AMERICAN ASSOCIATION
oF STATE HIGHWAY ano
TRANSPORTATION OFFICIALS

AASHIO

A Policy on

Geometric Design of
Highways and Streets

2018

/th Edifion

AA


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

A Policy on Geometric Design of Highways and Streets
2018
7th Edition

Documents
Document Sharing Hub
© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

American Association of State Highway and Transportation Officials
444 North Capitol Street, NW, Suite 249
Washington, DC 20001

202-624-5800 phone/202-624-5806 fax

www.transportation.org
© 2018 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.
Publication Code: GDHS-7

ISBN: 978-1-56051-676-7

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

EXECUTIVE COMMITTEE
2018-2019

Officers
President: John Schroer, TENNESSEE

Vice President: Carlos Braceras, UTAH
Secretary/Treasurer: Scott Bennett, ARKANSAS

Immediate Past President: David Bernhardt, MAINE

Regional Representatives

REGIONI
Pete Rahn, MARYLAND

Jennifer Cohan, DELAWARE
REGIONII
James M. Bass, TEXAS
Russel McMurray, GEORGIA
REGIONIII
Patrick McKenna, MISSOURI
Joe McGuiness, INDIANA
REGIONIV
Roger Millar, WASHINGTON STATE
Marc Luiken, ALASKA

Non-Voting Members
Executive Director: Bud Wright, AASHTO

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

TECHNICAL COMMITTEE ON GEOMETRIC DESIGN

2018-2019
Officers
Jeff C. Jones, Chair TENNESSEE
Jim Rosenow, Vice Chair MINNESOTA
Elizabeth Hilton, Liaison FHWA
AASHTO Members
Kent Belleque Oregon
Antonette Clark California
Chad Frisinger North Dakota
Aaron Frits Kansas
Michael Fugett Arkansas
Mark A. Leiferman South Dakota
Deanna Maifield Towa
Eric Marabello Maryland
Brent Story Georgia
Bart Thrasher Virginia
Ryan VanKirk Pennsylvania
Amutha Vijayakumar New Jersey
Richard Wilder New York
Other
Patricia Bush AASHTO Liaison
Ray Derr Transportation Research Board
Marshall Elizer American Public Works Association
Armando Lepore Port Authority of New York and New Jersey
Ricky Mitchell National Association of County Engineers
Robert Wunderlich National League of Cities

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

Full document details: AASHTO GDHS-7-2018

ALABAMA
ALASKA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWARE

DISTRICT OF COLUMBIA

FLORIDA
GEORGIA
HAWAII
IDAHO
ILLINOIS
INDIANA
IOWA
KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIPPI
MISSOURI

COMMITTEE ON DESIGN
2017-2018

CARLOS BRACERAS, Chair

JOYCE TAYLOR, Vice Chair

ROBERT MOONEY, FHWA, Liaison

PATRICIA BUSH, AASHTO, Staff Liaison

Steven E. Walker, William Adams, Stan Biddick
Pat Carroll, Mark Neidhold, Sarah E. Schacher
Steve Boschen, Todd Emery

Michael Fugett, Charles Martin, Trinity Smith
Janice Benton, Cathrina Barros

Neil Lacey, Ken Brubaker

Scott Hill, Rabih M. Barakat

Thad Mcllvaine, Michael Nauman

Paul Hoffman, Adil Rizvi, Zahra Dorriz

Tim Lattner, Paul Hiers, Michael Shephard
Brent Story, Andy Casey, Andrew Heath

Julius Fronda

Kevin Sablan, Ted E. Mason

Mike Brand, Dan Mlacnik

Elizabeth W. Phillips, Jeff Clanton

Michael J. Kennerly, Tony Gustafson, Chris Poole
Scott W. King, Tom Rhoads, Debbie Tanking
Bradley S. Eldridge, Jill Asher, Keith Caudill
Chad Winchester, David S. Smith

Brad Foley, Steve Bodge, Charles S. Hebson
Jason A. Ridgway, Eric E. Marabello, Angela Smith
Andrew Paul, Lyris Liautaud, Hasmukh M. Patel
Kristin Schuster, Colin Forbes, Demetrius Parker
Chris Roy, Andrea Hendrickson, Tom Styrbicki
Richard Pittman, Amy Mood, David Seal

Eric Shroeter

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

Vi

MONTANA Lesly Tribelhorn, James Combs, Dustin E. Rouse
NEBRASKA Mike H. Owen, Nathan Sorben

NEVADA Paul Frost, Casey Connor

NEW HAMPSHIRE James Marshall, Keith A. Cota

NEW JERSEY Robert Marshall, Paul F. Schneider

NEW MEXICO Gabriela Contreras-Apodaca, Priscilla Benavides, Lawrence Lopez
NEW YORK Richard D. Wilder, Bradley J. Bortnick, Stephen A. Zargham
NORTH CAROLINA Christopher Werner, Teresa Bruton, Glenn Mumford
NORTH DAKOTA Roger Weigel

OHIO David L. Holstein, Kyle Brandon

OKLAHOMA Caleb Austin, Eduardo Elder, Tim Tegeler

OREGON David Polly

PENNSYLVANIA Melissa Batula, Christine Spangler

PUERTO RICO Vacant

RHODE ISLAND Richard Bernardo, Robert Rocchio

SOUTH CAROLINA Ladd Gibson, Rob Bedenbaugh

SOUTH DAKOTA Brian Raecke, Mark A. Leiferman

TENNESSEE Jennifer Lloyd, Ali R. Hangul, Jeff C. Jones

TEXAS Camille Thomason

UTAH Ben G. Huot, George C. Lukes, Fred Doehring
VERMONT Jesse Alan Devlin, Ken Robie, Nick Wark

VIRGINIA Susan Keen, Vernon W. Heishman, Barton A. Thrasher
WASHINGTON Jeft Carpenter, Mike Fleming, Julie Heilman

WEST VIRGINIA RJ Scites, Dirar M. Ahmed, Chad Toney
WISCONSIN David L. Stertz

WYOMING Jeftrey E. Brown, Andrea Allen, Sandra A. Pecemka

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

Vii

TABLE OF CONTENTS

CHAPTER 1 NEW FRAMEWORK FOR GEOMETRIC DESIGN

1.1 INTRODUCTION. . ..o e e e 1-1

1.2 PROJECTPURPOSEAND NEED . ... ... .. i 1-3

1.3 OVERVIEW OF THE NEW FRAMEWORK FOR GEOMETRIC DESIGN . . . .. 1-5

1.4 FUNCTIONAL CLASSIFICATION FOR MOTORVEHICLES . . ............ 1-7

1.4.1  Hierarchy of Motor Vehicle Movement....................... 1-8

1.4.2  Access Control and Mobility Needs .. ...................... 1-10

1.4.3  Functional System Characteristics. . ........................ 1-11

1.4.3.1 Definitions of Urban and Rural Areas. . ................... 1-11

1.4.3.2  Functional Categories . ...........o ... 1-12

1.4.3.3  Functional Systems for Rural Areas . ..................... 1-12

1.4.3.3.1 Rural Principal Arterial System ............... 1-12

1.4.3.3.2 Rural Minor Arterial System . ................ 1-13

1.4.3.3.3 Rural Collector System .. ................... 1-13

1.43.3.4 Rural Local Road System . .................. 1-13

1.4.3.4  Functional Systems for Urban Areas. . . ................... 1-14

1.4.3.4.1 Urban Principal Arterial System . ............. 1-14

1.4.3.4.2 Urban Minor Arterial Street System . .......... 1-15

1.4.3.4.3 Urban Collector Street System .. ............. 1-15

1.4.3.4.4 Urban Local Street System .. ................ 1-15

1.4.4  Functional Classification as a Design Type .. ................. 1-16

1.5 CONTEXT CLASSIFICATION FOR GEOMETRICDESIGN. ............. 1-16

1.5.1  Context Classes for Roads and Streets in Rural Areas .......... 1-20

1511 RuralContext........ ..o 1-20

1.5.1.2  Rural Town Context . ...t 1-20

1.5.2  Context Classes for Roads and Streets in Urban Areas ......... 1-21

1.5.2.1  SuburbanContext .......... ... .. .. .. . . 1-21

1.5.2.2  Urban Context .. ... 1-21
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018

All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

viii

Full document details: AASHTO GDHS-7-2018

1.5.2.3 Urban Core Context............oiiiiiiiiin...

1.5.3  Design Guidance for Specific Context Classes . .. .............

1.6  MULTIMODAL CONSIDERATIONS ... ..o
1.6.1  Road and Street User Groups/Transportation Modes. . .........
1.6.1.1 Automobiles. . ... ..

