sensitivity to the time of every specific level passengers;

7; 1s the sensitivity to the fare of every specific level passengers;

Va1 the train’s running speed which every specific level passengers should
have;

P, 1s the train’s fare rate which every specific level passengers should have;

V,.1s the train’s running speed which passenger stake in reality;

P,. 1s the train’s fare rate which passengers take in reality;

1=l when the passengers’ level equals to the trains’ level which they take.
3.3 Network setting up
To research a high speed railway corridor, the stations in the research direction

are defined as setSt={1,2,..., N}, and then set St=S¢—{l} and set St=St—{N}
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are defined. Set St={1,2,...,N} is defined as the train operation plan of the » kinds
of trains in origin stop order, and the corresponding train network is defined as
Net=(V,E), where, V is the network point set which includes subset Vi(i=1,2,3,4) , E
is the network arc set which includes subset E(i=1,2,3,4,5,6). The subsets are defined

as in table 1.

Table 1. The definition of subsets

N | Subset Constraint Explanation Nature Operation
a Condition
m
e
=} | Je St The station for | Getting on | Dispatching
dispatching node passengers
P passengers
o|V,={v,}| jeSt The station for | Getting off | Arriving
i arriving node passengers
n passengers
t|y,=0')| jeStNle Sh The station for | Dispatched | Dispatching
S N the /™ train train node trains
e dispatching
tlw, =) jeStNieSh The station for | Arrived Arriving
’ the /™ train train node trains
arriving
E = {efv ot 1€ Sh; The /" train Running are | Train running
F,De St & F < D| from F station to process
D station
E, = {e5}| g =midium,high | S-Zorigin station | Accumulati | Train
. passengers take | on arc accumulating
7.SeSt&S<7 | & level train process
E, = {ei_ } | le Shy je St St | The llevel train | Stopping Train
A ' stopping by j arc stopping
r station process
c| E, = {eéH je StA St Passengers Transfer arc | Passenger’s
S OHe Sh& Q% H transfer from transfer
e Qlevel train to H process
t level train at
Jstation
E,= {ejcl V| je Stle Sh Passenger taking | Getting on | Passenger’s
[level train atj | arc getting on
station process
E, = {eﬁ Voje E; le Sh Passenger taking | Getting off | Passenger’s
[ level train arc getting off
getting off at j process
station

The steps of setting up network are as follows:

(1) Setting up the getting on and getting off node at each station according to the
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corridor station order;

(2) Setting up the getting on node and getting off node at each origin station,
intermediate station and terminal station of each level train in the train running
direction;

(3) Setting up the running arc for the each level train from the dispatched node
to the arrived node;

(4) Setting up the stopping arc for the each level train between the dispatched
node and the arrived node;

(5) Setting up the transferred arc between the dispatched node and the arrived
node, according to the possible transfer plan.

(6) Setting up the accumulation arc between the getting off node and getting on
node of each g level passenger flow in the OD;

(7) Setting up the getting on arc and getting off arc between the getting on node
and getting off node and / level train’s dispatched node and arrived node, according
to the OD passenger flow and intermediate station in the train operation plan;

(8) Deleting the isolated node.

Following the above steps, the train running network of given OD passenger
flow and initial operation plan is finished. This network is a simple connective
directed network without parameter.

3.4 Network Parameters

In order to solve the passenger flow distribution problem, the parameters will be
set up in the network, which should involve in all the information about the factors of
passenger flow distribution. The parameters are named in the table 2 to table 6.

Table 2. Arc Parameters

erp : Parameter’s | The set of
The meaning of parameter
parameter value parameter
h . The grade of
g The grade of the /™ level train the train
The ticket and train running time of
T, the g” grade train from F station to D T,
station
The scaling factor caused by the level e T, 1,
H of passengers no match with grade of n-T, £frofn
the /" level train " .
| The passenger flow of the high level C'}
f, passengers in the /" level train Variable, initial
| The passenger flow of the medium value equals 0
F level passengers in the 1" level train
C! The capacity of the I" level train l,-S,

*[, 1s the number of the train in reality
S, is the seating capacity of the 1" level train
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Table 3. The Accumulation Arc Parameters

€5 . The value of | The set of
The meaning of parameter
parameter parameter parameter
The accumulation time, if the
J! des of d trai
j grades of passengers and trains are
high
The accumulation time, if the .
m . Accumulation
J, grades of passengers and trains are .
i . time
medium
The accumulation time, if the level
J; of passengers no match with grade (Jngm,
of the train ! /
The number of the distributed high J; o fg
f S’é level passengers between S and Z Fmo g
station Variable, initial | € * sz’
The number of the distributed value equals 0 A3}
fo medium level passengers between
S and Z station
L The high level passenger flow The passenger
5z between S station and Z station flow data
e The medium level passenger flow < ,[2 fit:;e:i dSZ
52 between S station and Z station .
station
Table 4. Getting on and Getting off Arc Parameter
C X
e (€ The meaning of parameter Parameter value The set of
parameter parameter
g The grade of the /” level train The gradp of the
train
- i
o | Tt st B o, il |
J > setting J value equals 0 g. U,
station
- 7 ! !
. . D,
1 The numbgr of passengers in the l Variable, initial ., CY
D; level train who is getting off at j
J . value equals 0
station
C! The capacity of the /” level train l,-S,
Table 5. The Stop Arc Parameter
!
e, .
/ The meaning of parameter Parameter value The set of
parameter parameter
g The grade of the /" level train The gradg of the , )
tramn {g v Ly i
e The stopping time at j station of The standard of cl
U the /” level train stopping time
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P The total number of passenger " Variable, initial
! level train who pass by j station value equals 0
C! The capacity of the /” level train l,-S,
Table 6. The Transfer Arc Parameter

j

Con The meaning of parameter Parameter value The set of
parameter parameter
. th

Th].QH The transfer time from the O"'level The reference [1]

train to theH"level train at j station
The number of passenger transfer
Phe" from the 0" level train to the H"
level train at j station
The capacity of transfer from the o
CthH 0" level train to the H" level train min{Cé ,C Z,}
at j station

Variable, initial (TR,
value equals 0 !

PRO" , ChO" )

*C Q/ ( C},) means the rest capacity of the O™ level train after it arriving j station and

then departure from j station
3.5 The application of network

The nature of this built distribution network above is as follows:

(1) In this network, the distribution problem is a min-cost max-flownetwork
optimization problem, actually.

. . ! !
(2) The sets of getting on arc and getting off arc parameters {g, U, D;, C'},

only including the grade of the train, passenger flow and the train capacity, are
direction arcs and the constraint conditions of the passenger flow without any fare.

(3) This distribution network is a self-driven network because it can be finished
by calculating the named parameter, without any other data involved.

(4) This distribution network is a loop network because for some level
passengers it connected the getting off node with getting on node by accumulation
arc.

(5) As a loop network, when distributing the passenger flow from S to D, the

trains’ level of passenger flow ASZ(SE St;Z e E;ES < Z) can be inferred by finding
the minimum distance between the S station node( S € ¥, Dand Z station node( Z € V)

in the network.

Therefore, this network distribution problem is changed to a minimum distance
problem of any pair of getting on node and getting off node with given passenger
flow. The constriction conditions are network structure and passenger travel demand,
as the distribution loop network has to include the pair of passenger’s getting on
node and getting off node. The objective function is the minimum total cost at the
entire direction arc.

4
minz:ZFl. +& 4)

i=1
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F= 3 (F, () F, )+ F, (F)F, (1)
Fy= 3 (F, (J)F, (fo)+F, (J) F, (f£)

eS.eE
VA 2 5
F=S F (P)-F,T) 5)
e}eE3 ! !
F, = F, (Ph?").-F, (Th*"
4 eé;ﬂ eéH( J ) eéH( J )

In the equation (5), F,(K) is self-defining function. Its return value is element

k values belonging to arc-e parameter. !g means the grade of train no match with the
level of passengers.

The penalty values variables € depends on the residual passenger number at the
end of passenger flow distribution process. The function of € is

e=M-| > (F, (dy)+F, (4y)—F, (fu)—F, () (6)
eSckE,

In the equation (6), M is a sufficiently large positive number.

4 The Algorithm
4.1 The principle of distribution flow

The principle of distribution is based on the traveler transport demand and the
railway transportation company’s benefit, so the principle is:

(1) To meet the transportation market diversity demand and to improve
passenger satisfaction, the level of passenger should match with the grade of train, so
that the market capitation can be increased.

(2) The high level passenger as the main service object of high-speed railway
should have the priority.

(3) In order to expending the attendance rate and increasing the enterprise profit,
the long distance passenger should be distributed in advance.

4.2 The step of algorithm

According to the principle mentioned above, the steps of the distribution
algorithm are:

Stepl: Set up the distribution network according to the initial train operation
plan and set down all parameters depending on the related data.

Step2: Sort passenger flow by the distance of OD.

Step3: Find the same level loop path which includes the getting on node and
getting off node corresponding to the passenger’s OD in the passenger flow priority
order. Then distribute the maximum passenger flow for the each loop path from the
minimum cost loop. At the same time write down the trains’ information of
passenger service and the parameters of network update.

Step4: If the network gets the maximum passenger flow, then go to step 6; if not,
then go to step 5.

Step5: Find the entire loop path which includes the getting on node and getting
off node corresponding to the rest passenger’s OD in the passenger’s distance and
passenger’s level order. Then distribute the maximum passenger flow for the each
loop path from the minimum cost loop. At the same time write down the trains’

129



ICTE 2015

© ASCE

information of passenger service and the parameters of network update. Go to step 4.
Step6: Calculate the distribution plan’s minimum total cost according to the
function (4) to function (6).

5 Conclusions

The network passenger flow distribution model and algorithm in this paper are
the solution only for the passenger flow distribution problem of the initial train’s
operation plan or the train given the operation plan. In order to optimize the
passenger flow, the distribution result in this solution need a further adjustment
according to the matching information of passenger flow and the train’s information.
Finally, adjust the operation plan depending on the situation, and repeating iteration
to get an optimal operation plan. In these whole process, there are three core problem,
network passenger flow distribution optimization, passenger flow transport plan
optimization, and train operation plan optimization. The optimization process shows
in Figure 1.

Initial operation plan Corridor infor Train infor

» v v
L]

set up network

< Data of passenger flow.

Distribute network passenger
flow

v

‘ Adjust passenger flow result

v

‘ Adjust operation plan ‘

v

///// Is it an optimal x\\—\}
T operation pla/nr.’///
——

—

Figure 1. The Process of Optimizing Operation Plan

Distribute
‘ passenger flow

As a basic link in the high-speed railway transportation operation plan, a
reasonable passenger flow distribution has a directly influence on the optimization
result. The method in this paper applies to the Beijing- Shanghai high-speed railway
corridor in 2005 operation plan and passenger flow data. The network passenger flow
distribution is optimized with computer programming technique. And the
optimization result has arrived at the aim expected by comparing the initial plan to
the optimized plan.
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Abstract: In the study of high-speed railway viaduct, structural noise is becoming a
hot issue, the root cause is the local vibration which is generated when the trains pass
the bridge, the vibration frequency is between 20-200 Hz. Based on the vehicle -
track coupling dynamics, the local vibration of the box girder is analyzed by the
Finite Element Method (FEM) in detailed. Six representative sensitive points were
selected to analyze the vibration response under various conditions. Different section
forms are analyzed, including different thickness, dip angle of the web plate, and so
were the double room beam. The results show the local vibration can be controlled
effectively by the improvement of the cross-sectional form in the practical
engineering, in particular changing the thickness of the top plate, and the thickness
inclination web plate, at the same time the form must meet other precondition. At last
the effects of local vibration on double room box girder beam are discussed. The
vibration response of double room box girder is lower than single room box girder.
Keywords: Local vibrations; Box girder; Section forms; Double room.

1 Introduction

The structural noise is caused by the local vibration which is generated when the
trains pass the bridge, the vibration frequency is between 20-200Hz. The vibration is
affected by many factors, so it will be discussed in this paper to find the mainly
factors influencing the local vibration.

Several factors on local vibration characteristics of the box girder form is
analyzed in this article, including the thickness of the each plate, dip angle of the web
plate and the chamber of beam. First, the different finite element models of box
girder are established, and then its time domain characteristics and frequency domain
characteristics are analyzed. The previously methods (Luo wenjun, 2013, 2014) to
analysis local vibration are used in this paper. The details of each analysis are as
follows.
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2 The effects of different forms of cross-sectional dimensions on the local
vibration

The box girder is divided into the top, web, bottom and flange plate, then
changing the thickness of the each part to solve, analyze the impact of each plate
thickness on the bridge of local vibration. The variation in thickness of flange plate is
not considered. Because flange plate is located in the edge of the beam and the effect
of the variation on other parts are very little.
2.1 Thickness of top plate

Four kinds of conditions of the thickness were used to analysis—290mm,
340mm, 390mm, 440mm. The RMS curve of vibration acceleration of each sensitive
points of different top thickness is shown in the figure:

-
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Py I — ©
Q
3 80.4
| 5
| So3
©
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The nunber of sensitive points

Figure 1. The sensitive point layout  Figure 2. Vibration acceleration RMS
two Kinds of box beam of different thickness of top plate

As can be seen from the figure, the acceleration RMS of all sensitive points has
been reduced as the thickness from 290mm to 440mm. The reduce magnitude of each
point are similar, but this cannot reflect impact of the local vibration on the points are
the same, the impact on the high frequency local vibrations need to be determined
through the spectrum analysis.
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Figure 3. The 1/3 octave of vibration acceleration

Based on the spectrum, the impact of changing the thickness on low frequency
vibration 0-20Hz is relatively small, vibration level curve of the points are coincided.
Between 20-200Hz, it has a more significant impact on local vibration response of
point one and four, the impact on point one is the greatest. As the top become thicker,
vibration level is smaller and these points are mainly located in the top and around
the adjacent position. And for point three, the influence is relatively small. There is
no effect on the point two. It may because these points are far away the top plate.

2.2 Bottom thickness

Four kinds of conditions of the bottom thickness were used to analyzed—
250mm,250mm,300mm,350mm. The RMS bar charts of each sensitive point about
different bottom thicknesses are shown in the figure:
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Figure 4. Vibration acceleration RMS variation

The figure shows the RMS of acceleration of all sensitive points has been
reduced by the top thickness increasing and the point one decreases relatively small.

Spectrum analysis of vibration acceleration of each point is shown below. Here
the expression is same with the top plate.

© ASCE



ICTE 2015

© ASCE

-
o
o
-
jry
o

1000

-
o
o

901

©
o

801

o]
(=)

70,2

\,
<

60

[
o

501

a
o

Vi bration accel eration |evel ( dB)
Vibration accel eration |evel ( dB)

1.25 2 3.15 5 8 12.5 20 31.5 50 80 125 200 401.25 2 315 5 8 12.5 20 31.5 50 80 125 200
Frequency ( Hz) Frequency ( Hz)

-
o
o

=
o] © o
o (=) o

= -

© o =

(=) o o

\,
q T
o

q T

(o2}
o
(o2}
o

1.‘25 é 3.‘15 é é 12.5 2b 31‘.5 E;O éO 1é5 200 1.‘25 é 3.‘15 f") é 12.5 26 31‘.5 50 86 1é5 2.l00
Frequency ( Hz) Frequency ( Hz)
Figure 5. The 1/3 octave of vibration acceleration

Vibration accel eration |evel ( dB)

a
o

a
o

Vi bration accel eration |evel ( dB)
o]
o

According the one-third octave curve, bottom thickness of the points have little
influence on each point at low frequency 0-20Hz. The situation is different from the
change of the top plate; vibration level curve of four points has no too obvious
differences between 20-200Hz except point two. Taken together, by changing the
thickness of the bottom to control the local vibration has general effect.

2.3 Web thickness

Four different web thickness were used to be analysis—370mm, 420mm,
470mm, 520mm. The RMS curve of variation acceleration of each sensitive points of
different web thickness is shown in the figure:
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Figure 6. Vibration acceleration RMS variation
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This case is similar with the above content. The difference of vibration
acceleration RMS of the points is little. Now analyze the points of local vibration by
discussing one-third octave curve.
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Figure 7. The 1/3 octave of vibration acceleration

As the changing of the web thickness, the most obvious influence is on point
one which located at the top plate and the point four followed. And point five which
located in the middle of the web is very sensitive to the changes of web thickness at
the entire band (0-200Hz). Point three which located in flange plate is not sensitive
particularly. And it has no effect on the sensitive point two basically.

In summary, the changes of the top and the web thickness control the local
vibration effectively.

3 Analysis of different webs inclination

The original design angle of the web plate is about 9 °. Now we analyze the
influence on local vibration of the web inclination. The model diagram of 18 and 0
degrees are listed below.
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Figure 8. The model of different web inclination
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Figure 9. The maximum value and RMS of sensitive points

Through transient dynamic analysis of the three beams, maximum and RMS
acceleration of three different inclinations are shown in the figure.9. As can be seen
from the figures, vibration acceleration of each point is the largest as the inclination
is 18 °, it is followed at 9 ° and it is least at 0°. However the difference between the
three cases is not a simple linear. The numerical difference between 9 ° and 0 °is
much smaller than the difference between 9 ° and 18 °.

Now analyze the points of local vibration by discussing one-third octave curve:
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Figure 10. The 1/3 octave of vibration acceleration

The vibration level of each point in the conditions of inclination 18° were
significantly larger than the other conditions, the maximum difference is about 2dB.
And the difference of the inclination of 0 ° and 9 ° (design inclination) in the entire
frequency band is very small. In most frequency interval, the vibration level of
inclination 0 ° is smaller than it is 9°.Theoretically, it is appropriate if we can use a
smaller inclination, but it does not necessarily mean it is best to set the dip to be 0 °©
(Zhang xun,2012).

4 Analysis of the changing of girder chamber
This section focus on comparative study of local vibration characteristic between
double-chamber girder and single room girder.
4.1 Natural vibration analysis of girder chamber
The method to establish model of double-chamber girder is similar to the single
chamber beam; The model is shown in Figure 11. First the natural vibration of the
girders are contrasted and it is shown in table 1.

Table 1. Contrast of natural vibration

Natural vibration frequency (Hz)
Mode order
Single room girder | Double room girder
1 56113 5.8203
2 5.8784 59431
3 10.584 15535
4 12.6 15956
5 14.707 16.853
6 17.544 19.258

Figure 11. Double chamber
beam model

Natural vibration characteristics of single chamber are slightly different with
double room beams. The first two natural frequencies of them are similar, but the
modes are contrary.
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4.2 Analysis of local vibration
The dynamic analysis method of dual-chamber box is used the same with the

single-chamber girder. Layout of sensitive point on double chamber beam is as
follows:

Vibration accel eration |evel ( dB)

Vibration accel eration | evel ( dB)

- & — —

Figure 12. The contrast point
layout two Kkinds of box beam
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Figurel3. Vibration acceleration RMS

of the two types of beam

From the figure we can know that the double room in exchange for a substantial
reducing of the vibration at a very low weight; The one-third octave curve are below:
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As can be seen in the figure changes of the local vibration from 20 to 200Hz,
the sensitive point one, two and four of double-chamber are significantly higher than
the single-chamber, the difference of point three is not very obvious. That is,
selecting the dual-chamber beam to control top and bottom plates of local vibration
has obvious effect between 20 to 200Hz.

5 Conclusions

(1) Establish the models of different plate thicknesses to analysis. In a word, good
effect on controlling the local vibration by changing the thickness of top web
plate .

(2) Small angle has certain effect on local vibration control of structure. However,
the best angle is not set to 0, other factors also need to be considered, take the
most appropriate web inclination.

(3) Compared the single chamber with double chamber beam, the local vibration
response of the latter is significantly weaker. In engineering selecting the
double chamber beam at  the  corresponding position can  reduce  the
structure noise radiation.
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Abstract: Chinese high-speed railway got a fast development in recent years, several
new lines have been put into operation. After analyzing the mixed passenger and
cargo marshalling modes in foreign countries, the high-speed train operation cost
quantitative analysis and the calculation formula was given, which was suitable for
Chinese actual practice. Using the operation cost method to calculate basic work and
operational work between the existing railway line and the high-speed railway
passenger-dedicated line. By apportioning the single carriage single cost to calculate
the equivalent under the condition of high-speed train mixed passenger and cargo
marshalling into operation costs.

Keywords: Mixed passenger and cargo marshalling; High-speed train operation
costs; Quantitative analysis.

1 Introduction

High-speed railway in our country in terms of passenger transportation, and
domestic high-speed railway cargo has just started; the research is not deep enough.
Nowadays, Wuhan-Guangzhou high-speed railway confirming train has been used to
develop mass transport of ordinary express, but mixed marshalling high-speed
railway has not came true.

(Gerhard Troche, 2010) for high-speed rail transport of goods to the definition, in
Sweden, Denmark, France and other countries of the high-speed rail freight handling,
transit and train vehicle technology, such as the train operation are summarized.
(Seung-Ju, 2007) considers the transportation cost, the influence of the transit time to
cost, operation plan compiling model is established.

(Lin zhonghong, 2012) analyze the feasibility of high-speed railway to carry out
the fast freight, suggest should be as soon as possible to carry out the research. (Wu
yunyun, 2010) studies on the pros and cons of the overseas high-speed railway freight
transportation mode, analyzes the feasibility of using this mode. (Zhao chen,2009)
using the activity cost method to passenger and cargo transportation costs for
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research. However, the domestic most of activity cost method for cost calculation is
macro qualitative analysis, lack of quantitative analysis. Mixed transportation
potential market of high-speed railway, the feasibility of the train operation, and the
researching mode of operation is less. This paper is mainly considering different
marshalling modes and under the influence of running speed, combined with the cost
of high-speed railway passenger dedicated line and existing lines freight cost by the
activity cost method ,using the influence coefficient of high-speed railway passenger
and cargo mixed into the running cost of the train.

2 Transportation cost allocation
2.1 The high-speed railway passenger dedicated line transportation cost
allocation

According to the characteristics of the high-speed railway transportation
production organization, combined with the requirements of the activity cost method
calculate principle of railway transportation, the high-speed railway passenger
transport production process is divided into operation and basis two parts. The
passenger dedicated line operation cost allocation is divided into sending activity,
operating activity and maintenance activity. In order to analyze the structure of
high-speed railway passenger dedicated line operation cost, divided the high-speed
railway operation cost into wages, power, material, depreciation, capital costs and
other expenses six parts by economic nature.

High-speed railway passenger dedicated line operation assignments, operating
index and corresponding allocation of spending grouped collection, the collection
summary as shown in figurel.

— Sending activity E:% The station passenger service charge |  Other indirect costs at the station
° Train attendant wages Depreciation of the train
g - - .

I
g »  Operating activity _‘M Control center cost i tmm: iig;r consumption
g pending
Cost of raw materials Capital cost
Train main maintenance costs Train daily maintenance costs
—» Maintenance activity )i Train base costs Comprehensive testing train costs
The other train maintenance costs

Figurel. Summary of passenger dedicated line operation assignments

The above mentioned can determine the dedicated line which has the certain
starting station and a high-speed railway passengers , then every carriage daily
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produced in the process of train running average operating costs C, computation

formula is as follows.

G, = (Z Operating expenditure project X The single running operating

indexes)/ T, , T,=16u+8(1-u)

(M

In the (1) formula, 7,is passenger railway marshalling carriage number, General

Chinese high-speed railway marshalling for 8 or 16 carriages. fis a 0-1 variables,

1 =0, shows the marshalling train running, but & =1, shows the marshalling train is

not running.

High speed railway passenger dedicated line’s basic assignments, operating
index and corresponding allocation of spending grouped collection and the collection

summary as shown in figure2.

Trunk line overhaul cost

Main daily maintenance cost

—P{ Rail lines activity &*4
-

Station line overhaul cost

Station lined daily maintenance cost

Turnout maintenance cost

Maintain machinery maintenance cost

The depreciation charge line tunnels

Public works department other
indirect costs

Traction power supply system using
artificial cost

Traction power supply equipment
overhaul, daily maintenance cost

Depreciation of traction power supply
system

Maintenance cost of mechanical
equipment

| Electricity and traction ﬁiJ
|

| _power supply activity

Communication signal system using
artificial cost

Communication signal system
overhaul and routine maintenance cost

sjuowuisse orseq

Depreciation of communication
signal system

Electricity department other indirect
costs

Disaster prevention alarm equipment
maintenance and depreciation cost

. . ]
The station service
—

Depreciation of station buildings,
daily maintenance and overhaul

Water supply and drainage operating
cost

Figure2. Summary of passenger dedicated line basic assignments

By the above-mentioned can be in determining the starting station and a
high-speed railway passenger dedicated line determined, every carriage daily

produced in the process of ftrain running average basic assignments

computation formula is as follows.

C

Z

C, = (Z Basic assignment expenditure project X Basic assignment index)/ 7,

© ASCE




ICTE 2015

© ASCE

T, =W, x365%(16n, +8n,) (2)
In the (2) formula, W,is the maximum operating life of high-speed railway lines,
n,is the number of daily operation class of high-speed railway passenger dedicated

line to 16 carriages marshalling. #,is the number of daily operation class of

high-speed railway passenger dedicated line to 8 carriages marshalling.
2.2 Existing railway cargo transportation costs

Also existing railway cargo transport operations can be divided into the cost of
cargo operations assignments and foundational assignments.
2.2.1 Cargo transport operations assignments cost allocation

Cargo transport operations are divided into sending assignment, transit
assignment, operating assignment. The rail cargo operations indexes and cost range
as shown in figure3.

The number of sending train The number of arriving train
—+ Sending assignment .
g assig %7:,\ Cargo shunting hours
3
N — N : :
E 8 > Transit assignment . Cargo transit tons Cargo shunting hours
o o
B B
The total weight of the freight ton-km Cargo locomotive kilometers
—P{ Operation assignment ﬁ::J
1 Cargo locomotive hours Van hours

Van kilometers

Figure3. Summary of cargo operation assignments
By the above can be in determining the starting station and arriving station into
an existing railway to transport goods, every carriage daily produced in the process

of train running average operating assignment costs C, computation formula is as

follows.

G, =( Z The operational indexes X The single running operating costs)/ 7, 3)

In the (3) formula, 7, is the marshalling freight carriage number of existing

railway cargo trains.
2.2.2 Existing railways mixed running cost allocation proportion

Li Daian by applying the method of railway line engineering model system
research and calculation analysis concluded that the cargo on the basic assignments
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cost ratio of the railway line is 68.72%, passenger is 28.32%.To determine the
existing lines and passenger, cargo cost allocation proportion is 28.32% and 68.72%
respectively, roughly 3:7. So the proportion of existing railway passenger and cargo
basic assignment costs allocation is 3:7.
2.2.3 Carriage of goods by basic assignment costs

Existing railway basic assignments cost calculation, the operating indexes and
cost range summary as shown in tablel.

Tablel.Summary of basic assignments cost

The index of .
. . Corresponding to the
Assignment transportation
o cost
activities
Line based The past total weight | Public works department
g? assignments of ton kilometer cost
&' Train operation ) L The communication
£ . Freight train kilometer .
Z signal signal cost
E The cost of the
E’: Station The number of .
= ) . maintenance,
operation sending goods .
depreciation, etc.

By the above can be in determining the starting station and arriving station into
an existing railway to transport goods, every carriage daily produced in the process

of train running average basic assignment costs C, computation formula is as

follows.

G, = O.7><(Z The operational indexes X Corresponding to the cost)/ 7,
T, =W,x365xn, xT, 4)

In the (4) formula, W, is the largest operating life of existing railway lines, n,is

the number of daily operation class of existing cargo railway line marshalling with
T.

2.3 Mixed marshalling modes

On the marshalling modes, from abroad to carry out high-speed railway
passenger and cargo mixed into the model, there has been passenger and cargo
coexist in a high-speed train. In theory, it is suitable for the high-speed railway in
passenger and cargo mixed marshalling can be divided into the following two modes,
as shown in figure 4.
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Passenger Ca

Model

Mode2

Figure4. Mixed marshalling mode of the high-speed railway

The first is passenger carriages and cargo carriages coexist in the same model of
high-speed train, which is the highest degree in mixed mode.

The second is the goods and passengers in different train transportation
respectively. In this mode, the cargo train and passenger train on the same line can
united together to run from the different starting and end point. From the above
figure 4 we can know that mode 1 and mode 2 on the number of passenger and cargo
carriages ratio is 3:1, 3:2 respectively. General Chinese high-speed railway
marshalling is 8 or 16 carriages marshalling. To choose different marshalling mode

with the number of passenger and cargo carriages (N, : N,) that show in table2.

Table2. Mixed carriages number of different marshalling modes

Carriages number 8 marshalling 16 marshalling
(N:N,)
Mode 1 6:2 12:4
Mode 2 5:3 10:6

2.4 The influence coefficient of running speed under mixed marshalling

In terms of speed, the high-speed railway passenger dedicated line and cargo
train of existing lines in the process of transport of the two speeds is different, and
there is a certain gap. For mixed marshalling operation, passenger and freight
coordinated transport makes for reasonable running under the same speed. For
passenger transport, due to the change of speed, consider the influence of mixed

marshalling for the passenger transportation costs into an influence coefficient 4, .
V
h=—x

ViV,

27,
+

, V<V, <

|

)

—_
)

In the (5) formula, 7is the high-speed railway passenger dedicated line average

running speed, V,is existing railway cargo train average running speed, V;is mixed

marshalling high-speed train running speed under the condition of mixed marshalling,

2V,

———is mixed marshalling under the condition of high-speed railway running

ViV,

speed of passenger and cargo operation speed impact factors as a whole. Because of
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the influence of the speed of the operation of the passenger is mixed into relative

decline, it should also multiply = £ — as the cost ratio.

1 2

Due to the change in the speed of the effect of the cargo costs it should into an

influence coefficient 4, .

N s 7
=——X—"—, <V, < 6
ST A A ©
e is as mixed into the running speed of cargo relatively increase, the
1+ 2

operation cost of the cargo ratio should be increased.

3 The running cost calculation model of high-speed railway mixed marshalling

After determining the departure point and the end, considering the same starting
and arriving station to the same line of existing railway with high-speed railway
passenger dedicated line running average allocation cost in each compartment,
calculating mixed cycling times daily high-speed railway marshalling produced in
the process of car running cost as flows.

Gy =AXN, XC,+ 4L xN,xC, , C,=C, +C, , C,=C, +C, ,
2V

— | V<V <
N+

—~I

A+A, = (7

In the (7) formula, C,, is a certain passenger and mixed marshalling under the
condition of high-speed railway running costs, C,is high-speed railway passenger
dedicated line single carriage single running costs, C, is existing railway single

cargo carriage single running costs, N,. N, is the number of passenger and cargo

carriage of different mode mixed marshalling respectively. It is shown from table 2.

4 Conclusions

For the current situation of high-speed railway in our country, this paper is
based on one of the same station, same line, application of operate cost method,
respectively, calculated existing lines and high-speed railway passenger dedicated
line in the basic assignment and operation assignment, by using single carriage single
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cost to calculate the equivalent under the condition of high-speed railway passenger
and mixed marshalling of running costs. Utilization of equivalent existing line freight
and high-speed railway passenger dedicated line operation cost, considering both the
difference between average running speeds, under the condition of passenger and
cargo mixed into the unity of the running speed of the impact of different types
carriages cost allocation, introduced changes in the rate of correction effect
coefficient will affect in operating costs, it is more convenient to use quantitative
method of cost calculation.

5 Recommendations for Future Research

High-speed railway passenger and cargo mixed marshalling mode mentioned in
this paper was suitable for bulk transport, this paper is based on the alignment of the
proposed model will send stations between mixed into all the way, also need to
consider in the process of the actual intermediate stop stations to exchange
passengers, unloading streamline cross interference on running cost impact on each
other and there is some differences between the high- speed railway operation cost of
the existing railways. This is the ongoing work of the next.
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Abstract: Night train is a form of adapting to development of high-speed railway
and passenger transport demand in China. High-speed rail train operation at night
exist such as waiting for line, transferring line and “a line of maintenance, a line of
traffic” three modes, corresponding respectively the way of two line totally closed
maintenance and one line closed maintenance. Through comparative analysis, it can
be found that high-speed rail window setting should adopt fully closed mode. Based
on summary analysis of traditional rectangular window feature, this paper proposes
the set form of two-day segmenting rectangle window, and it can effectively avoid
the disadvantages of traditional segmenting rectangle window. Finally, taking the
Beijing-Shanghai high-speed railway as an example, the paper analyzes the set of
two-day segmenting rectangle window.

Keywords: High-speed railway; Trains operating in night (night trains);
Comprehensive maintenance window; Sectional rectangular window.

1 Introduction

So far, China has opened the Beijing-Guangzhou, Beijing-Shanghai,
Beijing-Harbin high-speed railway having the length of more than 500 km, which
basically have communicated with each other, with the conditions for running across
the line. High-speed long distance trains run across the line, the operation time of
which is significantly longer, having a great impact on the setting of window. At the
same time, with the development of social economy and improvement of people's
living standard, the public per capita trip time becomes more and more, and travel
ways also become more and more diverse; the main service object of the high-speed
railway is the business flow, high level commuter passenger flow and tourist flow,
who have higher sensitivity to the travel comfort and time. To attract more passenger
groups, China’s railway sector needs provide more diverse high-speed railway
transport products to socialization. Therefore, it is necessary to consider opening the
high-speed train at night, which will also generate conflict between operation and
maintenance.
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2 Night train operation mode analysis of high-speed railway
2.1 Types of driving mode at window time

At present, the vast majority of worldwide high speed railway adopts the mode
of transportation driving during the day and comprehensively maintaining at night.
While the mode of driving at night is associated with the maintenance mode of
window, generally divided into the following two categories:

(1)Line full closed mode at window time

As lines are full closed in window time, high-speed trains entering the window
time have only two choices:

(D Waiting for line mode : Stop waiting in the front station before the window
opens, then the trains continue to run on high-speed lines after the closure of the
window.

@Transferring line mode: In front of the station within the range of window, the
high-speed trains run down to the existing line, running again up to the high-speed
line after the closure of the window.

Compared to the transferring line mode, the waiting for line mode has higher
requirements to the ability of window station equipment, and not conductive to the
repair work at night. There night trains should use the transferring line mode.

(2)The mode of “a line of maintenance, a line of traffic” in the window time

When working on comprehensive repair at night, only a line is repaired,
however another line organizes bidirectional train operation.

2.2 Driving mode comparison of window time

(1) The full closed mode uses complete closure of service sector, and external
factors influencing the repair work are less, requiring shorter window time; because
the mode of “a line of maintenance, a line of traffic” is affected by the train operation
of adjacent lines, part of repairing work can be performed under certain conditions,
requiring longer window time.

(2) The full closed mode does not provide capacity in the window time; while
the mode of “a line of maintenance, a line of traffic” has certain driving conditions in
the window time.

(3) Under the full closed mode, because of less factors of influencing repair
work, repair efficiency is high; the mode of *“ a line of maintenance, a line of traffic”
both influence each other in train’s running and maintenance, so repair efficiency is
low. According to the above comparative analysis, the window of high-speed railway
should be set to the full closed mode.

3 Analysis of high-speed railway window setting
3.1 Traditional segmenting rectangle window

Rectangle window can realize fully closed repair of lines, is the comprehensive
repair window way commonly adopted by the national high-speed railway. It is
divided into vertical rectangle and segmenting rectangle, and the vertical rectangle is
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a special form of segmenting rectangle window. Traditional segmenting rectangle
window, refers to take the daily (24h) as the cycle, between 0:00 and 6:00,
respectively open rectangle window according to the window sublevel, none of
which has the same opening time, as shown in figurel. It has the following
characteristics:

(1) Has great flexibility, namely can choose the right time, tilt direction,
inclination angles across the line according to the need of actual traffic, opening in a
variety of ways such as segmentation, combination and continuation.

(2) By adjusting the opening time of each segmentation window, it can provide
certain night operation conditions for trains of the slope direction in a smaller range.

