Table of Contents

oYL =AV1Y o e 1SS Xix
ACKNOWIEAGMENTS ...t et ae e XXi
CHAPTER 1: INTRODUCTION TO TRAFFIC ENGINEERING .........cccoiimrmmrimnnemenmesessessesnes 1
Walter H. Kraft, D.Eng.Sc., P.E., President, Walter H. Kraft and Associates LLC

What is Traffic ENGINEEIING? .....ovoiiiiei o 1
ITE'S ROIE <.ttt 2
Scope Of the PUDIICATION ... 2
The Future of Traffic ENGINEEIING .......cvoviiiiieeeceee e 3
CHAPTER 2: ROAD USERS ..ottt st sss s s s s s smsas s sasss s sasas 5

Alison Smiley, Ph.D., CCPE, President, Human Factors North Inc.
Robert E. Dewar, Ph.D., CPE, CCPE, President, Western Ergonomics Inc.

(I ) ol [Tt o OSSP 5
1 BASICS ..ttt 5
A. Fundamental Road User Characteristics and LIMitations ................cccccocevvecevciiviaierennne. 5
B. ROAQ USEI TYDES ... 14
1 CUMTENT PraCHiCO ...t 24
A, POSItIVE GUIJANCE............ecoeeeeeeeeeeeee e 24
B TCDS ... 25
C. Intersections and ROUNCADOULS.................ccccveeiieeeeeieeeeeeeeee e, 31
D. Railroad Grade CrOSSINGS ........cccceieeeeeeeieeee e 34
E. INEEICRANGES ... 35
FROGQ SEGMENTS ... 36
G WOTK ZONES ... 39
IV, EMEIGING TrENAS ...ttt 40
A. Human Factors Studlies as a Basis for Sight Distance Standards ................ccc.cccocueeren... 40
B. Self-EXDIQINING ROAQIS ...........cvoeeeeeieeeeeeeeeeeee e 41
TS e 42
D. Human Factors and Safety TOOIS ............c.ccocuocieiieieeeeieeeeeeeeeeee e 42
V. INTOrMAtION SOUICES. ..ot 43
RETEIEINCES. ...ttt 44
CHAPTER 3: VEHICLES........cceeeerrsmssssessssssssssssssssssssssssnssssssssssssssssssssssssssnsssssssssssssssassasnsas 57

Karl Zimmerman, Ph.D., P.E., Assistant Professor of Civil Engineering,
Valparaiso University

I 1) ol [ TariTo] o TH SRS 57
1 VEHICIE TYPES .ttt 57
A PASSENGET CAIS ..o 57
B. LIGAT TEUCKS ... 58

Table of Contents e wii



CSINGIE-UNTE TEUCKS ... 58

D. COMDBINATION TIUCKS ... 58
E RS e 62
FMIOTOICYCIES ... 62
G BICYCIS ..o 62
H. FIEET VBNICIES. ... 63
[1I. Basic VENICIe OPEIAtION ......cvoiiiiieiiiieeeee e 64
A. CUITENT PrOPUISION SYSTEMS........c.cveeeeeeeeieeeeeee e 64
B. VEhiCle PErfOrMANCE. .........cc.oveeeeeeeeeeeeeeeeeeeeee e 65
IV, CUrrent VENICIE FIBET ... 78
AL VBNICIE USE.......oooeeeeeeeeeeeeee et 78
B VBNICIE AGE ... 79
CoEMUSSIONS ... e 79
D. PEITOIMANCE. ...ttt 80
Eo SATOYY .ot 81
Vo EMEIGING TrENAS ..o 82
A, VENICIE DIMENSIONS ... 82
B. ATEINATIVE FUEIS ... 82
C. TechnologiCal INNOVALIONS .............c.ccoovieeeeeieieeeeeeeee e 87
VI INFOIrMELION SOUITES .......oviiciiiee e 90
RETEIEINCES. ...t 91
CHAPTER 4: TRAFFIC AND FLOW CHARACTERISTICS .......oocoiicmrcmrmrsmesseesmeses e 93

Brian Wolshon, Ph.D., P.E., PTOE, Department of Civil and Environmental Engineering,
Louisiana State University