1.6.1.2  Bicyclists. . .ot

1.6.1.3  Pedestrians. . .. ...

1.6.1.4  Transit. ..o

1.6.1.5  Trucks . .o

1.6.2  Consideration of All Transportation Modes in Design ..........

1.7 DESIGN PROCESS TO ADDRESS SPECIFIC PROJECTTYPES ..........
1.7.1  New Construction Projects . . ........ ... . ... . ... ... ...

1.7.2 Reconstruction Projects. ......... ... i

1.7.3  Construction Projects on Existing Roads. . ................ ...

1.8 DESIGN FLEXIBILITY .. e e e e
1.9 PERFORMANCE-BASED DESIGN . ... ...ttt
1.10 REFERENCES . ... . e e

CHAPTER 2 DESIGN CONTROLS AND CRITERIA

2.1 INTRODUCTION. . .ot e e e e
2.2 DRIVER PERFORMANCE AND HUMAN FACTORS. . ... ... ... . ...
221 Introduction. . ... ...

2.2.2  Older Drivers and Older Pedestrians .. .....................

223 TheDrivingTask ... ..

224 TheGuidance Task. ... ... ... ...
2.2.4.1 Lane Placement and Road Following. .. ..................

2242 CarFollowing. .. ...

2.24.3 PassingManeuvers. . ... ..

2.2.4.4  Other Guidance Activities ... ...

2.2.5 TheInformation System. ... ... ... .. . ... . . i i
2.2.5.1  Traffic Control Devices. .. ...,

© 2018 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

2.2.5.2  The Roadway and Its Environment. .. .......... .. ... ...... 2-4

2.2.6  InformationHandling. ...... ... .. .. . 2-5

2.2.6.1 Reaction Time . ... ... .. .. . . . 2-5

2.2.6.2  Primacy. ... ..o 2-8

2263 Expectancy............. ... 2-8

2.27 Driver Error . ... 2-8

2.2.71 Errors Due to Driver Deficiencies. .. ........... ... ... ..... 2-9

2.2.7.11 OlderDrives . . ..o 2-9

2.2.7.2  Errors Due to Situation Demands. . .. ..... .. ... ... ... .. 2-11

228 SpeedandDesign............iiiiiii 2-11

2.2.9 Design Assessment . .. ... e 2-12

2.3 TRAFFIC CHARACTERISTICS . . ... i 2-13

2.3.1  General Considerations. .. ....... .. ... 2-13

2.3.2 Volume. ... 2-13

2.3.2.1  Average Daily Traffic. . . ... 2-13

2.3.2.2  Design Hour Traffic: Rural Areas. . . ...................... 2-14

2.3.2.3  Design Hour Traffic: Urban Areas. . .. ...t 2-17

2.3.3  Directional Distribution . . . ........ .. ... 2-18

2.3.4 Compositionof Traffic........ .. ... L 2-19

2.3.5 Projection of Future Traffic Demands . ...................... 2-20

2.3.6  Speed. ... 2-21

2.3.6.1  OperatingSpeed . ...... ... ... ... .. oL 2-22

2.3.6.2 RunningSpeed......... .. .. ... 2-22

2.3.63 DesignSpeed....... ... ... ... 2-23

2.3.7  Traffic Flow Relationships ......... .. .. .. ... ... ... .... 2-27

2.4  HIGHWAY CAPACITY .ot e e e e e 2-29

241  General Characteristics . . . .. ...t 2-29

242 Application . ... 2-29

24.3 CapacityasaDesignControl ............ ... ... ... ...... 2-30

2.4.3.1 Design Service Flow Rate versus Design Volume ........... 2-30

2.4.3.2 Measures of Congestion . ...t 2-30

2.4.3.3  Relation between Congestion and Traffic Flow Rate . . . ... ... 2-32
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

2.43.4  Acceptable Degrees of Congestion. . .................... 2-32

2.4.4  Factors Other Than Traffic Volume That Affect Operating
Conditions. . . ..o 2-33
2.4.41 Roadway Factors .. ... ... . 2-33
2442  Alignment. . ... 2-34
2443  Weaving Sections. . . ...t 2-34
2444 RampTerminals ... ... ... ... .. 2-34
2445 TrafficFactors. ... 2-35
2446 PeakHourFactor......... .. .. ... ... . .. 2-35
245 LevelsofService ....... .. 2-36
24.6 DesignService FlowRates. . ........ . ... ... ... ... ... ... 2-38
2.4.6.1 Weaving Sections. . ... ... 2-38
2.4.6.2  Multilane Highways without Access Control .. ............. 2-41
2.4.6.3  Arterial Streets and Highways in Urban Areas . .. ........... 2-41
2464  Intersections. ... ...... ... 2-41
2.5 ACCESS CONTROL AND ACCESS MANAGEMENT. ................. 2-41
2.5.1 General Conditions . .. ... ... 2-41
2.5.2  Basic Principles of Access Management..................... 2-43
2.5.3 Access Classifications . ......... .. . . i 2-44
2.5.4  Methods of Controlling Access. . ......... ... .. 2-45
2.5.5 Benefits of Controlling Access. . .. ... ... ... ... .. 2-45
2.6 PEDESTRIANS. . .. e 2-50
2.6.1 General Considerations. . ......... ... 2-50
2.6.2  General Characteristics . . ... .ot e 2-50
2.6.3 WalkingSpeeds. ... ... .. . 2-52
2.6.4  Walkway Level of Service. . ....... ... ... i 2-52
2.6.5 Intersections . ....... .. e 2-52
2.6.6  Reducing Pedestrian-Vehicular Conflicts .................... 2-53
2.6.7  Accommodating Persons with Disabilities ................... 2-53
2.6.7.1 Mobility Disabilities .. ... o 2-53
2.6.7.2  Vision Disabilities . . ....... ... ... 2-54
2.6.7.3  Cognitive Disabilities . . . ....... ... .. . 2-54

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xi

2.6.7.4  Hearing Disabilities . ....... .. ... ... . ... . . . 2-54

2.7 BICYCLISTS . .o 2-54
2.8 DESIGNVEHICLES . . ... e e 2-55
2.8.1  General Characteristics . . ... ... 2-55

2.8.2  Minimum Turning Paths of Design Vehicles .................. 2-58

2.8.3 Vehicle Performance ....... ... ... .. ... . . 2-86

2.8.4  VehicularPollution....... ... ... . . . 2-89

2.9 SAFRETY . 2-90
2.9.1  Key Factors Related to Traffic Crashes .. .................... 2-90
2.9.1.1 Roadway Design. . . .. ..o 2-91