(3) Full consecutive set will produce great influence area, even can affect
daytime departure; it has greater influence on the train in the opposite direction to the
window sloping direction. Therefore, the window should not be continuously opened
across the line.

m O O w

Fig.1 Schematic diagram of sectional rectangular window

3.2 Two-day segmenting rectangle window

Two-day segmenting rectangle window, refers to take the two days (48h) as the
cycle, between 0:00 and 6:00, respectively open rectangle window according to the
window sublevel. Thus, segmentation rectangular window will be opened in two
different ways in a cycle, to ensure the capacity balance between the uplink and
downlink, as shown in figure 2.

18:00 18:00
A

4
>

Fig.2 Schematic diagram of two-day segmenting rectangle window
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Based on the adjustment of opening period of segmenting rectangle window,
and in harmony with train running chart drawing, two-day segmenting rectangle
window has not only the characteristics of traditional segmenting rectangle window,
but also can effectively avoid the disadvantages:

(1) The line can be integrated maintenance by taking the full closed mode;

(2) Having the same capacity with traditional segmenting rectangle window, it
can achieve balance of the train operation between the uplink and downlink;

(3) It can reduce the efficiency of traditional segmentation rectangular window
due to limited capacity of motor train-set and be uneven;

(4) The deficiency is that part of night train need to organize the next day trip.

4 Case study

Taking the Beijing-Shanghai high-speed railway as an example, 4 hours
two-day segmenting rectangle window is opened between 0:00 and 6:00, the train
running speed is 200km/h in the period of time, and the night train adopts referring
line mode in Ji’nan-Xuzhou section. According to the above description, the
Beijing-Shanghai high-speed railway window is set, as shown in figure 3(the shaded
areas in figure 3 indicate the running time of the night train).

Through the figure 3 as you can see, opening two-day segmenting rectangle
window can increase night capacity of the line section; within two days, the capacity
of the uplink and downlink balances, also ensuring the efficiency of the bottom of the
train.

Beiiing 0-00 6:00 0:00 &:00

Tiamjin
Window Windew

Jinam

Muzhou
-
Wind . Windowr

Nanjing
Shanghai

Fig.3 The window set of night operation plan of Beijing-Shanghai high-speed
railway

5 Conclusions

The operation of high-speed railway night train, not only conforms the
characteristics of long line and train operation time of China’s high-speed railway,
also accords with the requirement of mining the potential of high-speed railway in
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the greatest efficiency.By analyzing of night train plans for high-speed railway, on
the basis of the traditional segmentation rectangular window, this paper puts forward
two-day segmenting rectangle window suitable for long-distance high-speed railway
train operation at night, providing certain reference for opening night train of our
country high-speed in the future. However, this pattern is only a kind of discussion,
these related contents coordinate with train plans and running chart drawing for the
process of implementation still need further research.
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Abstract: From 4 aspects of technical condition of fixed equipment, running speed
of middle-speed trains, passing capacity of high-speed railway and technical
condition of mobile equipment, this paper studies the reasonable matching program
of high-speed railway by using mixed operation of two speed types of trains, then the
allowable speed matching programs under each condition were achieved. Combining
with each factor, the paper suggests that during mixed operation of two speed types
of trains on high-speed railways, 3 speed matching programs shall applied, which
including 300/200 km/h and above, 250/200 km/h and above as well as 200/140
km/h and above.

Keywords: High-speed railway; Train speed; Reasonable matching.

1 Introduction

The differences of passenger transportation products in High-speed railway
mainly reflected on the train speed. Because the train speed is different, its operating
costs and the time value of passenger are different. Because of different high-speed
railway operation speed of trains, it will cause economic war of freight rate and time
saving between railway enterprises and passengers. And reasonable matching speed
of high-speed trains needs to consider fixed equipment condition, mobile devices,
and transport organization.

2 The status about reasonable matching speed of high-speed trains in China
The speed matching situation is shown as table 1.

Table 1. The speed matching situation about line and cross-line trains

Line train Cross-line train
. . speed/(km/h) speed/(km/h)
Railway line High-speed | Motor | High-speed | Motor
train train train train
Beijing-Shanghai 300 250 300 250
Wuhan-Guangzhou 300 250 300 —
Guangzhou-Shenzhen-Hong 200 - 200 o
Kong
Zhengzhou-Xian 300 250 — 250

154



ICTE 2015

© ASCE

Shanghai-Nanjing 300 — 300 250
Shanghai-Hangzhou 300 — — 250
Hefei-Nanjing — — — 250. 200
Hefei-Wuhan — 200 — 200
Qingdao-Jinan — 200 200 200
Ningbo-Taizhou-Wenzhou — — — 200
Wenzhou-Fuzhou — 200 — 200
Fuzhou-Xiamen — 200 — 200
Hefei-Bengbu 300 — 300 —
Zhengzhou-Wuhan 300 250 300 250
Beijing-Zhengzhou 300 250 300 250
Harbin-Dalian 200 200 — 200

As shown in the table 1, there are following three kinds of situations about
high-speed railway operation of train speed matching in China.

(1) Use 300 km/h high-speed trains match more than 250 km/h emu trains.

(2) Use 250 km/h high-speed trains match more than 200 km/h emu train.

(3) Use only one kind speed of above 200 km/h emu trains.

3 Technical condition of fixed equipment
3.1 Basic technical condition

Reasonable matching speed between line train and cross-line train need to
consider technical condition of this line and the adjacent lines.

(1) When different speed trains collinear run, maximum speed and minimum
speed are limited by technical condition of high outer rail and minimum radius of
curve(The Ministry of Railways,2008). The lowest speed matching of different speed
trains operation in high-speed railway is: 200/120 km/h, 250/140 km/h and 300/160
km/h.

(2) Existing railway and high-speed railway in China widely used CTCS train
control system, and there are five levels now: CTCS-0, CTCS-1, CTCS-2, CTCS-3
and CTCS-4.

3.2 The condition of train control system

(1) The existing lines whose speed is no more than 160km/h generally use
CTCS-0 or CTCS-1 train control system.

(2) The existing lines of transformation whose speed is 200km/h and the
passenger special line whose speed is 200~250km/h generally use CTCS-2 train
control system.

(3) The high-speed railway whose speed is no less than 300km/h generally use
CTCS-3 train control system.

(4) CTCS-0 and CTCS-1 can switch with CTCS-2; CTCS-3 can switch with
CTCS-2, but CTCS-3 can't switch with CTCS-0 and CTCS-1.

If collinear trains don't slow down to run, it should promise that the train control
system match each other. Therefore, the minimum matching speed of different trains
in high-speed railway is 200/120km/h, 250/120km/h and 300/200km/h.

155



ICTE 2015 156

4 Travelling speed of middle-speed trains

When the high-speed trains and middle-speed trains run collinear, the influence
for middle-speed trains is the basis of reasonable matching speed. The coefficient of
travelling speed for middle-speed trains is estimated by formula 1(PENG

Qiyuan,2008).
IB _Ya _ T, (1)
? Vs, T,+T, +[T,(0—AB)])/1 440xn,[0.5(1 —AB)I}, +271+ tq]

From formula 1: vy (v, ) is travelling speed for middle-speed trains; 7}, (7},)
is running time (station time for passengers taking down); AB is the speed ratio of

middle-speed trains and high-speed trains; "4 is the number of railway traffic of
high-speed trains; ¢, (z,) is the running time in section of middle-speed train

(Additional parking time is 4 min); / is the average tracking interval time of
middle-speed train (5 min).

According to the reference of Wuhan-Guangzhou, Zhengzhou-Xian,
Shanghai-Nanjing, Shanghai-Hangzhou, Beijing-Shanghai and Hefei-Nanjing
passenger special lines, determine the relevant parameter value (As shown in table 2).
Base on formula 1, compute speed factor of middle-speed train in different speed
matching programs, as shown in the figure 1.

Table 2. Travelling speed calculation parameters of middle-speed trains

Train Line length Average station -
. Ty, /min n,/double
speed/(km/h) /km distance /km
300 600 60 15 50
250 300 35 15 50
200 300 35 15 50
0. 86
0.84 .\
. % 0. 82 200km/h trains match with
<] other speed trains
5 0.80
g g 0.78 . \\. 250kn/h trains match with
Sg — T e speed trains
g 076
(%E: 0.74 B e
= 0.72
0.7
0. 68

L |
Matching speed (km/h)

300/250 300/200 300/160
250/200 250/160 250/140
200/160 200/140 200/120

Figure 1. Speed factor curve of middle-speed trains in matching programs
The figure 1 shows that the bigger of speed difference, the smaller the speed

factor of low level train. When high-speed and middle-speed trains matching speed
are above 200/120km/h, 250/160km/h and 300/200km/h, the speed factor of
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middle-speed trains are all more than 0.75. This shows that the speed difference of
high-speed and middle-speed trains is no more than 100km/h.

5 Passing capacity of high-speed railway

Most high-speed railway in China are passenger special lines, so it will must
take place that high-speed trains overtake middle-speed trains when the train runs
collinear. Therefore, determining the speed of the train operation plan must consider
the impact of speed difference for passing capacity. When use coefficient of train
removal to calculate passing capacity of high-speed railway, determine the average
coefficient of train removal is the key.

5.1 The determination of coefficient of train removal

(1) Coefficient of high-speed train removal. High-speed train stopping will have
to deduct for passing capacity of railway line. When high-speed trains stop at a rate
of 20%, and stopping time is between 1 min and 5 min, coefficient of high-speed
train removal € can be valued between 1.4 and 1.6(LIU Xiaoqing,2008).

(2) Coefficient of middle-speed train removal. When the number of railway
traffic of high-speed trains is a, and the number of railway traffic of middle-speed
trains is b, the probability of train running by automatic block signals between
overtaking stations is b/(a+b), and the probability of single train running is a/(a—+b).
Base on whether the train is parking, middle-speed train formation of the train
operation can be set is divided into 8, and calculate coefficient of train removal, as
the table 3. When the distance between two overtaking stations is 100 km, calculate
the probability of 6 kinds (As shown in the table 3). The average coefficient of
middle -speed train removal is the weighted average of 6 kinds.

Table 3. Coefficient of middle -speed train removal and occurrence probability

NO. Trains in front Trains in after Coefficient of train probability
removal
| High- Don't Middle Don't g =1+At/1 @, =2a
speed stop -speed stop /5(a+b)
5 High- Don't Middle Stop at g =1+ (At +1)/1 w, =
speed stop -speed | station a 2a/5(a+b)
3 High- Stop at Middle Don't e =1+At/21 w;, =
speed | station -speed stop al10(a+b)
4 High- Stop at | Middle Stop at £, =14+ CAt+1, —t, +1)1 1 w,=
speed | station | -speed | station ! al10(a+b)
Don't Don't
. stop stop
Middl Middle | Stop at _ ;=
5 e-spee . g =1
d Stop at | -speed station 3b/4(a+b)
station Don't
stop
Middl , . _
6 e-spee Don't Middle Stop at £ =1+(t +1 i W =b/4(a
d stop -speed station a4 +5)

Note: The stopping proportion of high-speed trains is 20%, the stopping proportion of middle-speed
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trains is 50%, and average distance between stations is 50 km; f, (7, ) is stopping time in the station

of high-speed (middle-speed) trains; Az is the running difference time of high-speed train and
middle-speed train at the overtaking point.

5.2 The calculation of passing capacity

From the above, the passing capacity of high-speed railway in different
overtaking distance and different matching speed. When L=100 km, coefficient of
train removal for 300km/h high-speed trains is 1.5, coefficient of train removal for
200~250km/h high-speed trains is 1.4(The Ministry of Railways,2008). Passing
capacity of high-speed railway in different matching speed is as shown in table 4.

Tab. 4. Passing capacity of high-speed railway in different matching speed
Matching b= | b= | b= | b= | b= | b= | b= b=

situation 5 10 15 20 25 30 35 40
300/250 | €puaner | 3.11 | 3.05 | 2.99 | 2.92 | 2.85 | 2.78 | 2.70 | 2.62
km/h a 166 | 156 | 146 | 136 | 126 | 117 | 108 99
300/200 | Epaer | 4.95 | 4.82 | 467 | 450 | 431 | 411 | 3.89 | 3.67
km/h a 160 | 144 | 129 | 115 | 101 | 89 79 69
300/160 | Epaier | 7.24 | 7.00 | 6.69 | 632 | 5.88 | 5.42 | 495 | 4.50
km/h a 152 | 130 | 109 | 90 74 62 52 44
250/200 | €puana | 3.73 | 3.65 | 3.57 | 3.48 | 338 | 3.27 | 3.16 | 3.03
km/h a 175 | 162 | 149 | 137 | 125 | 114 | 103 93
250/160 | €puana | 6.03 | 5.86 | 5.65 | 541 | 513 | 482 | 450 | 4.16
km/h a 167 | 146 | 127 | 109 | 93 79 68 58
250/140 | Epara | 7.67 | 7.42 | 7.09 | 6.67 | 6.19 | 5.67 | 5.14 | 4.64
km/h a 161 | 135 | 111 91 73 60 50 42
200/160 | €puara | 4.19 | 4.09 | 3.99 | 3.87 | 3.74 | 3.61 | 3.46 | 3.30
km/h a 172 | 158 | 144 | 130 | 118 | 106 | 94 84
200/140 | €puwane | 583 | 5.67 | 548 | 525 | 499 | 470 | 439 | 4.08
km/h a 167 | 147 | 128 | 110 | 95 81 69 60
200/120 | €purane | 8.02 | 7.74 | 7.38 | 6.92 | 637 | 579 | 522 | 4.69
km/h a 159 | 132 | 107 | 86 69 56 46 39

Note: ¢, =¢, =3 min, /=3min, t, = 3min

The table 4 shows that the larger the speed difference is, the smaller the passing
capacity is. The passing capacity difference of train speeding matching plan (300/160
km/h, 250/140 km/h and 200/120 km/h) is increasing with increased number of
middle-speed trains. When the number of middle-speed trains is more than 20,
decrease in the number of passing capacity is more than 50%. So those three train
speed matching plan is not recommended. Base on passing capacity, the minimum of
train speed matching are 200/140 km/h, 250/160 km/h and 300/200 km/h.
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6 Technical condition of mobile equipment
6.1 The matching condition of different speed emu trains

When the doors and windows of train are closed, the time of indoor pressure
changes from 3600 Pa to 1350 Pa should be more than 18 s. When the train speed is
more than 200 km/h, the train must meet the requirements of air tightness, but some
of CRH; emu trains don't meet the requirements. As a result, the emu trains can
achieve more than 300/250km/h, 300/200km/h and 250/200km/h speed matching.
6.2 Matching conditions of ordinary speed trains and emu trains

According to the relevant provisions, track design live load concentration of
passenger special line whose speed are 300~350 km/h and 350~250 km/h is not more
than 20 t; Track design live load concentration of passenger special line whose speed
is 200 km/h is not more than 22 t; Ordinary speed train driving by locomotive should
keep less than 200km/h speed when they run in high-speed railway. At present,
ordinary speed trains don't reach conditions of running in passenger special line, and
only reach conditions of running in 200km/h passenger and goods collinear.

7 Conclusions

At present, matching speed of Chinese high-speed trains in operation are
300/250 km/h, 250/200 km/h or 200 km/h.This paper studies the reasonable
matching program of high-speed railway by using mixed operation of two speed
types of trains, and gets the following conclusions.

(1) In the condition that maximum speed and minimum speed are limited by
technical condition of high outer rail and minimum radius of curve, the lowest speed
matching is: 200/120 km/h, 250/140 km/h and 300/160 km/h.

(2) In the condition of train control system the lowest speed matching of train is:
200/120 km/h, 250/120 km/h and 300/200 km/h.

(3) In the condition of train mobile equipment the lowest speed matching of
train is: 200/120 km/h, 250/200 km/h and 300/200 km/h.

(4) From the point of travelling speed of middle-speed trains, reasonable
matching train speed is not less than 200/120km/h, 250/160km/h and 300/200km/h.

(5) From the point of passing capacity of high-speed railway, reasonable
matching train speed is not less than 200/140km/h, 250/160km/h and 300/200km/h.

Integrate the above five aspects, it is recommended that during mixed operation
of two speed types of trains on high-speed railways, 3 speed matching programs shall
applied, which including 300/200 km/h and above, 250/200 km/h and above as well
as 200/140 km/h and above. At present the actual speed matching program of
high-speed railway in China is reasonable.
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Abstract: With great-leap-forward development in the last decade, the operation of
high speed railway in China has entered into network era from single line. With
expanded service area and long traveling time, the high speed railway in China is
qualified for overnight operation in net structure and time space, which is
significantly different from that of high speed railway in other countries and areas.
The overnight operation of high speed railway is of significance for capacity
utilization improvement, besides diverse travelling demand in time horizon. Waiting,
transferring, running and maintenance in adjacent lines meanwhile, and periodic
operation are the alternative modes for overnight operation. The technical condition,
operation feature and applicability are presented, respectively. With rational range of
departure time from original station and arrival time at destination, spatial span of
network in vertical and horizontal direction, maintenance demand taken into
consideration, the rational travelling distance of overnight high speed train are
calculated with different operation mode and travelling speed. The work in this paper
on operation mode and rational travelling distance is salutary and leading, which
provides particular supports for night operation in Chinese high speed railway, in
theory and technique.

Keywords: High speed railway in China; Overnight operation mode; Technical
conditions; Maintenance; Rational travelling distance.

1 Introduction

By the end of 2014, the revenue kilometers of high speed railway in China have
reached to 16,000, over 50% of total kilometers worldwide. With large-scale network,
advanced technology and busy operation, the high speed railway system in China has
good performances in safety, speed and economy. As an important part of
comprehensive system of transport, the high speed railway system markedly shortens
the journey time and promotes economic and social developments. In the past 5
decades, the transport service of high speed railway is available only in daytime, and
the nighttime (generally from 0:00~6:00) is arranged as railway curfew for
infrastructure maintenance. With small national territorial area, besides short
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travelling distance and time, the high speed railway system in countries and areas
except China, is not qualified in practice for overnight operation in network
condition and travelling demand. The operation and infrastructure maintenance are
staggered in time, leads to interactive influence avoidance and efficiency
improvement.

With vast territory, the travelling time by taking high speed train between major
cities in China, is much more than that in other developed countries and cities in high
speed railway worldwide. More than 1000 passenger flow ODs are formed by the
major node cities in China, in which the amount of passenger flow ODs with
travelling distance over 2,000 km reaches to 328 , and travelling time more than 7h,
about 500. With large scale in network and spatial span, besides long distance of
single backbone line in vertical and horizontal direction, the network operation of
high speed railway in China is characterized by extensive high speed train and their
long travelling time and wide service range. The overnight operation of high speed
railway can provide much more diverse transport service, and expand the time
horizon of travelling, leading to improvement in temporal accessibility, especially
with long travelling distance. Besides, the overnight operation can upgrade capacity
utilization in network, and expand efficient service areas, with prominent effects on
attractions promotion compared to airline and long road transport. Based on national
and railway conditions in practice, it is imperative for overnight operation in Chinese
high speed railway, with qualified conditions in network, space and time. The
overnight operation is the joint demand from passenger and enterprise. However, as
an emerging operation in high speed railway, it is pressing and valuable to work on
overnight operation mode and rational travelling distance, based on prior operation
experience.

There are very few academic papers published on overnight operation in
developed countries and areas in high speed railway except China, due to the little or
no demand for overnight operation. However, the dusk-to-dawn train (departing from
original station between 18:00 and 23:00, besides arriving at destination station
between 6:00 and 9:00) in traditional rail lines, is a popular transport product
promoted from 1997. Many efforts are taken on the dusk-to-dawn train in Chinese
high speed railway, and they generally took the high speed railway from Beijing to
Shanghai as instance. The joint optimization with both overnight train and track
maintenance, the operation mode and technical conditions were studied (Peng et al.
2006). The different situations were presented, besides the travelling distances with
different curfew time for maintenance were calculated, respectively. The feasibility
of dusk-to-dawn train in high speed railway with rectangle curfew was discussed
(WANG et al. 2007). The effects of vertical rectangle curfew and inclined rectangle
curfew on operation were analyzed, and the specific organization method was
proposed by taking the high speed railway from Beijing to Shanghai as instance.

The rational departing time horizon of dusk-to-dawn train was calculated by
congruence strategy (LUO et al. 2007). The joint optimization model between train
plan and maintenance curfew was established, and the optimal time for maintenance
curfew was obtained. Based on the interaction effects between vertical rectangle
curfew and overnight train, the mathematical model was established and the
corresponding algorithm was designed, for the optimal time of maintenance curfew
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(NIE et al. 2010). To minimize the number of affected train by curfew was set as the
objective in the optimization model, besides the rational time horizon, as constraints.
Three organization modes (waiting, transferring to adjacent parallel traditional rail
line, transferring and back to high speed line) were proposed for dusk-to-dawn train
in high speed railway (ZHANG et al. 2014). The indexes and rules were presented by
establishing candidate scheme generation model and analyzing the solution process.
The conclusion was made that the transferring mode is prior for medium and long
travelling distance and the waiting mode, for long travelling distance. Based on the
previous achievements, running in one direction, transferring twice, transferring once
and waiting were the four alternative modes for overnight operation, and the
adaptability and security were analyzed respectively(SUN et al. 2014). The train plan
was obtained by optimization model, which took operation safety, running time and
stop demand as constraints, besides the optimal travelling time as objective.

Based on the achievement on dusk-to-dawn train in high speed railway, five
different overnight operation modes are defined and described. The overnight
operation modes are avoidance, waiting, transferring to adjacent parallel traditional
line, running and maintenance in adjacent lines meanwhile and passenger
transferring, and their technical conditions, organization features and adaptability are
presented. Finally, the rational travelling distances with different operation mode and
travelling speed, are calculated based on the complete operation process of overnight
train in Chinese high speed railway.

2 Overnight Operation Modes in High Speed Rail Line

The technical equipment are dispersive, used frequently and continuously, thus
the routine maintenance and recondition are necessary for safety and comfort. The
maintenance curfew is scheduled at night in advance and large-scale maintenance
machinery is adopted, which is the tradition in practice worldwide. However, as
essential technical measurement keep equipment in sharp, the maintenance curfew
occupies the section exclusively, which leads to negative effects on operation process
of overnight train in high speed railway. Under the influence from maintenance
curfew, avoidance, waiting, transferring to adjacent parallel traditional line, running
and maintenance in adjacent lines meanwhile, passenger transferring are the feasible
alternatives for overnight operation mode. The technical conditions, organization
features and adaptability are different.

2.1 Avoidance Mode
Avoidance is defined as a particular operation mode for overnight train in high
speed railway, in which high speed train plan and maintenance curfew are disperse in
time-space. With avoidance mode adopted, the running process of high speed train
and maintenance are not interactive, which leads to improvement in safety and
efficiency. Avoidance mode is the best overnight operation mode, without particular
demands for technical conditions. With avoidance mode, the operation environment,
method and process are uninfluenced, the same as that in daytime. The avoid mode is
illustrated in figure 1. Maintenance curfews with short duration in different sections
are set respectively, and certain idle time interval is reserved for overnight train in 1
(a) . Besides, the overnight operation is not affected without maintenance curfew,
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as shownin 1l (b) .

station A

station B

station C

station D

station E

station F

station G (a) )
Figure 1. Avoidance mode illustration for overnight operation in high speed
railway

As for single section in high speed railway, the avoidance mode is particularly
adaptable for maintenance curfew with short duration or no maintenance curfew.
However, the implementation of avoidance mode in network is a complex
mathematical programming problem, with constraints in time and space. In practice,
it is very difficult for overnight train in high speed railway to avoid negative
influence from maintenance curfew in its every section. Thus the number of
overnight train in high speed railway without influence from maintenance, is
extremely limited.

2.2 Waiting Mode

Waiting mode is defined as an overnight operation mode of high speed train, in
which the overnight train moves forward as far as possible, suspends at right station
prior to maintenance curfew, and restores running to destination station after curfew
in high speed line. The waiting mode is illustrated in figure 2(a) and 2(b), in the form
of graph and network respectively.

station A original waiting Destination
running station station station
station B process
high A B C D E
station C speed @ ® ® ® i
line
station D
parallel ® P Py Py Y
line | B C D E
station E !
(a) (b)

Figure 2. Waiting mode illustration for overnight operation in high speed
railway

With waiting operation mode, the running environment (track, signal and
control system, power supply et al.) keeps constant in its whole process. The
operations in high speed railway and its adjacent parallel traditional rail line, are
staggered and not interactive. However, overnight train suspends at station, and
occupies arrival-departure track in waiting duration. Idle track resource and routine
life power supply are necessary assurance conditions for waiting mode. Thus the
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technical conditions are listed as:(1)enough arrival-departure available tracks in
every station involved with overnight operation; (2)effective power supply
equipment for routine life need in waiting process.

The organization method is relatively not complex in all alternatives. However,
the continuity and equilibrium of operation in time horizon are affected seriously,
and increment of travelling time is the most salient. Constrained by boundary of
power supply section, the waiting duration is definitely more than that of
maintenance curfew, and is the biggest in all modes under equal conditions. The
waiting mode is adaptable for high speed railway with capacity defect or without
parallel line. Certain advantages emerge when duration of maintenance is small and
the travelling distance of overnight train is long.

2.3 Transferring to Adjacent Parallel Line

Transferring mode is defined as an overnight operation mode of high speed train,
in which the overnight train transfers to adjacent parallel line prior to maintenance
curfew, moves forward in parallel line in curfew duration, and continues moving
ahead or return back to high speed railway after curfew, to destination station. The
transferring mode to adjacent parallel line is illustrated in figure 3(a) and 3(b), in the
form of graph and network respectively.

station A hih
e G A B ¢ D E
speed @ = — °
station B line .
runnmg.____‘l‘ ‘.‘_____.
process o H Lo
) original  transfering refurn back des!magon
station C station station istation station
ye A
station D el
“ine @ ° —e 2
) A B’ . E
station E =
(a) (b)

Figure 3. Transferring to adjacent parallel line mode illustration for overnight
operation in high speed railway

When transferring mode to adjacent parallel line is adopted, the high speed train
transfers to adjacent parallel line by link rail line, prior to maintenance curfew. The
train moves forward in parallel line in curfew duration, and continues moving ahead
or return back to high speed railway after curfew, to destination station. Its basic
technical conditions are presented as: (1) rail line linking high speed rail line and its
adjacent parallel line; (2) satisfied track conditions of paradise line for safety and
comfort; (3) compatible communication and control system in parallel line with high
speed train; (4) affluent capacity in parallel line.

Constrained by rational time horizon for original departure and destination
arrival, the transferring section and time may be various for different trains. The
number of transferring train and travelling time in transferring process may be also
various in different transferring sections. The capacity is occupied by transferring
train in parallel line, and the imbalance of remaining available capacity will leads to
utilization efficiency of whole capacity. According to the detailed transferring
process, the increment of travelling time is small, which results in particular
advantage with long maintenance curfew. However, the operation of transferring
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train is interactive with that of trains in parallel line. The higher requirement for
on-schedule rate is needed, otherwise it is difficult to transfer to parallel line prior to
maintenance curfew or return back to high speed line after maintenance curfew.

2.4 Running and Maintenance in Adjacent Lines Meanwhile

Running and maintenance in adjacent lines meanwhile is defined as an
overnight operation mode, in which one line is occupied by maintenance and the
adjacent line is available for overnight train. The overnight operation in maintenance
curfew can be organized in the way of multi-train tracking or running in pairs. The
running and maintenance in adjacent lines mode is illustrated in figure 4(a) and 4(b),
in the form of graph and network respectively.

station A orllgl{nal running and maintenance desli]:a?on
. station . O . station
high in adjacent lines
| itk g — — a———"e
station B f
line
running A a : 2 E
station C process
station D
parallel @ T @ @ Y
line A B C D E
station E ,
(a) (b)

Figure 4. Running and maintenance in adjacent lines mode illustration for
overnight operation in high speed railway

Operation in one-direction line will reduce the available capacity greatly, and
the temporary capacity bottleneck may lead to part of trains waiting at stations, at
both end of maintenance section. The technical conditions for running and
maintenance in adjacent lines are listed as: (1) matching maintenance curfew plan; (2)
operation conditions in converse direction; (3) running speed lower than 160km/h;
(4)necessary safeguard measures for maintenance operator; (5)the same conditions as
that of waiting mode.

An available line in single direction is left for overnight train in this operation
mode. However, the it is complex in transport organization, and necessary to transfer
between two organization methods in short time. Meanwhile, particular maintenance
works cant be carried out in this mode, such as the maintenance on junction line or
overhead line system. The overnight train on adjacent line may rise risk of
maintenance safety and increase time of auxiliary operation, which leads to great
potential negative influence on efficiency and safety.

2.5 Passenger Transferring Mode

Passenger transferring mode is defined as an overnight operation mode, in
which high speed train moves forward as far as possible prior to maintenance curfew,
and passengers are transferred to another train running on adjacent line to destination
station when suffering curfew. Passenger transferring mode is illustrated in figure 5(a)
and 5(b), in the form of graph and network respectively.
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Figure 5. Passenger transferring mode illustration for overnight operation in
high speed railway

With passenger transferring mode, the transport service is provided jointly by
trains in high speed railway and its adjacent parallel line in nature. The transferring
station is the destination station for overnight train in high speed railway, and the
original station for following train in its adjacent parallel line. The basic technical
conditions are presented as: (1) adjacent line and the linking line with high speed
railway; (2) capable of technical operation for original and destination train; (3)
sufficient arrival-departure track; (4) good conditions for transferring in same
platform or station hall; (5) good coordination in passenger flow and time.

The passenger transport organization is complex and brings inconvenience to
transferring passengers. When the high speed line is introduced into traditional rail
station directly, passengers can transfer to the following train in platform. Otherwise,
the transferring operation can be carried out by linking line between high speed rail
station and traditional station. Besides, the fixed number of passenger may be not
matched between high speed rail train and traditional train. Only a part of passengers
in the high speed train transfer to the following traditional train, and the latter
undertakes the routine task in traditional line. It is adaptable for overnight passenger
transport in long high speed rail line, and is obviously preferable when the
transferring time is earlier than midnight.

As for single overnight train, the negative influence is limited almost in one
section, and the operation mode is just one of the previous alternatives. Based on the
dynamic interaction between maintenance curfew and train, the avoidance mode
owns the highest priority. When the avoidance is not feasible, transferring to adjacent
line is the following choice, with long duration of maintenance, and waiting mode,
with short duration. As for passenger transport in long high speed rail line, passenger
transferring is an alternative to be considered. Finally, the Running and maintenance
in adjacent lines meanwhile is the last choice. As for the network of high speed rail
line, the overnight operation mode is a combination for the previous 5 alternatives.
The operation modes may be various for different trains or in different sections. The
operation mode and corresponding train plan are determined by taking operation and
maintenance curfew into consideration, to minimize the total negative influence of
maintenance curfew on overnight trains in high speed rail line.

3. Rational Travelling Distance

From the perspective of overnight passenger, the overnight train is expected to
depart from original station before midnight, and to arrive at destination station after
6:00 in next day. The total travelling time is more than six hours, which is the basic
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basis for the down bound of travelling distance. With high travelling speed, the upper
bound of travelling time is constrained by the space span in vertical and horizontal
direction. Taking the high speed rail network in China as instance, the travelling time
is less than 16h definitely, and the down bound of travelling time is the only issue
need to consider for rational travelling distance. The comparison with traditional
transport product in travelling speed is necessary to determine the rational travelling
distance. The overnight high speed train is preferable when its travelling speed is
higher than that of train in traditional train.

3.1 Parameter Definition
v, and v, are defined as the top speed in high speed railway and parallel

traditional rail line, respectively. S and f, are the coefficients of travelling speed

in high speed railway and parallel traditional rail line. According to operation
practice, £, is valued as 0.9 when top speed is higher than 250km/h, and 0.85,

otherwise. S, and §, are the travelling distances in high speed rail line and
parallel traditional rail line respectively. S, and #, mean the down bounds of total
travelling distance and time, and #, =360min. ¢, ¢, and ¢, are the travelling time

in various operation stage, prior to maintenance curfew, in duration of maintenance
curfew and after maintenance curfew. ¢ and #, are defined as the transferring time

from high speed rail line to parallel traditional rail line and reversely, respectively. T
is the duration of maintenance curfew. /, means the minimum interval between

high speed train and the beginning of maintenance curfew, and /,, between the end
of maintenance curfew and high speed train. 7, is the minimum tracking interval
between adjacent train in the same direction and section.

3.2 Rational Travelling Distance with Various Overnight Operation Modes
(1) Rational travelling distance with avoidance mode
With avoidance mode adopted for overnight operation in high speed railway, the
overnight train is not influenced from maintenance curfew in its travelling process.
The down bound of travelling distance S, can be calculated by formula (1).

A {1620km (v, =300km / )
Bl _

60  |1275km (v, =250km / h)

(2) Rational travelling distance with waiting mode

With waiting as overnight operation mode, the waiting time of single train
includes three different parts at least, the duration of maintenance curfew, the time
interval between high speed train and the beginning of maintenance curfew, and that
between the end of maintenance curfew and the high speed train. With more than one
train in the same direction scheduled to wait at the same station, the waiting time
increases with the increase of the number of waiting trains. The waiting time
increases by (n—1)/_, due to the minimum tracking interval, in which » is the

min

(1)

number of train in the same direction scheduled to wait at the same station. The
rational down bound of travelling can be calculated as formula (2).
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So=bvt,—-T-1,-1,-(n—-1I,
In formula (2), the values of 1,, I

e

)/ 60) 2)
, n and [, are determined by rail
network and train plan, and S’ is determined by v, and 7. I, is valued as 10 min
and /, is valued as 20 min according to operation practice. n is determined by

detailed train plan and valued as one in the following calculation. The down bounds
of rational travelling distance are changed as shown in figure 6, with top travelling
speed as 250 km/h and 300 km/h, respectively. With top travelling speed in
traditional rail line as 160 km/h, the farthest reachable distance is about 820 km in
six hours, which is necessary to be considered as the down bound of travelling
distance for overnight high speed train.

travelling distance /km
1600 [ =@=250km/h_ :
=
1400 R \_‘_;; .................................... - _._-_ . 3()_0krh/h ________ -
1200 gz ?.’,_\. _____________________________________________________
T~ * L == cxpress train in parallel line
1000 +------- "= ?.-._.;;. ___________ e Rt e
- -
800 e wTT
Ss< S
600 __._._._._._._._._._._._._._._._._._._._._._._._.*J._.N_;._._\._~_§_.._ ....... -
0~~~ ~~o
QOO A= m *u;-‘
i
200 P
o maintenance
0 30 60 90 120 150 180 210  gption/min

Figure 6. the variation tendency of down bound of overnight travelling distance
with the duration of maintenance curfew, in waiting mode
The down bound of rational overnight travelling distance inclines with the
increase of maintenance duration. With [120,240] as the maintenance curfew
duration range, the down bound of travelling distance is 816 km when 250 km/h is
considered as the top travelling speed, and the down bound of distance is in the range
[816,945].
(3) Rational travelling distance with transferring to adjacent parallel line mode
The complete operation process includes three stages: (1) the first stage in high
speed rail line prior to maintenance curfew; (2) the second stage in adjacent parallel
rail line in the duration of maintenance curfew; (3) the last stage to return back to
high speed rail line. According to the previous introduction, the transferring time is
more than the sum of duration of maintenance and the minimum interval time. The
first kind of transferring mode is defined when the previous three stages are involved,
and the second is defined when the first stage and the second stage are involved.
In the first transferring mode, the transferring time condition can be presented
as t,+t+t,>T+l,+I,. In the second transferring mode, the transferring time
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condition can be presented as ¢, +¢ =T+, . The down bounds of rational travelling

distance in the first transferring mode can be calculated by formula (3), and that in
the second transferring mode, by formula (4).