L BASICS ettt 93
A. Traffic Stream Parameters and Measurement .............c.ccocoeceeeeeeeeeeeeeieeeeeeeeeeen 93
B. Basic Traffic Stream MOQEIS..............cocvoveeieieeeeeeeeeeeeeeeeeeeeeeeeen 103
C.TFAFIC SROCKWAVES ... 106
D. Traffic Characteristics on Interrupted Flow Facilities and at Bottlenecks ....................... 108
E. Traffic Stream COMPOSILION ........c..eeeeeeeeeeeeeeeeeeeeeee e 112

I CUITENT PraCHICO ...ttt 112
A. CapacCity @NA LOS CONCEPTS ... 112
B. Capacity and LOS COMPULATION ...........ccccveeeieeieeeeeeieeeeeeeeeeeeeeee e 116

1 EMEIGING TIENGS ... 130
A. Traffic Simulation FUNQ@MENTalS .................cocccooioiiiiiieeeeeeeeeeeeeee 130
B. Scales Of TraffiC SIMUIATION ............c.ccoceoveeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 131
C. TFAFFIC VISUNZATION. ...t 133

IV INFOIrMELION SOUICES ... 133
AL PUDIISREA SOUICES ... 133
B INTEIMNET RESOUITES ... 134

RETEIEINCES. ...ttt 134

viii e TRAFFIC ENGINEERING HANDBOOK



(@ N o =1 2 Y Y /2 137

Eugene M. “Gene” Wilson, Ph.D., P.E., PTOE, Transportation Engineering Educator and
Safety Consultant

Martin E. Lipinski, Ph.D., P.E., PTOE, Professor of Civil Engineering, University of Memphis

L BaASICS et 137
A. The Problem—Globally and in the United States..............c.cccvoeevecieceeeiieieieieiaeei 137
[ CUITENT PraCliCe ovviiiiiiiie e 138
A. Quantifying Safety APPrOACHES.............c.c.coeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 138
B. SUMMAIY OF T DATA ... oo 144
C. Evaluation and Selection of COUNTEIMEASUIES ..............ccccoeveeeeeeeeeeeeeiieeeeeieeeee, 144
lll. Proactive Safety APProaches...........oooiiiiiiii e 148
A, DEFiNItioN OF QN RSA ... 149
B. Stages OF @N RSA ... 149
C. Steps in CONAUCING AN RSA........c.ooeeeeeeeeeeeeeeeeeeeee e 149
D. COSS QNGO BENETILS ... 150
E. K€Y CONSIAEIATIONS ... 151
[Ve FOCUS ATBAS ... 151
A. Low-COSt Safety IMPrOVEMENTS ...........ccoueeeeieeeeeeeeeeeeeeeeeeeeeeee e 151
B. Intersection Safety IMPrOVEMENTS............cccccvieeeeeeeeeeee e 152
C ROAUSIAE SATELY ... 152
D. Non-Motorist (Pedestrian and Pedalcyclist) Safety.............cccooeveeeceeceeiiieieeeeiee 153
E. WOIK ZONE SATEYY ... 154
Vo EMEIGING TrENAS .o 155
A. Safety Management Systems and Highway Safety Improvement Programs ................. 155
B AASHTO SHSP....cooeee e 157
C. Interactive Highway Safety MOQE!................cccccceeeeeieeeeeeeeeeeeeeeeee, 158
D. Changing the Safety CUMUIE................cccoeeeeeeeeeeeeeeeeee e 159
E. MArKEtiNG SATETY .......c.oovoeeieeeieeieeoeeee e 159
VI INFOrMAtioN SOUICES ... .o 159
AL WO WIQE WD ... 159
RETEIEINCES ... 162
CHAPTER 6: PROBABILITY AND STATISTICS ......coiiiriierinmnssmsssssssssassssmssssasssssssssssssssssssas 165

Babu K. Veeregowda, P.E, PTOE, Partner and Senior Vice President, Eng-Wong,
Taub and Associates

Gautam Bharali, Ph.D., Assistant Professor, Department of Mathematics, Indian Institute
of Science

Simon Washington, Ph.D., Professor, Department of Civil and Environmental
Engineering, Arizona State University

L INErOTUCTION L. 165
Ll BASICS ettt 165
A. Measures of CeNtral TENUENCY ...........c.ccveeeeeieeeeeeeeeeeeeeeeeeeeee e 166
B. Properties and Uses of Central TENAENCY.............coccooioveeeeieieeeeeeeeeeeeeee 168
C. MEASUIES OF VATIATION ..ottt 169
D. GroUPING OF DAta.........c.ooieie e 173