2.9.1.2 Roadside Design .. ...... ..o 2-92

2.9.1.3  TrafficControl Devices . .. ... 2-93

2.9.2 KeySafetyResources. . ......... . i 2-93

2.9.3  Safety Improvement Programs ... ........ .. ... ... .. .. .... 2-94

2.9.4  Project DevelopmentProcess . ......... ... ... ... 2-94

2.10 ENVIRONMENT . .o e e e e e e e e 2-95
211 REFERENCES . . .. .. e e e 2-95

CHAPTER 3 ELEMENTS OF DESIGN

3.1 INTRODUCTION. . o e e et e 3-1
3.2 SIGHT DISTANCE . . . oo e e e e e 3-1
3.2.1  General Considerations. . ........ ... .. . i i 3-1

3.2.2 Stopping SightDistance . ........ ... .. i 3-2
3.2.2.1 Brake Reaction Time ... ... .. ... . 3-2

3.2.2.2 Braking Distance .. ... 33

3.223 DesignValues. ... ... 3-5

3.2.24  Effectof Grade on Stopping .......... ... ... .. L 3-5

3.2.25 VariationforTrucks. ... ... .. 3-6

3.2.2.5.1 New Construction vs. Projects on Existing Roads . 3-7

3.2.3 Decision Sight Distance. . ........ ... 3-7
3.2.4  Passing Sight Distance for Two-Lane Highways ............... 3-10
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.
Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

Xii

3.241  CriteriaforDesign . ... ...t 3-10
3242 DesignValues. ... 3-10
3.2.43  Effect of Grade on Passing Sight Distance. . ............... 3-12
3.2.44  Frequency and Length of Passing Sections . .. ............. 3-12
3.2.5 Sight Distance for Multilane Highways . . .................... 3-14
3.2.6  Criteria for Measuring Sight Distance . . . .. .................. 3-15
3.2.6.1 Heightof Driver'sEye.......... ... ... 3-15
3.2.6.2 HeightofObject ........ . ... ... . . 3-15
3.2.6.3  SightObstructions . . ... 3-16
3.2.6.4  Measuring Sight Distance ........... ... .. .. .. .. ..... 3-16
3.3 HORIZONTAL ALIGNMENT . . ... e 3-19
3.3.1  Theoretical Considerations .. ....... ... ... .. .. ... 3-19
3.3.2 General Considerations. . ......... .. i 3-20
3.3.2.1  Superelevation. ... 3-20
3.3.2.2 Side Friction Factor . ....... . 3-21
3.3.2.3  Distribution of e and fover a Range of Curves .. ........... 3-26
3.3.3 Design Considerations. . . ... 3-31
3.3.3.1  NormalCrossSlope.......... ... ... ... .. ... ...... 3-31
3.3.3.2  Maximum Superelevation Rates for Streets and Highways . . . . 3-31
3.3.33  MinimumRadius. ... .. 3-33
3.3.34 Effectsof Grades . ... . 3-35
3.3.4  Design for Rural Highways, Urban Freeways, and High-Speed Urban
Streets ... . 3-36
3.3.4.1 Side Friction Factors. .. .. ... o 3-36
3.3.4.2 Superelevation......... ... ... i 3-37
3.3.43  Procedure for Development of Method 5 Superelevation
Distribution . ... ..o 3-37
3.3.5 Design SuperelevationTables . .. ........ ... .. ... ... ..... 3-41
3.3.5.1 Minimum Radius of Curve for Section with Normal Crown . . .. 3-52
3.3.6  Design for Low-Speed Urban Streets ... .................... 3-53
3.3.6.1  Side Friction Factors. .. ... 3-53
3.3.6.2 Superelevation......... ... .. .o 3-53
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.
Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xiii

3.3.7 TurmingRoadways .. ........... i 3-59
3371 DesignSpeed...... ... ... ... 3-59
3.3.7.2  Maximum Superelevation for Turning Roadways. ........... 3-59
3.37.3 Useof Compound Curves ............................. 3-60

3.3.8  Transition Design Controls. .. ....... .. ... . . .. .. 3-61
3.3.8.1  General Considerations . . ............................. 3-61
3.3.8.2  Tangent-to-Curve Transition. ......... ... ... .. .. ...... 3-62

3.3.8.2.1 Minimum Length of Superelevation Runoff . . ... 3-62
3.3.8.2.2 Minimum Length of Tangent Runout .. ........ 3-70
3.3.8.2.3 Location with Respect to End of Curve .. ... ... 3-70
3.3.8.24 Limiting Superelevation Rates . .............. 3-72
3.3.8.3  Spiral Curve Transitions . .......... ... ... .. ... .. ... 3-73
3.384 LlengthofSpiral ... ... .. .. .. . 3-74
3.3.8.4.1 Length of Spiral ....................... ... 3-74
3.3.84.2 Maximum Radius for Use of a Spiral. ... ....... 3-75
3.3.843 Minimum Length of Spiral ............. ... .. 3-76
3.3.8.4.4 Maximum Length of Spiral . .............. ... 3-76
3.3.845 Desirable Length of Spiral .................. 3-77
3.3.8.4.6 Length of Superelevation Runoff ........ ... .. 3-78
3.3.8.4.7 Limiting Superelevation Rates . .............. 3-78
3.3.8.4.8 Length of Tangent Runout .. ................ 3-79
3.3.8.4.9 Location with Respect to End of Curve .. ... ... 3-81
3.3.8,5  Compound Curve Transition ........................... 3-81
3.3.8.6  Methods of Attaining Superelevation .................... 3-81
3.3.8.7  Design of Smooth Profiles for Traveled-Way Edges. ... ... ... 3-85
3.3.8.8  Axis of RotationwithaMedian ...................... ... 3-86
3.3.8.8.1 Casel ... ... 3-86
33882 Casell........o i 3-86
33883 Caselll ... 3-86
3.3.8.84 Divided Highway . ....... ... ... ... ... ..... 3-87
3.3.8.9  Minimum Transition Grades and Drainage Considerations . . . . 3-87

3.3.8.10 Transitions and Compound Curves for Turning Roadways. . . . . 3-88
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