S, =(B,t, + By, (t,—t —1,—1,))/ 60
:(ﬁ2v2(T+[b+Ie _tll_t;)+ﬁlv1(t0 _T_Ib _]e))/60
Sy =(Bv,t, + By (t,—t,—1)))/ 60
:(,Bzvz(T+1b _tl,)+ﬁ1vl(t0 -T-1,))/60

Set 1, =10min, /,=20min and # =¢, =15min, the down bounds of rational

3)

4)

travelling distance are changed with the duration of maintenance curfew, as shown in
figure 7.

travelling distance /km
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Figure 7. the variation tendency of down bound of overnight travelling distance
with the duration of maintenance curfew, in transferring to adjacent parallel
line mode

With transferring to adjacent parallel line mode, the down bound of rational
overnight travelling distance inclines with the increase of maintenance duration. With
[120,240] as the maintenance curfew duration range, the down bounds of travelling
distance in first transferring mode are distributed in [882, 1238] and [949, 1485],
with 250km/h and 300km/h as top travelling speed respectively. And the
corresponding ranges are [945, 1301] and [1028, 1564] in second transferring mode.

(4) Rational travelling distance when running and maintenance are carried out
in adjacent lines meanwhile

When running and maintenance are carried out in adjacent lines meanwhile, the
duration for operation in single line mode is definitely not less than 7+/,+/, , and

the top travelling speed is limited to be less than 160km/h. Without regard to the
increase of waiting time due to temporary capacity deficiency, the down bound of
overnight travelling distance is calculated by formula (5). The down bounds of
rational travelling distance are changed with the duration of maintenance curfew, as
shown in figure 8.

S, =(Byvit, + By (1, —1,))/ 60 &)
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Figure 8. the variation tendency of down bound of overnight travelling distance
with the duration of maintenance curfew, when running and maintenance are
carried out in adjacent lines meanwhile.

When running and maintenance are carried out in adjacent lines meanwhile, the
down bound of rational overnight travelling distance inclines with the increase of
maintenance duration. With [120,240] as the maintenance curfew duration range, the
down bounds of travelling distance in first transferring mode are distributed in [931,
1238] and [1017, 1553], with 250km/h and 300km/h as top travelling speed
respectively.

(5) Rational travelling distance with passenger transferring mode

With passenger transferring mode, the transport service is provided jointly by
trains in high speed railway and its adjacent parallel line in nature. For passengers’
convenience, transferring before midnight is preferable, and the running time in
traditional rail line is at least 6h. Due to the necessary time consumption in
transferring process, the passenger transferring mode may be attractive when its
whole travelling time is not more than the average travelling time between the same
original and destination stations. The critical condition is presented as formula (6).

Bvit, = Byt +t,) (6)
According to previous practical experience, set ¢, =60 min, and the value of
parameter ¢, are approximately 120min and 90min, with 250km/h and 300km/h as

top travelling speed respectively. With the travelling distance in parallel traditional
rail line, the down bound of travelling distance in passenger transferring mode can be
calculated as following:

S, = (Bt + B1 )/ 60 1119km (v, =250km/ h) ™
0 e AT 1221km (v, =300km / h)

The rational travelling distances of overnight train in different operation modes,
are calculated by the previous formulas, which is helpful decision-making for
overnight train plan. In practice, the mismatching between running section and the
shortest increase of travelling time will increase the whole travelling time, which
leads to further reduction of rational travelling distance. These factors are uncertain

170



ICTE 2015

© ASCE

and their effect is limited, so they are not taken into consideration in calculations.

4 Conclusions

Under the influence from maintenance curfew, avoidance, waiting, transferring
to adjacent parallel traditional line, running and maintenance in adjacent lines
meanwhile, passenger transferring are the feasible alternatives for overnight
operation mode. The technical conditions, organization features and adaptability are
different. Based on the dynamic interaction between maintenance curfew and train,
the avoidance mode owns the highest priority. When the avoidance is not feasible,
transferring to adjacent line is the following choice, with long duration of
maintenance, and waiting mode, with short duration. As for passenger transport in
long high speed rail line, passenger transferring is an alternative to be considered.
Finally, the Running and maintenance in adjacent lines meanwhile is the last choice.
As for the network of high speed rail line, the overnight operation mode is a
combination for the previous 5 alternatives. The operation modes may be various for
different trains or in different sections. The operation mode and corresponding train
plan are determined by taking operation and maintenance curfew into consideration,
to minimize the total negative influence of maintenance curfew on overnight trains in
high speed rail line.

With high travelling speed, the upper bound of travelling time is constrained by
the space span in vertical and horizontal direction. In Chinese high speed rail
network, the travelling time is less than 16h definitely, and the down bound of
travelling time is the only issue need to consider for rational travelling distance. The
down bound of rational travelling distance are calculated at various speeds and in
different operation modes. It is the same that the down bound of rational overnight
travelling distance reduces with the increase of maintenance duration. In practical
scheduling process to determine the overnight train plan, the travelling demand and
its temporal and spatial characteristics, the technical conditions and section capacity
are the factors of significance.
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Abstract: The prediction of high speed railway passenger demand volume is
important for not only development of railway but also meeting the passenger
transport demand. Because of the volatility and uncertainty of the passenger
transport demand, this paper puts forward a regression forecasting model based on
Grey Relational Analysis (GRA). The correlation between passenger demand and its
influencing factors is worked out by using GRA. A multivariate nonlinear regression
equation is established to predict high speed railway passenger demand volume. Base
on the method, a more reasonable transportation plan and marketing strategy can be
developed to meet passenger transport demand better.

Keywords: High speed railway; Passenger demand; Grey relational analysis;
Regression forecasting.

1 Introduction

Transportation demand volume means the amount of transportation products
purchased by transportation consumers who are willing and able to purchase them at
different prices during a certain period of time (Liu, 2010).

The uncertainty of the transport demand determines the complexity of
forecasting methods. The methods of Grey Relational Analysis (Liu, 1999), Grey
prediction model and exponential smoothing (Huang, 2011) are used in the past
research. However, Grey Rational Analysis method cannot provide a reliable
prediction. Both Grey prediction model and exponential smoothing method all need
the information of historical data. As we known, there is no historical data can be
used in demand prediction.

2 Method Analysis

There are many factors that can affect passenger transportation demand. The
macro factors include social economic development level, resident income and
consumption level, population size and structure, tourism development,
substitutability of transportation, national policy, and so on. The direct influencing
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factors include velocity (travel time), density (departure frequency), fares, comfort,
and so on. Since passenger transportation demand is influenced by various factors
comprehensively, it is reasonable to determine the importance of influencing factors
using the method of GRA.
2.1 Passenger demand and its influencing factors

Through the investigation of factors influencing the passenger demand, we can
set up a data sequence of passenger demand. On the conditions of analyzing the
transport demand, the data of passenger demand volume can be replaced with
passenger volume.
2.2 Data transformation

After transforming the original survey data, it can be compared easily. Data
transformation also needs certain principles and methods.

A sequence isx = (X, X,,"*,X,) , then, the data transformation from sequence X
to sequence Y is

[ X2y foy= k=123,.n (1)

Transformation principle:

Ox, >0, .20, k=123,---,n;

@xi <Xj’ yi<yj; X; >Xj’ Vi >yj;
. . XX Yi—Y

®For anyi,t k,J: -= -

Xe =X, W=D,
Transformation method:
@ Initial-value transformation

X
/&Xk)z_lzyka xl;to (2)
Xy

where, x, is the first original data of a sequence; x, is the original data of the same

sequence.
2 Mean transformation

_ 1
F==2.x (3)
=
where, x, is the original data of the same sequence; X is the average of each

sequence.
(3 Normalized transformation
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X
f(xk)=x—k=yk, X, >0 4)

0

2.3 Determining the connection coefficients
Setting the reference sequence as Xou, = (Xoqys Xo(2)> Xo03)>"* > Xo(m) -
The comparison sequence is Xz = (X;ys Xi2)s Xi3)>"**> X)) -

Whent =k, the correlation coefficients of {Xo(,)} and {xl.(k)} is Soich)

Amin+ pAmax
Ay + PAmax

é:Oi(k) = )

where, A x_(k)| is the absolute difference between the two sequences;

0i(k) = |x0(k) -
Amin =minminA,,, aretwo level minimum differences;
i k

Amax =maxmaxA,,,, aretwo level maximum differences;
i k

P is distinguishing coefficient, which is used to improve the significant
difference between the correlation coefficient, p e (0,1), usually values 0.1-0.5.
2.4 Determining the correlation
When ¢=#k, the correlation between the two sequences {xo (t)} and {xi (k)} is

Y(%>%;) s

Y(Xg,x,) = Za)k 'égol'(k) (6)
=1

where, @, is the weight of index k , @, €[0,1], and Za)k =1; &y is the
k=1
correlation coefficient.
By using the method of GRA, all the impacts on passenger transport demand

caused by influencing factors can be determined.

3. Model Establish

The correlation between passenger demand and influencing factors can be
worked out by using GRA, and the primary and secondary factors influencing high
speed railway passenger demand are also worked out. Based on the main factors as
independent variables, and the passenger volume as dependent variable, a
multivariate nonlinear regression equation is established to forecast the passenger
demand, which is a multiple regression equation based on grey rational grade
analysis.

Regression analysis prediction method utilizes causal relationship between the
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factors, by establishing regression equation to forecast. This method is known for
high forecast precision, easy to use, and suitable for long-term forecast. Because the
factors influencing the passenger demand are a lot, and the influencing relationship is
complex, a multivariate nonlinear regression equation is needed.
3.1 Determining the main factors influencing the passenger demand

Calculating the correlation - y(x,,x,) between the factors influencing high
speed railway passenger demand and the passenger demand by GRA, and then,
identifying the main influencing factors.
3.2 Establishing the regression equation

Suppose that predictor variable Y is in linear dependence relation with a group
of variables x;, X, X3, - X, :

y=a+bx +bx,+---+bx, +e 7

where, € 1israndom error term;
a,b, are unknown parameters, i =123,---,m;
m is the number of variables.
3.3 Test of the regression effect
Solving the regression model and calculating the test statistics to test the
regression effect.
Test statistic F is as:

_ RSS/m g
ESS/(n—m-1) ®)

where, RSS is the regression sum of squares, that is the sum of squares of the
differences between estimate value 3 and the average value; ESS is the

residual sum of square, that is the sum of squares of the differences between
observed value y and estimate value 3.

Comparing the value of F with F (m,n—m-1). If F>F , the regression
equation is significant, otherwise, the regression equation is not significant.
3.4 Accuracy test

Comparing the predicted datain regression model with real data, the
relative error can be worked out to determine the accuracy of regression model.

4. Data Analysis and Discussion

Dalian North Railway Station at the end of Harbin-Dalian high speed railway is
selected as an example.
4.1 Data selection

It is invested that the transport capacity of Dalian North Railway Station can
satisfy the demand of passengers since its opening. So the passenger volume, fares,
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velocity, departure density, marked capacity of passenger train seating, days of the
holiday in the station are investigated to analyze the relationship between the
passenger demand and influencing factors. The data in the first half of 2014 is
selected as Table 1.

Table 1. Outcomes in Dalian North Railway Station in the first half of 2014

) Days of
Passenger ) Departure Marked capacity of
Velocity ) Fares ) ] the
Month | volume (Ten density passenger train seating .
(km/h) i (yuan/ km) holiday
thousand) (train) (Ten thousand)
(day)
Jan 24.08 166.17 1085 0.45 61.59 3
Feb 25.06 166.17 980 0.45 58.16 7
Mar 21.08 166.17 1085 0.45 64.89 0
Apr 24.56 191.25 1050 0.50 60.70 5
May 23.68 216.33 1085 0.60 59.95 1
Jun 24.13 216.33 1050 0.65 58.12 3

4.2 Calculation and analysis of correlation
Using GRA and according to formula (6), the correlation between all the factors
and passenger volume can be calculated as following:

Yoo =é><4.96=0.83 )
Yoo =%><5.51 =0.92 (10)
Yoo :%x4.90=0.82 (11)
Yoo =%><5.51 =0.92 (12)
Voo :éx3.75:0.63 (13)

The results show that therank of correlation of influencing factors
SHL=0>Nn>0>7s.

The largest correlation is departure density and marked capacity of passenger
train seating, and secondly is velocity, and then is fares, the final is the days of the
holiday. This illustrates that departure density and marked capacity of passenger train
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seating affected the most during the first half of 2014 in many influencing factors.
4.3 Passenger demand forecasting
According to the results of the grey correlation analysis, multivariate nonlinear
regression prediction model is established to forecast the passenger demand.
According to the results of the grey rational grade analysis, setting the passenger
demand as the predicted target Y, and setting departure density and marked capacity

of passenger train seating as influencing factors x;,x,, and then regression equation
is established based on formula (7) and Table 1.

y=0.023017x, +0.506515x, +17.85523 (14)

When significance level is @ =0.10,then F,(23)=5.46  F>F, itshows
that regression effect is significant under the lever of & =0.10.

Comparing the predicted data in regression model with real data in Table 2. It
is shown that the error is about+ 4% , and the accuracy of the regression model
remains high.

Table 2. Analysis of the error between the actual and the predicted data

The actual data The predicted data
Month Error %
(Ten thousand ) (Ten thousand)
Jan 24.08 23.21 3.66
Feb 25.06 25.23 -0.66
Mar 21.08 21.68 -2.77
Apr 24.56 24.79 -0.93
May 23.68 23.34 1.43
Jun 24.13 24.35 -0.92

When the departure density and marked capacity of passenger train seating are
known, passenger demand of Dalian north station can be predict with the help of the
formula (14).

5. Conclusions

This paper uses the regression forecast method based on GRA, without
considering the numbers of the sample and the typical distribution or not. The main
factors influencing the passenger demand can be dig out, especially when the
information is poor, relevant materials and data are shortage, statistics gray is high.
The method is so effective, and can greatly reduce the analysis time of selecting
variables, that the convenient prediction and high precision overcome the insufficient
short-term prediction and too much dependence of the data in the quantitative
prediction method. The method is also suitable for medium and long-term prediction.

If regression effect established by regression prediction model is not very ideal,
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reselecting factors and analyzing correlation can establish prediction model with high
regression effect and prediction accuracy.
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Abstract: With great development in the last decade, the operation of high speed
railway in China has entered into network era from single line era. With expanded
service area and long traveling time, the high speed railway in China is qualified for
overnight operation in net structure and time space, which is significantly different
from that of high speed railway in other countries and areas. The overnight operation
of high speed railway is of significance for capacity utilization improvement, besides
diverse travelling demand. The service area and operation demand of high speed
railway from Beijing to Guangzhou were analyzed. The alternatives of overnight
operation mode are waiting, transferring to adjacent parallel traditional line, running
and maintenance in adjacent lines meanwhile and passenger transferring, and their
technical conditions, organization features and adaptability are presented respectively.
With the basic information of high speed railway from Beijing to Guangzhou, the
waiting mode was selected as the preferable overnight operation mode, and the
optimized maintenance curfew scheme was proposed to increase the travelling speed.
The work in this paper on operation mode and rational travelling distance is salutary
and leading, which provides particular supports for overnight operation in Chinese
high speed railway.

Keywords: Beijing-Guangzhou high speed railway; Overnight operation; Waiting
mode; Maintenance curfew.

1 Introduction
By the end of 2014, the revenue kilometers of high speed railway in China have
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reached 16,000km, over 50% of total kilometers worldwide. With large-scale
network, advanced technology and busy operation, the high speed railway system in
China has good performances in safety, speed and economy. As an important part of
comprehensive system of transport, the high speed railway system markedly shortens
the journey time and promotes economic and social developments. In the past 5
decades, the transport service of high speed railway has been available only in
daytime, and the nighttime(generally from 0:00~6:00) is arranged as railway curfew
for infrastructure maintenance. Due to small national territorial area, short travelling
distance and time, the high speed railway system in countries and areas excluding
China, is basically not qualified in practice for overnight operation in network
condition and travelling demand. The daily operation and infrastructure maintenance
are staggered in time or space, leading to interactive influence avoidance and
efficiency improvement.

With vast territory, the travelling time by high speed train between major cities
in China, is much longer than that in other developed countries and cities in high
speed railway worldwide. With large scale in network and spatial span, as well as
long distance of single backbone rail line in vertical and horizontal direction, the
network operation of high speed railway in China is characterized by extensive high
speed trains, besides their long travelling time and wide service range. The high
speed railway from Beijing to Guangzhou is the most typical high speed railway in
the world, with long travelling distance and busy daily operation.

The overnight operation in Chinese high speed railway is the joint demand from
passenger and enterprise. It provides much more diverse transport service, and
expands the travelling time horizon, leading to in temporal accessibility improvement,
especially with long travelling distance such as the line from Beijing to Guangzhou.
Besides, it upgrades capacity utilization in network, and expands efficient service
areas, with prominent effects on attractions promotion compared to airline and long
road transport. Based on national and railway conditions in practice, it is imperative
for overnight operation in Chinese high speed railway, especially from Beijing to
Guangzhou, with qualification in network, space and time. However, as an emerging
operation mode in high speed railway, it is pressing and valuable to research on
overnight operation mode in Beijing-Guangzhou high speed, based on the prior
literature and operation experience.

There are very few academic papers published on overnight operation in
developed countries and areas in high speed railway except China, due to the little
even definitely no demand for overnight operation. However, the dusk-to-dawn train
(departing from original station between 18:00 and 23:00, and arriving at destination
station between 6:00 and 9:00) in traditional rail lines, is a popular transport product
promoted from 1997. Many efforts are taken on the dusk-to-dawn train in Chinese
high speed railway, and they generally took the high speed railway from Beijing to
Shanghai as instance. The joint optimization with both overnight train and track
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maintenance, the operation mode and technical conditions were studied (Peng et al.
2006). The different situations were presented, besides the travelling distances with
different curfew time for maintenance were calculated, respectively. The feasibility
of dusk-to-dawn train in high speed railway with rectangle curfew was discussed
(WANG et al. 2007). The effects of vertical rectangle curfew and inclined rectangle
curfew on operation were analyzed, and the specific organization method was
proposed by taking the high speed railway from Beijing to Shanghai as an instance.

The rational departing time horizon of dusk-to-dawn train was calculated by
congruence strategy (LUO et al. 2007). The joint optimization model between train
plan and maintenance curfew was established, and the optimal time for maintenance
curfew was obtained. Based on the interaction effects between vertical rectangle
curfew and overnight train, the mathematical model was established and the
corresponding algorithm was designed to obtain the optimal time of maintenance
curfew (NIE et al. 2010). To minimize the number of affected train by curfew was set
as the objective in the optimization model, besides the rational time horizon, as
constraints. Three organization modes (waiting, transferring to adjacent parallel
traditional rail line, transferring and back to high speed line) were proposed for
dusk-to-dawn train in high speed railway (ZHANG et al. 2014). The indexes and
rules were presented by establishing candidate scheme generation model and
analyzing the solution process. The conclusion was drawn that the transferring mode
is prior for medium and long travelling distance and the waiting mode, prior for long
travelling distance. Based on the previous achievements, running in one direction,
transferring twice, transferring once and waiting were the four alternative modes for
overnight operation, and the adaptability and security were analyzed
respectively(SUN et al. 2014). The train plan was obtained by optimization model,
which took operation safety, running time and stop demand as constraints, the
optimal travelling time as objective.

Based on the achievement on dusk-to-dawn train in high speed railway, the
service area and operation demand of high speed railway from Beijing to Guangzhou
were analyzed. The alternatives of overnight operation mode are waiting, transferring
to adjacent parallel traditional line, running and maintenance in adjacent lines
meanwhile and passenger transferring, and their technical conditions, organization
features and adaptability are presented respectively. With the basic information of
high speed railway from Beijing to Guangzhou, the waiting mode was selected as the
satisfied overnight operation mode, and the optimized maintenance curfew scheme
was proposed to increase the travelling speed.

2 The Service Area and Overnight Operation Demand of Beijing-Guangzhou

High Speed Railway

2.1 The Service Area of Beijing-Guangzhou High Speed Railway
Beijing-Guangzhou high speed railway, with the longest running mileages
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(2118km) in the world and 36 stations, starts from Beijing West Railway Station, and
ends at Guangzhou South Station, through Beijing, Hebei, Henan, Hubei, Hunan and
Guangdong province. Operated from December 26, 2012, as a parallel rail line to the
traditional Beijing-Guangzhou railway, the particular high speed railway is
developing into a "economic broadband” to connect the Bohai Economic Rim,
Central Plains Economic Zone, Wuhan city circle, Changsha-Zhuzhou-Xiangtan
metropolis, Pearl River Delta and other developed and densely-populated regions.

Its designed operation speed is up to 350km/h and the maximum speed in daily
operation is up to 310km/h. In current net operation mode, the daily timetable,
weekend timetable and peak timetable are designed respectively, based on the
passengers flow characteristics. In the initial operation stage, 155 pairs trains are
scheduled in Beijing-Guangzhou high speed railway, among which 58 pairs are
transferring trains with  Shijiazhuang-Taiyuan Passenger Dedicated Line,
Zhengzhou-Xi an high speed railway and the Guangzhou-Shenzhen-HongKong high
speed railway. Beijing-Guangzhou high speed railway has connected Hefei-Wuhan
high speed railway at Wuhan Station since July 2013, connected Beijing-Shanghai
high speed railway in Shandong province. The service range, line mileage and
operating speed of Beijing-Guangzhou high speed railway are shown in figure 1.

Xi' an

505
300/250
Taiyuan

Changsha
362
300,250 Zhengzhou

225

200

Guangzhou 412

3007250

707
300/250

536
300/250

Wuhan

Shijiazhuang Beijing
281

351 —_—
300/250

200
354 Jinan
Heifei 3001250

707
L L
3001250
Figurel. Train service area, line mileage and operation speed in
Beijing-Guangzhou high speed railway

, 707 indicates the section mileage,300/250 indicates the qualified operation speed

Based on the previous field experience, the coefficients of high speed train are
0.9 and 0.85, responding to the operation speed 300km/h and 250km/h, respectively.
The access time between two important cities in service area of Beijing-Guangzhou
high speed railway is listed in table 1.

© ASCE



ICTE 2015 184

Table 1. The access time between important cities in Beijing-Guangzhou high

speed railway service area (unit:min)

BJ Slz | ZZ | WH | CS GZ | TY | XA | HF JN
Beijing(BJ) - | 63 | 155 | 275 | 356 | 514 | 143 | 290 | - -
Shijiazhuang(SJZ) 63 - 92 | 212 | 293 | 451 | 80 | 227 | 336 -
Zhengzhou(ZZ) | 155 | 92 - 120 | 201 | 359 | 172 | 135 | 244 -
Wuhan(WH) 275 | 212 | 120 - 81 239 | 292 | 255 | 124 | 248
Changsha(CS) | 356 | 293 | 201 81 - 158 | 373 | 336 | 205 | 329
Guangzhou(GZ) | 514 | 451 | 359 | 239 | 158 - 531 | 494 | 363 | 487
Taiyuan(TY) 143 80 172 | 292 | 373 | 531 - 307 | 416 -
Xi’an(XA) 290 | 227 | 135 | 255 | 336 | 494 | 307 - 379 -
Hefei(HF) - 336 | 244 | 124 | 205 | 363 | 416 | 379 - 124
Jinan(JN) - - - 248 | 329 | 487 - - 124 -

1.2 Overnight Operation Demand in Beijing-Guangzhou High Speed Railway

Under the daytime-only mode, the daily operation is limited definitely in
daytime, generally from 7:00am to 11:00pm. The longer the travelling time is, the
narrower the time horizon of train departure is. If the overnight operation is
unavailable, The departure and arrival time ranges from Beijing to Guangzhou is
about [8:00,13:00] and [17:40,22:30], which is definitely inconvenient for rail
passengers. The overnight operation in Beijing-guangzhou high speed railway is the
joint demand from passenger and enterprise. It provides much more diverse transport
service, and expands the travelling time horizon, leading to in temporal accessibility
improvement, especially with long travelling distance such as the line from Beijing
to Guangzhou.

The overnight passenger flow is mainly soured from the dusk-dawn travelling
demand between important cities. It is generally bidirectional between original and
terminal stations, with great quantity. The departure and arrival time ranges are
[17:00, 24:00] and [6:00, 9:00], respectively. The whole travelling time is from 6h to
16h. Based on the above OD cities and their access time, 11 OD cities illustrated in
figure 2, are qualified for overnight operation in the service area of
Beijing-Guangzhou high speed railway.

3 Alternative Operation Modes in High Speed Railway

The technical infrastructures in high speed railway are dispersive, used
frequently and continuously, thus the routine maintenance and recondition are
necessary for safety and comfort. The maintenance curfew is scheduled at night in
advance and large-scale maintenance machinery is adopted, which is the tradition in
practice worldwide. However, as essential technical measurement keeping equipment
in sharp, the maintenance curfew occupies rail section exclusively, which leads to
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negative effects on operation process of overnight train in high speed railway.

. Taiyuan

Chagnsha
i Guangzhou

P _—— Beijing
B :‘:///——/"/ Jinan
””””””””””” " Hefei
Figure 2.The overnight operation qualified OD cities in the service area of
Beijing-Guangzhou high speed rail line

3.1 Alternative Operation Modes

In spite of the type of maintenance curfew, a dynamic interactional relationship
exists between the maintenance curfew schedule and overnight high speed train plan,
due to the resource assignment in the same duration. Good coordination means better
operation conditions for overnight train, while satisfying the necessary maintenance
need. Under the effects from maintenance curfew, waiting at station, transferring to
adjacent parallel traditional line, running & maintenance in adjacent lines meanwhile,
passenger transferring are the feasible alternative modes for overnight operation in
high speed railway. The operation alternatives are different in technical conditions,
organization features and adaptabilities.

Waiting mode is an operation mode of high speed train, in which the overnight
train moves forward as far as possible, suspends at right station prior to maintenance
curfew, and restores running to destination station after curfew in high speed line.
Transferring mode is defined as an overnight operation mode of high speed train, in
which the overnight train transfers to adjacent parallel line prior to maintenance
curfew, moves forward in parallel line in curfew duration, and continues to move
ahead or return back to high speed railway after curfew, to destination station.
Running and maintenance in adjacent lines meanwhile is an overnight operation
mode, in which one line is occupied by maintenance and the adjacent line is available
for overnight train. The overnight operation in maintenance curfew can be organized
in the way of multi-train tracking or running in pairs. Passenger transferring mode is
defined as an overnight operation mode, in which high speed train moves forward as
far as possible prior to maintenance curfew, and passengers are transferred to another
train running on adjacent line to destination station when suffering curfew.

The operation modes are illustrated in figure 3, in which the imaginary lines in
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(b), (¢) and (d) mean the operation in single direction, through transferring train and
segmented transferring train in adjacent parallel line, respectively.

(a)Waiting at station (b)Running and maintenance in bidiretional lines

(c)Transferring to adjacent parallel line (d)Passenger transferring
Figure 3. The overnight operation modes illustration in high speed railway

3.2 Technical conditions, features and adaptability

The operation mode for overnight high speed train is featured by its particular
operation process, and the corresponding technical conditions are the basic premises.
Besides, the organization features and adaptability are diverse for different operation
modes. The technical conditions and organization features are listed by operation
mode in table 2.

Table 2. The technical conditions and features for overnight operation

Technical conditions Organization features
(a) sufficient arrival-departure |(a)uncomplicated organizations, but
track at waiting station; great negative effects on continuity
Waiting at  |(b)household power assurance |and balance of operation; (b)great
station  |for waiting train increment in travelling time and
prominent reduction in travelling
speed
) (a)matching maintenance (a)complicated organizations and
Operation and curfew plan;(b) operation twice mode transformations;
maintenance |qualification in reverse (b)available passage way in single
in direction;(c)necessary direction, with limited reduced
bidirectional [reinforce in safety capacity; (¢) increased maintenance
lines protection;(d)operation speed |risk and declined efficiency;
not more than 160km/h (d)incapable of maintenance for
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certain equipments, such as switch

(a)adjacent parallel line and ~ |(a)complicated organizations and
interaction between transferring train

corresponding linking rail line; o o ]
and existing train in parallel line,

(b)safety and comfort (b)less increment in travelling time
Transferring [qualification in technical and less reduction in travelling
to parallel |conditions of parallel line; speed.

(c)unbalance in capacity utilization
leads to  declined available
capability in parallel line,

line; (d)affluent capacity at (d)high demand for punctuality of
night in parallel line. transferring train

adjacent line (c)compatible communication

and control system in parallel

(a)adjacent parallel line and  |(a)complicated passenger
organization

(b) short travelling distance and time
for each segmented train,

(c)less utilization ratio of multiple
unit train or motor coach train

Passenger corresponding linking rail line,
transferring (b)sufficient arrival-departure
track in transferring station,
(c)sufficient multiple unit train

or motor coach train

mode

The waiting mode is adaptable for high speed railway with capacity deficiency
or without parallel rail line. Particular advantages emerge when duration of
maintenance is short and the travelling distance of overnight train is long, in which
the travelling speed can be achieved at a certain high level. Operation and
maintenance in bidirectional lines is adaptive to high speed line qualified for
operation in reverse direction, with limited reduced capacity. However, the mode is
incapable of maintenance for certain equipments, such as switch. Transferring to
parallel adjacent line is adaptive for the high speed with parallel adjacent line with
capacity deficiency. The linking line between high speed and its parallel line is
necessary, besides the sufficient capacity in its parallel line. Passenger transferring
mode is adaptable for overnight passenger transport in long high speed rail line, and
is preferable especially when the transferring time is earlier than midnight.

As for single overnight train, the negative influence is limited almost in one
section, and the operation mode is just one of the previous alternatives. As for
passenger transport in long high speed rail line, passenger transferring is an
alternative to be considered. Finally, the Running and maintenance in adjacent lines
meanwhile is the last choice. As for the network of high speed rail line, the overnight
operation mode is a combination for the previous alternatives. The operation modes
may be various for different trains or in different sections. The operation mode and
corresponding train plan are determined by taking operation and maintenance curfew
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into consideration, to minimize the total negative influence of maintenance curfew
on overnight trains in high speed rail line.

4 Overnight Operation Method in Beijing-Guangzhou High Speed Railway
4.1 The optimal overnight operation mode

In order to keep operation safety and travelling comfort in high speed railway,
the necessary maintenance scheme is reserved in advance, and generally scheduled at
night, in the duration with least travelling demand. Due to difference in equipment
and operation, the maintenance curfew plan (type, duration and beginning time, etc.)
is made based on the practical demand in maintenance and operation.

Without overnight operation in high speed railway, the vertical rectangle type of
maintenance curfew is preferred worldwide, with long duration for maintenance. It
involves good maintenance performance in efficiency and quality, without negative
effects on daily operation in daytime. The maintenance curfew scheme for
Beijing-Guangzhou high speed railway, without overnight operation is illustrated in
figure 4. Under the daytime-only mode, the operation is limited definitely in daytime,
generally from 7:00am to 11:00pm. The longer the travelling time is, the narrower
the time horizon of train departure is. If the overnight operation is not available, the
latest departure time of high speed train from Beijing to Guangzhou is about 13:00,
and the later high speed rail service between the two cities is not available

NRNVAVAVAVA

DI

e
2 NN

o X X X XX

R

Figure 4. Illustration for passenger train plan and maintenance curfew without
overnight operation in Beijing-Guanghzou high speed railway
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With long travelling distance and huge passenger flow, the overnight operation
in Beijing-Guangzhou high speed railway is valuable, people-beneficial and urgent.
However, the negative effects on travelling speed and organization from maintenance
curfew is unavailable, in spite of its type, duration and beginning time of
maintenance curfew. With organization complexity, maintenance demand, travelling
speed decline and mode adaptation taken into consideration, the waiting mode and

188



ICTE 2015

© ASCE

transferring to parallel rail line are the better mode alternatives for overnight
operation in high speed railway, compared with the other two modes.

The linking lines between the high speed railway with the traditional rail line
are designed and constructed in significant stations respectively, such as Wuhan,
Changsha, etc. The linking lines make it to be qualified for transferring mode.
However, the Beijing-Guangzhou high speed railway was designed and operated
especially in order to relieve the great capacity deficiency in the traditional
Beijing-Guangzhou rail line. After the operation of Beijing-Guanghzou high speed
line, most passenger trains are scheduled in the high speed railway, and the rest
capacity of traditional rail line is reserved particularly for freight train. Due to the
capacity deficiency in traditional Beijing-Guangzhou rail line, the waiting mode
takes certain advantages for the overnight operation in Beijing-Guangzhou high
speed railway, compared with the transferring to parallel rail line.

4.2 Particular Organization method in Waiting Mode

The waiting mode is featured with long waiting time at station, uncomplicated
organization, the obvious reduction in continuity and balance. Under waiting mode,
the waiting train is qualified to departure after the end of maintenance both at waiting
station and the following section. The waiting at station leads to travelling time
increase, and travelling speed decline. The waiting time at station is determined by
maintenance duration, the number of waiting train in the same direction, and
minimum tracking interval and the necessary interval between maintenance curfew

and train operation. Define 7',/, and I, as the duration of maintenance curfew,

the necessary interval between maintenance curfew and train operation before the

beginning of maintenance and after the end of maintenance. n and 7, indicate

the number of waiting train in same direction, and the minimum tracking interval,

respectively. 7, and 7, mean the travelling time in ordinary case and in overnight

waiting mode, respectively. With first-arrival first-departure rule, the waiting time

T, can be calculated by formula (1) and (2).
Td:T+[h+Ie+(n_1)Imin (1)

T'=T,+T, (2

Determined by the operation mileage, the highest operation speed and
maintenance duration, the travelling speed can be calculated by formula (3). In

formula (3), A indicates the travelling speed coefficient of high speed train, and is
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valued as 0.9 based on previous practice. With 300km/h as the highest operation
speed, the travelling speeds with different operation mileage and maintenance
duration are listed in table 3.

, L L

Ve (3
T LI(Bw)+T,

Table 3. The travelling speed with different operation conditions (km/h)
.L fkm 500 1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000
T /min
120 119 166 190 205 216 223 229 233
180 96 142 169 186 199 208 215 220
240 81 124 152 170 184 194 202 209

With the above calculation, the travelling speed changes based on the rule that,
at certain operation speed, shorter maintenance duration and longer travelling
distance is corresponding to higher travelling speed and thus weaker negative effects.
And long travelling distance assures travelling speed at a higher level, and reduces
the negative effects.

In practice, certain technical measures can be adopted to improve the travelling
speed, with maintenance demand satisfaction and basic operation conditions as
premise. The available measures can be concluded as:(1)Make different maintenance
curfew schemes for adjacent sections to improve the operation conditions;
(2)Increase the number of maintenance worker and strengthen the maintenance
operation, to shorten the auxiliary operation time and improve maintenance
efficiency;(3)Optimize the waiting scheme to assign the trains to wait at different
station and to reduce the waiting time.

Based on the technical features of power supply and the maintenance and
operation demand, the high speed railway from Beijing to Guangzhou can be divided
into several maintenance sections. The divided maintenance section is the
fundamental unit of maintenance curfew, and their curfew plans constitute the whole
maintenance curfew plan of the high speed rail line. With the same duration, the only
difference between the different maintenance curfews is in their beginning times.
With overnight operation demands and their features into consideration, the
beginning time of maintenance curfew in different sections are scheduled differently
to decrease the waiting time at station, besides the negative effects from maintenance
curfew. A segmented maintenance curfew plan in Beijing-Guangzhou high speed
railway is illustrated in figure 4.
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Figure 5. illustration for segmented maintenance curfew to increase the
travelling speed in Beijing-Guanghzou high speed railway

The overnight operation in Beijing-Guanghzou high speed railway provide more
travelling choices for medium-long distance, with sleeping time as travelling time.
Due to the decline of travelling speed, the operation mileage is preferred more than
the certain threshold to keep the travelling speed at certain higher level. With targeted

travelling speed v, as objective, the mileage threshold can be calculated by formula

(4). The mileage thresholds under different situations are listed in table 4 . It is
concluded that the longer the maintenance duration is, the lower the operation speed
is, and the higher targeted travelling speed, the longer the mileage threshold is. The
average travelling speed of through express passenger train in traditional rail line is
about 130km/h, and the minimum distance of overnight train reaches as high as
1400km, to obtain higher travelling speed.

