BEFRIGEHFHM

Introduction
to Traffic
Engineering

Iz\&’iﬁxﬁ&ﬂ

China Communications Press




BEFRIEHFHM

Introduction to Traffic Engineering

RaTESIE

MER Wik &H

. R ORIl Rk RR A2



mERE

AR S ERIUEECEEM . 2HIN8E, FIEMENA T B TREORRE URE X, B
SIEEAM B R P2 S A0OE TRPHANEAM ARG, IISEmaTikt, BEA, EEMmE
WL RS B BRI RO s e TR, HE . MEUR S EZMNER: PAEFENE T
M | AR AR AR BSEYRA T ssE TR PN, Hemihie TilMETaE
1, EBENGT EEABHA B BAIUE METAE S MR BT8R T AN DM RAGT R, #8
A IGE R

AHAERESRRAGE TR, 3ORIEH . A TREE U ARE GRS LR, BN FER
TR LRSS,

BHBEM%GE ( CIP) HiE

A58 T2 238 = Introduction to Traffic
Engineering : %23 / #Z%%, M ERE. — LT :
A RACH kit 2010.9

ISBN 978-7-114-08297-9

[.O% I.0% - @ M OXETRE K
X IV.Du491

v [ A [ B T CTPEE A% 5 (2010) 251558385

B F R UEHEE A
£ % Introduction to Traffic Engineering ( 2238 T.# &8 )
EEE: BER WER
REHE: ST BAKR
HREZTT: ARACHE L
o bk (100011) JERHEAMRKX L ESMMERHE 3 5
M #k: http://www.ccpress.com.cn
SEEEIE: (010) 59757969, 59757973
: NBRITE AL ZATH
K FEBE
: b WS ARG R F
: 787 x 1092 1/16
: 145
: 350 F
K 20104E9 A 1M
R: 201049 A 55 1 KENR)
: ISBN 978-7-114-08297-9
: 59.00 JG
(QnAERR . 0T B o) B A -l A4 07 ST 46 )

13
[
g'_gﬂ

Bt# S F NI HIW G
S HHFERHNE



PREFACE

Transportation industry has seen mushroomed development in China since
economic reform and opening to the outside world in late of 1970s. After 30-
year development, transportation has become the backbone of China’s economy.
Urbanization has proceeded so fast that expansion of cities and birth of new city
and town have pushed and stimulated transportation facilities to develop into full
swing, resulting in urgent need of transportation professionals.

Bilingual program was initiated at the mid of 1990s by the Ministry of Education
of China, aiming at fostering accredited colleges and universities to provide some
basic courses in English, with Chinese explanation. Traffic engineering was
introduced into mainland China in 1979 and Beijing University of Technology was
the first to offer traffic engineering course for undergraduates nationwide. Since
then many colleges and universities have prepared to open this course and put
traffic engineering into official discipline of the school. This textbook comes out
after more than 6 year preparation and deliberation. The textbook is particularly
designed for Chinese students because the course is taught in bilingual format.

This book is based on author’s 6-year bilingual teaching practice as well as
nearly 30-year studying and working experience in China and the USA. Lessons
have been learned from errors and mistakes in the process of building the
structure of this book. Therefore, this book is unique in that it is designed to tailor
student’s needs and requirement of credit hours designated for this course. The
text is composed of 8 chapters covering fundamentals and applications in traffic
engineering filed. The objectives of this text are to lay solid foundation for students
to study other related courses and get hand-on knowledge of traffic engineering,
as well as lead students to professional arena. This text is appropriate for
undergraduate students to study in one semester.

In order to have Chinese students better understand the contents of the text,
some technical terms are translated into Chinese and they are enclosed within
parentheses after the terms. While written at an introductory level, this book can
also serve as a reference for practicing traffic engineers as well as for students in
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graduate course. It is anticipated the book will benefit academic development of
traffic engineering in China.

The authors are indebted to the help from teaching assistants who provide
much energy and time for the accomplishment of this book. They are: Ai Qingyi,
Cao Jing, Zhang Xue, Jing Bingfeng, Lei Lei and Li Lingjie. Thanks should also
go to Zhao Yifu and Lan Jinhua who are working at Dean’s office of the Beijing
University of Technology for their strong supports in the opening and development
of this bilingual course that paves the way for the shape of the textbook.