Xiv

3.3.8.11  Length of Spiral for Turning Roadways ................... 3-89

3.3.8.12 Compound Circular Curves . ........................... 3-90

3.3.9  Offtracking. ... oo 3-91
3.3.9.1 Derivation of Design Values for Widening on Horizontal

CUIVES 3-91

3.3.10 Traveled-Way Widening on Horizontal Curves . ............... 3-97

3.3.10.1 Design Values for Traveled-Way Widening . .............. 3-101

3.3.10.2 Application of Wideningon Curves. . ................... 3-101

3.3.11 Widths for Turning Roadways at Intersections ............... 3-103

33111 Three Cases . oot 3-105

331111 Casel oo 3-105

331112 Casell. ..o 3-105

331113 Caselll oo 3-105

3.3.11.2 DesignValues ... 3-107

3.3.11.3  Widths QOutside the TraveledWay ... ................... 3-112

3.3.12 Sight Distance on Horizontal Curves. . ..................... 3-113

3.3.12.1 Stopping Sight Distance ............................. 3-114

3.3.12.2 PassingSightDistance. . .......... ... .. ... 3-119

3.3.13 General Controls for Horizontal Alignment. ................. 3-119

3.4 VERTICALALIGNMENT . ... e 3-121

341 Terrain .o 3-121

342 Grades. ... .. 3-122

3.4.2.1  Vehicle Operating Characteristics on Grades . ............ 3-122

3.4.2.11 PassengerCars. ... ... ... ... . . .. 3-122

3.4.2.1.2 Trucks ..o 3-122

34213 Recreational Vehicles . ........ ... .. ... ... 3-126

3.4.2.2  Control GradesforDesign.......... .. ... 3-130

3.4.2.21 Maximum Grades .. .......... ... ... 3-130

3.4.2.2.2 Minimum Grades . ........... ... .. .. ... 3-130

3.4.2.2.3 Pedestrian Considerations .. ............... 3-130

3.4.2.3  Critical Lengths of Grade for Design . .. ................. 3-130

3.43 ClimbingLlanes ...... ... . 3-137

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XV

3.4.3.1  Climbing Lanes for Two-Lane Highways. . .. .............. 3-137
3.4.3.1.1 General. . ... 3-137
3.4.3.1.2 Trucks . oo 3-139
3.4.3.1.3 SUMMaAry. ..o 3-141
3.4.3.2  Climbing Lanes on Freeways and Multilane Highways ... ... 3-142
3.4.3.2.1 General. ... . 3-142
34322 Trucks ..o 3-142
3.4.4  Methods for Increasing Passing Opportunities on Two-Lane
Roads ... . 3-145
3.4.41 Passing Lanes. . ... .. . 3-145
3442 24T Roadways . . ..ot 3-149
3443 TUMOULS . ..ot 3-152
3.4.4.4  ShoulderDriving ... ... 3-153
3.4.45  ShoulderUse Sections . .. ..., 3-154
3.4.5 Emergency Escape Ramps. . ....... ... ... . 3-154
3451 General. ... 3-154
3.45.2 Need and Location for Emergency Escape Ramps .. ....... 3-156
3.453  Types of Emergency Escape Ramps. .. .................. 3-157
3.454  Design Considerations. .. ...t 3-159
3.4.55 Brake-Check Areas. ... ... ..., 3-164
3456 Maintenance. ... ... ... 3-164
346  Vertical Curves. . ... 3-164
3.4.6.1  General Considerations .. . .......... ... . i 3-164
3.4.6.2 CrestVertical Curves ...... ... .. .. . . i 3-166
3.4.6.21 Design Controls: Stopping Sight Distance.. . . . . 3-167
3.4.6.2.2 Design Controls: Passing Sight Distance . ... .. 3-171
3.4.6.3 SagVertical Curves. . ... .. 3-172
3.4.6.4  Sight Distance at Undercrossings. . ..................... 3-177
3.4.6.5  General Controls for Vertical Alignment ................. 3-179
3.5 COMBINATIONS OF HORIZONTAL AND VERTICAL ALIGNMENT . .. .. 3-180
3.5.1  General Considerations. . .......... ..., 3-180
3.5.2 GeneralDesignControls. ......... ... .. ... 3-181
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XVi

3.5.3 Alignment CoordinationinDesign .. ...................... 3-182

3.6 OTHER FEATURES AFFECTING GEOMETRICDESIGN .............. 3-186
3.6.1  Erosion Control and Landscape Development .. ............. 3-186

3.6.2  Rest Areas, Information Centers, and Scenic Overlooks. . . .. ... 3-187

3.6.3  Lighting .. oot 3-188

3.6.4  Utilities. .. oo 3-190
3.6.4.1 General. . ... 3-191

3.6.42  Rural Areas. ... 3-192

3.6.43  Urban Areas .. ... ... 3-192

3.6.5 Traffic Control Devices. .. .......... .. i 3-193
3.6.5.1 Traffic Signs, Pavement Markings, and Traffic Signals . ... ... 3-193

3.6.5.2 Intelligent Transportation Systems. ..................... 3-194

3.6.6  Traffic Management Plans for Construction ................. 3-195

3.7 REFERENCES . ... . e e e 3-196

CHAPTER 4 CROSS-SECTION ELEMENTS

4.1 GENERAL . . .o 4-1
4.2 TRAVELED WAY . . e e e e e 4-1
4.2.1  SUMACe TYPE . oottt 4-1

4.22 CrossSlope . ... 4-2
4221 RateofCrossSlope ......... ... ... ... ... ... .. ..., 4-6

4.2.2.2  Weather Considerations. . . ....... .. ... . i 4-7

4223 UnpavedSurfaces............... ... ... ... ... ... ... 4-7

4.2.3 SkidResistance . ........ ... 4-8

4.24 Hydroplaning. ... ... 4-8

4.3 LANEWIDTHS ... e e 4-9
4.4 SHOULDERS . . ... e e e 4-10
4.41 General Characteristics . . . ... 4-10

4.42 ShoulderWidth .. ... ... . . .. 4-12

4.4.3 Shoulder Cross Sections .. ....... ..., 4-13

4.4.4  Shoulder Stability. . . ... ... 4-14

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xvii

4.45 ShoulderContrast ... ...t 4-15

4.4.6  TUMNOULS. . .. e 4-16

45 RUMBLE STRIPS . . ..o e e e 4-16
4.6 ROADSIDEDESIGN . ... e e e 4-17
4.6.1  ClearZones . .. ..o 4-17

4.6.2 Lateral Offset. .. ... 4-18

4.7 CURBS. . . e 4-19
4.7.1  General Considerations. . . ........ ... . .. 4-19

4.7.2  Curb Configurations . ...........c. .. 4-19
4.7.2.1 GUTtErS . . o 4-21

4.7.3 CurbPlacement. ... ... ... . . 4-22

4.8 DRAINAGE CHANNELS AND SIDESLOPES . ........ ..., 4-23
4.8.1 General Considerations. . ......... .. .. i 4-23

4.8.2 Drainage ... ... 4-23

4.8.3 DrainageChannels ........ ... . . . . . i 4-26

4.84 Sideslopes .. ... .. 4-28

4.9 ILLUSTRATIVE OUTER CROSS SECTIONS . . ..\ v v e 4-32
4.9.1  Normal Crown Sections. . ........ ... 4-32

4.9.2 Superelevated Sections. . ......... .. .. i 4-32

410 TRAFFICBARRIERS. . . ... e 4-33
4.10.1 General Considerations. . ......... ... .. 4-33
4.10.2 Longitudinal Barriers .. ... ... .. . 4-34
4.10.2.1 Roadside Barriers............ .. 4-34

4.10.2.2 MedianBarriers . ........... 4-35

4.10.3 Bridge Railings. . ...... . 4-37
4.10.4 Crash Cushions ...... ... ... . i, 4-38

411 MEDIANS . .. e 4-38
4.12 FRONTAGE ROADS . . .. i e e 4-41
4.13 OUTERSEPARATIONS . ... e e e 4-45
4.14 ROADWAY TRAFFIC NOISE ABATEMENT . ...... ... ..., 4-46

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

Xxviii

4.14.1 General Considerations. . . ......... ... 4-46
4.14.2 Noise Evaluation Procedures. . ......... ... ... ... ... ... .... 4-47
4.14.3 Noise Reduction . ........ ... 4-48

4.15 ROADSIDE CONTROL . ... i e e 4-52
4.15.1 General Considerations. . . ...... ... .. .. .. 4-52
4.15.2 Driveways. . ...t 4-52
4.15.3 Mailboxes .. ... 4-56
4154 Fencing . ...t 4-57

416 TUNNELS . ... e 4-57
4.16.1 General Considerations. .. ...... ... .. .. ... 4-57
4.16.2 TypesofTunnels . ... ... . . .. 4-58
4.16.3 General Design Considerations. .. .......... ..., 4-59
4.16.4 Tunnel Sections .. ... ... . 4-60
4.16.5 ExamplesofTunnels . ... ... ... .. . . . . . . 4-63