Td
L,=
A7/vy =1/ (Bw)
Table 4. The mileage threshold with targeted travelling speed

(4)

shold /km | Highest operation speed /average travelling speed (km/h)
T /min 300/200 | 300/160 | 300/130 | 250/160 250/130
120 1800 920 585 1510 780
180 2570 1310 836 2160 1120
240 3340 1700 1086 2810 1450
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5 Conclusions

With expanded service area and long traveling time, the high speed railway in
China is qualified for overnight operation in net structure and time space, which is
significantly different from that of high speed railway in other countries and areas.
The overnight operation of high speed railway is of significance for capacity
utilization improvement, besides diverse travelling demand in time horizon. The
service area and operation demand of high speed railway from Beijing to Guangzhou
were analyzed. The alternatives of overnight operation mode are waiting, transferring
to adjacent parallel traditional line, running and maintenance in adjacent lines
meanwhile and passenger transferring, and their technical conditions, organization
features and adaptability are presented respectively. With the basic information of
high speed railway from Beijing to Guangzhou, the waiting mode was selected as the
satisfied overnight operation mode, and the optimized maintenance curfew scheme
was proposed to increase the travelling speed. The work in this paper on operation
mode and rational travelling distance is salutary and leading, which provides
particular supports for overnight operation in Chinese high speed railway.
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Abstract: High-speed railway Transport Organization Mode is very important for
transport operation plan formulation, the improvement of transport efficiency,
economic and social benefits. The determination of Transport Organization Mode
under high-speed railway network has become a urgent problem need to be addressed
with the high-speed railway network gradually constituting in China. This paper
gives the definition of Transport Organization Mode based on analyzing the
connotation of high-speed railway network Transport Organization Mode. And this
paper introduces the influence factors and basic principles of Transport Organization
Mode under high-speed railway network. Analyzing the types and characteristics of
domestic and foreign high-speed railway Transport Organization Mode, putting
forward four types of Transport Organization Mode under high-speed railway
network, which are “various speed trains share the same line, one-line and over-line
trains share the same line, trains with different stop schedule plans share the same
line, trains with various characters share the same line”.

Keywords: Network; Transport organization mode; Cooperation on the same line.

1 The connotation of Transport Organization Mode under high-speed railway
network and the train combinations

Mode is the standard style of stuff, which is abstracted from concrete complex
phenomenon. It describes the evolution law of object through the summary of the
system, obtains logical structure and the method to solve problem via the deductive
method which carries the strict reasoning (LIU Hua, 2005). Transport Organization
Mode under high-speed railway network is referred to the train organization form
and method of high-speed railway under certain operating management system, a
certain level of social economy and science and technology development, under the
condition of a certain network function structure. In particular, it is a comprehensive
description of the train properties, types, running speed and the cross line train
running (cross line passenger transportation) under the condition of joining each
other between the high speed railway lines or between high-speed railway lines and
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existing lines.

According to the analysis of Transport Organization Mode under high-speed
railway network, we can get the following different train combinations, as shown in

table I:

Tablel. Train combinations of high-speed railway in different Transport
Organization Modes

Classification . . .
standard type characteristic Train combination
Mixed Mixed passenger Mixed passenger and freight trains;passenger
trains and freight . ; : . :
passenger and . . trains and freight trains run in different
p . trains run in p - . .
freight train . . period of time but in the same line
Train propert high-speed railway
property Only dedicated train;mixed dedicated trains
Only Passenger . D
Passenger and over-line trains;trains run at the same

dedicated line

trains run in
high-speed railway

speed;trains run in the same line at different
speed

Train speed

Same speed Train run at the Dedicated trains run; mixed dedicated trains

train in the Same speed and over-trains run; trains run at the same
same line P speed

Dedicated trains run at  different

Different speed;passenger trains and freight trains run

speed train in
the same line

Trains run at the
different speed

at different speed;dedicated trains and
over-line  trains run at  different
speed;dedicated line trains. over-train and
freight trains run

Over-line train
operation

Dedicated
train transfer

No over-line train

Dedicated trains run at same speed ;
dedicated trains run at different speed

Over-line
train go on
line

Over-line train and
dedicated train in
the same line

Over-line trains and dedicated trains run at
same speed; Over-line trains and dedicated
trains run at different speed; Passenger trains
and freight trains run

Over-line
train off line

Over-line train and
dedicated train in
the same line

Over-line trains and dedicated trains run at
same speed; Over-line trains and dedicated
trains run at different speed; Passenger trains
and freight trains run

Over-line
train go on
and off line

Over-line train and
dedicated train in
the same line

Over-line trains and dedicated trains run at
same speed; Over-line trains and dedicated
trains run at different speed; Passenger trains
and freight trains run

2 The influence factors of Transport Organization Mode under high-speed
railway network

The influence factors of Transport Organization Mode under high-speed railway
network are complex. The main influence factors are as following:

(1)The properties and characteristics of passenger flow

The nature and characteristics of the passenger flow are the core influence
factor of the high-speed railway Transport Organization Mode. High-speed railway
Transport Organization Mode should be consist with the properties and
characteristics of passenger flow. Passenger flow is divided into the line passenger
flow and cross line passenger flow. The line flow is divided into big station
passenger flowand passenger flow along the merge (XU Xingfang,2010). Across line
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can be divided into two parts, passenger flow from other line to the line or set off
from this line to other line of passenger flow through the line of the passenger flow.
Analyzing the characteristics of passenger flow is to analyse the line passenger flow,
cross the line passenger flow, passenger flow of the shape and size. In addition, the
demand characteristics of passenger flow should be researched from ticket costs,
travel time, convenience and so on.

(2)Railway network structure and scale

Network structures mainly contain the situation of railway network joining and
each line of joining compatible. Therefore, network under the condition of high
speed railway is mainly divided into two kinds: one is the railway network system,
separating the existing lines to form a single high-speed rail network structure.
Another is connecting with existing lines to form a high-speed rail network and
complex network structure of existing railway network combination. With the
advancement of the high-speed railway construction in china, the railway network
structure is clear, a high-speed line between the big nodes to join each other, and join
the existing lines, thus form between highway system, the high railway system
between the existing network and complex network structure.

(3) Macroscopic environment

Macroscopic environment mainly includes railway situation, human geography,
economic environment, cultural tradition, passenger travel habits, policies and
regulations and so on. When the macroscopic environment changes, high-speed
railway Transport Organization Mode should also be changed accordingly. On a
world scale, high-speed railway Transport Organization Mode is different from
country to country. Macroscopic environment have influence on the determination of
Transport Organization Mode.

(4)The train types and their mutual relations

The research of high speed railway Transport Organization Mode is bound to
involve in the process of the type of the train, a single or multiple. If there are many
types of trains, it inevitably involves the interaction relationship between different
types of trains. From the world of high speed railway operation management, they
involves different types of trains and the influence of relationship, just different from
concrete manifestation.

(5)Safety and reliability of system and equipment (HU Siji,1996)

Safe system and reliable equipment are prerequisite condition to research and
determine the Transport Organization Mode. No matter what kind of Transport
Organization Mode, it must be based on system and equipment to ensure its security.
System mainly includes the hardware and software system, equipment mainly
includes fixed devices and mobile devices. System and equipment mainly includes
train command system, control system, adjusting system, train control system, lines,
locomotive, vehicle and so on.

(6) Carrying Capacity
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Different Transport Organization Modes have different influence on carrying
capacity. The loss of carrying capacity in high-speed railway is mainly caused by the
different train stops and different train speeds. In addition, it is also affected by
interval length, train combinations, the influence of different levels of speed train
number, and many other factors, grasping these factors in a correct way will help
planners formulate reasonable solution (ZHENG Jinzi,2012). Therefore, determine
the Transport Organization Mode must consider its effect on the capacity.

(7)Transportation service quality

Important advantage of high speed railway is the high quality of service and
mainly reflected in the rapid, on time and comfort. Determining high-speed railway
Transport Organization Mode should try to improve transport service quality. In the
condition of meeting the demand of passenger flow, achieve rapid, on time and
comfortable goal.

3 Basic principles of Transport Organization Mode under the high-speed

railway network

The way to choose the Transport Organization Mode of high-speed railway is
based on starting point and foothold.

(1)Making the best use of high-speed railway’s capacity

The starting points to ensure the Transport Organization Mode of high-speed
railway are based on three aspects: understanding the connotation of high-speed
railway deeply, seizing the essence exactly and making the best use of the capacity.
As the high-speed railway forming into network, there are both existing line and
high-speed railway coexisting between the same corridor. Based on the connotation
and essence of the high-speed railway of our country, we should organize and
encourage passengers to choose the high-speed railway, improve passenger trains
operation speed, decrease the quantity of trains on the existing line to increase the
quantity of freight trains and make the best use of high-speed railway’s capacity.
These methods would make a best use of the synthetical capacity of the
transportation corridor.

(2) Acquiring the maximization of both passenger satisfaction degree and
performance of enterprises

The foothold to ensure the Transport Organization Modes of high-speed railway
is to acquire the maximization of both passenger satisfaction degree and performance
of enterprises. To improve the passenger satisfaction degree, we should satisfy the
demand of different kinds of passengers, try the best to make the passengers feel
convenient and decrease the travel time. As for the performance of enterprises, we
could try the best to reduce transportation costs, enhance the attractiveness, improve
enterprises’ competitiveness and increase scale of passenger flows. The two aspects
have complex relationship for being in conflict and being accelerate. The scale of
passenger flows is the link of the two aspects. The choice of Transport Organization
Modes has to coordinate the two parts and achieve a win-win relationship of them.
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4 The Transport Organization Modes of high-speed railway at home and abroad
4.1 The Transport Organization Modes of high-speed railway abroad

The realized time of Transport Organization Modes of high-speed railway
abroad is earlier, their modes have many characteristics as following table 2.

Table 2. The Transport Organization Mode of high-speed railway abroad

Country Mode Remark

Japanese Railway Company achieves the over-line

High-speed railway of whole transportation between the existing line and

Japan - high-speed railway through technical transformation.
journey The East Japan Railway implements the over-line
transportation between different Shinkansen.
France Tra;gflgvfybgg g}l{?tggl}zg ced Using the over-line transportation between different.
Germany Passenger trains and freight Passenger trains and freight trains share the same line
trains share the same line in different time bucket.
Ttaly Passenger trains and freight High-speed and medium-speed passenger trains and
trains share the same line the high-speed freight trains share the same line.

High-speed and medium-speed | 1 o jicated train AVE (300km/h) and the over-line

Spanish {)iiisenger trains use the same train Talgo (200km/h) share the same line.

Using the tilting trains to achieve a speed of 200km/h
through the transformation of a part of the existing
line.

Passenger trains and freight

Sweden > .
trains share the same line

4.2 The Transport Organization Modes of high-speed railway in china

According to the Long-term Planning of Chinese Railway in 2004, the “four
vertical and four horizontal” high-speed railway network begin to take shape and has
basic formation after ten years of construction, the mileage has reached 16,000
kilometers which is the longest mileage in the world.

Overall considering the practical operation condition of high-speed railway,
passenger transport line and interurban railway and the intension of Transport
Organization Mode, the Transport Organization Modes of our country are summed
up as the following table 3.

Table 3 The different Transport Organization Modes in china

Type of line Transport Organization Mode
Over-line trains could use the high-speed railway line and
300km/h and over different speed trains share the same line
New line Passenger dedicated train only
200km/h-250km/h Reconstructive line Passenger trains and freight trains share the same line
Interurban passenger transport line Operating the one-line high speed train only

5 The types and characteristics of Transport Organization Modes
5.1 The types of Transport Organization Modes

Overall referencing the related studying achievements, this paper summarizes
the modes into four types which are as follows:

(1)High-speed line with over-line train mode: The high-speed railways are only
offered for the high speed trains, while the high speed train could operate on both
high-speed line and the existing lines. This mode satisfy the need of both one-line
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and over-line passenger flows. Specifically, there are three modes: trains operate on a
high-speed line and transferring to an existing line; trains operate on an existing line
and then transferring to high-speed line; train operate on an existing line and
transferring to a high-speed line then down to an existing line again.

(2)High-speed line with transference: The high-speed railways are only offered
for the high speed trains. The high speed trains operate only on the high-speed lines.
This mode asks the over-line passenger flow to transfer to the existing line on the
transfer station.

(3) High-speed passenger trains with medium-speed passenger trains mode:
There are different speed levels on the high-speed line, including high speed trains
and ordinary speed trains. This mode achieves the transportation task of the one-line
and over-line passenger flows. In this mode, there are two methods to transport the
over-line passengers. One is to use the ordinary speed trains, the other is to use both
the high speed trains and ordinary speed trains.

(4) Passenger trains and freight trains sharing the same lines mode: The
high-speed railways are offered for the passenger trains and freight trains to
accomplish the whole transportation task.

5.2 Characteristics of different Transport Organization Modes

Different Transport Organization Modes are referred to meeting the demand of
passenger flow, the level of train on high speed railway, the operating range of
high-speed railway train and the type of train, the different specific forms include.
The characteristics of four different kinds of modes are listed as table 4.

Table 4 The characteristic of different Transport Organization Modes

Type

Advantage

Disadvantage

High-speed line with
over-line train mode

High travelling speed, short
travelling time for one-line
passenger flows, high service
level for one-line passenger
flows, large transportation
capability, simple transportation
organization, easy to manage

Over-line passenger flows have to
transfer to another line; the service level
for over-line passenger flows is low; the
attraction for over-line passenger flows
is lacked.

High-speed line with
transference

Decreasing the transference of
Over-line  passenger  flows,
higher service level, more
attractive, high capacity use

The demands of motor train units are
large, adjoining line have to use high
standard and are mutually compatible,
Maintenance amount of the motor train
units is large, complex operation

Mixed high-speed
passenger trains and
medium-speed
passenger trains

Satisfying different levels of
passenger flows’ demands

Lower transportation capability

Mixed passenger
trains and freight
trains share the same
line

Less over-line passenger flow
transference, high service level,
high capacity, high line’s
capacity factor, attracting more
freight transportation

Operation of freight trains would
influence the whole line operation,
adjoining line have to use high standard
and are mutually compatible,
Maintenance amount of the motor train
units is large, lower capacity factor for
passenger trains, complex operation

5.3 Limitations of different Transport Organization Modes
The various development histories of countries and multiple social economic
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statuses lead to a lot of operation forms and various Transport Organization Modes.
According to the characteristics of our country, complete adoption of any mode
would have certain limitations (such as table 5).

Table 5 The limitation of different Transport Organization Modes

Mode Limitation in our country
High-speed line with The design of station in our country is lack of transference which
over-line train mode increases the cost of transference and causes loss of passenger flow.
The huge demand of motor train units would take a large cost. The
High-speed line with existing line are not completely electrified which doesn’t match the
transference high speed trains. The speed standard of the existing line is low. The

operation of over-line freight trains is complex.

Mixed high-speed passenger
trains and medium-speed
passenger trains

This mode would decrease the capacity of high-speed railway, and
reduce the influence of it.

The construction standard is different. The axle load standard of
high-speed line and ordinary line are diffetrent. This mode does not
fit the goal of our country, which is separating the passenger trains
and freight trains into different lines.

Mixed passenger trains and
freight trains share the same
line

According to the analysis of table 4 and table 5, it’s not hard to know that
whichever mode our country chooses, it would have some limitation. But we could
summarize some enlightenments.

(1) When the benefits reach a certain extent, we could reform the line network,
let the high-speed train operate on the existing line and improve the high quality of
high-speed railway.

(2) We could use the high-speed line to transport the freights and attract some
fixed high-value freight sources.

(3)Separating the passenger trains and freight trains into different lines would
crease the transference cost of passengers while save the transforming cost.

(4) We could adopt the passenger trains and freight trains sharing the same lines
mode on the high-speed lines which have lower design standard and less
transportation tasks. These methods could delay constructing second-line.

(5)Using the high-speed passenger trains with medium-speed passenger trains
mode could attract different consumption levels passengers and extend volume
growth of high-speed railways.

6 Determination of Transport Organization Modes under the high-speed
railway network

The high-speed trains in our country have their own characteristics and they are
much more complex than other countries. We have to find out the basic principles of
Transport Organization Modes under the high-speed railway network, analyze the
relevant factors about the Transport Organization Modes comprehensively and take
the construction original intentions into considered. The original intentions are as
follows: High-speed lines in our country have to undertake the most medium-term
and long-term one-line and over-line passenger flows while the existing lines
undertake the freight transportation and some passenger flows with lower speed.
According to the railway situation in our country, the most amounts of high-speed
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railways have to be used as passenger transport lines. Meanwhile, the construction
and operation of them are divided into several stages. Thus, determine the Transport
Organization Modes under the high-speed railway network needs systematic
planning and have to be divided into several parts. The stage of today is called “four
operation trains sharing same line”.

(1) Various speed trains share the same line: There are two and more speeds of
trains operating on the high-speed railway lines.

(2) One-line and over-line trains share the same line: There are one-line and
over-line trains operating on the high-speed railway lines.

(3)Trains with different stop schedule plans share the same line: There are trains
with different stop schedule plans operating on the high-speed railway lines.

(4)Trains with various characters share the same line: There are high-speed
trains, ordinary-speed passenger trains and freight trains operating on the high-speed
railway lines.

The “four operation trains sharing same line” is the most suitable high-speed
Transport Organization Mode of our country. The reasons are as follows:

(1) This mode has the advantages of “Trains use both the high-speed line and
exiting line” and solving the problem of the lack of capacity on existing lines.

(2) In these years, the manufacture of locomotives and vehicles grows quickly.
Homebred motor train units account for a very great proportion. These backgrounds
offer a strong technology support for using motor train units for over-line trains.

(3) After the raising of speed in Chinese railway, the technology and equipment
conditions of existing lines improve a lot. Ordinary passenger and freight trains have
less speed differences of the high-speed trains. This condition makes an advantage
for trains using both the high-speed lines and exiting lines.

(4) Trains with different stop schedule plans guarantee the nonstop of
high-speed trains and satisfy the service frequency of high-ranking stations. It’s the
embody of high-speed railway satisfying various kinds of transportation demands
and the important guarantees of transportation quality.

(5) This mode matches the functional orientation and passenger flows of
high-speed line in the railway network which could improve the railway service
quality and market competitiveness.

(6) Although the high-speed railway network initially formed at this stage, it is
not perfect about the operation areas. The over-line trains could increase the
operation areas of high-speed trains and improve the availability of high-speed lines.

(7) The high-speed lines which are transformed from existing line could operate
the freight trains. And most of these lines do not have double lines between the same
origin and destination. Using “passenger trains and freight trains sharing the same
lines mode” could play a bigger role.
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7 Conclusions

Based on the analysis of intensions and influence factors about Transport
Organization Mode, this paper discusses the types and characteristics of Transport
Organization Modes at home and abroad and proposes the Transport Organization
Mode of our country under the high-speed railway network, namely “four operation
trains sharing same line”. With the developments of the high-speed railway network,
it is important to increase the quantity and operation areas of high-speed trains and to
decrease the quantity of over-line trains to achieve a goal of high-speed lines running
high-speed and high-level trains.
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Abstract: This paper analyzes the interaction process of the running trains associated
with the minimal headway for high-speed railway in a more reasonable and
sophisticated way after systemically investigating previous researches. A set of new
formulas are proposed to improve the calculation accuracy of minimal headway. In
the case study section, the proposed methods are tested to calculate the minimal
headway of the running trains of different speeds range from 250 km/h to 350 km/h
with the calculation step of 10 km/h. The case study results show that with the
increase of the maximal allowed speed, the headway between two trains running in
one section, the headway between two arrival trains and the minimal headway of the
high-speed railway increase, while the headway between two departing trains is a
constant. The main conclusions can be drew from the case study results: (1)
Headway between two arrival trains is always the bottle neck to narrow down
minimal headway of high-speed railway no matter how the maximal allowed speed
of the train changes from 250 km/h to 350 km/h. (2) The minimal headway of
high-speed railway is always greater than 180s with the maximal allowed speed of
the train ranges from 250 km/h to 350 km/h, which means that some improvement
measures should be taken to accomplish the goal of reducing minimal headway to
3min. (3) The improvement of braking performance of the train can reduce the
minimal headway of high-speed railway.

Keywords: High-speed railway; Minimal headway; Maximal allowed speed.

1 Introduction

The minimal headway is the minimal time interval that is needed for the station
to accomplish necessary train receiving and departure operations, which is also the
key to ensure the safety of trains running in the section (Li et al., 2008). Many
studies have been implemented on calculation of the minimal headway for
high-speed railway. Shi (2005) calculated the minimal headway of high-speed
railway at the speed of 350km/h and analyzed the relationship between minimal
headway and train acceleration, train deceleration, length of the station throat and
switch number etc. Liu et al. (2006) proposed new methods to calculate the minimal
headway of high-speed railway and come up with some measures to narrow down
the minimal headway. Wu et al. (2007) built section and station train headway model
under the condition of high-speed railway signal system to calculate the minimal

203



ICTE 2015

© ASCE

headway. Li et al. (2008) applied computer simulation technology to simulate
running process of the train while the train runs in the section, arrives at the station
and departs the station to calculate the minimal headway of high-speed railway.
Huang (2009) designed an optimization process to optimize minimal headway of
high-speed railway after analyzing formation mechanism of the headway between
two arrival trains. Li et al. (2013) analyzed the train headway of high-speed railway
with speed restriction and used opentrack simulation software to verify the
calculation results. However, after systematically investigating previous studies, it is
found that previous studies do not have consistent analysis method for interaction
process of the running train when calculating the headway between two trains
running in one section, arriving at the station and departing the station which are
three kinds of headway and this difference has made the calculation results of
minimal headway for high-speed railway vary greatly. Most important, analysis of
most studies on the interaction process of the running train are very rough, which has
made it harder to calculate the throughput capacity of passenger dedicated line
accurately.

This paper mainly have the following three contributions to the calculation of
minimal headway for high-speed railway compared with previous studies. First,
calculation method of every parameter in the calculation formulas of this paper is
introduced in detail which makes it easier for the proposed calculation methods of
this paper to be applied in practical situations by practitioners, and calculation
methods of those parameters are determined by considering both the actual situation
of high-speed railway and other relevant studies which makes values of those
parameters more reasonable. Second, this paper assumes that final position of arrival
trains and starting position of departing trains within the station are at the centerline
of station arrival and departing track which is not considered by other studies and
this assumption has great influence on calculation result of minimal headway. Third,
running processes of trains approaching the station and trains departing the station
are very complicated and many studies merely assumes those running processes as
uniformly accelerated motion or uniformly retarded motion which is not reasonable,
and this paper assumes those processes as a combination of uniform motion and
uniform variable motion instead. The structure of this paper are arranged as below.
Firstly, this paper analyzes basic principle of one-brake control mode curve. Then
this paper introduces the deduction process of calculation formulas for minimal
headway in detail. Finally, the proposed methods are tested to calculate minimal
headway of high-speed railway.

2 One-brake control mode curve

One-brake control mode curve is the most commonly used train control method
in Chinese high-speed railways. As shown in figure 1, the safe distance L, between
two trains in the section equals to the sum of Lgi, Ly, Lg3, Les and Lgs (Liu et al.,
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2006). Ly is the additional train running distance during the response time of
equipment and train driver; Ly is the total braking distance of the train; Lg; is the
safety protection distance considering operation tolerance of equipment and operator
of the train; L4 is the distance considered under the worst tracing situation; Lgs is the
length of the train.

Speed

Y
A
A

gl g2 g3 g4 g5

Figure 1. Principle of one-time braking mode curve train control method

3 Minimal headway of high-speed railway

The minimal headway of high-speed railway / equals to the maximal value
among the headway between two trains running in one section I, the headway
between two arrival trains /; and the headway between two departing trains I as
shown in formula (1) (Shi, 2005; Su et al., 2008; Li et al., 2008), that is because only
the maximal headway can ensure that two adjacent trains run safely on the same
railway line at the same time.

I=max{l_,1,1} (1)
3.1 Headway between two trains running in one section

The distance between two trains running in one section L, is shown in Figure 1,
the formula to calculate L, is shown below:

Lo=L,+L,+L +L, +L 2)
Lg; can be calculated according to the formula bellow:

L,=tv._ /3.6 3)

gl g max

Where 7,is the response time of equipment and train driver, 7, consists of

section clear inspection time, response time of train control center, response time of

on-board equipment and the time a driver needs to acknowledge the signal, 7,

usually equals to 15s (Liu et al., 2006); v,__ is the maximal speed of the train, km/h.

max
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L, is the total braking distance of the train and L'g2 is the emergency braking
distance. ng can be calculated according to the formula bellow (Yang, 2008):
Lg2 =wt, /3.6+4.17x(v =)/ (10008,¢, + @, +i;) 4)
Where ¢ is the idling braking time, 7, usually equals to 1.5s for emergency
braking (Yang, 2008); v, is the initial braking speed of the train, km/h; v, is the final

braking speed of the train, km/h; 2, is the train conversion braking rate, %, usually

equals to 0.277 (Ma et al., 1998).

@,1s the disc braking fraction coefficient, it can be calculated according to the

formula bellow (Ma, 2011):
@, =0.358%x(2v+150) / (3v+150) (5)

Where v is the speed of the train, km/h.

@, 1s the train unit basic resistance, it can be calculated according to the formula

bellow (Ma et al., 1998):
@, =0.608+0.008v+0.000136v* (N-KN™) (6)

i;1s the track gradient resistance, this paper doesn’t consider track gradient

resistance, then i, equalsto 0 NeKN™",

To ensure safety of the train and consider that the tolerance of disc braking
fraction coefficient is controlled within 10%, then:

Ly, =L, x(1+10%) (7)

The value of L, is related to the precision of the speed and distance
measurement system, train speed and accuracy of the train braking rate. L,3 can be
calculated according to the formula bellow (Ning, 1995):

Lg3:ﬂ(c+a-vmax+iASj) (8)
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Where [ is the reservation coefficient and its value range is 1.1~1.4, this

paper lets B equal to 1.4; ¢ is the experience base number and its value range is

40~100m, this paper lets ¢ equal to 100m; a is the experience constant and its

value range is 0.4~0.6m, this paper lets a equal to 0.6m; ZAsj is the distance
j=

tolerance caused by the tolerance of braking rate as well as the tolerance of speed and
distance measurement system, it usually equals to 50m.

L4 usually equals to the length of the block section of high-speed railway, this
paper lets Lg4 equal to 1300m.

Lgs is the length of the train, the paper assumes that the train is made up of 16
coaches, then L,s equals to 410m (Shi, 2005).

After Lgi, Ly, Lg3, Les and Lgs are determined, the headway between two trains

running in one section /_can be calculated according to the formula below:

I =2%3.6 (L, —1AXt v, 136+ L+ L, +L,5)

v

max

+1.Ix¢, +1,(s) )

3.2 Headway between two arrival trains

The principle of determining the headway between two arrival trains is to
ensure that the latter train will not slow down or even stop at the outside the station
because the station has not prepared the receiving route. The distance between two

arrival trains L_is shown in Figure 2 and L_can be calculated according to formula

(10) (Wu et al., 2007; Yang, 2008; Huang, 2009; Li et al., 2013).

Speed

Figure 2. Distance between two arrival trains
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L =L,+L,+L, +L, (10)
L, is the additional distance produced during the period of train arrival

operation and driver operation, L, can be calculated according to the formula

bellow:
_ (e A1) XV

gl 3 6 (11)

Where ¢, is the station receiving operation time, ¢, usually equals to 27s (Liu

et al., 2006); ¢ is the time that a train driver needs to acknowledge the signal,

¢, usually equals to 6s (Liu et al., 2006).

L is the total braking distance of the train, it can be calculated according to the
formula bellow (Yang, 2008):

Ly, = Vit /3.6 4417072, —v2)/ (100080, + @, +i )X (1+10%)  (12)

max

Where v is the maximal allowed speed of the train while passing through

switch side direction of the station, this paper lets v, equal to 75km/h (Li et al.,

2008); the meaning of other parameters are same as those in section 3.1.

L3 1s same as the Lg3 in section 3.1.

L, is the running distance of the train while coming into the station, it can be

calculated according to the formula bellow:

L, =L, +0.5xL +0.5xL, (13)

Where L, is the length of the station throat, L, usually equals to 850m (Huang,
2009); L, is the length of the train, this paper lets L equal to 410m (Shi, 2005); L,

is the length of the station effective track length, L, usually equals to 700m (Li et al.,
2008).

After L1, Ly, Loz and L, are determined, headway between two arrival trains /4

can be calculated according to the formula below:
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(Lyy =111, 1364 L) max{(L, - L.,),0] L 2X36xL,

Viax TV, v, v, (14)

1,=2x3.6

+t, +t +1.1xt,

Where L, is the running distance of the train within the station while its speed

reduces from v, to 0 km/h. L ; can be calculated according to the formula bellow:

Ly=v,t,/3.6+4.1702 —0%)/ (100080, + @, +i) (15)

3.3 Headway between two departing trains

The principle of determining the headway between two departing trains is to
ensure that the latter train will not slow down, which means that starting signal can
only be opened until the former train has left the second departure section. The
distance between two departing trains is shown in Figure 3 (Li et al., 2008; Yang,
2008; Li et al., 2013).

1 Speed

Figure 3. Distance between two arrival trains

The distance between two arrival trains Lycan be calculated according to the
formula bellow:

L, =max{L_,L }+max{(L,,+L,)L,|+L, (16)

1LO

L,_is the running distance of the train while departing the station, it also can be

calculated according to formula (13).

L. is the running distance of the train while it’s speed reaches to v, from 0 km/h,

L, can be calculated according to the formula bellow:

© ASCE
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_ 2 2
L, =((v,/3.6)"=07)/2a (17)
Where v, is the maximal allowed speed of the train while passing through

switch side direction of the station, this paper lets v equal to 75km/h (Li et al.,

2008); a is the acceleration of the train, this paper lets a equal to 0.35 mes™ (Shi,
2005).

Lizp and Ly is the length of the first departure section and second departure
section respectively, L1z usually equals to 800m, L,z usually equals to 1300m.

L, 1s the running distance of the former train during the period while the station

is preparing the departure route for the latter train, it can be calculated according to
the formula bellow:

L,=(v,/3.6)x(t,—t)+0.5ax(z, —-t) '+ (v, /13.6)x1, (18)
Where 7, 1s the time that a station needs to handle departure route, this paper

lets 7, equal to 13s (Liu et al., 2006); ¢, is the time interval from the moment when

train comes into the first departure section to the moment when train starts to

accelerate, this paper lets ¢ equal to 9.5s (Liu et al., 2006).

After checking in advance, it is found that L_>L, andL,,+L,,,>L,, then

1LQ vb >

the headway between two departing trains Ir can be calculated according to the
formula bellow:

v L —L. —2v /3.6+4/(2v. /3.6)* +8amin{s,s
1f=tfz+ts+3g +3.6—— L+t +— \/( "2 ) 5.}
.6a v, a (19)
+3‘6max{(s—s1),0}

Vmax
Where 7, is the station departure operation time, this paper lets 7, equal to 11s

(Liu et al., 2006); ¢, 1is the time a driver needs to acknowledge the signal, this paper

lets ¢ equal to 6s (Liu et al., 2006); s; is the running distance of the train while its
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speed increase from v, to v

max

it can be calculated according to the formula

bellow:

/3.6)* —(v./3.6)
Sl — (vmax ) (Vy ) (20)
2a

s can be calculated according to the formula bellow:

s=Lyy+Ly,+L vt /3.6 Q1)

4 Case study

The speed of the busy railway passenger dedicated line usually ranges from
250km/h to 350km/h, then this paper uses the proposed calculation methods to
calculate the minimal headway of high-speed railway of different speeds range from
250km/h to 350km/h with calculation step of 10km/h. The calculation results are
shown in Table 1.

Table 1. Calculation of the minimal tracing time interval

Speed(km/h)
Time 250 | 260 | 270 | 280 | 290 | 300 | 310 | 320 | 330 | 340 | 350
Interval(s)
I 178 | 179 | 180 | 181 | 183 | 184 | 185 | 186 | 188 | 189 | 190
1y 197 | 200 | 203 | 207 | 210 | 213 | 216 | 219 | 221 | 224 | 227
Iy 194 | 194 | 194 | 194 | 194 | 194 | 194 | 194 | 194 | 194 | 194
1 197 | 200 | 203 | 207 | 210 | 213 | 216 | 219 | 221 | 224 | 227

It is shown in Table 1 that with the increase of the maximal allowed speed, the
headway between two trains running in one section /., the headway between two
arrival trains /; and the minimal headway [ increase, while the headway between
two departing trains /ris a constant. The main conclusions can be drew from Table 1
as shown below:

(1) Because I; is always greater than /. and I;, then minimal headway I is
determined by /;, which means that /; is the bottle neck to narrow down minimal
headway 7 no matter how the speed of the train changes from 250km/h to 350km/h.
This finding is consistent with other researches’ results (Liu et al., 2006; Wu et al.,
2007; Li et al., 2008).

(2) Minimal headway of high-speed railway 7 is always greater than 180s with
the maximal allowed speed of the train ranges from 250km/h to 350km/h, which
means that some improvement measures should be taken to accomplish the goal of
reducing minimal headway to 3min.
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(3) After analyzing calculation formulas of headway between two arrival trains
1y, it is found that improvement of braking performance of the train will reduce the
minimal headway of high-speed railway.

5 Recommendations for Future Research

Our future research will focus on designing parameters of the station yard,
railway track and the train to narrow down the minimal headway of high-speed
railway by analyzing calculation formulas of the proposed methods. We will be
testing how L., I; and I changes if some of the parameters in these formulas increase
or decrease. Different combination of those parameters will lead to different
construction costs and corresponding minimal headway, we will try to find out the
best combination of those parameters to make a balance between construction cost
and minimal headway to maximize the economy and social benefit of the railway.
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Abstract: Public transportation companies generally establish a scheduling
command center, and gradually develop the mode of cluster scheduling in large-sized
and medium-sized cities in China. Realizing the mode of "multiple lines and a
scheduling center" is one of the advantages of cluster scheduling so that it can
improve the utilization of transport capacity resources. Based on the background, the
paper studies a method of cross-line timetable coordinated optimization under
cross-line buses with single depot, the synchronization timetable model of which not
only considers the decrease of the total passengers’ time cost, including the time cost
of cross-line transfer passengers and non-cross-line waiting passengers, but also
optimizes the buses’ arriving time and buses’ departure time in order to facilitate to
link up the different trips. In addition, the paper established a model of seamless
transfer timetable, which effectively reduces the waiting time and the cross-line
transfer walking distance of cross-line transfer passengers.

Keywords: Cluster scheduling; Single depot; Cross-line operation; Synchronization
timetable optimization; Seamless transfer timetable optimization.

1 Introduction

Vehicle-scheduling plan is an important production plan for transit agency as it
is the key part of vehicle operation scheduling and has a great effect on operation
cost and service level. The book of “Public Transit Planning and Operation-Theory,
Modelling and Practice” introduces that vehicle operation scheduling has four parts:
Network route design, timetable development, vehicle scheduling and crew
scheduling (Ceder, 2007). Among, timetable development is an important factor of
the vehicle scheduling problem (VSP) in the bus operation plan, which measures of
bus punctuality and reliability. Thus, reasonable optimization of the bus departure
interval and frequency is crucial to improve the punctuality of bus stations. In order
to better use the bus traffic capacity and human resources, and be able to better serve
the passengers, it is often to fix the timetable through adjusting the vehicle departure
intervals based on passenger waiting time and vehicle operating time.