It should be pointed out that this book, as a bilingual teaching material, is still
at fledgling stage and leaves rooms for improvement. Comments and suggestions
from readers are warmly welcome.

The Authors
Beijing University of Technology
Summer 2010
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Chapter 1

Introduction

In this chapter the definition, scope and
objectives of traffic engineering will be introduced,
together with systems composing of traffic
engineering field. In addition background of traffic
engineering as a professional will also be elaborated.
Technical terms related to traffic engineering that
may confuse undergraduate students are illustrated
to differentiate the meanings of the terms implied
in this discipline. Challenges and issues traffic
engineers face will be discussed at the final section of
this chapter.



1.1 Definition, Scope and Goal

In wake of growth of urbanization and development of automobile industry,
traffic problems have become a major concern facing the urban planners and decisions
makers. As transportation facilities have been in place and used by road users so
routinely that transportation system has become an important component in people’s
daily life. Traffic Engineering (Z&ET#E) , one of the elements in transportation system
(iz$i%4% ) , has gradually matured to become an independent discipline being
taught at colleges and universities worldwide. The definition of traffic engineering
is the phase of transportation engineering (iz%i T.# ) that deals with the planning,
geometric design and traffic operations of roads, streets and highways,
their networks, terminals, abutting lands, and relationships with other modes of
transportation (iz%i/3%) . It should be noted here that if anyone flips over any
textbook of traffic engineering he/she will find there are more than one definition
for traffic engineering. In order not to make students being confused and easy
to understand we choose this definition as the best alternative in this book. This
choice is based on authors’ teaching and working experiences in China as well
as in the USA.

Transportation engineering is defined as a discipline applying technology
and scientific principles to the planning, functional design, operation, and
management of facilities for all modes of transportation. In general there are five
modes of transportation including: roadways, railways, waterways, air and pipe.
Traffic engineering focuses on the roadway system, referring to land or surface
transportation facilities. Likewise, traffic modes ( 3ciE /73X ) refer to the conveyance
means that are operated on highway system such as: automobile, truck, bus,
motorbike, bicycle. Walking in some references is also considered a way of
movement from one location to the other location. However, since majority of the
walking behavior have nothing to do with the development of traffic facilities and
it does not involve in the renovation and production of manufacturers like auto
industry walking is not included in traffic modes in this text.

Traditionally, scope or coverage of traffic engineering deals with surface



(land, highway, roadway ) transportation ( i}z %=kt #22:# ) and relationships
and connection with other modes of transportation. Therefore, the main task
of traffic engineering is intended to study how to move people and goods by
highway or roadways and how to connect with other mode of transportation in
an efficient way to fulfill transporting people and goods. As mentioned above,
the principal modes that traffic engineers have to deal with include: automobile,
bus, truck, motorbike, and bicycle. However, terminals (%41 ) , transfer center ( #:
F+h.t») and port( hub #11 ) are also the facilities that traffic professionals have
to work with. This kind of work should be accomplished through cooperation and
coordination due to its comprehensiveness and interest-sharing feature. Though
responsibility of traffic engineers has broadened with development and expansion
of transportation systems they should keep in mind that their main duty is to plan,
design, maintain, and manage highway systems.

The ultimate goal of traffic engineering is to explore how to provide for the
safe, rapid, comfortable, convenient, economical, and environmentally compatible
movement of people and goods. It should be pointed out that movement of a
physical body does not necessarily formulate a trip unless this movement has a
determined purpose. Any movement without specific purpose can not constitute
so—called traffic. Traffic denotes the movement with specific objective.

Safety is the priority that traffic engineers look after in their career. One of the
responsibilities for traffic planners and engineers is to ensure the safety and security
of traffic facilities. In addition to safety high efficiency in terms of rapidness is also the
objective traffic professionals try to pursuit. As is known that time has values. Thus,
it is very important to move people and goods as quickly as possible. It should be
mentioned that there is always a tradeoff ( ¥Jffif ) between safety and efficiency in the
planning, design and management of highway facilities. Transportation industry
plays a key role in economic development of any nations. As a result, the objective
of traffic engineering is to promote economic growth and improve living standard
of people. With improvement of quality of people’s lives road users expect to
receive more comfortable, convenient, and environmentally friendly services of
transportation. To achieve these objectives is not an easy thing. Some conflicts
among the objectives may occur and the mission of traffic professionals is to make
great efforts to compromise the conflicts and to optimize the resources to have
transportation systems best meet requirements of road users.

