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Pearson brings to you the third edition of Transportation Engineering, which offers students and 

practitioners a detailed, current, and interdisciplinary introduction to transportation engineering 

and planning. This much praised and widely recommended text has been revered for its wide 

spectrum coverage encompassing both traditional principles—traffic engineering, transportation 

planning and non-traditional considerations transportation economics, land use, energy, public 

transport, transportation systems management.

F E A T U R E S

• The text is built on ideas, concepts, and observations that students are likely to be most familiar 

with, e.g., roads, streets, highways, buses, bicyclists, pedestrians and so on.

Organization of the book and individual chapters has been carefully planned for easy transition 

from one to another.

Quantitative and policy-oriented topics are incorporated, each supported by numerous worked 

examples and problems of varying complexity.

Appendix on Statistics for Transportation Engineers provided for easy reference.

Examples and exercises that illustrate real-world problems and require creativity and critical 

thinking.

— —

•

•

•

•

Clear explanation of concepts

Expertly organized presentation

Application of fundamental theory to engineering problems

Exemplary diagrams and illustrations

Multitude of problems both solved and unsolved—
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Pearson is the world’s learning company, with presence across 70 countries 
worldwide. Our unique insights and world-class expertise comes from a long 
history of working closely with renowned teachers, authors and thought 
leaders, as a result of which, we have emerged as the preferred choice for 
millions of teachers and learners across the world.

We believe learning opens up opportunities, creates fulfilling careers and 
hence better lives. We hence collaborate with the best of minds to deliver you 
class-leading products, spread across the Higher Education and K12 spectrum.

Superior learning experience and improved outcomes are at the heart of 
everything we do. This product is the result of one such effort. 

Your feedback plays a critical role in the evolution of our products and you 
can reachus@pearson.com. We look forward to it.

About Pearson



This page is intentionally left blank



Transportation 
Engineering
An Introduction

Third Edition

C. Jotin Khisty
Illinois Institute of Technology, Chicago

B. Kent Lall
Portland State University, Portland



00_9780672333323_fm.qxd  10/26/11  10:15 PM  Page ii

Copyright © 2016 Pearson India Education Services Pvt. Ltd

Published by Pearson India Education Services Pvt. Ltd, CIN: U72200TN2005PTC057128,
formerly known as TutorVista Global Pvt. Ltd, licensee of  Pearson Education in South Asia.

No part of  this eBook may be used or reproduced in any manner whatsoever without the
publisher’s prior written consent.

This eBook may or may not include all assets that were part of  the print version. The publisher 
reserves the right to remove any material in this eBook at any time.

Head Office: A-8 (A), 7th Floor, Knowledge Boulevard, Sector 62, Noida 201 309, 
Uttar Pradesh, India.
Registered Office: 4th Floor, Software Block, Elnet Software City, TS-140, Block 2 & 9, 
Rajiv Gandhi Salai, Taramani, Chennai 600 113, Tamil Nadu, India.
Fax:  080-30461003, Phone: 080-30461060
www.pearson.co.in, Email: companysecretary.india@pearson.com

Head Office: 15th Floor, Tower-B, World Trade Tower, Plot No. 1, Block-C, Sector 16, Noida 201 301,
Uttar Pradesh, India.

ISBN 978-93-325-6970-6
eISBN 978-93-325-8764-9





About the Authors

C. Jotin Khisty received the Ph.D. degree in transportation systems engineering 
from The Ohio State University, Columbus. He has been a Professor of civil en-
gineering and the Director of the Transportation and Infrastructure program at 
the Illinois Institute of Technology (IM, Chicago, since 1990. Before joining IIT, 
he was with the faculty at Washington State University, Pullman, from 1978 
to1990, when he also served as the Deputy Director of the Washington State 
Transportation Research Center. He has had considerable field experience as a 
traffic engineer and transportation planner in Metropolitan Planning Organiza-
tions in the Midwest. He is the author of over 70 refereed publications and re-
ports, related to transportation planning and systems thinking. Dr. Khisty is a 
registered professional engineer and a Life Member of the Amerkan Society of 
Civil Engineers, the Institute of Transportation Engineers, and Sigma Xi.

B. Kent Lall  received the Ph.D. degree in transportation and environmental 
planning from the University of Birmingham, England. Since 1977 he has been a 
Professor of civil engineering at Portland State University, Portland. Previously, 
he has also held teaching and research positions in Canada, Australia, New Zea-
land, and India. His research interests include traffic operations using video-im-
aging technologies and intelligent transportation systems and he has authored 
over 50 publications and reports. Dr. Lall is a registered professional engineer. 
He was awarded the Frank M. Masters Award in Transportation Engineering by 
the American Society of Civil Engineers during 1999. In addition to ASCE, he is 
active with the Transportation Research Board, the Institute of Transportation 
Engineers, and ITS America. He has chaired several committees and edited pro-
ceedings of specialty conferences.

















This page is intentionally left blank



Preface to the third edition

The attempt to express, much less understand, the nature of the relationships inherent 
in transportation and its myriad components is a challenge for transportation educa-
tors. Fortunately, the book you hold in your hands explains many of these interactions 
and complexities, as well as the design problems that go with them. Another challenge 
that transportation engineering poses, as a comparatively young discipline, is that pro-
fessionals have to constantly deal with a plethora of new problems that seem to crop up 
faster than they can be tackled. In short, transportation is an exciting field.