There are some researches about bus schedule coordination under the regional
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cross-line. Ceder (1987) proposed a method of forming variety kinds of bus schedule
timetable based on passenger volume. It contained six goals: timetable change under
the new integration; adjusting the departure interval of each line in the transfer nodes
to make each line bus arriving most vehicles at the same time based on passengers
service demand; offering a variety of schedules for the use of operators under
different situations; adjusting the arrangement of different bus operation patterns to
respond to the emergency; schedules ensuring the departure interval smoothness as
far as possible; compiling schedule under collaborative departure. Ceder (2001)
made a schedule optimization model under collaborative departure for each line
based on the maximum bus approaching times online in the network. The purpose is
to achieve synchronization of the schedules for each bus line. Then, Ceder (2007) put
forward an optimization model to adjust the departure intervals on transit network
level by minimizing passengers’ transfer time through the synchronization of bus
arrival. He also discussed that the synergy mainly depends on the real time bus
control. Therefore, the reliability and punctuality of the timetable are very important.
Liu (2007) reduced the passengers’ waiting time through establishing a timetable
synchronization of bus departure of multiple lines. The problem was classified as a
0-1 knapsack problem without capacity constraint of and defined the collaborative
coefficient. A corresponding nested tabu search algorithm was set up to solve the
model. Song (2013) proposed a timetable optimization model based on single line
passengers demand and the benefit of the bus agency. This model achieved the
optimized schedules which could reduce the waiting time of the cross-line transfer
passengers. A particle swarm optimization (PSO) algorithm was used to solve the
model. The result showed that this model could reduce the waiting time sharply.

To better meet the demand of bus service, this paper establishes a model of
synchronization timetable to decrease the time cost of all passengers, including the
waiting time cost of cross-line transfer passengers and the waiting time cost of
non-cross-line passengers. In addition, in view of the bus lines with large cross-line
transfer passenger flow in the peak hours, the model need consider the convenience
of the cross-line passengers and to reduce their waiting time and walking distance.
Then this paper establishes a seamless transfer timetable optimization model based
on the vehicle under cross-line operation.

2 Problem Description
Figure 1 shows the cross-line operation mode based on a terminal in this paper.
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Figure 1.The cross-line operation mode based a terminal

The background of this operation mode are as follows:

(1) There are many bus terminals or intermodal transit terminals established or
being planned in big cities, especially Transit-oriented Development based
on terminals has become one tendency of urban planning in developing
countries, such as China;

(2) Laying out bus transit network based on terminals is beneficial for fleet
management and maintenance, and is also convenient for transferring
organization of passenger flow;

(3) Many terminals are located among functional areas to exchange passengers.
Some of lines could connect residential zones, and some could connect
commercial zones or industrial zones. The peak time of the passenger
volume of these lines are staggered. The transport capabilities required for
these lines are complementary;

(4) It is much easier for crew-scheduling based on the SDVS vehicle-scheduling
than based on MDVS.

With the widespread technology adoption of AVL, APC, RFID, wireless
communication technology and other kinds of equipment in the public transportation
industry, the transit agencies have the ability of information collection, processing
and application. Many bus enterprises have set up scheduling command center,
which provides implementation condition of bus multi-lines centralized scheduling.
The condition to conduct the cross-line dispatching is mature. Therefore, it is a
pressing problem to build regional dispatching timetable based on passenger service
demand.

Comprehensive above, it is necessary to think over how to develop the detailed,
practical and feasible regional cross-line dispatching timetables in order to guide
public transport intelligent dispatching. Timetable is a connecting link between
transit agency companies and passengers. And building favorable timetable is an
important measure to improve the operational efficiency, increase bus service level
and reduce operational costs.
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3 The model building of synchronization timetable
3.1 Optimizing goal

Timetables for single line mainly meet the basic traveling demand of passengers,
which do not consider transfer cost of the cross-line transfer passengers. On the basis
of meeting each line passengers flow volume, this paper decreases the transfer
waiting time and transfer cost of the cross-line transfer passengers. Therefore, there
are three main optimization goals in timetable model with synchronization, such as
the minimal difference value of departure intervals compared with timetables for
single line, the minimal cross-line transfer waiting time and the minimal waiting time
of the non-cross-line passengers of original line. As multi-objective optimization
model, it is suitable for the heuristic algorithm to solve the optimal model.
3.2 Premise assumption

There are some premises to be stated before proposing the model:

(1) Passenger flow rule is same in optimized time range in minutes;

(2) The number of the cross-line transfer passengers is known and its arrival
pattern is complied with uniform distribution because of the unknown
timetable distribution;

(3) Vehicle type of each line is same, which has the same rated capacity;

(4) The cross-line transfer passengers and the non-cross-line waiting passengers
of original line would get on the first coming bus, and they would not wait
the later bus no matter what happened,

(5) The number of the non-cross-line waiting passengers of original line is
known and its arrival pattern is complied with poisson distribution because
of the known timetable distribution.

3.3 The mathematical symbol

Let L= {L1j=L2...... n} be the set of cross-lines departed from the identical

terminal, in which ; is the serial number and » is the number of lines satisfied

regional scheduling.

Let l_)z{Dﬁ|j=1,2 ...... n t=12...... y;} be the set of the whole trips

departed from the identical terminal. Let D, mean the trip ¢ of the bus line j . Let

y,; be the trips of bus line j .
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Let K = K, lj=12...... n t=12...... ¥;} be the set of the vehicles departed

from the identical terminal. Let K, mean the vehicle to conduct the trip 7 of the
line j. Let y; be the trips of bus line ;.

Let t, be the departure time from the identical terminal and 7, be the

arrival time (the time back the identical terminal).

Let %, be the departure interval of the trip ¢ of the line ;.

Let ¢

Jt?

t,, be the running time for up and down.

Let #

Jjt?

tt,, be the stop time of the other terminal relative to the same terminal.
Let P, be the number of the non-cross-line passengers of the trip D, .

Let P, be the number of the cross-line transfer passengers from D, to D,

Let A be the arrival rate of non-cross-line passengers per unit time.

Let [ be the rate of passengers to get on the bus.

3.4 The model building
With the above mathematical symbol, the model of synchronization timetable
would be built in this section.
(1) The difference value of departure intervals compared with timetables for
single line:

Ar, =§l:i(hﬂ,—h,;) (1)

i=l s=l

(2) The transfer waiting time:

Supposing that line L, and line L, are from the identical terminal, the

arrival times of the trips D, and D, are as follows:
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ly —td/,+t +tt +t =ty +(=Dh, +t +tt +t

(2)
Luis = Lais +tis +ttis +tis =1, +(s=Dh, +tis +ttis +tis
And the departure times of the trips D,,, and D,,, are as follows:
Ly jin1 =Ly +h Lin 'Hh
(3)
Lyjssr = Lag Th =14y +5h,

Assume that the arrival time of the trip D, is earlier than the departure time of

the trip D,

is >

means the number of the cross-line transfer passengers from D,

to D, ; On the contrary, the number of the cross-line transfer passengers from D,

to D, isrepresented by P,

is, jt *

Therefore, the transfer time of the cross-line transfer passengers is as follows:

t=1 s=1 t=1 s=1

|:]Z]i /tls(tdl: ta/l):|+ﬁ/|:}z > : z+1(td/t+1 tat:) (4)

Among, £ . is logic variable.

(5)

1,0< (tdis ajt) < mm(hﬂ’ hfS );
B ;= ,
0, otherwise

If there are more than two lines from the identical terminal, the total transfer
time of the cross-line transfer passengers is as follows:

AT = ZZAT (6)

=1 j=1

(3) The waiting time of the non-cross-line passengers of original line:
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Supposing that the arrival number of the non-cross-line waiting passengers of
original line is complied with poisson distribution per unit time, probability density
function is as follows:

Qe
x!

(7)

p(x)=

Among, p(x) is the arrival probability per unit time when there are x
passengers arriving. Therefore, the number of the arrival passengers is p, =4h, in

the departure interval /4, . And the waiting time of the non-cross-line passengers of

original line is as follows:

AT =3 ) ®

Among, his = tdis _td,is—l .
The total waiting time of all kinds of lines is as follows:

2

9)

! Ly /1}1
AT, =33 aT =33 S

! /
i=l j=1 i=l j=l s=1

(4) The model of synchronization timetable

Based on above three aspects, this paper builds the model of synchronization
timetable. Because of multi objective optimization problem, this paper makes use of
the linear weighted method to convert the model. As considering two lines
synchronized to depart from the identical terminal, the model is as follows:
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min(e,z, + &z, ta,z,)

i
>y

i=l s=

Ji

(

=minJ +a,
tl sl

<
<

& (10)
jt is (tdlv tajt):|+ﬁ J |: z is jl+1( d,jt+l _tais):|}

t=1 s=1

ta, {yzwz”) § Gty }

s=1 t=1

Among, z,,z,,z, respectively represent the deviation cost compared with

timetables for single line, the cross-line waiting cost and the waiting cost of the

non-cross-line passengers of original line. ¢«,,c,,c, respectively represent the
weights of the three optimization goals. What’s more, o+, +0o;=1 and
O0<a,a,,a,<1. According to the importance of the three optimization goals, we

could give values of ¢, ,, ;.

Generated from the above mathematical model, if there are more than two lines
from the identical terminal, the model of synchronization timetable is as follows:

min(e,z, + 0,2, 0 z,)

t=1 s=I1 t=1 s=l

11 Vi i
=min ta, ZZ{{ZZ jtzv(tdis_ ajt :|+ lj|:zz ”/Hl(d/f‘*'l_t“fs):|}

(11)

4 The model building of seamless transfer timetable
4.1 The model building

The model with synchronization timetable has three optimization goals, which
are the minimal difference value of departure intervals compared with timetables for
single line, the minimal transfer waiting time and the minimal waiting time of the
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non-cross-line passengers of original line. However, for some cross-line transfer
passengers, not only would they like to reduce transfer waiting time, but also want to
reduce cross-line walking distance. Therefore, this section would build the model of
seamless transfer timetable to improve passenger perception service requirements,
which is suitable for some lines having lots of cross-line transfer passengers or some
lines having intensive passengers flow during the peak. Seamless transfer timetable
is a cross-line timetable suited for vehicles cross-line operation, which means a
vehicle can continue conducting another line’s trip after conducting one line’s trip in
order to improve passenger transfer convenience, reduce the cross-line transfer
passenger walking distance and reduce the transfer waiting time.

Assume that the arrival time of the vehicle K, is earlier than the departure

time of the trip K,

is 2

and let the vehicle K, continue conducting the trip D, after
conducting the trip D), . Then for the cross-line transfer passengers from D, to

D, , the identical terminal is a middle station, in which the dwell time of the vehicle

should be diminished as soon as possible. When all the passengers get on the

Jt

bus, the vehicle could be departed. Therefore, a constraint of dwell time should be
added up in the model of seamless transfer timetable. Because the cross-line transfer
passengers do not get off the bus, the dwell time is proportional to the non-cross-line
waiting passengers.

Let S be the rate of passengers getting on the bus. Then the time to getting on

the bus is the departure interval, which is as follows:

h _ﬁ other,is ﬂ
D LRUNC I
J t N
L Zzpjt’is
- Zz ~0+ 3P, :hm:—./ﬂl[:l—l (12)
! B
: ZZP't,is-i-ﬂPis
j=1 =1
L
=ﬂzz s+ BN
j=1 t=1
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According to the departure intervals of connecting trips, seamless transfer
timetable can be developed.
4.2 The solution domain

Through solving out the model with seamless transfer timetable, we could get
the departure intervals of all kinds of lines. Based on the premise that the departure
time of first trip is known, the timetable for each line could be set out as follows:

t” tll +h’12 e tl,s—l +h’lv o tl,y‘—l +h1yi
by tythy, o G the ot +h (13)
zLnl tnl + hn2 : ZLn,s—l + hns tn,y -1 + hny

5 Conclusions

This paper studied the model of synchronization timetable and the model of
seamless transfer timetable for single-depot based on vehicle capacity sharing. The
optimization goals of the two models are to decrease the waiting time cost of the
whole passengers, reduce the transfer waiting time and cross-line walking distance of
the cross-line transfer passengers.

Future research will focus on two aspects:

» To find out the suitable algorithms to solve the two models;

» To find out applicability of the two models and to calculate through cases.

Acknowledgements
This research was supported by the National Natural Science Foundation of
China (Grant no.61174185).

References

Ceder, A. (1987). Methods for Creating Bus Timetables. Transportation Research
Part A, 21(1), 59-83.

Ceder, A., Golany, B. and Tal., O. (2001). Creating Bus Time Tables with Maximal
Synchronization. Transportation Research Part A, 35, 913-928.

Ceder, A. (2007). Public Transit Planning and Operation- Theory, Modelling and
Practice. Butterworth-Heinemann, UK.

Liu, Z.G., Shen, J.S., Wang, H.X. and Yang, W. (2007). Regional Public
Transportation Timetabling Model with Synchronization. Journal of
transportation System Engineering and Information Technology, 7(2),
109-113.

223



ICTE 2015 224

Song, T.Y. (2013). Research on Regional Bus Timetable Scheduling Optimization.
Huazhong University of Science and Technology.

© ASCE



ICTE 2015

© ASCE

Feasibility of Mixed Marshalling of Passenger and Cargo Transportation on a

High-Speed Railway
Rui Wang' and Xueqing Cheng’

'School of Transport and Logistics, Southwest Jiaotong University, Chengdu,
Sichuan, China. E-mail: 8014691168@qq.com
*National United Engineering Laboratory of Integrated and Intelligent Transportation,

Southwest Jiaotong University, Chengdu, Sichuan, China. E-mail: cxq@swjtu.edu.cn

Abstract: With the comprehensive construction of high-speed railway and deepening
reform of the railway freight transportation, high-speed railway is labeled with safe,
fast, punctual and other features, which will bring infinite possibility for the railway
freight transportation, therefore the research of fast freight trains on high-speed
railway is a meaningful exploration. Combining with the current situation of the
development of high-speed railway freight transportation in China and abroad, six
modes of high-speed railway freight transportation in theory is put forward in this
paper. By analyzing the operation conditions of all aspects of the six modes, the
suitable mode of China in the short term is the mode of the high-speed train with the
mixed marshalling of passenger and cargo. Then this paper prove the feasibility of
the mixed marshalling of passenger and cargo transportation on the high-speed
railway through selecting and transforming the appropriate freight train, constructing
the freight line and platform in the stations on the high-speed railway, analyzing the
transport organization technology and the economic operation conditions. In the end,
the further research work and the operation mode of the high-speed railway freight
transportation in the future are put forward.

Keywords: High-speed railway; Freight transportation; Operation mode; Mixed
marshalling of passenger and cargo; Feasibility.

1 Introduction

Since the 1990s, high-speed railway developed rapidly in China, passenger
dedicated line network has been initially formed, and the construction large-scale
high-speed railway construction has begun. At the same time, the reform of railway
freight also begun along with the founded of the railway corporation. Railway freight
transportation participated in market competition actively in order to adapt to market
requirements. And the development of high-speed railway provides a good condition
for the freight reform, because the characteristics of high transport speed, high
punctuality rate, security and environmental protection can effectively meet the
various demands of today's freight transportation. However, at the beginning of the
design of high-speed railway, the possibility of the transport of cargos didn’t be
taken into consideration. This paper seeks the suitable high-speed railway freight
operation mode for China in the short term from six possible high-speed railway
freight operation modes, and discusses its feasibility.
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2 The development of high-speed railway freight

France is the earliest country that developed high-speed railway freight
transportation, with the opening southeast of Paris TGV line in Paris — Lyon, two
TGV passenger train were transformed to transport letters , packages and other small
freight transportation at the speed of 270 km/h on the line. It is generally known that
Germany and Italy are the countries that use the operation mode of high-speed freight
train. In 2000, the German railway company transformed a kind of special container
train to the high-speed freight train which shipped intercity packages. And Italy
transport fresh, perishable cargos on the high-speed railway. The speed of high-speed
freight train is controlled within 160 km/h in Germany and Italy (Wu Yunyun, 2010).

With the establishment of China Railway Corporation and improvement of the
freight organization reform, high-speed express products are planned to develop. At
present there are two main types of high-speed railway express train in China, one is
the first train which is used to check the situation of line in the morning every day,
without picking up passengers; another is the passenger train which loads part
expresses and parcels. However, the possibility of the transport of cargos wasn’t
considered in the original design of high-speed railway, therefore, freight lines and
the corresponding platforms weren’t built in the plans. Furthermore, the limited stop
time of high-speed trains in the along high-speed railway station and the lack of
special high-speed railway freight train in China, will lead to the limitation on the
size and number of freight. So the research on finding the right high-speed railway
freight transportation operation mode is urgent and important.

3 The selection of high-speed railway freight operation mode

Combining with present situation in China and abroad, freight traffic transport
capacity and technical conditions, there are six modes of high-speed railway freight
operation mode in theory: transport freight on the high-speed passenger train, the
high-speed railway confirm train, the high-speed freight train, the high-speed train
with the mixed marshalling of passenger and cargo, the coupling train of passenger
and cargo and high-speed freight railway (Wu Yunyun, 2010).

The comparison results of six modes is showed in Table 1.Among them, the
mode of transport freight on the high-speed passenger train and the high-speed
railway confirm train are used in China, but high-speed freight transportation can’t
be developed on the basis of the two modes because of the small transport capacity.
Although the mode of high-speed freight railway has the largest transportation
capacity without the crossover operation of passenger and cargo, it needs a set of
high-speed freight railway equipment which includes lines, vehicles and stations,
requiring a huge construction cost and a long construction cycle. The mode of the
coupling train of passenger and cargo can solve the shortage of high-speed railway
freight station equipment and freight line. But at the same time the link of shunting
operation is increased, and the speed of the passenger train operation will be reduced.
The operation of loading and unloading is handled in the station on existing lines,
hence the signal equipments on the existing line should be connected with the ones
on high-speed railway, so the implementation of the mode is also difficult to achieve
in the short term.
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Table 1. The contrast table of operation modes

The
. impact on Vehicle . .
Operation Transport the cquipment The station The technical The
mode capacity passenger re(;luirrt)ements requirement requirements instance
capacity
Transport
freight on the Rack with No special No special
high-speed Small No slightly Sp Sp CRE
passenger modified requirements requirements
train
The high- Wuhan-
The . . . Guangzh
speed relativel No No special No special No special ou high-
railway small y requirements requirements requirements spe ég d
confirm train P
railway
The modified
The high- . . . . signal equipment
speed freight Big Yes fo:ilgﬁ t Stlr)z?icrizl Sp ecEa;Sf;elght on existing lines; TGV
train & Increased freight
organization
The high- Special station Talgo
speed train latform: XXl type
with the The Existing freight | P The Increased freicht tilting
mixed relatively Yes trains with € i f)re asnei atio r% train in
marshalling big modified corlzeslc)l(l)p e ganiz the
of passenger an mgt United
and cargo equipmen States
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The mode of the high-speed freight train is used in France, Germany and Italy.
But in China, firstly, vehicle equipment of dedicated freight train is the problem
which is still unsolved. In addition, because of the shortage of the freight line and
freight platform, special freight base is required to be built in China. Moreover, the
connected signal equipment is needed on the existing lines and high-speed railway.
Therefore, although the operation of high-speed freight train in short term is unlikely
in China, the high-speed freight train is the trend of high-speed railway freight
transportation in the long run.

The transport capacity of the mode of the high-speed train with the mixed
marshalling of passenger and cargo is relatively big, the existing freight trains can be
reformed in order to reach the standard of high-speed railway, and the problem of
signal equipment can be solved through increasing the freight line and platform in
high-speed railway station. It’s a suitable mode in short term in China, we can open
the market of high-speed railway freight transportation through this mode and
prepare for the later development of the high-speed freight train.
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4 The feasibility of the high-speed train with the mixed marshalling of passenger
and cargo

4.1 The feasibility of trains

At present, there are two kinds of fast freight train which are operated in China.
One is the dedicated mail train whose speed reaches 160km/h and the other is the
dedicated package train whose speed reaches 120km/h for the reason of the different
weights of the cargos. The representative of dedicated mail train is the 25T package
train developed by China CNR Corporation, using the passenger train bogie. The
dedicated package train is mainly remolded from the P65 and PB freight train, using
the freight train bogie. The mode of the high-speed train with the mixed marshalling
of passenger and cargo is the pattern which mix passenger motor train unit with
freight train into an integrated train, therefore the speed, transportation organization
and structure of the freight train should be close to the passenger motor train unit.

Table 2. The contrast table of trains

Train model Axle load (t) Speed ( km/h ) Bogie
CRHS5 <17 200 Passenger
25T package train <16.5 160 Passenger
P65 freight train 18 120 Freight

The table above is the comparison between CRHS, 25T package train and P65
freight train on the axle load, speed and bogie type. It shows that 25T package train,
which uses the passenger train bogie and has the closely speed and axle load, is more
close to the passenger motor train unit. Therefore, 25T package train is selected to be
remolded as follow. Firstly, the boundary dimension of the freight train should be
consistent with passenger motor train unit due to the mixed grouping of them. In
addition, the handling operation of the passenger and cargo is proceeded in the high-
speed railway station, thus the operation should be safe, efficient and convenient.
The delivered cargos mainly consist of expresses and postal parcels hence the inner
structure should be designed in the form of cargos warehouse in order to use interior
space adequately, and the cargos should satisfy the standardization of the size and
weight at the same time to achieve the requirements of rapid, balanced and
reasonable loading. Moreover, the door should be designed to be wide enough for
easy access and have the function of automatic switch as passenger motor train unit
to accelerate the degree of automation.

4.2The feasibility of station

[ City | Freight
Platform
[ Passenger Platform |
3
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: | 4 —
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Figure 1. Modified figure of intermediate station
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The station stoppage time in the intermediate station of high-speed railway is
short, and the corresponding city is small, thus the cargo quantity handled in the
station is relatively confined. Therefore, the situation can be solved by setting
through-type freight yard in the intermediate station of high-speed railway, and
lengthening the existing arrival-departure lines and constructing another freight line
and corresponding freight platform. Considering the convenience for picking up and
delivering the cargos, the through-type freight yard should be set by the side near the
city.

In the operation process of high-speed railway freight train, the junction center
station is responsible for loading and unloading of cargos, maintenance and
marshaling of the vehicle. Therefore, the requirement of massive handled cargos
cannot be satisfied by the through-type freight yard, thus end-type freight yard
should be set on the side of the maintenance base line and maintenance of the mixed
train will be convenient, and handling operation time of the cargos can be satisfied as
well.

\ City |
[ Passenger Platform ]
arrival-departure —
. Yard -
— /xi

Freight Yard
Figure 2. Modified figure of junction center station

4.3 The feasibility of transportation organization

For the mode of the high-speed train with the mixed marshalling of passenger
and cargo, loading and unloading operations can be done in high-speed railway
stations which are remolded in the short term. Therefore, trains can use the existing
signal equipments of high-speed railway instead of switching to the existing lines.
High-speed railway station should be equipped with corresponding handling
equipment. According to the standard specification and weight, the cargos should be
handled with corresponding handling equipment as the plans in the station stoppage
time.

Furthermore, operation situations of passenger trains which have been opened at
present are shown in table 3 (Gu Xuejing, 2014). From the table, operation situation
of the Beijing-Shanghai passenger dedicated line is the best, and the daily operation
numbers are approximate to the largest traffic capacity. The remains of traffic
capacity and the low attendance opportunely provide the technical conditions for the
operation of the high-speed railway freight transportation. It should be pointed out
that the operation of the high-speed railway freight transportation will increase the
stop time and influence the passenger service, the loading and unloading of
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passengers and cargos will be operated on the same platform in intermediate station,
the above problems will be the focus in further research.

Table 3 Operation table of high-speed railway

High-speed railway line Daily operation log Attendance
The Beijing-Tianjin inter-city 90 70%
Shijiazhuang-Taiyuan 17 90%
Wenzhou-Fuzhou 315 -
Ningbo-Wenzhou 35 160%
Wuhan-Guangzhou 70 105%
Zhengzhou-Xi’an 15 -
Fuzhou-Xiamen 37 -
Chengdu-Dujiangyan 20 -
Shanghai-Nanjing 80 121.7%
The Nanchang-Jiujiang inter-city 9 85%
Shanghai-Hangzhou 93 80%
Nanjing-Hangzhou 86 70%
Beijing-Shanghai 112.5 107%
Beijing-Guangzhou 3 -

4.4 The feasibility of economy

At present, high-speed railway network with the longest operation mileage and
fastest speed has been built in China. According to the long-term schemes of railway
network, until 2020, operation mileage at the speed of 200km/h will reach 3000
kilometers. In recent years, the prosperity of electronic commerce and online
shopping market prompted the rapid development of express industry in China.

The advantages of large capacity, high speed, high on-schedule rate and less
influence of the climate make the high-speed railway freight occupy the
advantageous position in competition of the express industries. Such a massive
network of high-speed railway and the express industry with great increments
provide excellent economic conditions for the rapid development of the high-speed
railway freight and the cooperation between express companies and Railways
Corporation.

5 Conclusions

According to analysis on the merits and demerits of six kinds of high-speed
railway freight operation modes, the mode of the high-speed train with the mixed
marshalling of passenger and cargo which is suitable for China's high-speed railway
freight operation mode in the short term is summed up in this paper. The mode is
feasible by proof in vehicle equipment, transformation of high-speed railway station,
organizational technology and economy of transportation in the short term.
Especially, the viable solutions are put forward to the selection and renovation of
vehicle equipment and maintenance of the station freight line.

The present research works are in the primary phase, in order to realize the
freight transport of high-speed railway further, specific operation lines and schemes
of the mode of the high-speed train with the mixed marshalling of passenger and
cargo should be researched in the further work. In addition, through the future
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research and renovation of the infrastructure, China's freight operation mode of high-
speed railway should be the mode of high-speed freight train.
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Abstract: As the civil seaplane is an emerging industry in China, its navigation
safety needs to be studied. The research on the three-dimensional model of seaplane
domain provides the site supervision with technical support during taking-off and
landing, and also helps to improve the safety and efficiency of navigation in the
operation area. Fujii and Goodwin ship domain model are analyzed by comparison in
between. Combined with the navigational characteristics and the safety requirements
of seaplane during taking-off and landing, the basic theory of seaplane domain is
proposed. On the basis of ship following model, the safety distance between seaplane
and ship in encounter is calculated, and a two-dimensional seaplane domain model is
established. Additionally, the third vertical dimension model of seaplane domain is
determined by its requirements on headroom clearance to prevent collision with the
superstructure of ships around. Finally, the developed three-dimensional model is
applied in the case in Sanya, China.

Keywords: Seaplane; Taking-off and landing; Ship domain; Three-dimensional
model.

1 Introduction

The civil seaplane is one of the important members of general aviation.
Currently, the civil seaplane industry is in the initial stage in China. According to the
risk factors of seaplane-vessel collision by Weng et al. (2013), it stated the first civil
seaplane project had settled in Sanya City, Hainan Province in 2012.

Seaplane, as a new means of marine transport in China, its navigation safety is
urgent to be studied. Despite the impact of environmental factors, the navigation
safety of seaplane is also strongly affected by the disturbance from small vessels
around. Guaranteeing a basic seaplane domain provides the seaplanes with a safe
operation during taking-off and landing, and gives the vessels around a reference of
collision avoidance with the moving seaplane.
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2 Seaplane characteristics
2.1 Property of seaplane as a ship

According to COLREGs by IMO (2012), the third article ‘General Definitions’
defines ‘seaplane’ including any aircraft designed to be able to maneuver on the water.
When the seaplane is contacting with the surface of the water, it is seen as a vessel
and COLREGs apply. While it leaves the water surface, seaplane is taken as aircraft
and suitable for Aviation Rules. According to People's Republic of China Maritime
Traffic Safety Law, seaplanes are regarded as ships.

2.2 Features of seaplane comparing to general ships

(1) Faster speed

Compared to general ships, the speed of seaplane is significantly higher during
taking-off and landing. For instance, the highest flight speed of ‘SH-5" is 556km/h,
and ‘US2’ 560km/h. Similar to the civil aircrafts on land, the first phase for
taking-off is taxiing to the operation area. Upon arrival, the seaplane accelerates and
takes off after the speed reaching 200 km/h or so. Generally speaking, the speed
during landing is slightly lower than for taking-off.

(2) Larger taking-off and landing waters

Before taking off and after landing, the seaplanes need a long time to taxi
between the berth and the operation area. Since the speed for taking-off and before
landing is rather high, the seaplanes need a larger area to accelerate or decelerate. For
instance, the water length for taking-off of ‘SH-5" is 482m, and the landing area is
653m long. As for ‘US2’ from Japan, the taking-off distance is 280m, and the landing
distance is 330m.

(3) More flexible maneuverability

Seaplanes have flexible maneuverability. Despite operating on the open water
area, they also can take off or land on the rivers, lakes and reservoirs with the depth
of 2.5m, length is 1500m and width is 200m. Some seaplanes can also use the land
for taking-off and landing. Lu et al. (2011) have simulated the process of aircraft
landing. Due to the unique structure of seaplanes, they are designed with good
turning ability, anti-wave performance and flexible maneuverability.

2.3 Movements for taking-off and landing of seaplane

As shown in (Figurel) the seaplanes take off and land in a defined operation area,
e.g. a circle with diameter 1000m in port of Sanya in China. After leaving the berth,
seaplanes taxi to the operation area and accelerate to take off.
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Figure 1. The operation waters of seaplane

The process of seaplane leaving the berth to taking off, the changes in speed and
movement of seaplane can be divided into three phases.

(1) Taxiing

After leaving the berth, seaplanes taxi to the operation area at an average speed
of 5 to 6 knots, which is similar to the sailing ships in port. In this phase, the seaplane
can be regarded as a general ship and COLREGs apply.

(2) Accelerating

Upon arrival at the operation area, the pilot determines the taking-off direction
according to the current meteorological and hydrological information. Normally, a
direction against the wind is preferred. After receiving the order from the Aviation
Control Center, the seaplane begins to accelerate and takes off when the required
speed is reached. It is easy to collide with vessels around in this phase.

(3) Aerial adjusting

After taking off, the seaplane will adjust its flight direction. At this moment, the
seaplane is seen as an aircraft totally.

3 Safety distance calculation based on the following theory
3.1 Safety distance between sailing seaplane and ships around

For any vehicle in movement, it will keep a certain distance with the others
around to guarantee its safety. To a seaplane, it also needs to keep such a safety
distance with the ships around during taking-off and landing. The distance is required
to guarantee enough time for a seaplane to stop or pass with each other at a safe
distance when encountering with a ship. In this way, there is a safety distance around
the seaplane, which is called the seaplane domain. It is a quantitative scope of the
seaplane rather than a particle, which describes the minimum distance for the safe
navigation of seaplane.

3.2 Following model of seaplanes

The following theory was firstly proposed in the road traffic research. Chen
(2011) has stated the main point of the following theory is to simulate the
macroscopic traffic flow in a single lane. In such a circumstance, the cars ahead
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cannot be overtaken, and the behavior of the cars behind is restricted by the former
one.

The ship following theory is developed on the basis of the following theory of
vehicles, which simulates the vessels sailing in a one-direction channel. Since the
seaplanes move in a determined direction during taking-off or landing, and the ships
will be in the front or at the rear, the following theory can apply. By the analysis on
the original ship following model, if a seaplane encounters with a vessel, the biggest
safety distance can be obtained when the speed of vessel is lowest, and it is namely
for the stationary state of the vessel. In order to ensure the largest navigation safety
of ships, the revised following model of encounter between a seaplane and a vessel is

shown in ( Figure.2).

f h |

seaplane seaplane vessel

fe-tte} L = d >|

™"} Beforc slow down [ After slow down

Figure 2.The following model of seaplane and veseel

According to Fig. 2, the minimum safety distance between seaplane and ship is
calculated as Equation (1).

2

h:l'+LS+d:d+Vt,+Z— D
a

In which

h is the minimum safety distance between ship and seaplane; d is the safety
distance between the ship’s bow and the seaplane’s head, !’ is the sailing distance
within the response time of the pilot; ¢, is the response time of seaplane pilot; Lg is
the stopping distance of seaplane; Vis the speed of the seaplane, a is the maximum
braking acceleration of the seaplane.

4 2D seaplane domain development
4.1 Applicability analysis of ship domain theory

Ship domain refers to the scope existing around the sailing vessel, which
describes the distance for safe navigation. The studies on the statistical analysis of
the relative positions between the ships are to obtain the shape and size of the ship
domain. The most representative ship domain models are the Fujii model and
Goodwin model.
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According to comparative study on ship domain models by Liu et al. (2009),
Fujii defined the ship domain as the field around the navigating ship, in which the
following ships should avoid entering into. In this way, the ship domain model is an
oval.

Inspired by Fujii, Goodwin developed an asymmetrical ship domain model by
the means of radar simulator, considering the impacts of COLREGs on ships’
behavior for collision avoidance. According to the display range of ship’s lights, the
model consists of three sectors, as shown in Figure 3.

0.7nm 0.85nm

0 112.5°

Figure 3. Ship domain model of Goodwin

Fujii determined the size and boundary of ship domain by considering the traffic
capacity and the risk of collision in a channel, while the model of Goodwin considers
the risk level of marine traffic, the latter is more accurate in open waters.

The core of the above two models are similar, but each of them also has its own
characteristics. The research on the encountering situation in the operation area of
seaplane is similar to the basic conditions of Goodwin model. Therefore, the seaplane
domain model is developed according to the theory of Goodwin.

4.2 Development of 2D model for seaplane domain in operation area

Referring to the analysis of the seaplane characteristics by Zhong et al. (1989),
due to the flexible maneuverability of seaplanes in the operation area, the capability
of collision avoidance for turning port or starboard are almost the same. Therefore,
the left and right part of the seaplane domain can be seen as symmetrical.

When the seaplane is taking off and landing, the speed of the seaplane is much
larger than the following ships. There is almost no following ship can overtake a
seaplane. Hence, the rear part of the seaplane domain can refer to the theoretical
values of the Fujii model.

Combined with the movement characteristics of the seaplane, the preliminary
seaplane domain model is developed based on the theory of Goodwin as Figure 4.
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Figure 4. Preliminary seaplane domain model

The size of the two-dimensional (2D) seaplane domain is determined by the
speed of seaplane. According to the analysis of the safety distance, within the range
of 225 ° in front of the seaplane, the safety distance is 4, while within the range of
135° in the rear, the safety distance is valued by half of the long axis of Fujii model,
which is three times the length of seaplane.

The seaplane domain is a revision of the Goodwin model. Due to three different
encounter situations between ships, the safety distance varies in different directions.
In order to avoid a sharp change in the safety distance, the preliminary model is
further modified. The connecting points of the lines locate at 22.5 degrees both at the
left and right sides, and the radian of each arc is 45 degrees. Then a coordinate
system is built up with the seaplane at the center point, as shown in Figure 5.

¥y

Figure 5.Coordinate system of 2D seaplane domain

In the coordinate system, the scope of the seaplane’s ship domain is respectively
introduced in a sectional function.

In the range of 0° to 202.5° and 337.5° to 0°, the function formula is as
Equation (2).

x4y =h (2)

In the range of 202.5° to 247.5°, the function formula is as Equation (3).

_ (2-Dh=3(2+1)L . 2k =32+ )AL _2—ﬁh
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In the range of 247.5° to 292.5°, the function formula is as Equation (4).
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x4+ =9 (4)

In the range of 202.5° to 247.5°, which is symmetrical with the second situation,
the function formula is as Equation (5).

(f )h— 3(\/_+1)L 2k =32 + )AL 2—\5h
Y 30 2+ 0h-32-DL 4

Based on the above calculation, the size and shape of the seaplane domain is

(5

determined as in Figure 6. Since the shape of the model is similar to ‘scallops’, the
seaplane domain model is named as ‘scallops model’ in this paper.

3L

Figure 6. 2D scallops seaplane domain model

5 3D seaplane domain development

The development of s three-dimensional (3D) seaplane domain model is to
avoid collision with the superstructures of ships during the climbing phase of the
seaplane. The 3D seaplane domain model is developed from the 2D seaplane
domain model by considering its requirement of headroom clearance after the
seaplane leaving the water surface.

According to characteristics of seaplane during taking-off, set the climbing
angle of seaplane as o (usually about 10°), the height above the water of the ship as
H, and the distance which will cause collision between seaplane and ship as d , which
is the minimum safety distance analyzed above. The parameters can be shown in

Figure 7.
M H
a

d

Figure 7. Trigonometry relationship between seaplane ane ship in headroom

The relation between the horizontal and the vertical distance is as Equation (6).