4.17 PEDESTRIAN FACILITIES . . ..o e e 4-65
4.17.1 Sidewalks. . ... 4-65
4.17.2 Grade-Separated Pedestrian Crossings .. ................... 4-67
4.17.3 Curb Ramps. .. .. 4-70

4.18 BICYCLE FACILITIES . . . .ottt e e 4-77
4.19 TRANSIT FACILITIES. . . ... e 4-77
4.19.1 BusTurnoutsonFreeways........... ... ... ... ... 4-79
4.19.2 Bus Turnoutson Arterials. . ...... ... .. . i 4-80
4.19.3 Park-and-Ride Facilities. .. ...... ... ... ... .. ... ... 4-82
41931 Location . ..ot 4-82

4.19.3.2 Design ..o 4-82

4.20 ON-STREET PARKING . ... ... e e 4-85
4.21 REFERENCES . ... ... e e e e 4-88

CHAPTER 5 LOCAL ROADS AND STREETS

5.1 INTRODUCTION. . .ttt e e e s e e e e e e e e e e e e e e e e e 5-1
5.2 LOCALROADS IN RURAL AREAS . ... .. i e 5-2
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

Xix

5.2.1  General Design Considerations. .. ........ ... ... . ..., .. 5-2

5211 DesignSpeed...... ... ... ... .. i 5-2

52.1.2 DesignTrafficVolume. . .......... ... ... .. . 5-3

5213 LevelsofService. ... ... ... . 5-3

5214  Alignment. . ..o 5-3

5215  Grades ... ... 5-3

5216  CrossSlope ....... ... 5-4

5.2.2 Cross-Sectional Elements .. ....... ... ... ... ... . . . . ... 5-6

5221 WidthofRoadway . ........ .. ... .. .. 5-6

5222 Numberoflanes........ .. ... .. .. . . i 5-6

5223 Right-of-Way Width . ...... ... ... .. . 5-7

5224  Medians . ... 5-7

5.2.2.5  Bicycle and Pedestrian Facilities .. ............ ... .. ...... 5-8

5226  Driveways. . ... ... 5-8

5.2.2.7  STrUCtUres . . ... . 5-9

5.2.2.71 New and Reconstructed Structures .. .......... 5-9

5.2.2.7.2 Vertical Clearance. . .. ..... .. ... ... ... ..... 5-9

5.2.2.8 RoadsideDesign ....... ... ... 5-9

5.2.2.8.1 ClearZones. . ... 5-10

5.2.2.8.2 Lateral Offset .. ........ ... .. ... ... ...... 5-10

5.2.2.8.3 Foreslopes .. ... .. ... .. . . ... 5-10

5.2.2.9 IntersectionDesign . ..... ... ... 5-11

5.2.2.10 Railroad-Highway Grade Crossings. . .................... 5-11

5.2.2.11 Traffic Control Devices . ... ... oo 5-12

52212 Drainage. . ..o 5-12

5.2.2.13  Erosion Control and Landscaping ....................... 5-12

5.2.2.14 Design of Local Streets in the Rural Town Context .......... 5-12

5.3 LOCALSTREETS IN URBAN AREAS ... ... . . i 5-12

5.3.1  General Design Considerations. . ............ ... ... . ..... 5-13

53.1.1  DesignSpeed. ..... ... ... ... i 5-14

5.3.1.2  Design TrafficVolume. .. ... ... . . 5-14

53.1.3  LevelsofService...... ... ... . 5-14
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XX

53.1.4 Alignment. . ... 5-14

5315  Grades . ... 5-15

53.1.6  CrossSlope . ... ... ... ... 5-15

5.3.1.7 Superelevation......... ... ... .. i 5-15

5.3.1.8  SightDistance . ........ . 5-16

5.3.2 Cross-Sectional Elements ......... ... ... ... . ... ... ... .. .. 5-16
5.3.21  Widthof TraveledWay. .. ........ .. ... ... .. ... ..... 5-16

53.22 Numberoflanes.......... .. ... ... i 5-16

5.3.23 Parkinglanes...... ... . 5-16

5324  Medians ... .. 5-17

5325 Curbs ... 5-17

5.3.2.6  Right-ofWay Width . ... ..ot 5-17

5.3.2.7  Provision for Utilities. . . .. ... ... 5-17

5328 BorderArea ......... ... 5-18

5.3.2.9  Bicycle and Pedestrian Facilities ........................ 5-18

5.3.2.10 Cul-de-Sacsand Turnarounds . ........ .. ... ... ... ..... 5-19

53211 Alleys .o 5-20

5.3.212 Driveways. ... ... 5-21

5.3.3  Structures. .. ... 5-22
5.3.3.1 New and Reconstructed Structures .. .................... 5-22

5.3.3.2  Vertical Clearance. . . ......... ... . . . 5-23

53.4 RoadsideDesign . ...... ...t 5-23
5.3.4.1 ClearZones . ... 5-23

5342 lateral Offset . ... . 5-23

5.3.5 IntersectionDesign ... ... ... 5-23
5.3.6  Railroad-Highway Grade Crossings . ............... ... .... 5-25
5.3.7 Traffic Control Devices. . . ... .. 5-25
53.8 RoadwaylLighting .. ....... ..o 5-25
53.9 Drainage ... ... e 5-26
5.3.10 ErosionControl . ...... ... 5-26
5311 Landscaping. . ..« oot 5-27
5.4 RECREATIONALROADS . . ... e e e e 5-27

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXi

5.4.1  General Design Considerations. .. .......... .. ... ... ...... 5-27

5411 DesignSpeed...... ... ... ... i 5-28

54.1.2 DesignVehicle ..... ... ... .. . . 5-29

5413  Grades .. ..o 5-29

54.1.4  Vertical Alignment .. ... . 5-30

5.4.1.5  Horizontal Alignment and Superelevation................. 5-31

54.1.6 SightDistance ... 5-32

5.4.1.7  Passing SightDistance. ........... ... . ... 5-32

54.1.8 CrossSlope ... ... 5-33

5.4.2 Cross-Sectional Elements ........ ... ... . . ... . . ... 5-33

5421  WidthofRoadway ........ ... .. . . 5-33

5422 Numberoflanes....... ... ... ... ... .. .. .. ... 5-34

543  Structures. ... ... 5-35

54.4 Roadside Design ...........iuiniiiiiii i 5-36

5441  ClearZones . ......ooiiiii 5-36

5442 RoadsideSlopes.......... ... ... ... . il 5-36

54.43 RoadsideBarriers........ ... 5-37

545 SigningandMarking ........ ... 5-37

5.4.6  Bicycle and Pedestrian Facilities . . .. ....................... 5-37

5.5 RESOURCE RECOVERY AND LOCAL SERVICEROADS . .............. 5-37

5.6 LOW-VOLUME ROADS. . . .. e e e 5-39

5.7 REFERENCES . ... . 5-39
CHAPTER 6 COLLECTOR ROADS AND STREETS

6.1 INTRODUCTION. . . e e et e 6-1

6.2 COLLECTORSINRURALAREAS . ... . i 6-2

6.2.1  General Design Considerations. . .......... ... ... ... ... .. ... 6-2

6.21.1  DesignSpeed...... ... ... ... .. i 6-2

6.2.1.2  Design TrafficVolumes. ...... .. ... .. . ... .. .. ... ..., 6-3

6.2.1.3  LevelofService ...... ... 6-3

6.2.1.4  Alignment. ... ... 6-3

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018

All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXii

6.21.5  Grades .. ..o 6-4

6.21.6  CrossSlope ..... ... ... ... . ... 6-4

6.2.1.7  Superelevation......... ... ... ... .. i 6-4

6.2.1.8  SightDistance .......... .. 6-4

6.2.2  Cross-Sectional Elements . ........ ... ... ... . .. .. . ... 6-6
6.221  WidthofRoadway .. ...... ... ... .. . i 6-6