The purpose of this edition, like previous editions, is to cover the major areas of 
traffic engineering and transportation planning at an introductory level, and provide 
the student with a basic rationale and a set of design concepts. The primary audience 
for this textbook is upper-division undergraduates and master-level students studying 
for degrees in civil engineering, as well as those in urban planning, economics, man-
agement, and other related disciplines. The orientation of the book is pragmatic and 
multidisciplinary, providing both students and practitioners with a variety of worked 
examples illustrating the basic concepts, covering an unusually wide spectrum of topics 
in transportation planning and traffic engineering.

While the general structure of this third edition remains generally the same as in 
previous editions, a number of chapters have been thoroughly revised in light of the 
Highway Capacity Manual, published in 2000 and issued by the Transportation Re-
search Board, as well as the latest material on geometric design from the AASHTO 
Publications. In addition, three new appendices have been added to this edition. Ap-
pendix B covers the elements of statistics and probability that are frequently used in 
transportation engineering. Appendices C and D consist of material drawn from the 
Bureau of Transportation Statistics, U. S. Department of Transportation, Washington, 
DC. Minor additions have been made in many of the chapters to reflect changes in 
design practice and policies that have occurred since the last edition.

Many students, professionals, and colleagues have been curious to know the sig-
nificance of the Möbius band that you see on the cover of the United States edition of 
the book. We are flattered, and a word regarding it is perhaps in order. The Möbius 
band throws some light on the interdisciplinary character and complexity embedded in 
transportation, which is one of its unique features. It is a paradox with geometrical and 
topological characteristics that are fascinating and special. In reality, the Möbius band 
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has only one edge and one side. If you imagine yourself standing on the band, you see two 
edges and two sides. But when you begin walking along the band, you eventually return 
to your starting place and find yourself on the other side of the band. Indeed, the Möbi-
us band resembles the interdisciplinary nature of transportation engineering, embrac-
ing several areas of knowledge blending together—it is the one and yet it is the many. 
It drives home the point that it is just an accident of history that transportation engi-
neering finds its home in civil engineering and that the recent advances in this disci-
pline easily warrant a department of its own.

To access the solutions manual online, instructors need to visit  
www.pearsoned.co.in/cjotinkhisty

The authors are grateful to many colleagues, professionals, and students who have 
suggested improvements, and many of these have been incorporated in this edition. Sev-
eral of our students, past and present, have assisted us in revising this edition; namely, 
Dr. P.S. Sriraj, Dr. Cemal Ayvalick, Turan Arslan, Porson Chantra, Sagar Sonar, Sameer 
Patil, and Edward Anderson. We would also like to thank Peter T. Martin, Utah Traffic 
Laboratory, and Shashi Sathisan Nambisan, University of Nevada–Howard K. Hughes 
College of Engineering, for reviewing the manuscript. Jenny Kincaid and Margaret Lall 
lent invaluable assistance in proofreading sections of the book. We also acknowledge 
admirable support provided by Kevin Bradley, Sunflower Publishing Services, and 
Laura Fischer of Prentice Hall.

Finally, we would appreciate any suggestions, criticisms, and corrections from our 
readers.

C. Jotin Khisty
	 B. Kent Lall

The publishers would like to thank Professor S. Anbu Kumar, Associate  
Professor, Department of Civil Engineering, Delhi Technological University, 
Delhi, for his valuable suggestions and inputs for enhancing the content of this 
book to suit the requirement of Indian Universities.
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Sec. 7    Movement and Transportation	 9

Physical 
subsystem

Activity 
subsystem

Human 
subsystem

Outputs

Inputs

Land
Labor
Capital
Materials
Information

Figure 1-5    Transportation System 
Model: Transportation Processor.

such as land, labor, and capital, fed into three subsystems: (1) the physical subsystem, 
(2) the activity subsystem, and (3) the human subsystem. The physical subsystem con-
sists of vehicles, pavements, tracks, rights-of-way, terminals, and other manufactured or 
natural objects. The activity subsystem includes riding, driving, traffic control, and so on. 
These activities interface with the human subsystem—individuals and groups of people 
who are involved with the physical and activity subsystems. Outputs from the system 
include the movement of people and goods and improvement or deterioration of the 
physical environment.

7. Movement and Transportation

A city can be considered as a locational arrangement of activities or a land-use pattern. 
The location of activities affects human beings, and human activities modify locational 
arrangements. Interaction between activities is manifested by the movement of people, 
goods, and information.

The reason that people and goods move from one place to another can be ex-
plained by the following three conditions: (1) complementarity, the relative attrac-
tiveness between two or more destinations; (2) the desire to overcome distance, 
referred to as transferability, measured in terms of time and money needed to over-
come this distance and the best technology available to achieve this; and (3) inter-
vening opportunities to competition among several locations to satisfy demand and 
supply. How people and goods move from an origin to a destination is a matter of 
mode choice (a person might choose to take the bus downtown rather than use her 
car). This decision is made depending on such attributes as time, speed, efficiency, 
costs, safety, and convenience. Geographers describe a trip as an event and travel as a 
process (Abler et al., 1971).

A simple connection between land use and transportation is shown in Figure 1-6. 
Land use is one of the prime determinants of movement and activity. This activity, 
known as trip generation, will dictate what transportation facilities, such as streets and 
 