Table of Contents e ix



E. BasiC Probability CONCEDTS .......cueeeieeeeeseeeee e 175

L CUITENT PraCliCe. .. e i 177
A. The Binominal DIStTIDULION.................cc.ccveueeeeiieeeeeeieeeeeeeeeeeeee e 177
B. The Poisson Distribution as a Limiting Case of the Binomial Distribution...................... 178
C. NOIMAI DISTIDUTION ... 182
D. CONFIAENCE INTEIVAIS. ..o 184
E. HYPONESIS TESEING ... 187
F LIN@AI REGIESSION. ...t 194
G. Hypothesis Testing Revisited: Nonparametric Methods.................cccccocvvcveceeciecieenn. 197
H. BasiC SAMPIING STrAtEQIES...........cc.ooiieeeieeee e 202
I, OULNErS @NA DAta EITOIS.........c..cveeeieeeeeoeeeeeeeeeeeeee e 206

V. EMEIGING TrENGS ..o 207
A. The Influence of Bayesian Methods and Markov-Type Stochastic Processes ................. 208

RETEIEINCES ... e e 209

CHAPTER 7: GEOMETRIC DESIGN FOR TRAFFIC.........osrerrccerrceersmerssmessssesssnssssssesssnensas 21

Eric T. Donnell, Ph.D., P.E., Assistant Professor, Department of Civil and Environmental
Engineering, The Pennsylvania State University

John M. Mason Jr,, Ph.D., P.E., Professor of Civil Engineering and Director, Pennsylvania
Transportation Institute, The Pennsylvania State University

L INEOUCTION . 211
A. Transportation Project Development PrOCESS. ..........c.ccueeiieeeieeeieeeeeee e 211
B. Role of Geometric Design in Transportation Project Development ............c.cccccoceee.e. 213
C. Use of Geometric Design Policies and Supplemental Guidance Documents.................. 214
D. ApPlying DESIQN CONCEDLS ... 216

Ll BASICS ettt 216
A. Functional Classification of Highways and StretS.............cocooiiioerioiiiiieieeeeee. 216
B. Design Controls and CITtETIA. ................ccovoeeeeeeeieeeeeeeeeeeeeeeeee e 217
CDESIGN EICMENTS........c.ceeeeeeee e 222

N1 CUITENT PraCliCe. . e 256
A, CONtEXE-SENSITIVE SOIUTIONS ...t 256
B. Case Study Example of Context-Sensitive DESIQN ...............c.cccceeceeeceeeeeieeeeeieieeeienn 258
C. DeSign EXCEPTION PrACliCES .........eoueieeiieee et 259

IV EMEIrGING TrENGS ..ot 260
A, DESIGN CONSISTEINCY ... 260
B. SATety PraQiCtioN...........c.cooveeeeeeeeeeeeeeee e 260
C. Operational PErfOrMANCE .............ceoeeeeeeeeeeeeeeeeeeeeeeeee e 263
D. Visualization in Highway and Stre€t DESIGN ..............cccccceeiiieeeeeiieeeeie e 265

V. S SUMIMIATY Lottt ettt 265

ACKNOWIEAGMENTS ... 266

RETEIENCES ... e 266

x o TRAFFIC ENGINEERING HANDBOOK



CHAPTER 8: TRAFFIC ENGINEERING STUDIES ..ot sssssssssssssnsaes 269
Joseph E. Hummer, Ph.D., P.E., Professor of Civil Engineering, North Carolina
State University

L INEOAUCTION L. 269
[ BASICS ..ttt e 270
1 CUITENT PraCliCe. . e 273
AL COMMON STUQIES ... 273
B. Data ManA@gEmENT ..........cuo i 290
V. EMEIGING TrENGS ... 292
AL EQUIDIMENT ... 293
B. Data ManA@gEmMENT ..........coe e 293
V. INTOrMAtioN SOUICES ......viiiieeie e 293
RETEIEINCES ... e 295
CHAPTER 9: PLANNING FOR OPERATIONS........ccoointimsmnrsmssmsassessssssssssnsssssssnssssassssssssnsns 297

John Mason, Director, Transportation Policy and Analysis, Science Applications
International Corporation

Wayne Berman, Transportation Specialist, Federal Highway Administration
Office of Operations

