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Preface

Between the two of us, we have taught a course called “Introduction to Transportation
Engineering” more than 30 times since the Fall semester of 1984. As we worked to-
gether to improve the course, we continued to move farther away from the textbook
that we had adopted. We began to assemble a set of course notes that, over time, began
to resemble chapters of a textbook. Although we think there are several good trans-
portation engineering books on the market, none of them seemed to fit our style of
teaching and, more importantly, the styles of learning that we see in our students. We
prefer to encourage classroom discussion, use computer tools to augment lectures,
form small groups for in-class discussions or out-of-class problem solving, and base as-
signments on real-world situations. We see the need to lead students toward improved
learning and away from the usual practice of using class time for extensive note taking.

Our course notes finally reached the point where we used them in place of a pub-
lished textbook. The notes covered all facets of transportation engineering, not just
highway modes. Although the emphasis is on highway and air transportation, there are
lessons on railroad and waterborne modes of transportation, the systems aspects of
transportation economics and program evaluation, public transit, and logistics manage-
ment. Because we realize that this scope is ambitious for an introductory course, we
adopted certain strategies that have proven successful:

1. Integration of topics

2. Clear, enunciated objectives

3. Special discussion boxes

4. A large number of examples that are based on real situations
5. Hundreds of photographs and other illustrations.

These features are continued in this textbook.

SEQUENCE AND FLOW OF TOPICS

An introductory course in Transportation Engineering is susceptible to being simply a
series of fragmented topics. We have addressed this problem in several ways:

Xi



Contents

Preface

xi

About the Authors XV

CHAPTER 1

11
1.2
1.3

CHAPTER 2

2.1
22
23
24
2.5
26

CHAPTER 3

3.1
32

Transportation Basics 1

The Call for a New Transportation Engineer 2
Understanding Transportation Systems 14

A Systems View of Transportation 25

Summary 31

Abbreviations and Notation 31

Glossary 32

References 32

Exercises for Chapter 1: Transportation Basics 33

Traffic Flow: Theory and Analysis 37

Measuring Traffic Flow and Spacing 38

Measuring Traffic Speeds and Densities 53

Traffic Models for Continuous Flow 66

The Poisson Model for Continuous Random Traffic Flow 78
Measuring Roadway Performance 89

Testing the Proposed Model 94

Summary 102

Abbreviations and Notation 103

Glossary 104

References 104

Exercises for Chapter 2: Traffic Flow Theory and Analysis 105

Highway Design for Performance 116

Capacity and Level of Service for Two-Lane Highways 117
Capacity and Level of Service for Freeway Design 136

vii



see
Vil

Contents

33
34

CHAPTER 4

4.1
42
43
44
45

CHAPTER 5

5.1
52
53
54
5.5

CHAPTER 6

6.1
6.2
6.3
6.4

Queueing Systems 151

Systems with Stable Queues 165

Summary 175

Abbreviations 175

Glossary 176

References 177

Exercises for Chapter 3: Highway Design for Performance

Modeling Transportation Demand and Supply 183
Basis for Transportation Planning 184
Trip Generation 198

Trip Distribution 206

Mode Choice 216

Trip Assignment 228

Summary 239

Abbreviations and Notation 240

Glossary 241

References 242

Exercises for Chapter 4: Modeling Transportation
Demand and Supply 243

Planning and Evaluation for Decision Making 252

The Transportation-Planning Process 253

Brief Review of Engineering Economics 260

Economic Evaluation of Transportation Alternatives 267

Ranking Transportation Alternatives 280

The Existing Institutional Structure 294

Summary 298

Abbreviations and Notation 298

Glossary 299

References 299

Exercises for Chapter 5: Planning and Evaluation
for Decision Making 300

Safety on the Highway 305

Highway Safety—-Data and Analysis 306

Human Factors and Transportation Engineering 323
Vehicle Attributes That Affect Safety 339