6.2.2.2 Numberoflanes....... ... ... ... .. . i 6-6

6.2.2.3  Parkinglanes......... ... ... 6-7

6.224  Medians . .. ... 6-7

6.2.25 Right-of-Way Width . ...... ... ... .. ... ... 6-7

6.2.2.6  Bicycle/Pedestrian Facilities. . . ......... ... ... .. ... .... 6-7

6.2.3  Structures. . ... ... .. 6-7
6.2.3.1 New and Reconstructed Structures . .. ................. ... 6-7

6.2.3.2  Vertical Clearance. . . ... 6-8

6.24 Roadside Design ... ... ...t 6-8
6.24.1  ClearZones .. ... 6-8

6.24.2 Lateral Offset . . ... 6-8

6.243 Foreslopes ...... ... ... ... ... ... 6-9

6.2.5 IntersectionDesign . ... ... .. 6-9
6.2.6  Railroad-Highway Grade Crossings . ............... .. ...... 6-10
6.2.7  Traffic Control Devices. . . ... 6-10
6.2.8 Drainage .. ... 6-10
6.2.9  Erosion Control and Landscaping . . ......... ... ... ... ... 6-10
6.2.10 Speed Transitions Entering Rural Towns . .. .................. 6-10
6.2.11 Design of Collectors in the Rural Town Context............... 6-12
6.3 COLLECTORSINURBAN AREAS. . ... i i 6-12
6.3.1  General Design Considerations. . . ......... ... .. .. ... .... 6-13
6.3.1.1  DesignSpeed.......... ... ... 6-13

6.3.1.2 Design TrafficVolumes. ....... ... ... ... .. ... iou.. 6-14

6.3.1.3  LevelofService ... ... ... 6-14

6.3.1.4 Alignment. . ... 6-14

6.3.1.5  Grades .. ... 6-14

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXiii

6.3.1.6  CrossSlope ....... ... .. i 6-15

6.3.1.7  Superelevation......... ... ... . il 6-15

6.3.1.8  SightDistance .. ... .. . 6-15

6.3.2  Cross-Sectional Elements ........ .. ... ... ... ... . ... ... 6-16
6.3.2.1  WidthofRoadway . ........ .. ... ... . i 6-16

6.3.2.2  Numberoflanes....... .. ... ... .. 6-16

6.3.2.3  Parkinglanes......... ... ... 6-16

6.3.24  Medians . .. ... 6-17

6.3.25  Curbs ... 6-18

6.3.2.6  Right-oF-Way Width . .. ..o\ o et 6-18

6.3.2.7  Provision for Utilities. . . ....... ... ... . . . . 6-19

6.3.2.8 BorderArea ..... ... 6-19

6.3.2.9  Bicycle/Pedestrian Facilities. .. ........ . ... ... ... ..., 6-19

6.3.2.10  Driveways. . ... 6-20

6.3.3  Structures. . ... 6-20
6.3.3.1 New and Reconstructed Structures . .. ................... 6-20

6.3.3.2  Vertical Clearance. . . ... . i 6-20

6.3.4 Roadside Design .. ...... ..ot 6-21
6.3.4.1  ClearZones . ......vii i 6-21

6.3.4.2 Llateral Offset . .. ... . 6-21

6.3.5 IntersectionDesign . ...... ... ... . .. i i 6-22
6.3.6  Railroad-Highway Grade Crossings . ....................... 6-23
6.3.7  Traffic Control Devices. . . ..... ... i 6-23
6.3.8  Roadway Lighting ....... ... .. 6-23
6.3.9 Drainage . ... 6-24
6.3.10 ErosionControl . ... ... . 6-24
6.3.11  Landscaping. . ..« oot 6-24
6.4 REFERENCES . .. ... . e e e 6-25

CHAPTER 7 ARTERIAL ROADS AND STREETS

7.1 INTRODUCTION. . ..t e e e e e e e e e e e e e e e e e e i 7-1
7.2 ARTERIALS IN RURAL AREAS. . . . .. e s e e s i 7-2
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXIV

7.2.1  General Characteristics . . . ...ttt e 7-2
7.2.2  General Design Considerations. .. .......... .. ..., 7-3
7.221  DesignSpeed. ... ... .. 7-3
7.2.2.2  DesignTrafficVolumes. ....... ... .. ... ... ... . ... .... 7-3
7223 LevelofService ..... ... . 7-4
7.2.24  SightDistance . ........ 7-4
7.2.25  Alignment. ... .. 7-5
7226  Grades .. ... 7-5
7.22.7 CrossSlope ... ... 7-6
7.2.2.8  Superelevation............ ... .. i 7-6
7.2.3 Cross-Sectional Elements ......... ... .. .. .. .. .. ... 7-6
7.2.3.1 Roadway Width ... ... ... .. .. 7-6
7.2.3.2 Numberoflanes......... ... ... ... . . i 7-7
7.2.3.3  Cross Section and Right-of-Way. .. ....................... 7-7
7.24 Roadside Design . ....... ..ot 7-8
7.2.4.1 ClearZones . ... 7-8
7242 lateral Offset . ... .. . 7-8
7.2.5  SErUCTUreS. . . . oo 7-9
7.2.5.1 Vertical Clearances. .. ... ot 7-9
7.2.6  Traffic Control Devices. . . ...... .. i 7-9
7.27 ErosionControl ....... ... 7-9
7.2.8 ProvisionforPassing .. ..... ... 7-9
7.2.9  Ultimate Development of Multilane Divided Arterials in Rural
A =T T 7-11
7.2.10 Multilane Undivided Arterials in Rural Areas. .. ............... 7-13
7.2.11 Divided Arterials in Rural Areas. . ......... ... ... ... ... ..... 7-15
7.2.11.1 General Features .. ... 7-15
7.211.2 LaneWidths .. ... ... ... . . . 7-15
7.211.3 CrossSlope . ... ... .. .. 7-15
7.211.4 Shoulders. . ... 7-16
7.2.11.5 Median BarrierClearance. . . ......... ... ... ... .. 7-17
7.211.6 Medians .. ..o 7-17
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXV

7.2.11.7 Alignmentand Profile. . . ......... ... .. ... .. . . ..., 7-18

7.2.11.8 Climbing Lanes on Multilane Arterials in Rural Areas. .. ... ... 7-19

7.2.11.9  Superelevated Cross Sections . ......................... 7-20
7.2.11.10 Cross Section and Right-of-Way Widths . ................. 7-24
7.2.11.11 Sections with Widely Separated Roadways . . .............. 7-28

7.2.12 Intersections . ...... ... ... 7-29
7.2.13 AccessManagement. .. ... 7-29
7.2.14 Bicycle and Pedestrian Facilities . . .. ........ .. .. ... ... 7-30
7.215 BusTurnouts ...... ... .. 7-30
7.2.16 Railroad-Highway Grade Crossings . ..............c..c..... 7-31
7.217 Lighting . . oot 7-31
7.218 RestAreas . ... 7-32
7.2.19 Speed Transitions Entering Rural Towns . .. .................. 7-32
7.2.20 Design of Arterials in the Rural Town Context ................ 7-34
7.3 ARTERIALSINURBAN AREAS . . ... .. i 7-34
7.3.1  General Characteristics . .. .. ...t 7-35
7.3.2  General Design Considerations. . . ............ ... ..., 7-36
7321 DesignSpeed....... ... ... .. 7-36

