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Preface

Traffic engineering covers a broad range of engineering applications with a common focus: the nation’s system of high-
ways and streets. Often defined as the nation’s “lifeblood circulation system,” this important part of the national infrastruc-
ture supports the vast majority of inter-and intra-city movement of both people and goods. Thus, the system plays a role in
every important aspect of our society—including the economy, the environment, assurance of public safety and security,
basic mobility for all societal functions, and basic access to the most remote regions of the country.

Traffic engineering involves a variety of engineering and management skills—including planning, management, design,
construction, operation, control, maintenance, and system optimization. Because the focus of the traffic engineer’s work is a
most visible part of the public infrastructure, it is a field that also involves politics at virtually every level of
government. Thus, the traffic engineer is called on to exercise a broad range of skills and must be sensitive to a wide range
of issues to be effective. .

This is the third edition of this textbook. It incorporates new standards and analysis techniques from the Manual on Uni-
form Traffic Control Devices ( Millennium Edition) , the Highway Capacity Manual (Fourth Edition, 2000) , the Policy on
Geometric Design of Highways and Streets ( Fourth Edition, 2001) , and other current standards. Like the first two editions,
the text can be used for a survey course at the undergraduate or graduate level, as well as for a series of more detailed cour-
ses. At Polytechnic, the text is used in a two-course undergraduate sequence and a series of four graduate courses.

The text is organized in four major functional parts;

e Part | . Components of the Traffic System and their Characteristics

e Part [l . Traffic Studies and Programs

e Part [l ; Applications to Freeway and Rural Highway Systems

e Part [V Applications to Urban and Suburban Street Systems

Chapters have been added on Intelligent Transportation Systems; Parking, Signing, and Marking; Analysis of Unsignal-
ized Intersections; and Arterial Planning and Management. Additional material on functional and geometric design and on
marking and signing of facilities has also been added.

As in the first two editions, the text contains many sample problems and a wide variety of homework and project assign-
ments that can be used in conjunction with course material. A solutions manual is available. The authors hope that faculty,
practicing professionals, and students find this text useful and informative, and they invite comments and/or criticisms that
will help them continue to improve the material.

The authors wish to thank the following reviewers for their comments and helpful suggestions: Carroll J. Messer, Texas A&M
University ; Emily Parentella, California State University, Long Beach; Mark Virkler, University of Missouri—Columbia; and
William Sproule, Michigan Technological University.

ROGER P. ROESS
ELENA S. PRASSAS
WILLIAM R. MCSHANE
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CHAPTER

Introduction to Traffic
Engineering

1.1~ Traffic Engineering
as a Profession

The Institute of Transportation Engineers defines traffic
engineering as a subset of transportation engineering as
follows [/]:

Transportation engineering is the application of
technology and scientific principles to the plan-
ning, functional design, operation, and manage-
ment of facilities for any mode of transportation in
order to provide for the safe, rapid, comfortable,
convenient, economical, and environmentally com-
patible movement of people and goods.

and:

Traffic engineering is that phase of transportation
engineering which deals with the planning, geomet-
ric design and traffic operations of roads, streets, and
highways, their networks, terminals, abutting lands,
and relationships with other modes of transportation.

These definitions represent a broadening of the profes-
sion to include multimodal transportation systems and

options, and to include a variety of objectives in addi-
tion to the traditional goals of safety and efficiency.

1.1.1 Safety: The Primary Objective

The principal goal of the traffic engineer remains the
provision of a safe system for highway traffic. This is no
small concern. In recent years, fatalities on U.S. high-
ways have ranged between 40,000 and 43,000 per year.
While this is a reduction from the highs experienced in
the 1970s, when highway fatalities reached over 55,000
per year, it continues to represent a staggering number.
More Americans have been killed on U.S. highways than
in all of the wars in which the nation has participated, in-
cluding the Civil War.

While total highway fatalities per year have re-
mained relatively constant over the past two decades,
accident rates based on vehicle-miles traveled have
consistently declined. That is because U.S. motorists
continue to drive more miles each year. With a stable
total number of fatalities, the increasing number of
annual vehicle-miles traveled produces a declining fa-
tality rate.
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Improvements in fatality rates reflect a number of
trends, many of which traffic engineers have been instru-
mental in implementing. Stronger efforts to remove dan-
gerous drivers from the road have yielded significant
dividends in safety. Driving under the influence (DUT) and
driving while intoxicated (DWI) offenses are more strictly
enforced, and licenses are suspended or revoked more eas-
ily as a result of DUI/DWI convictions, poor accident
record, and/or poor violations record. Vehicle design has
greatly improved (encouraged by several acts of Congress
requiring certain improvements). Today’s vehicles feature
padded dashboards, collapsible steering columns, seat
belts with shoulder harnesses, air bags (some vehicles now
have as many as eight), and antilock braking systems.

Highway design has improved through the development -

and use of advanced barrier systems for medians and road-
side areas. Traffic control systems communicate better and
faster, and surveillance systems can alert authorities to ac-
cidents and breakdowns in the system.

Despite this, however, over 40,000 people per year
still die in traffic accidents. The objective of safe travel
is always number one and is never finished for the traffic
engineer.

1.1.2 Other Objectives

The definitions of transportation and traffic engineering
highlight additional objectives:

e Speed

* Comfort

» Convenience

* Economy

* Environmental compatibility

Most of these are self-evident desires of the traveler.
Most of us want our trips to be fast, comfortable, con-
venient, cheap, and in harmony with the environment.
All of these objectives are also relative and must be bal-
anced against each other and against the primary objec-
tive of safety.

While speed of travel is much to be desired, it is lim-
ited by transportation technology, human characteristics,

and the need to provide safety. Comfort and convenience
are generic terms and mean different things to different
people. Comfort involves the physical characteristics of
vehicles and roadways, and is influenced by our percep-
tion of safety. Convenience relates more to the ease with
which trips are made and the ability of transport systems
to accommodate all of our travel needs at appropriate
times. Economy is also relative. There is little in modern
transportation systems that can be termed “cheap.”
Highway and other transportation systems involve mas-
sive construction, maintenance, and operating expendi-
tures, most of which are provided through general and
user taxes and fees. Nevertheless, every engineer, re-
gardless of discipline, is called upon to provide the best
possible systems for the money.

Harmony with the environment is a complex issue
that has become more important over time. All trans-
portation systems have some negative impacts on the en-
vironment. All produce air and noise pollution in some
forms, and all utilize valuable land resources. In many
modern cities, transportation systems utilize as much as
25% of the total land area. “Harmony” is achieved when
transportation systems are designed to minimize nega-
tive environmental impacts, and where system architec-
ture provides for aesthetically pleasing facilities that “fit
in” with their surroundings.

The traffic engineer is tasked with all of these goals
and objectives and with making the appropriate trade-
offs to optimize both the transportation systems and the
use of public funds to build, maintain, and operate them.

1.1.3 Responsibility, Ethics, and Liability
in Traffic Engineering

The traffic engineer has a very special relationship with
the public at large. Perhaps more than any other type of
engineer, the traffic engineer deals with the daily safety of
a large segment of the public. Although it can be argued
that any engineer who designs a product has this responsi-
bility, few engineers have so many people using their
product so routinely and frequently and depending upon it
so totally. Therefore, the traffic engineer also has a special
obligation to employ the available knowledge and state of
the art within existing resources to enhance public safety.