L INErOAUCHION L. 297
II. Basics—Planning for Operations at @ GlanCe...........occooiiiiiiiiiiic 300
A. What Is Planning for Operations? ...............c.ccccceeiveceeeeeeieeeeeeeeeeeeeeeeeeeae e 300
B. Why Do Planning for Operations?...............cccoveeueeeeieeeieeieeeeee e 300
C. What Are the Benefits of Planning for Operations? ..............c.cccccccvoeveraesscceen, 301
lll. Current Practice—How to Do Planning for Operations—
Techniques that Facilitate Planning for Operations ...........ccccooiiiiiiiiiiiii 302
A. The Transportation Planning PrOCESS ............cc.ceeeiieeeeeeeeieeeeeeeeeeeeeee e 302
B. Opportunities to Coordinate Planning and OpPerations.................ccccccecevveceecerereeeeen. 304
IV EMEIrGING TrENGS ..ot 320
V. INTOrMAtioN RESOUICES ... .. .cviii e 322
A, INFOIMATION SOUICES..........coeeeeeeeeeeeeeee e 322
RETEIEINCES ... 323

CHAPTER 10: MANAGING TRAFFIC DEMAND TO ADDRESS CONGESTION:

PROVIDING TRAVELERS WITH CHOICES.......cccorimrrnrsnssnsessssss s ssss s s ssssssnns 325
Grant Zammit, Systems Operations Specialist, Federal Highway Administration
Eric N. Schreffler, Transportation Consultant, ESTC

BT CS ettt 325
A. Congestion Management Requires Demand Management..............c..ccccccccvvveveeeennnn.. 325
B. The Demands OF the PaSE ...........ccoieieeeeseeeeee et 326
C. What Affects Demand and CONGESTION?..............cocvoveeieeeeeieeeeeeeeeeeeeeee e 328
D. RelatiNG 10 TFAGILION ..........oeieeeeeeee e 329

I CUMTENT PraCliCe ..eeiiiii et 329
A. APPNCALIONS OF TDIM ... 330

N1 EMEIGING TrENAS ..ceiieiie e 341

Table of Contents e xi



A. Sample Techniques—Infrastructure and Operational ................cccocccceeeeeeeeeeeeeee. 342
B. Sample Techniques—rFinancial and INSttUtional ................cccoovoeiiiiiieiiii e 344
C. ANalyzing fOr @ DECISION............c.ccveeeeeeieeeeeeeeeeeeeee e 348
D. OPPOITUNILY oot 350
IV, INFOrMAtioN SOUICES ..., 350
RETEIEINCES ... e e 351
CHAPTER 11: SIGNS AND PAVEMENT MARKINGS .......ccccererrrmrrrmrrssmerssnessssssssssssssnessas 355
Robert Seyfried, P.E., PTOE, Director of Transportation Engineering Programs,
Northwestern University Center for Public Safety
L BT CS ettt 355
A. Road User INformation NEECS ..............cccuiiiiiiiiiiei et 355
B. Manual on Uniform Traffic CONtrol DEVICES..............ccccveeeeeeeeeeeeeeeeeeieeeeeeee 356
[, CUITENT PraCliCE vt 357
AL SIS o 357
B. SiGN REIOTETIECHIVILY ... 359
C. SIQNING APPIICTIONS. ..o 364
D. Sign INStallation PrACHICES ...........c.ooveeeeeeiieeeeeeeeeeeeeeeeeee e 372
E. PAvement Markings .............eee e 376
F. Pavement Marking APPIICATIONS..............c.cccoeeeeeeeeeeeeeeeeeeeeeee e, 381
G. Sign and Pavement Marking Inspection and Maintenance SyStems .............c..cccc.c...... 385
N1 EMEIGING TrENAS ..., 391
A. Older Drivers and PEAESHIIANS...............ccveeeeieeeeieeeeeeeeeeeee e 391
B. Intelligent Transportation SYSEEMS ...........cc.oeieiiieeeeeeee e 392
IV, INFOrMAtION SOUICES ..., 393
AL WOIKS CIEEA ... 393
B. References for FUrther REATING ..............ccccoviuecieeeeeieeee oo 394
RETEIENCES ... 395
CHAPTER 12: TRAFFIC CONTROL SIGNALS.......ccceiciierreseesssmsssms s s s ssnsssssnss 397
Frank D. Dobiszewski, P.E., PTOE, Vice President—Engineering, Jen Electric Inc.
Lynn A. LaMunyon, P.E., PTOE, Principal, CMX
L INErOTUCTION L. 397
[ BASICS ettt 397
A. Definitions Arranged by Related USage...............cccoiiiiiiiiiiiiiiiie 397
B OVEIVIBW ... 403
C. Signal Justification ENgin@ering StUQY ................ccccevecieeeiiieeeeeeeeeeeeeeee e, 405
I CUITENT PraCliCOS ...eeiiie e 407
AL OPEIATIONS ... 408
B. Design CONSIAEIAtIONS ..........uii i e 417
C. TYPES OF EQUIDMENT ... 427
D. Temporary and Portable TraffiC SIQNAlS.............c.ccocceoioeeeieieeeeeeeeeeeeeeeee 446
E.BEACONS ... 447