Traffic Control Devices 347

Summary 359

Abbreviations and Notation 360

Glossary 361

References 362

Exercises for Chapter 6: Safety on the Highway 365

177



CHAPTER 7

7.1
72
7.3

CHAPTER 8

8.1
8.2

8.3

CHAPTER 9

9.1
9.2
93
9.4
9.5

Contents

Highway Design for Safety 369

The Challenge of Roadway Alignment 370

Stopping Sight Distance and Alignment 384

Banking Curves {Horizontal Alignment) 401

Summary 410

Abbreviations and Notation 410

Glossary 411

References 412

Exercises for Chapter 7: Highway Design for Safety 412

Design of Intersections for Safety and Efficiency 416

Analysis of Non-Signalized Intersections 417
Signal Warrants and Stopping Distance at Signalized
Intersections 426
Analysis of Signalized Intersections 435
Summary 448
Abbreviations and Notation 449
Glossary 449
References 450
Exercises for Chapter 8: Design of Intersections
for Safety and Efficiency 451

Highway Design for Rideability (Pavement Design) 457
Factors in Pavement Design 458
Determining Loads from Truck Traffic 465

Flexible Pavement Design 473

Rigid Pavement Design 487

Pavement Management Systems 500

Summary 506

Abbreviations and Notation 507

References 509

Exercises for Chapter 9: Highway Design for Rideability
(Pavement Design) 510

CHAPTER 10 Public Mass Transportation 514

10.1
10.2
10.3
10.4
10.5

Transit Modes 515

Designing a Rail Transit Line 519

Predicting Transit Ridership Changes 529

Performance Measures in Public Transportation 534

Life Cycle Costs in Public Transportation 539

Summary 543

Abbreviations and Notation 544

Glossary 545

References 546

Exercises for Chapter 10: Public Mass Transportation 546



x  Contents

CHAPTER 11 Air Transportation and Airports 550

11.1  Overview of the Air Transportation System 551
112 Airport Planning and Forecasting 562
11.3  Capacity and Delay 571
114  Air Traffic Management 588
11.5  Airport Site Determination and Runway Orientation 589
11.6  Airfield Design 600
11.7  Airport Landside and Access 608
11.8  Air Freight 627
Summary 631
Abbreviations 632
Glossary 632
References 635
Exercises for Chapter 11: Air Transportation and Airports 637

CHAPTER 12  Moving Freight 642

12.1 Freight—The Movement Behind Economic Well-Being 643
12.2  Surface Freight Modes 654
12.3 Commodity Flow 674
124  Geometric Design Considerations for Rail 679
12.5 The Power Needed to Move Freight 684
12.6  Energy Intensity 700

Summary 703

Abbreviations and Notation 703

Glossary 704

References 706

Exercises for Chapter 12: Moving Freight 707

CHAPTER 13 Toward a Sustainable Transportation System 712

13.1  Sustainability 713
13.2  Transportation and Energy 720
133 Environmental Issues 731
13.4  Technology Impacts Sustainability 739
Summary 758
Abbreviations and Notation 758
Glossary 760
References 760
Exercises for Chapter 13: Toward a Sustainable
Transportation System 762

Index 765



Preface

Between the two of us, we have taught a course called “Introduction to Transportation
Engineering” more than 30 times since the Fall semester of 1984. As we worked to-
gether to improve the course, we continued to move farther away from the textbook
that we had adopted. We began to assemble a set of course notes that, over time, began
to resemble chapters of a textbook. Although we think there are several good trans-
portation engineering books on the market, none of them seemed to fit our style of
teaching and, more importantly, the styles of learning that we see in our students. We
prefer to encourage classroom discussion, use computer tools to augment lectures,
form small groups for in-class discussions or ocut-of-class problem solving, and base as-
signments on real-world situations. We see the need to lead students toward improved
learning and away from the usual practice of using class time {or extensive note taking.

Our course notes finally reached the point where we used them in place of a pub-
lished textbook. The notes covered all facets of transportation engineering, not just
highway modes. Although the emphasis is on highway and air transportation, there are
lessons on railroad and waterborne modes of transportation, the systems aspects of
transportation economics and program evaluation, public transit, and logistics manage-
ment. Because we realize that this scope is ambitious for an introductory course, we
adopted certain strategies that have proven successful:

1. Integration of topics

2. Clear, enunciated objectives

3. Special discussion boxes

4. A large number of examples that are based on real situations
5. Hundreds of photographs and other illustrations.

These features are continued in this textbook.

SEQUENCE AND FLOW OF TOPICS

An introductory course in Transportation Engineering is susceptible to being simply a
series of fragmented topics. We have addressed this problem in several ways:

xi



	Cover
	cp
	d1
	d2
	d3
	d4
	d5