1.2 Traffic System

To better understand function and characteristics of traffic facilities it is
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necessary to know the elements that shape the traffic system (or highway
system) . It is widely acknowledged that traffic system is composed of highway ( or
roadway ) , vehicle, road users, and general environment.

® Highway Planning, Design, and Management

Highway is a general term describing any facilities providing services of
vehicles running on it. Highway system can be as large as a national freeway
network or as small as a town’s street network. There are three things related to the
highway system: planning, design and management.

Highway planning is defined as a process of comprehensive plan of
highway system, involving land use plan, network plan of roadway with different
categories, layout of traffic facilities, corridor plan, transit and parking planning.
This process often needs more historical data and vision of decision makers who
are responsible for the consequences of the planning. Highway planning is also
considered a part of transportation planning.

Highway design involves geometric characteristics of the roadway that
mainly affect traffic flow and operation. Geometric designs (JL{a[i%it ) are the main
tasks that traffic engineers have to accomplish to guarantee the safe and smooth
movement of vehicles running on the roadways. As traffic engineers they do not
necessarily understand the structural design of highway facilities but should have
some basic knowledge of structural features. Geometric design deals mainly with
horizontal, vertical and cross section alignment of highway facilities. The
vehicle-based design has been gradually replaced by human-centered
design over decades.

Highway management refers to the proper control and management of
traffic facilities once upon they are in place. Lessons learned from the past
indicate that highway facilities can’t function efficiently without executing
appropriate control and management strategies. Access management (i A
HH ) is a tool to deal with the control, design, and management of roadways in
terms of layout of median, opening of driveway, as well as spacing of intersection
signals.

Issues related to planning and construction of terminals, transfer center and
port are discussed within the sphere of highway network.

m Vehicles Characteristics

In traffic engineering, vehicles are an important element in the design and
management of roadways. In light of the fact that design of vehicles is not what
traffic engineering students need to master some basic features of vehicles should
be studied in the undergraduate course. What traffic engineers are concerned in
terms of vehicles include physical size, turning characteristics, dynamic feature
and climbing capability ( J€3fiE 1 ) of vehicles. With regard to dynamic features of
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a vehicle they indicate braking characteristics, acceleration rate and deceleration
rate. In light of the fact that vehicles are so diverse it is necessary to define a standard
vehicle (#r#E%= ) or design vehicle as specification for the design of roadway facilities.
Generally, passenger car is designated as design vehicle only in parking area, either
on street parking or off street parking.

Besides, electrical bike and bicycle should also be taken into consideration
in the roadway design, particularly in the urban area. Bike lane should
be incorporated in the profile of the urban roadways to separate bike
traffic from vehicular traffic. Bicycle traffic draws more and more attention
from traffic professional with development of zero emission movement of
transportation.

® Road Users

Road users, in broad sense, include drivers, biker and pedestrians. With
regard to drivers, traffic engineers try to do everything possible to explore
the driving behavior (234454 ) through various ways. Visual acuity (#8711 ) and
reaction process ( it # ) are considered two utmost important factors related to
driver’s characteristics. As is known, personality and psychology of the driver also
greatly influence driving task but it is very difficult to search for.

As road users bikers and pedestrians are also involved in the studies
of traffic engineering for the sake of safety. This is particularly true for the
populated cities. Walking speed and gap-acceptance behavior of pedestrians
are the most important elements in traffic engineering studies. Observance of
traffic law and regulations is also a key factor, which can be improved through
education.

m  General Environment

General environment refers to the land use and landscaping along the
highway, lighting along the roadway, and weather because these factors have
great impact on the performance of traffic operation. Different land use will
produce different type of trips, resulting in different traffic intensity. Likewise, varied
landscaping provides drivers with different degree in comfort and ease during
driving. In general, lighting is used on the urban roadways. The quality of lighting
influences the safety of driving during night. Raining or snowing will deteriorate
(B#{IX ) the driving quality and often trigger in crashes ( i ) . It is true that traffic
engineers have no capacity to change general environment of highway. However,
being aware of the consequences that these elements will bring about to the
roadway operations will assist traffic planners and engineers in figuring out the
preventing ways.