xii e TRAFFIC ENGINEERING HANDBOOK



F Lane-Use CONTrOl SIQNAIS............cccoiiiieieee e 447

G. RAMP-MELEIING SIGNAIS..........coeoieeeeeeee e 449
H. Control at One-Lane, TWO-Way FACIlItIES................cocovveeeieeeeeeeeeeeeeieeeeee 449
1. Signal Monitor Units (CONTIICt MIONILOLS)...........cc.oveeeeiieeeeeieeeeeeeeeeee e 449
J. Electrical ProteCtion DEVICES ............cccoiiiiiieiieieie et 450
N1 EMErGING TrENAS ...ciiei ettt 450
A. Pedestrian COUNtAOWN SIGNAIS..............c.ccooveiiiiiiiieeeeeeeeeeeeeeeeeeee e 450
B. Vandal-Resistant Pushbuttons with Latching LEDS ..............ccccccccccoiiiiiiiiiiiiiin, 450
C. Global Positioning SyStem CIOCKS .........cccciiiiiiieiiee e 450
D. Flashing Yellow Arrow Signal INQICAtioNS ............ccccooioiioeiiieeieeeee e 451
E. Pending ADA Signal REQUIFEIMENTS..............ccceivieeeeeeieeeeeeeeeeeeeeee e 451
IV, INFOrMATION SOUICES ..ot 451
A. Related Technical DOCUMENTS...........c..ccocviieeiieeieeeeeeee e 451
B. PUBIICATIONS ... 451
C. 0rganizations t0 CONTACT ..........ceeeieiiie et 452
RETEIENCES ... e 453
CHAPTER 13: ACCESS MANAGEMENT......cccoiitinmmnnnisnsssssssss s s sssms s sassssassnsmssnsas 455

Philip Demosthenes, Senior Planner, Parametrix Consulting
Vergil G. Stover, Ph.D., P.E., Professor Emeritus of Urban Planning and Civil Engineering,
University of South Florida

L INErOAUCHION L. 455
1. HIStOrICal PEISPOCTIVE ... 457
lll. Legal Issues in ACCESS MaNAgemMENT........ccuuiiiiiiiiiiie e 458
IV, CUMTENT PracliCe ..eeii i 459
AL BACKGIOUNG. ... 459
B. Programs @NQ PONCIES ............cciieeeese e 459
C. ACCESS Program STUCTUIE ............cie e 460
D. DESIGN PIrACLICES ........eoeeieeeee e 460
Vo EMEIGING TrENGAS ..o 468
VI INFOrMAtion SOUICES .........iieiie e 468
RETEIEINCES ... e 470
CHAPTER 14: PARKING .....c.ooiieremrnsnsmsnsnssssessssssmssssssssssssssssssasssssssssssssnssssassnssssssasssssssns 473
Ransford S. McCourt, P.E., PTOE, Principal, DKS Associates
L BaASICS et 473
AL DEFINITIONS. ...t 473
[, CUITENT PraCliCE vt 475
A, USEE CRAIACEETISTICS ... 475
B. TYPES OF PAIKING ..o 479
G DIMENSIONS. ... 481
D LAYOUL ... 486
E. VBRICIE ACCESS.......coooeeeeeee e 496

Table of Contents e xiii



H. BICYCIE ISSUBS ...
L TFANSIT ISSUES ...
J. Freight @nd LOAAING ISSUES ............c.ooiiiieieeeee e
K. SQTEEYISECUITLY ...