(6)
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The 3D coordinate system for seaplane is established as shown in Figure 8.

Figure 8.3D coordinate system of seaplane domain

In the 3D coordinate system, headroom requirement z varies with change in x
and y as in Equation (7).

E\/x2+y2, z>G 7

z=3h
G ’ZSG

In which, G is the height of seaplane.

According to the relations between variables in the coordinate system, a 3D
seaplane domain model can be developed. The maximum length of the model is the
length of ‘scallops’, which is the safety distance / plus three times of L the length of
seaplane. The maximum width of is 2/, which is double of the safety distance. The
height of the model is the headroom for safety navigation of seaplanes. The 3D
seaplane domain model is finally developed as shown in Figure9. And the
orthographic views of the model are shown in Figure1O.

2h

3\3\-h

Figure 9. 3D seaplane domain model

(a) Front view of the model
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(b) Top view of the model
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(c) Left view of the model
Figure 10. Orthographic views of the model
The shape and size of the 3D seaplane domain is related to the parameters of
both the seaplane and the ship. In this way, the length, width, and height of the model
are different to different participants. According to the acquired statistics of ships and
seaplanes, the size of the model can be determined. In the different phases of
taking-off and landing, the 3D seaplane domain model also varies dynamically.

6 Case study

A case study is performed choosing a particular seaplane model in port of Sanya,
China by Pan et al. (2014). The seaplane is named VIKING DHC-6/400 (Twin Otter)
with its performance parameters listed in Table 1:

Table 1.Performance parameters of VIKING DHC-6/400

Ta'klng-off L.andlng Length Height Taking-off
distance distance speed
374m 337m 15.77m 2.95m 180km/h

According to the study on the response time of pilots by Xu et al. (2007), 0.6s is
the statistical results. And the value of the seaplane pilot’s response time ¢, is set as
0.6s. The safety distance between the bow of the ship and the seaplane d can be
obtained when the height above the water of the ship H is confirmed. In this paper H
is set as 10m. The calculation results are shown in the follow Table 2:

Table 2.Parameters calculation of 3D seaplane domain model

Parameter Value Pararmete Value
14 50m/s a 43.3m/s”
t, 0.6s Ls 374m
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H 10m a 10°
d 57m L 15.77m
Parameter h Value 461m

On the basis of the above calculation results, when the seaplane encounters with
a ship whose superstructure is 10m, the minimum safety distance is 461m. Within
this distance the seaplane can avoid the collision with the ship and take off safely.
Comparing the size of the 3D ship domain model designed for seaplane to the
diameter of operation area 1000m (vessels are forbidden to sail in or through) set in
Sanya currently, the size of the model is considerably smaller. If the exclusive area
for seaplane is set according to the 3D seaplane domain, the navigation efficiency in
this area is expected to increase.

Acknowledgement

The navigation safety of seaplane is affected by many factors, by the study on
the process of seaplane during taking-off and landing, the three-dimensional seaplane
domain model is established. The developed 3D seaplane domain model can be used
as reference to set the exclusive water area for taking-off and landing of seaplane.
After implementing efficient methods and means for site supervision, the safety of
both seaplanes and ships can be guaranteed at a least decrease of the navigation
efficiency in the area.
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Abstract: The research focused on the new built tram system, Tram Line 1, in
Zhuhai, which the tram is one kind of urban track traffic systems. Three kinds of
benefits are analyzed as following. Firstly, the economic benefits have been studied
including the passenger time-saving benefit and the land value-added benefit.
Secondly, the social benefits, which means according to the results of the reducing
traffic accidents benefit prediction model and the reducing journey fatigue model,
have been analyzed. Thirdly, the environmental benefits have been analyzed, which
means by using the prediction of the energy saving benefits, the reducing air
pollution benefits forecasting model and the CRTN model to predict the noise effects
on the surrounding environment. The paper tried to let the public fully understand the
indirect and external social interests which the tram system would bring up. It also
gave some suggestions for the sustainable development of the tram system.
Keywords: Economic benefits; Social benefits; Environmental benefits.

1 Introduction

The tram network system is one kind of urban track systems in China. After
reviewed some literatures, this paper found that many domestic researches only
focused on the financial evaluation and the national economic evaluation of a project
feasible. But in the actual operation, the data of passenger flow, investment and
others often appeared deviation. The model and method of economic evaluation of
rail tram in the period after the whole, not a single line of cases. From the view of
economic attribute, it belongs to the public product which is based on the needs of
the social economy and development. For a country, the macro social benefits
generated from the customers on the society or the users of the traffic are much more
than the micro economic benefits generated from the constructers or the operators.

On the other hand, since 1980s’, the overseas researches and academic circles
paid more attention to the economic growth, the relationship between the economic
development and the level of infrastructure. Alfonso (2007) proposed the
infrastructure as an impact of investment on the regional economic growth and used
the vector auto regression (VAR) to analyze the infrastructure system.
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The project of modern tram Line 1 (ZIUPD, 2013) is the first line of tram
system in Zhuhai, which the total length is about 19km. The first phase of the Line 1
is about 8.9 km including 14 stop stations and a vehicle base. The line start point is
Haitian Park Station and the line end point is Shangchong Station. Line 1 is all
ground line which is along the east-west route through the main areas of the city,
such as Xiangzhou, New Xiangzhou and Shangchong. The carriage is 100%
low-floor and steel wheels. The steel rail is 32 meters long and 2.65 meters wide.
The maximum operating speed is 70 km/h. The maximum capacity of a carriage is
300 persons according to the standing standard of 6 people per one square. Along the
whole line, the track structures are constructed with the whole track bed, buried rail
structure and steel rail groove. The green lawn is mainly paved with some local areas
using brick pavement. There are 9 island stations and 5 side stations, which are all on
the ground with the open platform. The average station space is 0.7 km. The stations
are designed simply and concisely with the automatic ticket vending machines and
passenger information systems. The passengers can enter the station by underground
walkway or intersection crosswalk line to solve the pedestrian crossing and access
platform problems. The power supply adopts Ansaldo’s ground power supply system
which is a patent technology from Italy. Except to in the vehicle base, all the line
does not have the overhead catenary line (commonly known as "braid"), which
means the landscape effect is obvious. The operating control systems, including the
switch control system, automatic carriage position system, signal priority system,
monitoring system and wireless communication system, can control and manage the
carriages to run as far as possible in accordance with the schedule to ensure the
punctuality requirements. The signal for tram along the line is prior based on the
green wave and active request. The total investment is 2.62 billion Yuan. For the
modern tram Line 1, the average cost of the first phase of the project is about 160
million Yuan/ km.

2 Economic Benefits

The economic benefits (Jiang Yuzhen, 2002) include the passenger time-saving
benefit and the land value-added benefit. The passenger time-saving benefit can be
measure based on the off-job travel time-saving value. The land value-added benefit
had been studied based on the real estate value-added model. In addition, the
establishment of the effective and scientific return model of tram system benefits has
an important theoretic and applied value.
2.1 Passenger Time-saving Benefit

Passenger time-saving benefit is a benefit of economic value that is created by
passengers who save their traffic time base on the choice of tram traffic but not the
traditional public buses. From theoretic aspect, the time-saving benefits of the tram
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passengers include the job travel time-saving value, which the tram saved the
working time and improved the work efficiency, and the off-job travel time-saving
value according to the welfare benefits of leisure time. The passenger time-saving
benefit can be calculated according to a formula in what follows text by (1).

Bl =@ xXT xG x50% (D

B1 is the passenger time-saving benefit.

Q is the passenger traffic data per year.

T is the average saving time per person.

G is the gross domestic product per hour and per person.

50% means that the value created by people during off-job time is half of the
value created during the job time.
2.2 Land Value-added Benefit

Hedonic price model (HPM) originated from the new customer theory (NCT)
(Lancaster, 1966) and the market supply and demand equilibrium model (Rosen,
1974) indicates that the customers’ demand for the heterogenetic goods is not based
on the goods itself but based on the features or attributes of the goods. The features
or attributes of heterogenetic goods are combined all together to become a feature
package that can affect the benefit. The goods are sold as an aggregate of the intrinsic
characteristics or features which can affect the choice of customer. In this paper, the
feature variables are divided into three kinds that are the location, the neighborhood
and the structure.

(1) Location Feature Variable

In the research of Adair and McMillan, they stated that the traffic reachability
and the distance to CBD were the important features for the real estate price. This
paper uses the distance to a tram station and the distance to the city backbone road to
scale the traffic reachability. The previous literature review found that the researchers
had different views on the radius of influence of a tram station, including 1 to 3 miles,
0.5 miles, 1 km, etc. Considering the habit of Chinese, the researchers chose 1 km to
be the radius of influence

(2) Neighborhood Feature Variable

Clark and Herrin found that a school is the important neighborhood variable for
real estate price, especially for the residential real estate price. The famous school
can affect the education problem of children. The distance to a famous school is
chosen to be the scale, which means that the distance is more close to a famous
school the prices of real estate is more high. In addition, the public park is very
important for the real estate around the park that is a place for residents to make
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exercises and recreations. So the famous school and the public park are the two
neighborhood feature variables.

(3) Structure Feature Variable

Project scale, project type and project pre-sale year are selected as the structure
feature variables. A large scale real estate project usually means a better living
environment, better facilities and more standardized property management than other
projects. Project types include residential, commercial and office real estate. In this
paper, the focus variable of project type is residential real estate. The project pre-sale
year reflects the time effect of tram system affected on a real estate project.

3 Social Benefits

The social benefits include the reducing traffic accidents benefit and the
reducing journey fatigue benefit.
3.1 Reducing Traffic Accidents Benefit

The rapid growth of motor vehicles in the city resulted in the urban traffic
congestion and the chaotic traffic. The number of accidents increased year by year,
resulting in a huge loss. But the tram system is an isolated system because the
isolated route right. So, basically, the other motorized or non-motorized vehicles and
the weather can not disturb the tram system. The probability of traffic accidents on
the tram is very low. The reduction of traffic accidents brings the relative social
benefit.

B2 =M xN )

B2 is the reducing traffic accident benefit of a year.

M is the average annual cost of a bus.

N is the number of buses that need to be increased when no tram system.
3.2 Reducing Journey Fatigue Benefit

A long time journey or jam can lead to poor comfort, which the passengers may
be tired and feel fatigued. But the modern tram is fast and comfortable, which
reduces the journey fatigue. People can quickly enter the working state. So the
production efficiency can be enhanced. According to the research result of Shi-xun
Chen, the reducing journey fatigue benefit can be calculated by the following
equation in the text by (3).

BBZUXHXWXGX% 3)

B3 is the reducing journey fatigue benefit.
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U is the work flow coefticient.

H is the work time of a day.

W is the increased margin of the labor productivity by tram but not by bus.

G is the gross domestic product per hour and per person.

Q is the passenger traffic data per year.

P is the round-trip work passenger coefficient.
4 Environmental Benefits

The environmental benefits (Chen, 2001) include the energy saving benefits, the
reducing air pollution benefits and the reducing noise benefit.
4.1 Energy Saving Benefits

The traditional bus uses fuel but the tram’ driving force is the electricity. The
average energy consumption of a traditional bus is 670 kJ per person and per
kilometer, which the energy consumption per unit of a traditional bus is 2.8 times
than that of a tram vehicle. So the saving energy of a tram sending one person for a
kilometer is about 430.7 kJ (Wang, 2011).
4.2 Reducing Air Pollution Benefits

The pollution caused by fuel combustion is the main impact of transport tools
on the environment. With the increasing number of motor vehicles, the concentration
of pollutants in the air is increasingly high. Compared with the motor vehicles, the
modern tram vehicles can greatly reduce the release of harmful gases and respirable
particulate matter. The modern tram vehicle has no direct release of gases, but its
pollution comes from the energy consumption process of electricity, which is an
indirect emission of the pollutions.
4.3 Reducing Noise Benefit

The noise caused by road traffic accounts for about 70% to 80% of the total
urban noise. The noise does not only disturb the people’s normal life, but also reduce
people’s work efficiency. The modern tram vehicle using steel wheel, steel rail and
streamlined design can minimize the noise pollution. Based on the Calculation of
Road Traffic Noise (CRTN, 1988) prediction model, the reducing noise benefit can
be calculated by the following equation in text by (4).

B4 =0.1x> H xC, (4)

1=l

B4 is the reducing noise benefit.
H; is the i-th residential district needed to reduce the noise along the line.
Ci is the installation cost of soundproofing for i-th residential district.
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5 Conclusions

The public traffic problem is a very important factor that constricts the rapid
development of the city. In the future, the backbone traffic system in the big cities
will be modern tram system because it is safety based on the well-organized
operation and is comfortable for the passengers. It can combine the economic
benefits, the social benefits and the environmental benefits organically together to
generate some enormous and external long-term benefits.
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Abstract: Optimization of transport capacity combinatorial procurement facing the
actual carrier is an important decision that affects the operation efficiency and
competitiveness of the non-vessel operating common carrier (NOVCC) type of
sea-rail intermodal transport operator. Based on the hub-and-spoke network structure
of container sea-rail intermodal transport, this paper conducts comprehensive
consideration of sea-rail intermodal transport demand in various OD markets,
capacity limitations of shipping liners and regular railway trains, connections
between space and time and so on from the perspective of multimodal transport
operators (MTO). In order to minimize the total cost, the slots volume of
procurement based on combinatorial selection in shipping liner and regular railway
train is as the decision, an optimization model of transport capacity combinatorial
procurement in container sea-rail intermodal transport is established, and an
algorithm is designed for solving. The experimental results show that the model and
algorithm are feasible, and achieve good application effect.

Keywords: Container transport; Sea-rail intermodal transport; Transport capacity
procurement; Optimization model.

1 Introduction

The container sea-rail intermodal transport is the multimodal transport mode of
container cargoes which is organized by multimodal transport operator (MTO) and
completed jointly with the actual carriers within the shipping and railway transport
sections. The MTO shall not only provide container transport services for the shipper
as the carrier, but also purchase the transport capacity resources of the above
transport services from the actual shipping and railway carriers as the shipper.
Therefore, it has become a difficulty for the MTO to take a systematic and scientific
method to optimize the procurement in transport capacity combination under
different modes of transport and transport routes, in order to effectively carry out the
container sea-rail intermodal transport.
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At present, the problem of transportation services procurement in container
multimodal transport has attracted the attention from many scholars. Chang, et al.
(2010) established the optimization model of multimodal transport for the
international container in Korea highway, railway and near-sea shipping line with the
objective of achieving minimum total transportation cost and the external cost caused
by air pollution. Fan, et al. (2010) optimized the container sea-rail intermodal
transport network of the United States imports by adopting the theory of linear
programming and with the minimum total cost of rail-sea intermodal transport as the
objective function. Wang and Wang (2012) studied the selection of container type
and combinatorial optimization of modes of transportation in container multimodal
transport system; established the mathematical model to minimize the transportation
cost under condition of fuzzy demand, and optimized the algorithm solution by using
the improved particle-ant colony. Riessen, et al. (2013) studied the multimodal
transport network planning of the Rotterdam Port and between the inland points of
northwestern Europe, and established the network programming model combining
route combination with minimum network flow. Wang, et al. (2011) studied the mode
of transportation and route selection model of multimodal transport based on the
random characteristics of node operations in the process of modes of transportation
conversion. Fan and Le (2011) established the mathematical programming model on
route optimization of multimodal transport with soft time window constraint based
on the random factors in intermodal transport. Jiang, et al. (2012) studied the solution
selection of multimodal transport plan minimizing the transportation cost and
transshipment cost, and put forward the cross entropy algorithm.

To sum up, most of the existing studies focus on the procurement in
transportation services from the perspective of the shipper for the demand of once
transport between single pair of OD market, and with minimum cost or time as the
goal and route selection as the decision under the general multimodal transport
network structure. However, existing studies have not yet considered the unique
hub-and-spoke network structure of container sea-rail intermodal transport and slot
volume purchased by the MTO under the scale operation. Therefore, this paper will
study long-term transport capacity procurement facing the actual shipping and
railway carriers from the perspective of MTO. Considering the time and space
connectivity between shipping and railway transport, slot volume of procurement
based on route selection is set as the decision and minimum total cost is as the
objective, this paper will study the optimization model of transport capacity
combinatorial procurement in container sea-rail intermodal transport and its solution
methods, so as to provide scientific decision-making tool for the operation and
management of MTO.
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2 Problem Description

The NOVCC type of sea-rail intermodal transport operators do not own any
transportation resources directly, and the allocation process of their transportation
resources include purchase stage and allocation stage. In the first stage, first of all,
the MTO should plan the sea-rail transport lines or network to be operated based on
the investigation and prediction of long-term market demand, and then sign the
purchase agreement with the actual carriers for certain amount of transport capacity
within a certain period of time, so as to obtain a certain number of slots operation
right on the shipping liners and regular railway trains within a lower contract price.
This method not only can ensure relative stability of transportation capacity, but also
reduce the operating costs, which is conducive to the realization of scale economies.
In the second stage, the MTO, acting as the contractual carriers, should sign the
sea-rail transport contracts with each shipper within the delivery time of each shift,
and allocate the transportation capacity to each shipper rationally, in order to meet
the differentiated demand of shippers. In fact, this paper studies the problem in the
first stage, which is the optimization of transport capacity combinatorial procurement
in container sea-rail intermodal transport facing the actual carriers.

Assume that the sea-rail intermodal transport network to be operated by the
MTO is a "hub-and-spoke network" structure with two ports as the hub and radiating
to their own hinterlands, of which 4 and B are the two hub ports; 4,,4,,---,4, are
the interior hinterland railway container freight stations of port 4 , and
B,,B,, -+, B, are the interior hinterland railway container freight stations of port B, as
shown in Figure 1.

A O\/ /O i
X > >,

—> A )¢ [ 5 ) re———

A§7\ /\Q

Am(

Bn
Figure 1. Hub and spoke network structure diagram of container sea-rail
intermodal transport

Generally, the two-way sea-rail intermodal transport market demand at both
ends of 4 and B is independent each other, so the MTO can adopt the strategy of
one-way purchase of transport capacity respectively. This paper discusses the
transport capacity combinatorial procurement decision-making in container sea-rail
intermodal transport from end 4 to end B, as shown in Figure 1 in bold lines.
Suppose that there is only one marine container liner between the hub port 4 and
B, and a number of regular railway container trains for branch collecting and
dispatching between the hub port 4 and B and their own inland railway freight
stations. The shipping liner and each regular railway train have their own fixed
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transport routes, transport time, transport schedule, transport capacity (slot capacity)
and transport rates. Therefore, it is necessary for the MTO to conduct comprehensive
consideration of the space and time convergence of each liners and regular train, and
limitations of slot capacity when conducting transport capacity combinatorial
procurement decision-making. In addition, the MTO needs to determine the routes
and shift of trains to be purchased in given network and the slot volume to be
purchased on corresponding trains with the objective of minimizing the total cost, in
order to meet the demand in each OD market formed between various inland railway
freight stations of port 4 and various inland railway freight stations of port B.

3 Optimization Model and Algorithm
3.1 Symbolic description

(1) Relevant parameters:

i is the number of railway line from 4, to 4, i€{l2,--,m}; Jj is the
number of railway line from B to B,, je€{l.2,--,n}; h is the shift number of
regular train on line i, he{l,2,--,M,}; f is the shift number of regular train on
line /, fe€ {1,2,-~-,Nj} ; k 1s the shift number of shipping liner fromAto B, k=1;
0, 1is the slot capacity of regular train % on line i; O, is slot capacity of regular
train / online J; O, is slot capacity of liner k; C, is slot procurement price of
regular train 4 online i; C; is slot procurement price of regular train /* on line
J; C, is slot procurement price of liner k; 7, and 7, are departure and arrival
time of regular train % on line i respectively; 7, and T, are departure and
arrival time of regular train f on line j respectively; 7, and 77 are departure
and arrival time of liner k respectively; 7, and 7, are fixed loading and
unloading time of port 4 and port B respectively; D, and D.sare upper and
lower limit of predicted container sea-rail intermodal transport demand value from
4. to B; respectively.

(2) Decision variables:

P, 1s a 0-1 decision variable, referring to whether the MTO purchases the
transport capacity of regular train % on line i; P, is a 0-1 decision variable,
referring to whether the MTO purchases the transport capacity of regular train / on
line J; x, is slot volume purchased by the MTO from regular train 4 on line i;
¥, is slot volume purchased by the MTO from regular train f on line J; x, is
slot volume purchased by the MTO from liner .

3.2 Model building
The optimization model of transport capacity combinatorial procurement in
container sea-rail intermodal transport can be described as:
m M; K n Nj
Objective: minz= Z Z Co Xy + Z Cox + Z Z ijp/fijf 0]
k=1

i=1 h=1 j=1 f=1
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Among them, formula (1) is the objective function, indicating that the total cost
that the MTO purchases the transport capacity from the actual carriers is minimum.

Formula (2), (3) and (4) are the capacity constraints, indicating that the slot
volume purchased by the MTO from one regular train or liner shall not exceed the
maximum slot capacity of that regular train or liner;

Formula (5) and (6) are demand constraints, indicating that the sum of slot
volume purchased by the MTO from various trains on a certain line shall meet the
demand of all OD markets through that line;

Formula (7) and (8) are the 0-1 variable constraints, indicating that if the arrival
time of the fore shift plus the handling time in a certain port earlier than the departure
time of the rear shift, select to purchase the transport capacity on that shift;
otherwise, do not purchase it.

3.3 Algorithm design

In the above mathematical model, the 0-1 constraints in formula (7) and (8)
exist, which are used for screening whether the transport capacity of the train is
purchased by using time convergence conditions, so the model is a nonlinear
programming problem. Therefore, the following algorithms are designed in this
paper:

Step 1: Determine o, and 2, of 0-1 decision variables first, that is determine
whether the MTO can choose the transport capacity of a train on a line to purchase
slots according to the time convergence conditions constraints of formula (7) and (8);

Step 2: Substitute o, and £,y of 0-1 decision variables determined in step 1 into
the model, and transform the above model into the standard model of general linear
programming problem.

Step 3: For standard linear programming model, design the program algorithm
of the objective function constraints by using the solving syntax of software LINGO,
and then solve the function and optimize the model.
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4 Example verification

It is supposed that a MTO operates container sea-rail intermodal transport in the
hub-and-spoke network with two hub ports. Take the transport capacity
combinatorial procurement in this network as an example, to verify the above model
and algorithms.

Suppose that there are 3 railway container freight stations in interior hinterland
of port 4 and B respectively, namely 4,,4,,4, and B,,B,,B,. There is only one
sea route and one liner from port 4 to port B, and its departure time and arrival
time are known and fixed. Furthermore, there are many trains with different
departure time and arrival time on each line from the inland handling stations

A,4,,4; to port 4 and from the inland handling stations B,,B,,B; to port B.

According to step 1 of the above algorithm, with time cohesion constraint, we can
determine the shift selected to be purchased by the MTO on the inland routes, as
shown in Table 1.

Table 1. Situation of routes and shift selected to be purchased by the MTO

Line Number of | Number of Price Slot capacity
line shift (yuan/TEU) (TEU)
A;-A 1 1 3185 130
1 2539 120
Ard 2 2 2235 100
As-A 3 1 1560 150
1 4562 90
- 1
B-B, 2 4136 100
B-B, 2 1 1685 160
1 2780 100
B-B; 3 2 2 489 80
A-B 1 1 4576 3000

The MTO has obtained the demand of sea-rail intermodal transport in various
OD markets according to the long-term investigation and forecast of sea-rail
intermodal transport between the interior hinterlands of port 4 and B, as shown in
Table 2.

Table 2. Predicted sea-rail intermodal transport demand in various OD markets

Line Lower limit of demand Upper limit of demand
(TEU) (TEU)

A-B; 30 50

A[-Bg 40 90

A;-B; 50 70

AxB; 70 90
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Ar-B; 60 70
Ar-B3 80 80
Asz-B; 50 70
As-B; 50 60
As-B3 40 50

Running the solving programs designed by software LINGO, we can obtain the
optimization results of transport capacity combinatorial procurement in sea-rail
intermodal transport conducted by the MTO, as shown in Table 3.

Table 3 Optimization results of transport capacity combinatorial procurement
in sea-rail intermodal transport

Line Number of | Number of | Slot volume Objective
line shift (TEU) value (yuan)
A-A 1 1 120
1 110
A : 2 100
Az-A 3 1 140
1 50
B-B,; 1 > 100 4 597 880
B-B; 2 1 150
1 90
B-B 3
’ 2 80
A-B 1 1 470

As seen from Table 3, the MTO conducts an effective transport capacity
combinatorial procurement on the railway section and shipping section, which can
not only meet the sea-rail intermodal transport demand in various OD markets, but
also realize the goal to minimize the total cost under the optimization of time
convergence, which lays foundation for the next allocation of transport capacity.

5 Conclusions

This paper focuses on the study of long-term transport capacity combinatorial
procurement decision-making facing the actual carriers from the perspective of
MTO. First of all, this paper conducts comprehensive consideration of sea-rail
intermodal transport demand in various OD markets, capacity limitations of shipping
liners and regular railway trains, connections between space and time. Furthermore, ,
this paper set the slots volume of procurement based on combinatorial selection in
shipping liner and regular railway train as the decision, and established an
optimization model of transport capacity combinatorial procurement in container
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sea-rail intermodal transport with the objective of minimum total cost. Finally, an
algorithm is designed for solving.

This paper breaks through the boundary that the existing studies only focus on
the transportation services for the demand of once transport under general ultimodal
transport network, and studies the method of long-term transport capacity
combinatorial procurement by the MTO under the scale operation based on the
unique hub-and-spoke network structure of sea-rail intermodal transport. This study
provides a new perspective of management and scientific technical support for the
operation and organization of container sea-rail intermodal transport. The future
research can focus on further improvement and in-depth study on the model and
algorithm based on the hub-spoke network structure of multiple hub ports, demand
uncertainty and other factors.

Acknowledgement
This research was supported by the Education Department of Liaoning Province
(Project No.: L2014179), the People’s Republic of China.

References

Chang Y. T., Lee P., Kim, H. J., et al. (2010). “Optimization Model for Transportation
of Container Cargoes Considering Short Sea Shipping and External Cost.”
Transportation Research Record: Journal of the Transportation Research
Board, 2166, 99-108.

Fan, L., Wilson, W. W,, and Tolliver, D. (2010). “Optimal Network Flows for
Containerized Imports to the United States.” Tramsportation Research Part
E-logistics and Transportation Review, 46(5), 735-749.

Fan, Z. Q., and Le, M. L. (2011). “Research on multimodal transport routing problem
with soft time windows under stochastic environment.” [ndustrial
Engineering and Managemen, 16(5), 1-5. (in Chines)

Jiang, Y., Zhang, X. C., and Wang, Y. L. (2012). “A Cross-Entropy Method for
Solving Selection of Multimodal Transportation Scheme.” Journal of
Transportation Systems Engineering and Information Technology, 12(5),
20-25.

Riessen, B., Negenborn, R. R., Dekker, R., et al. (2013). “Service network design for
an intermodal container network with flexible due dates/times and the
possibility of using subcontracted transport.” Econometric Institute Research
Papers, (6), 1-16.

Wang, H., and Wang, C. X. (2012). “Selection of container types and transport
modes for container multi-modal transport with fuzzy demand.” Journal of
Highway and Transportation Research and Development, 29(4), 153-158.

256



ICTE 2015 257

Wang, Q. B, Han, Z. X., Ji, M. ]., et al. (2011). “Path Optimization of Container
Multimodal Transportation Based on Node Operation Randomness.” Journal

of Transportation Systems Engineering and Information Technology, 11(6),
137-144. (in Chines)

© ASCE



ICTE 2015

© ASCE

Railway Passenger Dynamic E-Business Based on Web Services and RFID
Yao Wang'; Jingdong Sun’; and Shunli Wang®

'Department of Computer Science and Communication Engineering, Southwest
Jiaotong University, No. 1, Jingqu Rd., Emeishan, Sichuan 614202, China. E-mail:
sun_jdong@163.com

*Department of Traffic and Transportation, Southwest Jiaotong University, No. 1,
Jingqu Rd., Emeishan, Sichuan 614202, China. E-mail: sun_jdong@163.com

Abstract: E-business is a great challenge and opportunity to the railway passenger
transportation. Through detailed analysis of the current situation of railway passenger
transportation system, the logic structure and function framework of dynamic
E-business system based on Web services and RFID technology in railway passenger
transport are designed, which is excellent interoperability, reliability and
maintainability, and will be the trend of railway passenger E-business development.
Considering the current situation of railway ticket system and the operation features
of the future passenger-dedicated line, the general framework of RFID-based China
railway ticket system is put forward, and the key technologies of the system include:
safety control system which consists of information coding, key management, access
authentication, data integrity audit; the design of ticket reader compatible with
multi-tickets; and the application whose characteristics reflected in the flexible
check-rule control strategies, efficient gate access and fast payment self-service
ticketing.

Keywords: Railway dynamic E-business; Web services; RFID; E-ticket; SSL
protocol; Double signature.

1 Introduction

With the growth economy and the continuous improvement of quality of life
people demand, as well as rapid popularization and wide application of information
technology and network technology in China, the developing trend from the
conventional business activities to E-business between enterprises as well as between
enterprises and customers is inevitable.

The railway, as the main artery of China's economic construction, aims to
provide a safe, efficient and convenient transportation service. Therefore, the
dynamic E-business systems of railway passenger transportation which is on the
basis of RFID and Web services technology will undoubtedly accelerate the
information and intelligence processing, which meet the operation demand of high
passenger flow and high density of high-speed passenger-dedicated line. As a result,
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the efficiency and automation level of fare collection are further improved and the
passenger fatigue of ticketing and travel is reduced and logistics and supply chain
management (SCM) are also improved, which enhances the market competition
ability of passenger railway transportation in China.

2 Logic structure of railway passenger dynamic e-business system

The characteristics of dynamic E-business are to design the reusable and
flexible components in respect with modeling software which is in accordance with
business process.

By technical modularized and standardized means, the inter-enterprise
distributed isomerous and loose-coupled application resources are modularly
packaging. Moreover, the inter-module dynamic connection and messaging are
realized on the basis of standard interfaces and protocols. With dynamic E-business,
enterprises can instantly search for business partner, which realizes the timely search
and fast dynamic integration of enterprise resources as well as provides the business
processes and the dynamic extension and connection function of customers and
manufacturers with enterprises (Li, 2002).

From the perspectives of technology, the railway dynamic E-business system
based on Web services and RFID technology is made up of railway external network,
railway dynamic E-business platform and railway internal information network
Intranet. The main difference between the railway dynamic E-business system and
the conventional railway E-business system is that it can provide a consistent
interface for the various E-business software applications and public services (such
as customer relationship management, supply chain management, etc.) support,
which can integrate railway partners including suppliers, distributors, service
providers and banking via Internet to form a complete end-customer-oriented
E-business supply chain. Based on the consideration of the technical support from
hardware and software of E-business system together with the reality of railway
passenger transport, the logical structure of railway passenger transport dynamic
E-business system to be built is shown in Figure 1.

The data center is the operation foundation of railway passenger dynamic
E-business system. On the one hand, E-business platform provides data support and
accept the information feedback from the platform in the meantime. On the other
hand, the data center needs the support from the information acquisition based on
TDCS, TMIS and RFID-based ticket system. The data center accepts the information
from two aspects at all times and implements data updating in time. With the support
of the railway passenger dynamic E-business platform, E-business system provides
dynamic service for users through the specific E-business software and hardware.

The railway dynamic E-business system transforms from mainly dealing with
business itself which means consumer request from the front-end to mainly dealing
with back-end commercial trade and business contact which means dealing with

259



ICTE 2015

© ASCE

back-end interaction of supply chain rather than the early human-computer
interaction mode which B2C leads.

(I) Through open standard protocols, the dynamic E-business simplifies the
integration and transaction processing of the railway enterprise and E-business
related business systems

B2C st oater BZB mustoamer
—————————————————————————————————————————————————————————— Irternet

Exterinr satevrayiFimarall

' Raleray passenger dynanic E-business pldfonm

|
|
| e
|| Raiboray passenger dynamic E-business gate | ! | Bank paymest gateway |
Dita cerder | - ) ) . | “—“‘ CA antherticatin |
_.__i| Fatbwray passenger dynanic E-business appleation systan | i
| - |“—" Custoamner service certer |
Drata warehonse | Wb services | !
| |
|
I

|
i

' +— Supply cham managemert system
i| Mliddlewrare (such as transaction, transmission, ete.] | ‘

' | Ratheray irtemal netarcek It ranet !
i |TDCS | |E-11cket system| | Lugzaze and patrel srstam | i
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Figure 1. Logic structure of railway passenger dynamic E-business system

(2) The dynamic web pages can provide the personalized service for the
customers such as passengers, business-partners and etc. In the environment of
internet, the customer basic data is collected in all in the background database.
Moreover, the business analysis carried out by means of data mining technology to
understand the characteristics and category of customer group. According to the
demand type and the consumption tendency, the related services are dynamically
offered to the customer.

(3) After the packaging applications by Web services, it facilitates service
integration and service customization, which realizes the information query of the
ticket and the baggage and parcel as well as the omni-bearing service such as internet
booking, online payment, acceptance of complaint and other value-added service.

(4) Improve the logistics and supply chain management. Through Web services,
the integration of information platform between railway enterprises and the partners
is realized. In addition, the information of the upstream and downstream enterprises
in the supply chain is connected, which realizes the transformation of the railway
from the logistics undertaker into the organizer of logistics supply chain and also
improves business operation level.

3 Function structure of railway passenger dynamic e-business system

The railway passenger dynamic E-business system can simultaneously provide
the decision support for the traveler and the railway transportation organization
department, and the function structure is shown in figure 2.
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() Data accessing layer. The information in the existing business system is
extracted to realize resource sharing. The data source in railway system includes the
file-type data and the real-time data of railway transportation production besides the
traditional relational data.

(2) Data processing layer. It includes middleware, transaction processing,
system data classification, mining and so on, which realizes the functions such as
uniform data access, data conversion and data exchange. Data isolated island is
eliminated to realize the unified management of distributed data source through data
integration. However complex the bottom data source is, data access can be
implemented in uniform method in all the upper application by means of changing
data access into Web services.

(3) Business processing layer. It is the processing core of the railway passenger
dynamic E-business system. On the one hand, data is accepted from application
layer, which is sent to corresponding payment interface after filtering and integrating
to realize online payment, authentication interface and other application program
interface. On the other hand, business data, office data and etc. are transferred to
general data stream in the bottom database. This layer takes advantage of Web
services technology to package the enterprise application program into Web services,
which becomes the application module. Through the established Web services
interface, other systems can be connected with these Web services at any moment to
complete the application integration of B2B and achieve the railway passenger
dynamic E-business.

Raibway passenger dynamic E-basiness application system
o, ﬁ | FRatbaray Eticket based on EFID | | Passenger decision sppo systam | ]
P
E_ 5:5 |E-pa_lm1.€nt systert hased on 5L pn:m:ml| | Passenger floar forecast systerm | §
=Y w Application layer
g E E_ | Lugzage and pawel tracmg system | | Safety managemet systemm | é
E L= | Distribution managemernt sywstem | | Safety management sywstem |
| Systern service module | | Semurity adhertication modale |
Business processing laver
| Elsctomictrawsctimmodule || Directow swicemodule |
| Transaction manager | | Messaze manager | | Wordflver managzer | Data processmg layer
Existing raibaray Feal-tone Other wlated ]
E-tusiness datahase data souroe data souree Data arcessmg layer

Figure2. function structure of railway passenger dynamic E-business system
(4) Application layer. It is a specific business interface which orients the railway
passenger dynamic E-business system, which is the communicating bridge between
the user and the system and includes the B2C application and the B2B application.
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4 Railway E-ticket based on RFID

The Radio Frequency Identification (RFID) is a technology of non-contact
automatic identification, which identifies target objects automatically by radio
frequency signal, and obtains related data. The identification course is self-service,
which has many advantages, such as long service life, good anti-collision quality,
long working distance, high working speed, encrypted label data, large memory
capacity, modification freely stored information and so on. Railway E-ticket based on
RFID has become an important part of railway passenger dynamic E-business
system.