1.3 Background of Development of Traffic Engineering

In next session brief introduction to history of development of traffic
engineering abroad and in China will be traced. More detailed information on
this topic will be found in other references. It is strongly recommended that
students conduct extensive literature review ( C#kl#iE ) for getting in—depth
knowledge about how traffic engineering has been shaped and developed over
decades.

m Brief History of Development of Traffic Engineering Abroad

It should be noted that two things have been considered the pushing powers
for the birth and development of traffic engineering. One is invention of automobile.
In 1885 Douglip Damller produced first experimental a four—-wheel vehicle. At
the same year Carl Bentz in Germany produced a real three-wheel vehicle. In
1888 the Mercedi Bentz was for the first time on sale in market, signaling the
development of contemporary vehicle.

The year 1904 marked the beginning of a new era in American transportation
history with the advent of automobile in considerable numbers. Moreover, the
American love affair with the automobile has grown greatly since the 1920s when
Henry Ford made the car accessible to the general public.

The other factor that pushes development of traffic engineering is urbanization
(Bkifk ) . After Second World War more and more people have swarmed into
the city to seek opportunity of making fortune. As a result cities expanded and
distance between location of employment and living place was longer and longer.
Residents living in the city had to construct roadways to connect their travel
destinations. With the advancement of new technology of vehicles many types of
public transit were seen on the streets to serve the public.

With economic reform and opening to the outside world since late 1980s
China has seen mushroomed growth of urbanization. Statistics shows that
there were only 11 metropolitans nationwide ( metropolitan denotes the city with
population over one million ) . However, this figure was 30 in 2004 and 118 in 2008,
respectively. Comparisons of urbanization of China with other countries indicate
how quickly China’s process of city’s expansion is about. Percentage
of urbanization is considered as a measure to assess expansion level of
urbanization. Great Britain took 120 years to experience percentage change
of urbanization from 20% to 40%. However, China just took 22 years to reach
this target. Table 1.1 shows years taken in completing this process in different
countries.



Table 1.1 Years Experienced by Different Countries
from 20% to 40% of Urbanization

Years Taken 120 100 80 40 30 22

Besides, development of computer science and communication has improved
traffic system. A good example is the introduction of Intelligent Transportation
System (ITS, E#esci# &% ) , which brings transportation discipline into a new
epoch. In general Intelligent transportation system (ITS) refers to efforts to add
information and communications technology to transportation infrastructure and
vehicles in an effort to manage factors that typically are at odds ( %57 ) with each
other, such as vehicles, loads, and routes to improve safety and reduce vehicle
wear, travel times, and fuel consumption.

Sustainable transportation development ( W #4388 & & ) is a more recent
concept liking environmental, economic, and social use values with the construction
of traffic infrastructures. The ultimate goal is to identity the level of development that
can be sustained without critical environmental damage, while meeting economic
and social needs of present and future generations. Preservation of natural
resources and exploration of new energy become vital steps toward sustainability.
As a result environmental factors have been gradually involved in the development of
transportation.

m Development of Traffic Engineering in China

Traffic engineering was introduced into China rather late, compared to other
countries. In 1980 traffic engineering course was first offered for undergraduate
students at Beijing University of Technology in mainland China. In the following
years many colleges and universities opened this course either affiliated to Civil
Engineering Department or under Transportation College. Nowadays, there are
more than 90 colleges and universities in China to offer traffic engineering program
with Master and Ph.D. degrees.

The then Beijing Urban Planning Bureau started its co'mprehensive
transportation planning work in 1982, conducing O-D survey for trucks, data
collection for major and minor roadways, and delay investigation at signalized
intersections. Since then transportation planning was considered an important
element in the Urban Master Plan of Beijing. Traffic impact studies ( TIS) have
been required by transportation agencies to evaluate the potential transportation
impacts of the proposed development on the surrounding neighborhood since
1990s in Beijing, symbolizing that traffic issues invite considerable concerns from
all levels of government.