N, WAYTINGING ..o
N1 EMErGING TrENAS ..cciiei ettt
A. Smart Parking Pay Stations Replacing Parking METErS.............c.ccocveveeeeiieeeeiieiaeei

C. Mechanical Parking SYSTEMS ..........ccooueiiieeeieee e
D. The Return 0 SMAll Cars..........c.ccoooviieeeieeeeeeeeee e
E. GIEEN PAIKING.......coccvoieeeeeeeeeeeeeeeee e
IV, INFOrMAtION SOUICES ...,
RETEIENCES ...

CHAPTER 15: TRAFFIC CALMING ........ciiiirrccrssersssersssnessmesssmesssnssssnssesmssssnssssssssssnssssnseses
Reid H. Ewing, Ph.D., Professor, Rutgers Transportation Policy
Jeff Gulden, Transportation Engineering, Fehr & Peers Associates Inc.

L INEOAUCHION .
A PUMDOSE ...
B. Relationship to Other ITE Documents and DeSign Practices...............ccccoevvvcevevieceennin.

[l BASICS ettt
AL TRE RIGAT PrOCESS ...t
B. TRE RIGAT TOOIS ...

NI CUITENT PraCliCOS ...eeii e
A DBSIGN .
B. Signing @na MaArKiNg .............c.cceomiieeeeeieeeeeeeeeeeeeeee e

IV EMEIGING TrENGS ...
A. New Engineering Techniques and TeChNOIOQIES...............cocveeeeeeieieeieeeeeeieieen.
B. Emerging Enforcement TECANOIOGUES .............coviciiieieieeeeeeeeeee
CoINEW ANGIYSIS TOOIS ...
D. BiCYClE BOUIBVAITS ...
E. PedeStrian PriOrity STTEETS. .........coeieeeeeeee e
F TOPICS OF RESEAICTI ...

V. INFOrMAtion SOUICES ..ot

RO O NS ...

xiv e TRAFFIC ENGINEERING HANDBOOK



CHAPTER 16: EFFECTIVE COMMUNICATION FOR TRANSPORTATION PROJECTS........ 585
Dana Newsome, Southeast Region Public Involvement Manager, HNTB Corporation

L BaASICS et 585
A. Introduction to Transportation COMMUNICALIONS..............cccceecvereeeeeeeeieieeeieeieiaeeiena 585
B. PUBIIC INVOIVEMENT..........ooioeeeeeee e 585
C. PUBIIC QOUETEACH ... 586
D. Media REIQHIONS .......ooii i 587
E. PUDIIC ATTAIIS ..o 587
F Internal COMMUNICAtIONS ........ccooeeieie e 587
G SEATTING ..o 590
H. Communication TOOIS aNA AUIENCES .............oovieieiieee e 590
L CONCIUSION ... 592

[ CUITENT PraCliCe oveeiiii it 592
A. Detailed Communications Planning: A ChECKIISE...............coceeeeeeeeieceeeeieieiee. 592
B. Successful Media INtEIVIEWING.............c...ccoiiieieei e 592
C. Effective Media WITtING..............ccoeeeeeieeeeeeeeeeeeeeee e 594
D. Major-Event Planning and Execution for Transportation Projects ..............c.cccceeveveun... 596
E. Photography TipS @Nd TOOIS ...........c.oeeeiiiee e 599
F. Presentation and Public Speaking GUIdENNES ...............cccooiiiioiieiiiieieie e 599
G. Writing Effectively: Tips for Stronger WIIting .............c.cccoeeveeeeeeieeeeiieeeeeeee. 601
H. Communications Action Plan EXampPle.............cccooveueeeeeeeieeeieeeeeeeeeeeeeeee 602
L CASE STUAY ... 603
J. On the Road Again: Reaching Rural COmmuUNIties...............ccccoooiiiiviiiiiiiiaai, 604

N1 EMEIGING TrENAS ...t 606
A. TeChNOIOQY QNC TFNTIS. .........ceoeeeeeeeeee e 606
B. Computer Models and ANIMAtIONS .............ccccociiieiiieeieeeeeeeeee e 607

IV, INFOrMAtioN SOUICES ... 608
A. Resources and Web Sites for REfEreNCe..............cocvecveeeeeeeeeieeeeeeeeeeeee e 608

APPENGIX .. 609

CHAPTER 17: TRAFFIC REGULATION AND CONTROL......ccccocmrienrnmnmsmnsssansssasssssnssssnsnsas 613