4.1 General structure of RFID-based railway ticket system

The RFID-based railway ticket system can divide into five layers by function:
the first layer is the Ministry data center; the second layer is the regional ticket data
center operating on railway bureau or railway passenger-dedicated line dispatching
center; the third layer is the passenger ticket system operating on owned station; the
forth layer is the station AFC terminal devices, which include window ticketing
machine, ticket vending machine (TVM), automatic gate machine (AGM) and so on;
the fifth layer is various ticket, that is RFID single journey ticket, RFID season
ticket, RFID stored-value card and so on (Zhu,2006).

The functions realized by railway ticket system based on RFID include existing
operation management, transaction processing, business management, seat
management, route computation, fare computation, revenue management, statistics,
system management and monitoring and so on. The business functions of season
ticket management, stored-value card management, passenger information
management, liquidation and settlement are added. The key devices of system
include ticket reader RFID-based compatible with multi-tickets and automatic fare
collection (AFC) device, the application software include single journey ticketing,
season ticket and stored-value card issuing, and the subsystems of stored-value card
automatic ticketing, single journey ticket and season ticket checking and so on.

4.2 Key technologies of railway ticket system based on RFID

(1) Security control

According to the railway ticket rules, the read-only unique identification code
(ID) of RFID chip is coded and the authentication units such as encryption bits,
parity bits and so on are set. Then the non-meaning sequence code is changed into
the meaning pseudorandom code to enhance the anti-counterfeiting capability which
can prevent most of the active attack (GARFINKEL,2006).

Key management system is the security core of RFID-based ticket system which
runs through the life cycle of the RFID-based ticket usage. By means of the key
management system of multistage and dispersion, it realizes the functions such as
generating, inputting, outputting, backing up, recovering, updating, destructing and
etc. of the various sub-keys which the RFID-based ticket needs in the application
system. The whole key system use the DES/3DES encryption algorithm and the key
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is stored in the key card in the form of key card which transmits in the system in
security message mode, that is to say using 3DES cipher-text + MAC which means
the key plaintext inside the system can not appear outside the card to guarantee the
confidentiality and integrity in the transmitting processes.

The non-contact read-write equipment and IC card are mutually authenticated
through the external authentication key and the internal authentication key. While the
external authentication means that IC card’s legitimacy identification for the
equipment, the internal authentication means that the equipment’s legitimacy
identification for IC card. In order to guarantee the transaction legitimacy, 2 times of
authenticated transactions are carried out through 2 MAC. Before the deduction, the
IC card authenticates MAC1 which the equipment generates. After the deduction, the
equipment authenticates MAC2 which the IC card generates.

(2)RFID-based reader and writer

With the implement of RFID-based railway ticket system, AGM can read and
write the single journey ticket, the season ticket and the stored-value card which take
advantage of different technology. The choice of read- write device is the key to
guarantee high passenger passing efficiency. Moreover, the read- write device is
directly related to the ticket system and also different ticket demands different
handling of the read-write device (Wang,2008).

In order to adapt the RFID-based ticket based on the different technology
standard, the read- write device supports multiple card standard including A-class,
B-class and Felica-class based on ISO14443 standard, NFC standard, ISO15693
standard and etc. which is in accordance with PBOC2.0 standard to facilitate the
connection with the commercial bank or the union pay system. The read- write
device sets several SAM card holders to be compatible with different E-payment
mode.

(3)Application system

The automatic gate system is not only compatible with multi-tickets read-write,
but also its control software take advantage of the multithread structure design to
realize the real-time detection and data processing for the multi-tickets. In order to
improve the flexibility of the system, the checking plan and the accounting rules are
stored as a unique file. The control software interprets the checking plan and the
accounting rules through the internal rule engine so as to decrease the system
coupling degree (Wang,2008).

Based on the combination of the application of the technology such as the
process and thread pool, the workflow management and so on, the automatic gate
software system with clear business state and flexible architecture is designed to
increase the passenger ticketing speed. Compared with the cash payment, the
stored-value card payment reduces the service links such as cash recognition, change
and etc. Compared with the bank card payment, the stored-value card payment
reduces the conversion and data resolution of the complex interface protocol in bank
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system. While the typical time of the transaction process in cash payment is 2 min,
the bank card payment and the stored-value card payment is just 3s.

5 Conclusions

The development of dynamic E-business from information sharing and simple
transaction to the application sharing and cooperative transaction is the new trend of
railway E-business development. By using web services technology, the railway
dynamic E-business system has many advantages, such as good interoperability,
reliability and maintainability. It can realize the interoperation between the trade
partners by integrating the existing application system, and is an effective method to
process B2C and B2B E-business application integration. As an important part of
railway passenger dynamic E-business system, ticket system adopts RFID
technology to modify the current ticket system in both software and hardware, and it
realizes the automatic fare collection, improves the passenger traveling efficiency,
and makes it possible to collect passenger transport information. Secure E-payment
system is the key of E-business, and the railway passenger E-payment system is
based on the improved SSL protocol. By using the double signature technology in
SSL protocol, the safety in trade is increased, and the transaction cost is reduced.
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Abstract: With the acceleration of urbanization process, the problem of urban traffic
is increasingly prominent. In particular, there is a dispute about whether to cancel the
existing conventional rail transit buses after the rail transit goes into operation. This
paper comes up with BP neural network model basing on the principle of
complementarities, by analyzing the relationship between running rail and
conventional public transport, and solves the problem of the adjustment of regular
bus lines under the operations of both collinear.

Keywords: BP neural network; MATLAB; Complementary.

1 Introduction

Residents travel mode choice behavior research as an important part of traffic
demand planning (Moshe, 1998) has always been an important content in research of
transportation planning. When the rail transportation is in operation, whether to
delete the original collinear bus lacks of theoretical basis. Therefore, this paper
proposes the complementary relationship to determine whether the both could
coexist.

Through learning the neural network we can establish BP neural network model
which could automatically obtain the object of study of the relationship between
input and output and strong learning training abilities. By using the model to predict
the results of the transportation options and calculate the share rate of rail and bus.
Finally, the levels of service are compared of coexist and non-coexist.

2 The Rail Transit and Conventional Public Relations Research
2.1 Function and location

Urban public transportation is a large system composed of a variety of public
transportation. Each has its particular transportation service object and function. All
kinds of transportation orderly form the system of urban public transportation
through the cooperation of labor division and mutual coordination. Rail transit and
conventional bus are the two most common modes of transportation in the system of
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public transportation. Here is the relationship among three kinds of different types of
bus and rail transit shown in Figure 1.

The ground bus lines
Complementary

Rail
transit Coincidence line
-~ > Ordinary bus
corridor

Coincidence Point

Figure 1. The relationship between rail transit and ground bus lines

2.2 The cooperation and competition of the rail transit and bus

The different modes of transportation are interdependent in the system of urban
transportation, according to the different travel demand of urban residents. Therefore,
any kind of transportation services are indispensable. The transportation passengers
select to complete a trip will be diversified, and therefore, which requires the orderly
combination of different modes of transportation, mutual coordination, and better
service for residents to travel. At the same time, there are competition relations, both
of the urban rail transit and conventional public traffic service object is usually urban
residents, the service area is generally limited to the scope of the city and
surrounding, service content, goals, and achieve results are consistent. So, faced with
the same service object and range, there is inevitably a competitive relationship
between providing urban rail transit and conventional public.
2.3 Complementary study theory of rail transit and conventional bus
2.3.1 Complementary theoretical implications

Complementary applies in many professional fields. In economic, the definition
of complementary is reducing of costs or increasing of earnings caused by this kind
of behavior of individuals, with the number of people taking some sort of behavior or
the behavior itself is increasing. (Huapu,1998). As you can see both sides of the
complementary is complement and promotable to each other, while directing the
common to the right way. At first, the concept of complementary originated in the
field of physics, the so-called "complementary”, Bohr explained: "complementary is
the meaning of the word: any determinable application of the concept of some classic
will eliminate some other concept of classic application at the same time, the other
concept is also indispensable to clarify phenomenon in another condition." It
emphasizes that the both sides of the complementary cannot be separated.
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2.3.2 The characteristics of relationship between rail transit and bus based on the
theory of complementary

As known in economics, there is complementary relationship between
commodity A and B, which refers that the two goods are complementary in utility. In
traffic areas, there is also the relationship for the demand and combination of
transportation. But complementary relationship in science of transportation is
different from the areas of economics. The purpose of the complementary
relationship applied in economics is profit to both parties maximization, while the
complementary in transportation is to strengthen mutual cooperation, pursuit
traveler's largest aspects of convenience, and minimize the problem of road traffic
congestion.

3 The Choice Model of Residents Travel Traffic Mode
3.1 Transportation mode selection factors

There are many factors that can affect choice of urban residents travel mode,
related to resources of domestic and foreign urban residents travel mode choice
behavior research, it mainly including the macroscopic properties and microscopic
properties of traveler (Haifeng, 2007). Personal factors also influence the choice of
the ways of traffic: age, gender, family income, etc.

To test the relationship between the above property variable and the traffic mode
selection, two important factors in selecting indicators of travel time and travel
expenses to measure mode selection for rail transit and conventional public traffic
complementary to draw reasonable basis in this paper.

3.2 The dimensionless factor

Due to various factors between different dimensions, so we need to transform
the value of 0~1 according to membership functions, the normalized factors
dimensionless. Membership function is divided into two kinds: Ddown half a
trapezoidal distribution, @liter and a half trapezoidal distribution. Specific formula
is as follows:

@ lower half trapezoidal distribution

1 X, <m,
M, —x,
X)=q——- m<x. <M. (D
f)=i3 T mSHEM,
0 x,2M,
@ liter and a half trapezoidal distribution
0 x, <m,
X, —m,
X,)=q—F——— m<x <M, 2
f)=i3 T S EM,
1 x,z2M,
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4 The Algorithm of BP neural Network

Regarding travel mode choice results as output, the influenced attribute
variables of travel mode choice as input. By setting on the parameters of neural
network such as the number of input or output layer nodes and hidden layer nodes,
learning speed .etc. to carry on network training, and establish the relatively much
more fitting and simulation performance of residents travel mode choice neural
network model, which could map out the way to travel choices and the relationship
between various influencing factors.
4.1 The BP neural network training

net = newff (min max(p),[3,1],{'tansig', * purelin },'trainim");
net.trainparam.goal = 0.001;
[net,tr] =train(net, p,t);

When the input p (Xilin,2001), output t, after the above-mentioned non-linear
function of training, the p t establish correspondence between the number of training
set, the required accuracy, the learning rate parameters such as training, network
training, the network of learning values and expectations to reach the precision
requirements, save weights and thresholds.

MNeural Network

Layer Layer
Input IE [ IE Qutput
o = I ‘T o /I-G‘ =G
3 T
3 1

Figure 2. BP network structure

4.2 The BP neural network simulation

After the model training (Huanhuan, 2011), the network could be simulated by
using the Sim function. The plot function is called to linear regression analysis the
network simulation output and target output after training, to verify the training
effect of the network.

t, = sim(net,[]);
t, = sim(net, p);
plot(4:11,¢,,'+',4:11,¢)



ICTE 2015

© ASCE

5 The Determination of Service Level

Road saturation is an important indicator of the level of road service, the
calculation expression is: V/C, where V represents the maximum amount of traffic, C
represents the maximum capacity. In this paper, in view of concept and grading of
roads saturation, the concept of public transport saturation is came up , combined
with levels of service to define urban road public transport passenger services.
Taking the ratio of section traffic and rated capacity in peak-hours between the two
sites is defined as the load factor of public transport, namely saturation.

Saturation is calculated with the formula as shown in  (3) :

S= (3

Vv
C
In the formula: S—Public transport saturation; V—A section of the public transport
patronage; C—Public transportation rated capacity

Public transport utilized as road saturation, and is inversely proportional to the
service level. The higher the saturation value is, the lower the level of public
transport services.

Depending on difference of road saturation and other indicators, our country
divides the level of service into the following four levels:

Table 1. The service level

Level Saturation (V/C) Vehicle Inside Condition Service Level
1 0~0.6 More Spacious Interior A
2 0.6~0.8 A Little Crowded B
3 0.8~1.0 More Crowded C
4 >1.0 Serious Crowded D

6 The instance
According to a survey data of urban rail transit and conventional public traffic,
the concrete numerical value shown in Table 2:
Table 2. Sample data

Traveler Rail Time Regular Bus Time | Rail Costs Regular Bus Fee Select
Ta Tb Wa Wb Results

1 28.13 31.16 2.24 0.88 a

2 42.17 48.15 2.88 1.15 a

3 18.16 20.03 2.05 0.65 b

4 14.13 12.02 2.0 0.48 b

5 26.17 24.63 2.23 0.72 b

6 32.21 42.38 2.10 2.20 a

7 26.48 25.31 2.07 0.76 b
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30.22 41.03 2.15 1.22 a
9 26.98 36.46 2.01 0.95
10 11.03 10.09 2.0 0.42
11 47.08 42.16 2.05 2.18 a
12 23.10 32.35 2.56 0.90 a
13 50.63 48.17 3.02 2.55 a
14 20.43 26.78 2.06 0.81 a
15 44.17 43.89 2.15 3.10 b
16 15.16 10.75 2.03 0.56 a
17 20.11 21.13 2.15 0.65 a
18 34.50 40.02 245 2.08 a
19 32.76 35.18 2.32 0.90 b
20 26.88 25.66 2.06 1.78 a
21 54.17 68.14 3.32 2.88 a
22 48.20 50.16 2.89 1.56 a
23 40.11 42.56 2.46 1.32 b
24 20.89 19.89 2.15 1.58 a
25 29.10 32.13 2.23 1.79 a

Data liter and a half trapezoidal dimensionless processing normalized results

shown in Table 3:

Table 3. Normalized data

Rail Time Regular Bus Time Rail Costs Regular Bus Fee
Traveler
Ta Tb Wa Wb
1 0.396 0.363 0.182 0.172
2 0.722 0.656 0.667 0.272
24 0.229 0.169 0.114 0.433
25 0.419 0.380 0.174 0.511

Building the model, taking the data in Table 1 as input data, of which the first 20
sets of data as a training base data, the last five sets of data as the test data,
substituting the data into the MATLAB neural network to train, taking n=12,and the
training function is TRAINLM, after six iterations learning and training cumulative
error to achieve the target precision requirements, and predicts travelers' choice

results based on this model in Table 4 and Figure 3.
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Table 4. Training results

- ) : Regular Bus
Rail Time | Regular Bus Time | Rail Costs Target Actual
Traveler Fee
Ta Tb Wa Results Results
Wb
21 54.17 68.14 3.32 2.88 a a
22 48.20 50.16 2.89 1.56 a a
23 40.11 42.56 2.46 1.32 b b
24 20.89 19.89 2.15 1.58 a a
25 29.10 32.13 2.23 1.79 a a
26 23.15 30.18 2.34 1.66 a
27 46.23 45.06 3.02 1.45 b
28 35.89 40.89 2.68 1.85 a
29 16.48 23.56 2.03 0.85 b
30 38.17 40.01 2.81 1.43 a
o Best Training Performance is 9.0309e-005 at epoch 6
10

According to the above calculated 30 sets of data, we can calculate the share
rate of the rail transportation and conventional public traffic: about 19 travelers
choose rail travel as a tool, and the rest of the travelers choose public transport, so
rail transit is 63.3%, regular bus is 36.7%. It shows two kinds of traffic tools play a
different role in the public traffic, which can cooperate and complement with each

Mean Squared Error (mse)

Train |

6 Epochs

Figure 3. Training error convergence curve

other, it also reflects the necessity of this research for complementary.

Based on previous forecasting section traffic data of rail transportation planning,
service level of rail transportation is compared around coexist with the regular bus.
The former before improvement is a single rail transportation, after improvements is

rail transit and bus complementary coexistence. Comparative results are as follows:

271



ICTE 2015

© ASCE

Table 5. Comparation of improve service levels of rail decisions before and after
the program

Service Level
. Initial Stage Recent Stage Future Stage
Location
Before After Before After Before After
Improved | Improved | Improved | Improved | Improved | Improved
Roadl-R2 B A C C D C
R2-R3 A A B B C B
R3-R4 A A C B D C
R4-R5 A A B B C B

As can be seen from Table 5 to retain the bus, rail transportation for long-term
planning is essential. For the initial construction of rail transit, traffic is not great, the
supporting role of bus is not very significant. But over time, inducing and
transferring passenger is becoming more and more, while service levels of rail transit
will be reduced, then the role of the bus will be very important. If remove the bus
lines in the early, it will cause a waste of facility resources.

6 Conclusions

Residents travel mode choice is the process of selecting the most suitable one
mode of transportation to travel based on their personal property, family property and
trip purpose, trip distance, traffic characteristics. The factors of residents travel mode
choice are manifold. The rail transportation and bus achieve a complementary in
function, although fares of rail are more than regular buses, but the running time is
better than the latter, which fully reflects the two aspects. The travelers will not select
single rail transportation and give up regular bus traffic, or choose to give up rail
transportation. There is also fully a show about the relationship between
complementary and conventional rail public transportation.

In this paper, there exists complementarities between modes of transportation
which are proved by both BP neural network and the assessment about level of
service, because of that relationship mode of transportation is not free to cancel. A
rational suggestion has been put forward to solve these problems.
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Abstract: Multimodal transportation becomes an effective way to improve logistics
efficiency and boost the regional economy eventually. The government introduced a
number of multimodal transport subsidies to enterprises from different capital
subsidies and tax subsidies. In addition, the government increased multimodal
transportation infrastructure investment and achieve international clearance
facilitation is also implicit subsidies to enterprises. This study established a
"multimodal subsidies productivity" model and used DEA method to calculate the
subsidies productivity value under different multimodal transportation systems. The
study analyzed government and enterprises relationship under Stackelberg game
theory with symmetric information. The result showed that logistics companies
prefer the transportation infrastructure subsidies, producers prefer the tax incentives
and freight forwarding companies prefer international cooperation policies.
Keywords: Government subsidies; Game theory; Productivity.

1 Introduction

This paper analyzed an effective way to improve logistics efficiency and boost
the regional economy. The government introduced a number of multimodal transport
subsidies to enterprises from different capital subsidies and tax subsidies. In addition,
the government increased multimodal transportation infrastructure investment and
achieve international clearance facilitation is also implicit subsidies to enterprises.
First, this study established a "multimodal subsidies productivity" model and used
DEA method to calculate the subsidies productivity value under different multimodal
transportation systems. Second, the study analyzed government and enterprises
relationship under Stackelberg game theory with symmetric information.

The nature and scale of their demand for shipping services can also affect the
level of maritime emissions. Shippers also take a broader, supply chain perspective
on the low-carbon process, looking beyond the sea voyage to the other finks and
nodes in the supply chain which emit CO; and are technically part of their corporate
carbon footprint. In the case of deep-sea container chains, these additional activities
can account for around a third of total emissions (Woolford and McKinnon, 2011).
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So we can say low-carbon logistics is not only related to a link of the whole supply
chain, but also many links combined with multimodal transport. The low-carbon
logistics strategy of the multimodal transport enterprise is about the future
development.

Over the past decade there has been increasing company participation in
government and industry led initiatives to improve the environmental performance of
freight transport. The US, UK government and organization (US Environ-mental
Protection Agency, 2013; UK Freight Transport Association, 2013) have attracted
high levels of company participation. One of the first and most influential of the
industry-sponsored initiatives has been the Clean Cargo Working Group, set up in
2004 to bring together leading cargo carriers and their customers, dedicated to
environmental performance improvement in marine container transport through
measurement, evaluation, and reporting (BSR, 2013).

Although the available evidence confirms that the management of multimodal
transport is dominated by financial considerations, these do not necessarily conflict
with environmental goals. There are several studies are quite a close correlation
between the economic efficiency of a logistics operation and its environmental
impact (Rao and Holt, 2005). Peter Lorange (2001) and Photis M.Panayides (2003)
tried to research the relationship between the competitive strategies and
organizational performance on shipping companies. The result displayed they had the
positive relationship. From the perspective of quantitative analysis, decision-making
through the use of fuzzy comprehensive evaluation model for in-depth analysis of the
status of the shipping companies operating performance (Tsung-Yu and Gin-Shuh
Liang, 2001). Compared to decentralized decision making scenario,the low-carbon
level and total profit will reach its highest under the fully cooperation scenario
(YANG lJian-hua et al, 2014). Some researches improve low carbon performance
through estimating the value on a computer simulation system or a numerical model
(WANG Lu-ping et al, 2014; Tatjana V. Sibalija et al, 2014). Our research combined
the qualitative and quantitative method and gave comprehensive suggestions for the
multimodal transport enterprises development.

2 Model

Suppose a product differentiation in the market, each consumer to purchase up
to one unit of product, there are two different types of products in the market. Two
products have different utility green, green utility is to describe the content of toxic
and hazardous substances, recyclable products, product components, the use of
energy consumption and the use of materials such as the level of volume, is a
measure of green products from the perspective of the entire life cycle degree.
Practice from simple energy efficiency rating index logo, carbon labels to indicate
the effectiveness of green products. Products based on differences utility green
products and green products are divided into general categories. Assuming general
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utility of green product v,, product of green utility green v,, where v, v, is a

fixed constant and v, >v, > 0. Selling price of the product types for p,. p,, due to

the high cost of green products, so the consumer preference for green products, &

evenly distributed between [0,1]. Provided consumer surplus U, U =0 and U

between the remaining consumer relations function & [et 6, represent the

purchase of ordinary consumers do not buy the product and no difference in
preference parameters. Consumer surplus is the relationship between green
preference shown.(Figure 1.)

U=6v,—p,(i=0,1) W
g, =2
R 2
01 — pl _pO
vl—Vo (3)

90 =6, - )M =(E=LoLoym
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Figure 1.Consumer surplus function schematic
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3 Data Analysis

The data results showed that operational factors of low carbon path highest
score in 2007, the lowest in 2004. From the year 2004 to 2007, that factor is not
continuously improved, indicating that the steady improvement in the level of
company C operating low-carbon path. However, in the year 2008 and 2009, the
factor scores dropped significantly in 2007, indicating that company C
implemented a low-carbon path level operational impact of the financial crisis is
showing signs of decline. In the subsequent 2010, the factor score again slightly
improved description of company C implemented a low-carbon path level operations
to eliminate the impact of the financial crisis began and a rebound.

Table 1. i subsidy object game show different forms of subsidies

Transportation Tax incentives International
Infrastructure cooperation
policies.
Producer 0.709 0.969 0.627
enterprises
Freight forwarding 0.866 0.819 0.901
enterprises
Logistics 0.915 0.833 0.746
enterprises

4 Discussion of Results

In Germany, the first principle of government planning freight center location is
to achieve seamless integration of two or more modes of transport, with transport
functions. Germany has formed a standards-based vehicle system, the introduction of
a series of effective support policies, such as: federal and local government to give
the intermodal logistics park facilities, financial subsidies, engaged in intermodal
truck to give incentives, including relaxation of the total weight limit, exempt from
highway use tax, vehicle without restrictions forbidding the weekend, giving a
modest operating loss for intermodal subsidies. In addition, the government also
involving multimodal technology research and development, equipment
improvements, public infrastructure platform for building projects and special action
projects direct investment, to promote the development of multimodal transport,
improve integrated transport system plays an important role.

Currently local governments in order to encourage intermodal many subsidies,
these subsidies for intermodal market had an impact. This paper intends to compare
with and without government subsidies environmental impact of subsidy policy on
the "rail, water, iron, iron empty" and intermodal markets, analyze the key factors
that influence the efficiency of intermodal operations and market development, for
now There are policies to provide improved solutions to quantify the effect of
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improving the front and rear, to clarify the different types of cargo in intermodal
pricing strategies, as well as the characteristics of different multimodal transport
modes, provides a theoretical basis for government subsidies.

Promulgated the "long-term planning of the logistics industry (2014-2020)", the
intermodal logistics as an effective way to improve efficiency and reduce logistics
costs, was again mentioned the strategic development of the logistics industry.

Over the years, our understanding of multimodal have stayed in the choice of a
single mode of transport on, but the practice has proved that all modes of transport
through the rational division of labor and the establishment of an effective interface
integrated intermodal transport system is to achieve foundation. We all know, China's
total freight accounted for 79 percent of highway, railway 9%, water 11%, aviation
0.3%, 1% of the pipeline, transportation structure is irrational. At present, China
Intermodal current prominent contradictions are various modes of transport division
unreasonable, poor convergence.

Ability does not match the rules are not uniform, the information is not shared,
the network is not perfect, the subject is not clear, the policy is not in place and so are
the main problems existing intermodal. Li Mu original thought these questions focus
on performance in nine areas: First, an early start, but slow development; the second
is the mode of transport containerized rate is very low; the third is the low proportion
of iron transport, and the lack of ability to dress up facilities; Fourth Intermodal rail
is still the bottleneck of development; Fifth intermodal business entities is unclear;
six intermodal logistics park did not become a node; Seven is multimodal resource
use is low; eight is multimodal information platform construction is lagging behind;
nine is no unified multimodal operating rules.

In addition, our main mode of transport containerized low, resulting in lack of
multimodal core carrier; new logistics park their own way, there is no ability to form
a multimodal network; rail freight structure and operating rules, customs clearance
mode restricts intermodal development; emerging international logistics channel
construction disorderly competition are all outstanding issues facing our country in
the current intermodal.

"Ministry of Transport guidance on transport to promote the healthy
development of the logistics industry," clearly the advance of the general idea of
modern logistics development, key tasks and work, focusing on the economy
combined with the construction of the Silk Road, the Yangtze golden waterway,
Beijing, Tianjin and one major strategic implementation of construction, push
forward the construction of logistics major thoroughfare. Ministry of Transport and
preparation of the implementation of the "" five "road freight hub construction
planning" to encourage the establishment of modern logistics park relying on the port,
airport, railway hub, and create conditions for the development of intermodal
transport; continue to push and pull transport pilot Container transport channel iron
demonstration projects.
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The study analyzed government and enterprises relationship under Stackelberg
game theory with symmetric information. The result showed that logistics companies
prefer the transportation infrastructure subsidies, producers prefer the tax incentives
and freight forwarding companies prefer international cooperation policies.
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Abstract: Non-motorized modes are those whose speeds are slower than motorized
modes, represented as walking, bicycles and electric bicycles. With the expansion of
urban size, non-motorized modes could not meet the residents’ need of trips, so more
people would like to choose motorized modes.

The research took trip chain as a unit based on data from a within-day travel
survey in Zhongshan, Guangdong province in China. According to the cooperation of
non-motorized modes and motorized modes, there are four types for the cooperation,
including “non-motorized +non-motorized”, “motorized + motorized”, “non-motorized
+ motorized (mainly non-motorized modes with longer distance)”, “non-motorized +
motorized (mainly motorized modes with longer distance)”. In order to clear the
influencing factors of combined modes choice, after preliminarily analyzing the
characteristic of trip chain attributes including trip purpose, departure time,
consumed time, distance and stops, the research used disaggregate model
Multinomial Logistic regression model to build a combined mode choice model for
combined modes.

The results show age, gender, occupation, personal income, the ownership of
transport tools, trip purpose, trip chain consumed time have different significant
influence on mode choice. Those with low personal income prefer to choose
combined mode with non-motorized, and those with high income like choose
motorized mode or combined mode with motorized, so the service level of
non-motorized mode should be improved to attract more people with high income to
use. And especially those who have private car prefer to choose “motorized +
motorized” combined mode, so the service level of “non-motorized + motorized”
combined mode should be improved to attract more private car owner.

Keywords: Non-motorized modes; Motorized modes; Combined modes; Trip mode
choice characteristics; Disaggregate model.

1 Introduction

Combined mode refers tocontain at least2 kinds of traffic ways.
Non-motorized modes are those whose speed are slower than 15km/h, represented as
walking, bicycles and electric bicycles, and motorized modes includes motor, bus and
car. Foreign study on choice influence factors of combined modes mainly select
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individual household characteristics, travel (chain) feature, providing travel
information and other aspects, which are similar to the factors of travel behavior in
general(Golob, Hensher,2007). Nobis (2007) pointed out that the age of the traveler
has a significant impact on young people who are more likely to choose combined
modes in the study. And car use is a major cause of many traffic problems. Another
part of the study show that (Bhat CR, 1997; Tringides CA, 2004; Krygsman S,
Arentze T, Timmermans H, 2007) compared to combined modes mainly consists of
public transport, travelers using cars and other private vehicles to travel tend to
arrange a number of activities in the trip chain taking travel time and travel cost into
account, namely the existence of a complex chain of its travel trend.

Affected factors by domestic scholars considered in the study of combination
mode choice are similar with international mainstream research, which can be
divided into family property, personal property, information and so on(Yang M,
Wang W, Chen X, et al ,2007; Xianyu Jian-chuan, Juan Zhi-cai, 2010). Mei-Ping Yun
and Zhen-Huan Chen (2014) compared mode choice behavior for work tours and
non-work tours considering trip chain complexity. The paper suggests that if
intermediate stops increase, compared to choosing car, respondents are more likely to
choose non-driving modes (walk, bicycle, motorcycle, and bus) for non-work tours,
whereas they are less likely to choose bicycle or bus for work tours.

Non-motorized modes and motorized modes are seen as main combined modes
in this study, which are divided into four types.

2 Survey data
2.1 Survey Overview

The travel survey data came from Zhongshan city in Guangdong province,
which is a typical Southern small and medium-sized city.

Survey time: Dec 1, 2009, Thursday (work day);

Survey method: SP, home interview survey;

Sample size: The objects are residents over 6 years old for each family, a total
of about 30000 households, covering 53339 respondents, the overall sampling rate is

3.6%, obtaining 144496 effective travel records.

Table 1.Survey content

Basic information Survey content
personal age, gender, occupation, income, driving license and so on
family population size, income, vehicles and so on
travel times, purpose, mode, time, the departure and arrival time and so on

2.2 The use of data

Trip train links all travel starting from home until back home which has been
widely used in the study of travel choice behavior, its characteristic has effects
on the mode choice behavior, such as the transfer times, travel time, travel distance
of chain etc.. According to the definition of trip chain, the survey data were
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integrated into the trip chain. The research selects trip train with one or two transfer
stops and makes statistical analysis for each type (Table 2 and Table 3).

Table 2. Proportion of combined modes

proportion (%) walk bicycle electric vehicle bus  motor car
combined with walk - 8.8%* 5.3%* 10.3**  25.0*%* 10.7**
combined with bicycle - - 2.7* 1.2% 1.7% 0.3
combined with EV - - - 0.4 2.2% 0.4
combined with bus - - - - 5.5%*% 1.0*
combined with motor - - - - - 4.8*
combined with car - - - - - -
walk+ () +walk - 0.1 0.1 0.9 0.7 0.4
bicycle+ () +bicycle 0.9 - 0.2 0.2 0.2 0.1
EV+ () +EV 1.0* 0.2 - 0.4 0.3 0.1
bus+ () +bus 2.8% 0.1 0.1 - 0.2 0.1
motor+ () +motor ~ 4.2%* 0.3 0.2 0.2 - 0.4
car+ () -+car 3.1% 0.1 - 0.4 0.9 -

note: **- the most significant, *- More significant, -no data

Table 3.Proportion of combined modes

Combined modes sample proportion (%)
“non-motorized + motori
npn motorized ' motorized § 377 15.1
(mainly non-motorized modes)
s -motorized + torized
non' mo OI‘lZC’ mo 0r1ze” 1233 493
(mainly motorized modes)
“non-motorized + non-motorized” 360 14.4
“motorized +motorized” 253 10.1
other 278 11.1
total 2501 100.0

3 Study on combined mode choice model

The study analyzes the choice behavior of combined modes which consist of
non-motorized modes and motorized modes, clearing the cooperation of
non-motorized modes and motorized modes. The combined mode choice model uses
disaggregate model, by determining the choice limbs, analyzing the influence factors,
the calibration model and the model test, and ultimately obtain the combined modes
choice characteristics.

3.1 Determination of model choice limb

Combined mode refers to contain at least 2 kinds of traffic ways, in order to
understand the cooperation of non-motorized modes and motorized modes.
According to the cooperation of non-motorized modes and motorized modes, there
are four types for the cooperation, including “non-motorized +
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non-motorized” , “motorized + motorized”, “non-motorized + motorized (mainly
29 (13

non-motorized modes)”, “non-motorized + motorized (mainly motorized modes)”,
generally the “motorized + motorized” as a reference item.

3.2 Analysis of influence factors

Combined modes choice model makes analysis according to personal property,
family property and trip train property (Table 4). Because of at least 2 kinds of
modes included in the combined modes, so the trip trains with the transfer over mode
are taken as sample for statistical analysis to determine influence factors, providing a
basis for follow-up model.

Table 4. Influence factors

Factors category Influence factors

gender
age
occupation
personal monthly income
traffic cost/month
driving license

Personal property

population size
Income/year

bicycle
electric vehicle
motorcycle
car

Family property
vehicles ownership

purpose
departure time
trip train time
trip train distance
number of stops
time of walking to bus station

Trip train property

3.2.1 Personal property

1) Gender

According to the figure 1, gender has effect on the combined modes: male are
more likely to choose ‘“non-motorized + motorized” than female and the
“non-motorized + motorized (mainly motorized modes)” most.
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note: number of samples=2223

Figure 1. Gender effect on the combined modes

2) Age

According to figure 2, effect of age on combined modes choice is travelers
under 20 years old mainly choose the “non-motorized + motorized(mainly motorized
modes)” and ‘“non-motorized + non-motorized”, and there are no significant
differences in the combined modes choice among travelers over 20 years old.

Therefore the effect of age on combined modes is smaller.
100

80

“motorized+motorized”
60
= “non-motorized-+non-motorized”

(%>

“non-motorized +motorized”
(mainly motorized modes)

40

“non-motorized +motorized™
(mainly non-motorized modes)

0~9 10~19  20~29  30~39  40~49  50~59 Over60

Age
note: number of samples=2223
Figure 2. Age effect on the combined modes

3) Personal monthly income

Personal monthly income has obvious influence on combined modes choice,
and presented pretty negative correlation: the higher the income, the more inclined to
choose the “non-motorized + motorized (mainly motorized modes)”, the other 3
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kinds of combined mode ratio reduced at the same time.
100

80

o “motorized+motorized”

60
R “non-motorized+non-motorized”

(%)

“non-motorized +motorized”
40 (mainly motorized modes)
“non-motorized +motorized”
(mainly non-motorized modes)

0~770  771~1200 1201~2000 2001~3000 Over 3001
Personal monthly income/(yuan)
note: number of samples=2223

Figure 3. Personal monthly income effect on the combined modes

i. Family property

1) Population size
As can be seen from figure 4, population number has smaller effect on

combined modes choice, basically similar proportions of all kinds of modes.
100

80

60 o “motorized+motorized”

# “non-motorized+non-motorized”

(%)

“non-motorized +motorized™
(mainly motorized modes)

40

g “non-motorized +motorized”
(mainly non-motorized modes)

1 2 3 4 5 Over 6
Population size

note: number of samples=2223

Figure 4. Population size effect on the combined modes

2) Vehicles ownership (car as a case)

Vehicles ownership can be seen as a necessary condition for the use of
this means of transportation and is considered to have a greater influence on travel
mode choice. According to figure 5 that made of cars as a case, whether owned cars
will tend to choose the “non-motorized + motorized (mainly motorized modes)”, and
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travelers owned a car prefer to choose this mode than those who do not own a car.
And the “motorized + motorized” has a greater proportion which can be understood

as the use of the car try to make travel after buying.
100

80

B “motorized+tmotorized”

60

@ non-motorized+non-motorized™

(%)

“non-motorized +motorized™
(mainly motorized modes)

40

B “non-motorized *motorized™
(mainly non-motorized modes)

yes no
Vehicles ownership
note: number of samples=2223

Figure 5. Vehicles ownership effect on the combined modes

ii.Trip train property

1) Trip train time

Trip chain time is pointed out the cost to complete whole trip chain, which has
smaller effect on the “non-motorized + motorized” for travelers based on figure 6.
And with the increase intime consumption, the proportion of “motorized +
motorized” modes increase and “non-motorized + non-motorized” modes reduce,
which explains the motorized modes are more popular among travelers with long

travel time.
100 -

80

8 “motorized+motorized”

B “non-motorized+non-motorized”

“non-motorized +motorized™

40 - (mainly motorized modes)

B “non-motorized +motorized”
(mainly non-motorized modes)

0~10 10~20 20~30 30~40 40~50 50~60 Over60
Trip train time
note : number of samples=2223

Figure 6. Trip chain time effect on the combined modes
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2) Trip train distance

Trip train distance is all the travel distance of a completed trip train. Therefore,
trip train distance not only has a significant effect on mode choice, but also has the
correlation with the positioning of modes. According to figure 7, the proportion of
combined modes with non-motorized reduces significantly with the increase of train
distance, motorized modes increases on the contrary.