Kay Fitzpatrick, Ph.D., P.E., Senior Research Engineer, Texas Transportation Institute
Gerald Ullman, Ph.D., P.E., Senior Research Engineer, Texas Transportation Institute

BT CS ettt 613
A. Purpose of Traffic REQUIATIONS...............c.ccooveieeeeiieeeeeeeeeeeeeeeeee e 613
B. FEAEral LEGISIATION ... 613
C. State and LOCAI LEGISIAtION ...........c.ccoieiieeeiieee e 615
D. Uniformity of Traffic REQUIALIONS..............cccoiiiiiieeeeeeeeeeen 615
E. Legal Responsibility of Public Agencies and ROadWway USEr...............ccccoeveveeceeeceeeenenn.. 616
F. Americans With DiSADIlITIES ACE..........couiieeieeeieeieee ettt 617

I CUITENT PraCliCO .oeeiiiii et 618
A. Lane Regulation and CONTIO! ...............ocuiiiiiie e 618
B. Intersection Requlation @nd CONTIOL..............ccocvoeeueeiieeeeeeeeeeeeeeeeeee e 629

Table of Contents e xv



C. SPEEA REQUIATIONS. ... 635

D. Emergency Condition Regulations and CONTrOl..............cocooioiioeiiiiiiiiee e 641
N1 EMEIGING TrENAS ...t 644
A MANAGEA LANES ... 644
B. Area-Wide CONGEStION PrICING. ..........cceiieeieeeeeeeeeeee e 645
C. SPEEd MANAGEMENT.........o. i 645
D. Enforcement TECANOIOGIES ..............c.cceoveeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 646
IV, INFOrMATION SOUICES ..ot 647
AL WWOIKS CIEEQ ... 647
B. References for FUtUre REATING ...........c.c.ooiiiiiiieieeeeeee e 651
RETEIENCES ... et 651
CHAPTER 18: MAINTENANCE-OF-TRAFFIC DESIGN AND CONSTRUCTION STAGING ..... 655

David R. McDonald Jr., Ph.D., P.E., PTOE, Senior Transportation Engineer/
Project Manager, Hanson Professional Services Inc.
Amber Huckfeldt, Transportation Engineer, Hanson Professional Services Inc.

L INErOTUCTION L. 655
Ll BASICS ettt 655
AL TEIMINOIOGY ... 655
B. Speed and USEr VBNICIE .............coeeeeeeeeeeeeeeeeeeeeee e, 656
C. HOMZONTAl GEOMETTICS. ... 656
D. VErtiCal GEOMETIICS ...t 660
E. Cross-SeCtional EIEMENTS ............coovoueeeeieeeeeeeeeeeeeeeeee e 660
F. Delineating and COMMUNICATING..............ccoooviiiieieeeeeeeee e 669
G UDKBEPD ... 673
1. DESIGN RESOUITES ...ttt 674
IV, STAGING PlanS. ... 675
AL SEQUENCING ...t 675
B. Traffic CoNtrol Plan EIEMENTS................ccvoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 676
CoUrban VersuS RUIAL............c.ccoiiioeeeeee e 680
V. CUITENT PraCiCe oo 681
A DEOURS ...t 681
B. Traffic Management ANQIYSIS ... 681
C. CONSErUCHION DY HAIVES............oiieeeeeee e 682
D. Staged CONSHIUCKION ..o 683
E. INCIAENT MANAGEMENT ... 683
F EMErgeNnCy STOP LANES ........ooueeeeee e 683
G. Special Provisions, Notes and NarratiVes ..............c.cccccuecueceeerieieiieiaeee e 684
VI EMEIGING TrENAS ..o 685
AL INIGRT WOTK ..o 685
B. NOISE REQUITEIMENTS. ... 686
C. Performance SPeCifiCations ............ooiiiie i 686
D. Lane Rental, User Cost and USer Delay .....................cocuiiiiiiiieeeiieiieiiiiiii, 686

xvi o TRAFFIC ENGINEERING HANDBOOK



E LANE CIOSUIES........eeeeeeeeeeee e 687

F. Transportation Management PIANS...............couiioeieiie et 688
G. SPEEA CONTIOL.......c.ooeoeeeeeeeeeeeee e 688
VI INFOrMation SOUICES ......ooiiiiiiiie e 689
A. Recommended REAAING.............c.ccoiiiiieeeeee e 691
RETEIEINCES ... e e 692
T 1= GO R 696

Table of Contents e xvii