B “motorized+motorized™

o “non-motorized+non-motorized”

(%)

“non-motorized +motorized”
(mainly motorized modes)

g ‘non-motorized +motorized”
(mainly non-motorized modes)

) 2 Nel D vl N o5 P
Voo &y gy 4Sover

Trip train distance
note : number of samples=2223

Figure 7. Trip chain distance effect on the combined modes

Choice characteristic variable

This study devides choice characteristic variables into two categories: general
variable for all mode choice and inherent variable for particular mode choice, inherent
variables (Xianwei Liu, 2013) include vehicle ownership because of the significant
impact on mode choice, the significance level of 0.01 or 0.05.

Table 5.General variable chi-square correlation test

Combined modes choice model

general variable N=1000

Pearson correlation Sig. (2-tailed)

gender -0.082** 0.010

age 0.082%* 0.009

occupation 0.088 0.065

personal monthly income 0.249** 0.000

Traffic cost/month 0.286** 0.000

driving license 0.270%* 0.000

family population number -0.054 0.088

family income/year 0.124%%* 0.000

travel purpose -0.009 0.783

departure time 0.017 0.595

trip train time 0.017** 0.000
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trip train distance 0.185%%* 0.000
number of stops 0.183** 0.000

note: **-1% Significance level, *- 5% Significance level

From the chi-square correlation test, substantially all of the general variables are
concerned with the travel mode choice. The impact of occupation, population number,
trip purpose, departure time for combined modes choice are not significant, therefore
they are excluded from the model of the independent variables.

Taking into account that each variable of the disaggregate model should be
independent of each other, it is necessary to make the correlation analysis (Qiuli Rao,
2011) between general variable and inherent variable, getting the final model
variables as shown in the following table.

Table 6. Independent variable of the model

Ind dent variabl
fidepencent vartable Independent variable

classification

Traveler characteristic gender

variable age .
personal monthly income
bicycle
Options inherent electric vehicle
variables motorcycle
car

Trip train characteristic

trip train time
variable p

3.4 Model calibration

In this study, by Multinomial Logistic regression model with 1000 samples of
SPSS software, the optimal model is found according to the results of fitting
test model and pseudo R square statistic after repeated attempts, as the following

table.
Table 7. Combined modes choice model calibration results
“non-motorized + “non-motorized + “non-motorized +
Variable Description motorized(mainly motorized(mainly X
. A non-motorized”
non-motorized modes)”  motorized modes)”
ignifi
Significa Significance Signific
Parameter Parameter Parameter  ance
nce level level
level
Intercept aj 1.403* .039 2.169%** .000 -1.167 190
age X, +.002** .008 +.019* .021 +.013 .080
gender (1=male) X, -491 .066 +.165 466 -.951%* .001
personal monthly income -1.171%* .002 +1.648%* .014

(1=0~770)
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personal monthly income ¥z +1.239* .022 +2.140%* .003
(2=771~1200) 3 - -
personal monthly income ¥3
(3=1201~2000) 3 - - - - - -
personal monthly income 4
(4=2001~3000) 3 - - N - B -
personal monthly income XsRefer
(5=over 3001) enee
1tems
bicycle (1=yes) X, - -- - - +1.015%* .001
electric vehicle (1=yes) Xs -- - - - +1.558%* .000
motorcycle (1=yes) X -1.268** .000 +.472% .013 -1.884** .000
car (1=yes) X, -.872%* .003 - T179%* .001 -1.313** .000
trip train time (0=0~10) X3 +2.357* .033 +2.369%* .022 +4.227** .000
trip train time (1=10~20) X2 +1.306%* .007 +1.284* .002 +2.925%* .000
trip train time (2=20~30) X3 +.853* .034 +.607 .070 +2.214%* .000
trip train time (3=30~40) Xg -- - - - +1.726** .001
trip train time (4=40~50) X3 -- -- - -- +1.411%* .006
trip train time (5=50~60) X8 - - - - - -
XgRefer
trip train time (6=over 60) ence
items

note : **- 1% Significance level, *- 5% Significance level, --not significant

3.5 Model test

The significance level of model fitting information here is less than 0.01, the
significant level of Pearson statistics for goodness of fit and error statistics are all
greater than 0.1, McFadden value reached 0.411 that far greater than 0.1, and
therefore the goodness of fit of the model is better.

Table 8. Combined modes choice model fitting information

Model fitting

Likelihood Ratio Test
model standard
-2 log-likelihood Significant
values Chi-square DF level
Intercept only 2265.441
final 1858.601 406.839 48 0

Table 9. Combined modes choice Goodness of fit

Chi-square DF Significant level
Pearson 2678.344 2784 923
Deviation 1835.950 2784 1.000
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Table 10. Combined modes choice Pseudo R-squared

Cox and Snell 334
Nagelkerke 372
McFadden 178

4 Discussion of Results

The model calibration results show that significant effect of age on the
combined modes choice reflects that the older travelers are more likely to choose the
“non-motorized + motorized(mainly motorized modes)”, followed by
“non-motorized+ non-motorized”; the proportion of male choosing “non-motorized +
motorized(mainly motorized modes)” is greater; personal monthly income
parameters show that lower income people tend to choose the “non-motorized+
non-motorized” or “non-motorized + motorized(mainly non-motorized modes)”, and
as incomes rise, the proportion of “non-motorized + motorized(mainly motorized
modes)” grows up; traveler with a car tend to use the car as only way to travel, which
can be speculated that the reason travelers reluctant to adopt “non-motorized +
motorized” is the lower service level; trip train time is closely related to the mode
speed, so travelers tend to choose “non-motorized + motorized(mainly motorized
modes)” as time rises.

5 Conclusions

This paper uses the disaggregate model to analyze the combined modes choice
of non-motorized modes and motorized modes, in order to understand the effect and
impact of various variables on the combined modes under the cooperation between
non-motorized modes and motorized modes. Through the establishment of the
combined modes choice model, the study quantifies the influence factors for mode
choice. The paper reveals influencing factors of trip chain mode choice and the
relationship between non-motorized mode and motorized mode. The results of
research could be applied to similar cities as reference, as well as guide and reference
value to the development of urban transport system.
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Abstract: On the basis of extensive research and interviews with experts, we propose
a quality evaluation indicator system for rail freight service, which consider both
factors of rail transport enterprise and customer satisfaction. We recommend the
application of these indicators to assess the quality of rail freight services in order to
improve the market competitiveness of railway enterprise.
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1 Introduction

After the establishing of China Railway Corporation, a wide range of rail freight
reforms was carried out, aimed to increase market share. Therefore, evaluating the
quality of rail freight service, improving customer satisfaction and enhancing market
competitiveness has become one of the priorities. Existing quality evaluation
indicators of rail freight service emphasis on internal production management, and
lack of systematic evaluation for customer satisfactory. At present, many domestic
and foreign scholars studied the quality of rail freight service. Feng Fenling (2007)
proposed that the current railway freight services lack of comprehensive evaluation
method, she used SERVQUAL method to evaluate the rail freight service quality,
proved that SERVQUAL method can be used in the field of rail freight service
quality. Agrawal, R. (2008) put forward that staff's behavior is an important factor
related to customer satisfaction in rail freight transportation. Yang Kai (2010)
analyzed the influence factors of railway freight service quality, formed an
evaluation system, and used the approximate ideal solution sorting method to
evaluate.

Based on the theoretical analysis, extensive research on various types of rail
customers and soliciting the views from staff of Railway Bureau, this paper propose
a quality evaluation indicator system for rail freight services under the background of
freight reform.

2 Principles of the Indicator System

Railway freight has a complex process, involves many units and
departments (including collaboration of multisectoral, such as locomotives,
electricity, finance and so on), and also includes the participation of logistics
companies. Any quality defects are likely to affect the final services quality. Taking
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into account the quality of rail freight service has the following characteristics:

(1) Subjective judgment and dynamic differences;

(2) Fluctuation and volatility;

(3) Comprehensive and systematic;

(4) Representative;

At the same time, a general assessment of the quality for rail freight service
relying on indexes is basis for National Railways to announce rewards and
punishments for rail freight departments. Therefore, the establishment of the quality
evaluation indicator system for rail freight service must meet the following
principles:

(1) Principle of comprehensiveness: The selection of indicators should be able
to reflect the quality of rail freight service comprehensively and systematically,
mainly selected from the functional quality indicators and technical quality indicators,
and overcome shortcomings like one-sidedness and so on.

(2) Principle of concise and science: The selection of indicators should be able
to reflect the quality of rail freight service accurately and timely , have a simple
method, and meet requirements of simple and scientific .

(3) Principle of stability and comparability: The results of the general
assessment is a quantitative value, need to be applied to the practice, promoted to the
public, meet the demands of enterprises of all types at different levels, and suit for
horizontal comparison and analysis, so the evaluation index must be quantified, in
order to reduce the influence of subjective factors by statistics and calculations.

(4) Principle of operability and flexibility: General assessment of the quality for
rail freight service will generate new customer expectations, and promote freight
companies to take corrective action, but if the rail freight enterprises cannot improve
in a particular area, we should cancel the terms of evaluation index, ie the selection
of indicators should be realistic and operable, and can be convenient collected.

(5) Principle of independence: Low degree of correlation between the indicators
can effectively avoid intersectional, overlapping content covered by different
indicators.

(6) The principle of customer satisfaction: That evaluation indicator system
determined by the customer is the most basic requirement of the establishment of
index system, we need to grasp the needs of customers accurately, and choose the
most important evaluation indicators customers think.

3 The Establishment of the Indicator System

The quality evaluation indicator system for rail freight services is a method for
National Railway Administration to supervise and evaluate the quality of rail freight
services from the perspective of a third party. At present, rail freight has developed to
become managers, organizers and operators of rail freight’ acceptance, transport
(including multimodal transport and door to door service), delivery, inquiries,
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complaints, and compensations. A very wide range of its business makes it difficult
to proposed evaluation indicators for all parts related to their business. Therefore, the
quality evaluation indicator system for rail freight services will examine seven

aspects from perspectives of customers and rail transport enterprise ,including the
arrival time, cargo damage. complaint handling. transportation cost. information
services. Freight station service and freight operation service according to the
production process.
3.1 Indicators from internal production
Existing evaluation indicators of rail transport enterprise emphasis on internal
production management, through collecting statistical indicators from rail freight
department and the communication with experts from rail freight department, we
select effective indicators to evaluate the quality of freight services as Table 1

Table 1 The meaning of indicators from internal production

First level index

Second level index

The meaning of indicators

The arrival time

The ratio of punctuality

Batches of cargo arrived timely/ The total
number of batches of cargo

Cargo damage

The ratio of cargo damage

Batches of cargo damage/ The total number of

batches of cargo

The ratio of compensation

The compensation of cargo damaged/ The

total number of freight revenue

The ratio of complaint

The number of customers’ complaint / The

number of customers

Complaint - -
. ) ) The number of handled complaints with
handling The ratio of handling ) :
) . ) customer’ satisfaction/ The number of
complaint satisfactorily .
customers’ complaint
. . . The number of telephone connected and get
Information The ratio of replying . . .
. . ; an evaluation "satisfaction" / The number of
services telephone satisfactorily

telephone connected

3.2 Indicators from customer satisfactory
Customer is a main part of quality evaluation for rail freight service, through the
conversation with large customers of rail freight as well as questionnaires to rail
customers, we conclude the factors that customer mainly concern, shown in table 2.
Table 2 The meaning of indicators from customer satisfactory

First level index

Second level index

Questions

The arrival time

The satisfaction of arrival

time

Are you satisfied with the arrival time of
cargo?

Cargo damage

The satisfaction of cargo

damage

Are you satisfied with the safety of cargo

Are you satisfied with the compensation

service?
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) The satisfaction of Are you satisfied with the transportation
Transportation cost ]
transportation cost cost?

Are you satisfied with the way for

. . The satisfaction of complaint?
Complaint handling . . . .
complaint handling Are you satisfied with the results of
complaint?

. . Are you satisfied with the service of
. . The satisfaction of . L ) .
Information services . . . information inquiry (including the
information services
Internet and the telephone) ?

Are you satisfied with the attitude of

service in freight station?

Are you satisfied with the environment

of freight station ?

Freight station The satisfaction of freight - -
. . . Are you satisfied with the ease of
service station service ) i .
handling process(including on Internet

and in freight station)?

Are you satisfied with the service
facilities in freight station?

Are you satisfied with the service of

acceptance in the originating station?

Freight operation The satisfaction of freight Are you satisfied with the quality of

service operation service loading and unloading of freight?

Are you satisfied with the assigning

work of railway container?

3.3 Sources of indicators

The quality evaluation indicators of rail freight services can be divided into two
categories, namely quantitative indicators and qualitative indicators, both
complement each other, and improve accuracy and objectivity of the evaluation ,but
different indicators have different sources:

(1) For indicators from internal production, we may collect from the rail freight
information system, such as railway production information system, railway
e-commerce platform, railway operation management system of customer service
center and so on.

(2) For indicators from customer satisfactory, We may collect from doing
research on customers. The research can be carried out by a third-party professional
organization, which is independent of the government and rail freight enterprise. The
research on customers needs a combination of periodic surveys and occasional
surveys, and must form an investigation report at last.

295



ICTE 2015

© ASCE

4 Conclusions

The quality evaluation indicator system for rail freight services proposed above
is based on an extensive field research and interviews with experts, and is more close
to the actual work and the demand of customers. After the indicator system, we use
fuzzy comprehensive evaluation method for evaluating, taking into account the
enterprise technical indicators and customer satisfaction, and propose an exercisable
implementation process for the quality evaluation of rail freight services, which will
cause a more accurate assessment results than ever.
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Abstract: The single variety of goods transportation route optimization is the basic
link of organization and implementation of multimodal transport. Transport costs,
transport time, multimodal transport network carriage capacity and change trains
ability are the main factors affecting the multimodal transport path selection. The
multimodal transport network is described as a simple undirected graph. Contrast and
analyze the network characteristics. Based on the parameters definition and borders
assumption, using point-arc model, structure the multimodal transport path selection
model of a single variety of goods. Further analysis found that: through transforming
the network and reconstructing the objective function, it can simplify a linear
constraint model about shortest path.

Keywords: Multi-modal transport; Transportation path; Optimization model.

1 Introduction

In recent years, the demand for structure of transportation has been changed.
The demand for mass freight has relatively substantially declined, but bulk freight
and other types of goods demand have a rapid increase. Therefore, enterprises have
to provide more efficient and personalized transportation services.

Cargo transport in human economic activities plays a very significant role, also
provides basic material guarantee for the sustainable development and human
survival economy. Because of this, cargo transport on the economic, social and
human development of the country plays a vital role. Multimodal transport, an
advanced form of transport organization, is a transport activity through which
transport enterprises can integrate the technical and economic advantages of
transport. Multimodal transport is the innovation of the method of transportation
organization; also it can reduce transportation costs effectively, improve the
efficiency of transportation, enrich the types of cargo, as well as expand the service
scope of transportation enterprises.

The main job of transportation path selection is to select a transportation route
between the start and end point, and allocate the freight volume rationally to each
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city node, thereby forming a viable transportation scheme. Path selection is a
significant part of organization and implementation of multimodal transport.

In the past, most of the studies explored that constructing a multi target model
of path selection about minimum transport times and costs, reasonable path set as the
basis for the choice of path. However, the network description and model structure
had some problems. But for a single variety of goods, there would be no network
transport volume distribution problem, the effect of capacity constraints limit is so
minimal. We can use the point-arc model, and the form will be simpler.

2 Influence Factors of Path Selection

Considering the whole process of intermodal transportation companies
completing the tasks, the route selection is affected by multiple factors, including
transport costs, transportation time, multimodal transport network carriage capacity,
change trains ability in the city node and other factors.

(1)Transport cost

Transport cost is the major basis of how the multimodal transport enterprises
select routes and transportation solutions. As for multimodal transport enterprises,
faced with increasingly fierce competition on the transportation market, effectively
reducing the costs is of vital importance to their survival and development. By
utilizing reasonable transportation solutions, multimodal transport enterprises can
effectively reduce the costs and thus acquire greater pricing space, which effectively
improves their competitiveness and viability in the market.

(2) Transport time

Shorter transport time means rapid speed of goods turnover and transportation
of goods with high efficiency. In the actual transport process, multimodal transport
enterprises need to balance transport time and cost, and find the most favorable
transportation scheme.

(3) Network transport capacity

The maximum volume of freight transport line can load, which constitutes the
basis of the transportation network. The transport capacity will be greatly restricted
multimodal transport enterprises to develop transport organization flexibility.

(4) Nature of goods

This is one of the important factors of transportation path choice. Generally
speaking, coal, iron and steel, oil and other mass freight would certainly not use air
transport and high effectiveness of goods will not be transported by water.

3 Multimodal Transport Network
3.1 Network description

Transport network can be described as a simple undirected graph G (V, E, C, T,
H, F), V, a set of nodes, means city; E, a set of undirected arc, means some modes of
transport between two cities; C is a set of arc capacity; T is a set of arc time; H is a
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set of arc cost; F'is a set of goods flow.
3.2 Multimodal transport network characteristics

Compared with the single mode of transport, Multimodal transport has some
obvious differences.

(1)More nodes. Due to a variety of modes of transport, farther transport distance,
larger transport cover areas.

(2) More alternative modes of transport.

(3) Problem is on a larger scale.

4 Model Constructions
4.1 Boundary assumption
(1) Assuming that a single variety of goods and its corresponding transport OD
determined completely
(2) The structure of transportation network has been completely determined.
(3) The cargo can’t exceed the time limit in the transport process.
(4) The cargo in transform modes of transport allows only one mode of transport
to carry.
(5) The cargo isn’t allowed to contain a loop in the transport path.
4.2 Define variables and parameters
Tl-jk the transport time cost in code i to j by using the £ mode of transport.
T the time cost about a mode of transport by the k£ converted to /.
C,-jk—the transport capacity of the £ mode of transport in code i to ;.
cl the change trains ability of transport by the k£ converted to / in code i.
Hi* the transportation cost in code i to j by using the £ mode of transport.
H¥ the transfer cost in code i of transport by the & converted to /.

Yk_{l using the k mode of transport in code i toj}
i

0 otherwise
X-kl={1 transport by the converted to l in code i}
AN otherwise

4.3 Objective function
The objective function is determined as the minimum total transportation cost,

including transportation costs inside city and transfer cost.

N

M N N M M
minZ=Zy+ZZ=Q-(Z > ZH;-)’I.I."+ZZZH1."Z~XZ.”]

k=l i=lizj j=I i=l k=l I=1

4.4 Constraint condition
(1) Path constraint
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Through (1) to ensure that the goods form a complete path in OD, through (2) to
ensure that the path does not contain the "ring" structure.

(2)Transit constraint

IR ;Z;:Xikl (i#0)

222> X! (j#D) (3)
ZZXg’ =Zk:Z]:X§’ =0

k

4)
222X <R 5)

The (3) ensure that goods are only in the transport path to transfer, (4) means
using the same method of transportation through the node is also considered a
transfer, (5) ensures the required number of transit.

(3)Transport capacity constraints

(Q'Xf <G )ﬂ(QYU SCII/‘) (6)

(4) Transport time constraint

M N N M M
22T X <T Y

k=1 i=1 j=I a=1 [=] m=l

This constraint ensures that the total transportation time does not exceed the
time limit of requirements.
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(5) Ordinary variables constraint

v, X! e{o,1] ®)
4.5 Model Analysis

(1) This model is a nonlinear programming, due to (4), in order to ensure the
corresponding transit and transportation mode so produced quadratic term.

(2) For (6) its essence is consistent with res.8, it can use the method of
simplified network to slack off those constraints.

(3) The objective function form are same with (7), it can directly be constructed
as a part of objective function.

5 Conclusions

Transport network path optimization for a single variety of goods is the basis for
optimization problem. Its essence is a simple network shortest path problem. For
many varieties of goods transport task problem in a certain limit number of
locomotive arriving at depot conditions, is same with optimal locomotive routing
problem. For node splitting, network reconstruction, algorithm design, all of those
are the focus of the next step research.
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Abstract: After the operation of Harbin-Dalian high-speed railway, the market share
of air transport in northeast area declined obviously because high-speed railway took
over a part of aviation customers in various haul distances. On the basis of analyzing
the influencing factors on travelers’ choices in high-speed passenger transport, this
paper provided a questionnaire based on SP survey. Through the field investigation in
Dalian and Harbin, Logit model to analyze the preponderant haul distance of
high-speed railway was demarcated. After solving the model and analyzing the
competitive edges of Harbin-Dalian high-speed railway in different haul distances.
Keywords: Integrated transportation; Dominate transport distance; Logit;
Passenger-sharing rate; Competition.

1. Introduction

Harbin-Dalian High-speed Railway is the important constituent part of Beijing-
Harbin Passenger Dedicated Line in the "four vertical and four horizontal" system of
China's high-speed railway, it is the “aorta” of high -speed transport in northeast
China, at the same time, it is also the current high speed railway with highest
designing construction standard in the most northern cold region of China, it was
officially opened on December 1st, 2012. Seeing from the statistical data of relevant
departments in Dalian city, the loss of business customers of Dalian civil aviation is
about 40 percents, the shock of high-speed railway is obvious. Civil aviation
passenger transport will adjust flights and fares to redeem the loss customers, and the
competition between high-speed railway and civil aviation in northeast China region
will become more intense.

This paper chooses Harbin-Dalian line as the study area, and has made indeed
SP questionnaire survey to the passengers, analyzed the results, and identified the
factors which influence passengers’ travelling choices, demarcated Logit, and
constructed high-speed railway’s preponderant transport distance analytical model
with the competition of civil aviation, discusses the preponderant transport distance
of high-speed railway.
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2. Modeling

A The construction of competition model and the utility function testing
passengers’ choice of high speed passenger transports is comprised of observable
utility and random utility. Then the utility function of passenger choosing the k high
speed passenger transport can be expressed as

Uy =V, +&, (D

Wherein V is the fixture of the utility function, € is the probability of the utility
function. Currently, there are two ways of high speed passenger transport net of
high-speed rail way and air transport, therefore, the probability of high speed rail
way to be chosen is.(K1 represents high speed rail way, K2 represents air transport)

eV(k1)

There are a variety of relationships between Vi in term (1) and the influence
variables contained in it, in the specific form, the utility determination function can
be expressed by one or more functional forms, taking convenience in results
analysis and coefficients marking into accounts, currently linear function is
commonly used as an expression for the utility function, namely

(3

Wherein Xjy; is the j influence factor of i passenger choosing the k high speed
passenger transport, 0 j is the parameter Xj; corresponds to. Term (5) can be
expressed as

igixfh.f
plh)y=———— (4)
ZH/XIM/ 29/)%/
e’ +e
plky)=1-p(k,) (5

3 .The calibration of Influence factors
Before travel, travelers usually in the subconscious, based on subjective
ideological factors choice which way to travel. Through the analysis of disaggregate
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model of the individual requirements of the traveler's property, The main factors
affecting the selections of high-speed passenger transportation way can be divided
into personal attributes, transport properties and trip properties, each attribute

contains factors and define variables as shown in table 1.

Table 1.BL. model parameters table

Factors Variable Explanation
Sex X1 Men 1,Women 2
ol Divided into 5 age groups: under 18, 18 to 30, 31 to
X2 50, 51 to 60, 61 years and older, X2 values of 1 to 5
Personal Professional for five: Students, civil, servants,
Attributes | Profession X3 enterprise staff, teachers and others,X3 values of 1
to5
Ticket prices according to the discount division: the
Fare X4 full price, 7 fold,5 fold, 4 fold, 3 fold and the
following, X4 values of 1 to 5
. Punctuality rate divided according to time delays:
Punctuality )
Rat X5 On time,0 < L<0.5h,0.5h < L<1h,1h < L<1.5h,1.5h <
ate
L<2h,L > 2h, X5 values of 1 to 5
Transport ; .. .
. . Occupied space is divided into: 0 < S<0.5m3,0.5 m3
Properties Occupied
S X6 < S<I m3,1 m3 < S<1.5 m3,1.5 m3 < S<2 m3,S > 2
ace
P m3, X6 values of 1 to 5
. In accordance with the number of incidents
Security X7 .
classified as 1,2,3,4,5 and above, X7 values of 1 to 5
Interval is divided into: 1h,2h,3h,4h,5h and above,
Interval X8
X8 values of 1 to 5
Travel purpose is divided into: school, travel, friends
Trip Purpose X9 and relatives, business and others, X9 values of 1 to
5
Iri Trip distance is divided into:0 to 500km,501 to
Ti
. P X10 1000km,1001 to 1500km,1501 to 2000km,2001km
. Distance
Trip and above, X10 values of 1 to 5
Properties | Before Time Before time and after time is divided into:
and After X11 0.5h,1h,1.5h,2h,2h or more, X11 values of 1 to 5
Time
Before Cost Before cost and after cost is divided
and After X12 into:30yuan,50yuan,100yuan,150yuan,
Cost 200yuan or more, X12 values of 1 to 5
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4. Model calibration and result analysis

Since there are many influence factors involved in the questionnaire, so parts of
the influence factors are selected, which are the five influence factors of age, costs
for reaching the junction station, journey fare, time for reaching the junction station
and waiting time, the survey data is integrated again, and Guibiogeme software is
used to solve the model and calibrate model parameters, the calibration results of
each parameter are seen in Table 2.

Table 2. The parameters of the model calibration results

. Parameter
Influence factor | Variable T test P test
values - -
ASC civil
— oM % 2.54 2.86 0.00
aviation
ASC high- d
— gh-spee 6 0.00
railway
Age X; o 1.10195 2.23 0.01
Costs for reaching
the junction X o -0.259 -0.04 0.06
station
Journey fare X3 o -0.00786 -1.02 0.03
Time for reaching
the junction Xy Oy -3.57 -3.36 0.05
station
Waiting time X; as -3.07 -0.98 0.04

According to the values of t test and p_ test in Table 3, test indexes of each
factor meet with the accuracy requirement after query. It can be seen from the
parameter values of each influence factor that the parameters of other influence
factors are negative values except age, and it shows that the utility of this kind of
trip mode increases with the decrease of costs before journey, whole time before
journey and journey fare. So influence factors calibrated in Table 3 can be used to
establish the utility model in Formula 6, and the data of questionnaire can be used
for analysis.

U=oX+0,X, +o,Sc,+o,X, +o X, + R, + R, +E, (6)

air

o, — o, in Formula are the corresponding calibration coefficients of influence

factors in Table 4, X1. X2i. X4i. X5i corresponds to the influence factors in Table
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2; Si represents the transport distance of the i kind of transportation mode; c;
represents the freight rate of per unit distance of the i kind of transportation mode;
Sici is the fare, according to the current pricing situation of high-speed railway fare
and air ticket, the freight rate of per unit distance of high-speed railway is 0.43 Yuan
per kilometer, and civil aviation passenger transport is 1.16 Yuan per kilometer, the
freight rate of per unit distance of civil aviation passenger transport is 0.812 Yuan
per kilometer when air ticket fare is 30% off, and it is 0.464 Yuan per kilometer
when air ticket fare is 60% off. The related attribute value of high-speed railway and
civil aviation passenger transport can be seen in Table 3 according to the
investigation.

Table 3.The related attribute value of Harbin Dalian line of high speed railway
and civil aviation passenger transport

F Trip Time before Costs before
are
( ) distance journey journey
an
i (km) (min) (yuan)
High-speed railway 400 921 48 33
Civil aviation
1200 857 54 36
passenger transport

It is assumed that the transport distance of two kinds of high-speed
transportation mode of high speed railway in Harbin Dalian line and civil aviation
was the same, and then Formula 6 can be used to calculate the market shares of
high-speed railway and civil aviation in different transport distances according to
the above conditions of utility model and parameter setting, the calculation results
are shown in Figure 1.

It can be seen in Figure 1 that the variation tendencies of high-speed railway
share rate curve under different air ticket discounts are basically the same, the most
intense competition (the both sides share the market equally, which means that the
market share rate of high-speed railway and civil aviation is equal to 0.5) transport
distance changes from 1000km to 850km between high-speed railway and civil
aviation with the decrease of air ticket price. It shows that the preponderant
transport distance of high-speed railway reduces, and the competitive advantage of
civil aviation increases with the decrease of civil aviation ticket price.
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Figl. Civil aviation under the competition of Harbin Dalian high speed railway
passenger transport sharing rate and distance diagram

We analyze the share rate change of high-speed railway when civil aviation is
full price at the same time, it can be seen from the figure obviously that there are
two mutational sites in the curve, the first mutational site is in the distance of 700km,
the passenger transport share rate of high-speed railway is 0.85 at the moment, the
second mutational site is in the distance of 1400km, the passenger transport share
rate of high-speed railway is 0.092 at the moment. The passenger transport share
rate of high-speed railway has been at a higher level in the transport distance range
of 0 to 700km; in the range of 700 to 1400km, the passenger transport share rate of
high-speed railway decreases sharply with the increase of transport distance; the
passenger transport share rate of high-speed railway decreases below 0.1 when the
transport distance is above 1400km, and the decline range of share rate starts to
decrease with the increase of transport distance.

5. Analysis on the preponderant transport distance of Harbin Dalian high
speed railway

Considering that the current shortest voyage of civil aviation in our country is
150km, so Analysis on the preponderant transport distance starts with the transport
distance above 150km.

(1)The transport distance of 300km to 600km

It can be seen from Figure 1 that high-speed railway still can bear more than
90% passenger flow volume with its advantages and characteristics in competition
with civil aviation transportation. In this transport distance, the decline change of
passenger transport share rate of high-speed railway is not obvious with the increase
of transport distance in competition with civil aviation transportation, it is because
that in this range of transport distance, high-speed railway has inborn advantages in
aspects of travel time, travel cost, convenience and so on. The total travel time of
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high-speed railway is less than civil aviation transportation, and junction stations of
high-speed railway are easier to connect with urban transport, the travel cost is
lower than civil aviation transportation obviously. Along the line of Harbin Dalian
high speed railway, the distance between Shenyang and Dalian is 400km. Hainan
Airlines used to open the airline in the interval of Shenyang and Dalian, the lowest
fare is 360 Yuan, a group per day, and the run time is 50 minutes, the overall travel

time is more than 210 minutes if time before journey and check-in time is calculated.

And the fare of second-class seats of high-speed railway that opened on December,
2012 is 180 Yuan, there are 35 high-speed trains every day, the run time is 115
minutes, the overall travel time of passengers is about 180 minutes when time
before journey and waiting time is calculated. It can be seen that no matter on cost
or travel time, high-speed railway both has advantages over civil aviation
transportation in this transport distance.

(2)The transport distance of 600km to 800km

It can be seen from Figure 4-1 that the absolute advantage of high-speed railway
starts to weaken with the increase of transport distance in competition with civil
aviation transportation. It is because that the rapidity advantage of high-speed
railway weakens with the increase of transport distance in the range of 600 to
800km, and it is the initiative transport distance that civil aviation transportation
starts to give full play to its rapidity advantage in this range of transport distance,
the rapidity of civil aviation transportation brings corresponding passenger flow
volume for it. But on the whole, the transport distance is also in the range with
advantage of high-speed railway, the mode share forecast of high-speed railway can
still accounted for more than 70%.

(3) The transport distance of 800km to 1200km

The transport distance range is the region with intense competition between
high-speed railway and civil aviation, at the same time, the market domain is paid
close attention by high-speed railway and civil aviation. The competitive advantage
of high-speed railway within this transport distance scope is decreasing rapidly, and
the corresponding side is competitive advantage of civil aviation grows rapidly, both
of the two want to take advantage in the competition, and therefore, the competition
is quite fierce. The economy-class high-speed railway ticket between Changchun
and Dalian is 304 Yuan, and the run time is 154 minutes.
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Abstract: In order to provide different result to the decision makers with different
risk preference of hazardous materials transportation adaptively, we bring conditional
value-at-risk (CVaR) modal into the risk assessment question of multimodal
transportation of hazardous materials. First we analyzed the entire process of
multimodal transportation of hazardous materials systematically, and then we built
the CVaR model, and tried to change the traditional model into a new optimization
model. According to the characteristics of the model, we designed an algorithm
based on node-arc. A numerical example shown that CVaR model of different
confidence level could be solved by the algorithm quickly and efficiently. The results
show that the CVaR model could cover risk preference from risk-neutral to
risk-averse, and it is a more proper and flexible risk measure for multimodal
transport of hazardous materials decision making.

Keywords: Hazardous materials; Risk assessment; CVaR model; Multi-modal
transportation; Link-based algorithm.

1 Introduction

Hazardous materials (hazmat) are usually transported by highway, rail and water,
etc. Since China is currently in the process of industrialization phase, the
transportation volume of hazmat is increasing year by year. With the increase in
volume, the number of hazmat transportation accidents are increasing too. Taking
into account that the low accident probability and low cost characteristics of railway
and waterway, and the flexibility and convenience of highway, multimodal
transportation that combine the advantages of various modes has become a major
choice of long-distance transport of hazmat.

In hazmat transportation research field, risk assessment problem has been
extensively studied, and the detailed review is in Shuai (2014). But in the field of
multimodal theory, risk assessment problem is mainly involved with other problems.
Verma (2010, 2012a, 2012b) published three papers which defined hazmat rail-road
intermodal transportation total risk as the summation of in-bound and out-bound
highway transportation risk and rail-haul transportation risk while studying hazmat
network design problem, and among them, the first two papers chose population
exposure as risk measurement index, and the last one chose expected consequence.
Xie (2012) also chose expected consequence as the index while studying hazmat
location routing problem, and define the total risk as the summation of transportation
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risk of each arc and the transshipment risk of each node along the path. Wei Hang
described total risk as the summation of transshipment and transportation risk, but
gave no specific risk measurement model. Kai Yanxia (2009) define total risk as the
expected loss of intermodal transportation accidents of link and transshipment
accident of nodes.

CVaR model is proposed based on VaR model. Kang (2014) pointed out that
traditional risk assessment models (such as tradition risk, population exposure et al.)
only reflect limited risk preference, therefore, she proposed VaR risk assessment
model of hazmat transportation, and utilize it in the study of hazmat routing problem
and network design problem. After that, Kwon pointed out that VaR model may
ignore the extremely high risk which is distributed in the long tail, and the author
introduced CVaR risk model into hazmat transportation, since CVaR model
obviously concerns more about the distribution in the long tail in order to avoid the
extreme accident, and CVaR is more appropriate to be used in hazmat transportation.

From the above analysis, we can see that there is lack of systematically study
about risk assessment model of the whole process of multimodal hazmat
transportation, and the existed study doesn’t provide preference-adaptive risk
assessment model for different kind of decision makers according to their risk
preference. We verified that CVaR model is flexible (Shuai,2014), scalable and
preference-adaptive in assessment of hazmat highway transportation. Thus, in this
paper we are about to introduce CVaR model into hazmat multimodal transportation
risk assessment problem, build a CVaR model after systematical analysis of the
whole process, and design an 