7.3.2.2 DesignTrafficVolumes. . ...... ... ... ... .. ... ... ..... 7-36

7.3.23 LevelofService ...... ... 7-37

7.3.2.4  SightDistance .. ... 7-37

7.325 Alignment. . ... 7-37

7326  Grades ... 7-37

7.3.2.7 Superelevation.......... .. ... .. i 7-38

7328 CrossSlope ....... ... ... . 7-38

7.3.3  Cross-Sectional Elements .......... ... ... ... ... . L 7-39
7.3.3.1 Roadway Widths. . . .. ... .. . . 7-39

7.33.2 LaneWidths . ... .. 7-39

7.3.3.3 Curbsand Shoulders ...... ... .. ... ... .. . .. 7-40

7.3.34 Numberoflanes........ ... ... .. . i 7-40

7335 Medians . ... . 7-40

7.3.3.6  Drainage. .. ... 7-45

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXVi

7.3.3.7 Parkinglanes......... ... 7-45
7.3.3.8 Bordersand Sidewalks. .. ..... ... ... . . L 7-46
7.33.9  Right-ofWay Width . . ..o\ oe i 7-48
7.3.4 Roadside Design ... ... ...t 7-49
7.3.4.1  ClearZones . ... 7-49
7342 lateral Offset . ... ... . 7-49
7.3.5 Structures. ... ... 7-50
7.3.5.1 New and Reconstructed Structures . . .................... 7-50
7.3.5.2 Vertical Clearances. . ....... ... i 7-51
7.3.6  TrafficBarriers ... ... 7-51
7.3.7  Railroad-Highway Grade Crossings . ................c...... 7-51
7.3.8 AccessManagement........ ... ... ... 7-51
7.3.8.1  General Features ....... ... . .. i 7-51
7.3.8.2  Access Control by Statute . ......... ... . . oL 7-52
7.3.8.3  Access Controlby Zoning .......... ... i 7-52
7.3.8.4  Access Control through Driveway Regulations .. ........... 7-53
7.3.8.5  Access Control through GeometricDesign . ............... 7-53
7.3.9  Bicycle and Pedestrian Facilities .. .......... ... ... ... .... 7-54
7.3.9.1 Bicycle Facilities . . ... ..o 7-54
7.3.9.2  Pedestrian Facilities . .. ....... ... ... 7-54
7.3.10 Provision for Utilities . ... ... ... .. . . . 7-56
7.3.11 Intersection Design .. ... ... 7-56
7.3.12 Operational Control. . ... .. . . 7-56
7.3.12.1  Traffic Control Devices . .. ... oo 7-57
7.3.12.2  Provision and Management of Curb Parking............... 7-58
7.3.13 Speed ManagementinDesign ............. ... ... . .. ... 7-58
7.3.14 Directional Lane Usage .. ........ . ... 7-59
7.3.14.1 One-Way Operation. .......... .. .. ... ... . ... 7-59
7.3.14.2  Reverse-Flow Operation. . ............................. 7-60
7.3.15 Frontage Roads and Outer Separations . .. .................. 7-62
7.3.16 Grade Separations and Interchanges .. ....... ... ... ... ..... 7-63
7.3.17 Erosion Control .. ... ... 7-64
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXVil

7.318 Lighting . . oot 7-64
7.3.19 Public Transit Facilities. . .. ...... . ... i 7-65
7.3.19.1  Location of Bus Stops. . . ... . 7-66

7.3.19.2 BusTUMOULS. . oottt 7-67

7.3.19.3 ReservedBuslanes............. ... .. .. .. .. . ... 7-68

7.3.19.4  Traffic Control Measures. . . ........... ... ..o ... 7-69

7.4 REFERENCES . .. ... e e e 7-69

CHAPTER 8 FREEWAYS

8.1 INTRODUCTION. . .ottt e e e e e e et e 8-1
8.2 GENERAL DESIGN CONSIDERATIONS. . .. ... i 8-2
8.2.1 DesignSpeed . ... ... .. 8-2
8.2.2 Design TrafficVolumes. .. ... . . 8-2
8.23 LevelsofService ..... ... 8-3
8.2.4 TraveledWayand Shoulders............. ... ... ... ... .... 8-3
8.25 Curbs. ... . 8-4
8.2.6  Superelevation. ...... ... ... 8-4
8.27  Grades. . ... 8-4
8.2.8  Structures. .. ... ... 8-5
8.2.9 Vertical Clearance . ........ .. . i 8-5
8.2.10 Roadside Design ... ...t e 8-6
8.2.11 RampsandTerminals. ... ... ... ... .. . . . . i 8-6
8.2.12 Outer Separations, Borders, and Frontage Roads .............. 8-6
8.3 FREEWAYS IN RURAL AREAS. . . ... i 8-7
8.3.1 AlignmentandProfile ......... ... ... ... . . ... 8-7
8.32 Medians. . ..o 8-9
8.3.3  Sideslopes . .. ... 8-11
834 FrontageRoads........ ... . .. 8-12
8.4 FREEWAYSINURBAN AREAS . ... ... . e 8-12
8.4.1  General Design Characteristics . . . .......... ... ..., 8-12
8.42 Medians. . ..o 8-13
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXViii

8.43 DepressedFreeways ... ... .. .. 8-13
8.4.3.1  General Characteristics .. ..., 8-13

8.4.3.2 SlopesandWalls ....... ... .. .. . 8-14

8.4.3.3  Typical Cross Section ............. ... ... .. ... 8-15

8.4.3.4  Restrictive Cross Section . ........ ... ... ... . ... ... ..... 8-15

8.4.3.5 WalledCrossSection.......... ... . ... 8-16

8.4.3.6  Example of Depressed Freeway. ........................ 8-17

8.4.4 Elevated Freeways. ... ... ... 8-19
8.4.4.1  General Characteristics ............. ... ... 8-19

8442 Medians . ... ..o 8-20

8.4.43 RampsandTerminals................................. 8-20

8.4.44 FrontageRoads ........ ... ... . .. ... 8-20

8.4.45 BuildingOffset. ... ... ... . 8-20

8.4.4.6  Typical Cross Section .......... ... .. .. ... 8-21

8.4.4.7  Freeways on Earth Embankment . .................... ... 8-23

8.4.48  Examples of Elevated Freeways. . ....................... 8-24

8.4.5 Ground-Level Freeways. ... ... ... . . ... . . i .. 8-26
8.4.5.1  General Characteristics ............ ... . ... 8-26

8.4.5.2 Typical Cross Section .......... ... ... ... ... 8-26

8.4.5.3  Restrictive Cross Section . ........ ... ... ... ... . ... ..... 8-27

8.4.5.4  Example of a Ground-Level Freeway..................... 8-28

8.4.6 Combination-Type Freeways............... . ... 8-28
8.4.6.1  General Characteristics .. ..., 8-28

8.4.6.2 ProfileControl ... ... ... . .. 8-28

8.4.6.2.1 Rolling Terrain. .. ... o 8-28

8.4.6.2.2 Level Terrain ... ... ..o 8-29

8.4.6.3  Cross-Section Control ............ ... .. .. .. ... .. ..... 8-30

8.4.7 Special Freeway Designs. . ......... ... i i 8-33
8.4.7.1 Reverse-Flow Roadways. .. ... .. ... .. ... ... ... .... 8-33

8.4.7.2  Dual-Divided Freeways ........... ... ... ... ... ... ..... 8-36

8.4.7.3  Freeways with Collector-Distributor Roads . .. ............. 8-39

8.4.8 Accommodation of Managed Lanes and Transit Facilities .. ... .. 8-39

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.
Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXIX

8.4.8.1  General Considerations .. ............................. 8-39
8.4.8.2  BUSES . ... 8-41
8.4.8.2.1 Exclusive HOV Lanes . .......... ... ... .... 8-41
8.4.8.2.2 BusStops . ...... .. ... 8-41
8.4.8.2.3 Bus-Stop Arrangements . .. ... ... L. 8-41
8.4.8.2.4 Bus Stops at Freeway Level ................. 8-41
8.4.8.2.5 Bus Stops at Street Level ........... ... ... .. 8-45
8.4.8.2.6 Stairs, Ramps, Escalators, and Elevators. . . . .. .. 8-46
8.4.83 Rail Transit ... .. 8-47
8.4.8.3.1 Typical Sections ............... ... ... . ... 8-48
8.4.8.3.2 Stations. . ... ... 8-49
8.4.8.3.3 Example of Rail Transit Combined with
aFreeway .. 8-50
8.5 REFERENCES . ... . . 8-51

CHAPTER 9 INTERSECTIONS

9.1 INTRODUCTION. . ..t e e e 9-1
9.2 GENERAL DESIGN CONSIDERATIONS AND OBJECTIVES ............. 9-2
9.2.1  Characteristics of Intersections . .. ........ ... ... ... ....... 9-2

9.2.2  Intersection Functional Area . ....... ... ... ... ... o 9-3

9.2.3 Design Objectives . . ...t 9-4

9.2.4  Design Considerations for Intersection User Groups .. .......... 9-6

9.2.5 Intersection Capacity. ... ...... ... ... .. i i 9-9

9.2.6  Intersection Design Elements .. ....... ... ... ... .. ... . ... 9-10

9.3 TYPES AND EXAMPLES OF INTERSECTIONS. . ........ ... ... .. ... 9-11
9.3.1  Three-LegIntersections. . ......... ... . i 9-14
9.3.1.1 Basic Types of Intersections . . .......... ... ... ... ... .... 9-14

9.3.1.2  Channelized Three-Leg Intersections. . . .................. 9-15

9.3.2 Four-Leglintersections. ...... ... ... . . i 9-18
9.3.2.1 BasicTypes. . ... ... . . 9-18

9.3.2.2  Channelized Four-Leg Intersections. . .. .................. 9-19

9.3.3  Multileg Intersections . ........ ... . 9-24

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXX

9.34 Roundabouts........ ... .. ... 9-26
9.3.4.1 Mini-Roundabouts . .. ... ... . 9-28

9.3.4.2  Single-Lane Roundabouts .. ......... ... ... ... L 9-29

9.3.4.3  Multilane Roundabouts .. ........ ... ... .. L 9-30

9.4 ALIGNMENTAND PROFILE. . . ... oo e 9-31
9.41 General Considerations. . . ...... ... .. i 9-31

9.4.2  Alignment ... 9-31

943 Profile. ... . 9-33

9.5 INTERSECTION SIGHT DISTANCE. . . . ... 9-35
9.5.1  General Considerations. . ........ .. ... ... . . . .. 9-35

9.5.2 SightTriangles....... ... i 9-36
9.5.2.1  Approach Sight Triangles. . ............... ... ... ... ... 9-36

9.5.2.2  Departure Sight Triangles. . . ............ .. .. ... ...... 9-38

9.5.2.3  Identification of Sight Obstructions within Sight Triangles . ... 9-38

9.5.3 IntersectionControl. .. ... ... ... .. 9-39
9.5.3.1  Case A—lIntersections with No Control . . ................. 9-40

9.53.2  Case B—lIntersections with Stop Control on the Minor Road . . 9-42
9.5.3.2.1 Case B1—Left Turn from the Minor Road. . . . . .. 9-43
9.5.3.2.2 Case B2—Right Turn from the Minor Road . . . .. 9-47

9.5.3.2.3 Case B3—Crossing Maneuver from the Minor
Road 9-48

9.5.3.3 Case C—lIntersections with Yield Control on the Minor Road . . 9-50

9.5.3.3.1 Case C1—Crossing Maneuver from the Minor

Road 9-51

9.5.3.3.2 Case C2—Left- and Right-Turn Maneuvers . . . .. 9-53

9.5.3.4  Case D—lIntersections with Traffic Signal Control ........... 9-55

9.5.3.5  Case E—lIntersections with All-Way Stop Control ........... 9-56

9.5.3.6  Case F—Left Turns from the MajorRoad. .. ............... 9-56

9.5.3.7 Case G—Roundabouts. ....... ... ... ... i 9-58

954 EffectofSkew ... ... ... . 9-58

9.6 TURNING ROADWAYS AND CHANNELIZATION . ....... ... .o out 9-59

9.6.1  Turning Roadways . .. ... .ot 9-60
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXXI

9.6.1.1  General. . ... 9-60
9.6.1.2  Channelized Right-Turn Lanes . . ... ... ... .. ... ..... 9-60
9.6.1.3  Design Considerations. .. ...t 9-63
9.6.1.4  CurbRadius ... 9-65
9.6.2 Channelization........ . . .. 9-67
9.6.3 Islands .. ... 9-69
9.6.3.1  General Characteristics . ...........c.oiuiiiiiin... 9-69
9.6.3.2  Channelizinglslands. .. ........ ... . 9-70
9.6.3.3 Divisional Islands .. ...... ... . 9-72
9.6.3.4 Refugelslands . ... ... .. ... .. . 9-74
9.6.3.5  Island Size and Designation.......... ... .. .. ... ... 9-74
9.6.3.6  Island Delineation and Approach Treatment............... 9-75
9.6.3.7  Corner Islands for Turning Roadways. . .. ................. 9-82
9.6.4  Superelevation for Turning Roadways at Intersections . ......... 9-83
9.6.4.1 General Design Guidelines . ........ ... ... ... . ... ... 9-83
9.6.4.2  Superelevation Runoff . ...... ... ... . ool 9-83

9.6.43  Development of Superelevation at Turning Roadway
Terminals .. ... ... . 9-84

9.6.5 Stopping Sight Distance at Intersections for Turning Roadways . . 9-91

9.6.5.1  General Considerations . . . ........ ... ... . .. 9-91

9.6.5.2  Vertical Control. . ....... ... . . 9-91

9.6.5.3  Horizontal Control . ... ... ... .. ... 9-92

9.7 AUXILIARY LANES . . .. 9-92

9.7.1  General Design Considerations. .. .......... .. ... ... ... 9-92

9.7.2 DecelerationlLanes . ... ... i 9-94

9.7.2.1 Perception-—Reaction Distance ......................... 9-94

9.7.22 Storagelength....... .. .. .. .. .. i 9-96

9723 Taperlength ....... ... ... ... ... .. ... 9-100

9.7.3  Design Treatments for Left-Turn Maneuvers. . ............... 9-105
9.7.3.1  Guidelines for Provision and Design of Left-Turn and Bypass

Lanes 9-105

9.7.3.2  Median Left-Turn Lanes .. ........ ... i 9-110

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXXil

9.7.3.3 Median End Treatment. .. ...... .. ... .. i 9-113

9.7.34  OffsetLeft-TurnLanes . .......... . ... . ... 9-113

9.7.3.5  Simultaneous Left Turns. . .. ........ .. ... ... .. ... 9-115

9.7.3.6  Double or Triple Left-Turn Lanes . .. .................... 9-116

9.8 MEDIAN OPENINGS . ... e e 9-118
9.8.1  General Design Considerations. . ......................... 9-118

9.8.2  Control Radii for Minimum Turning Paths .. .............. ... 9-119
9.8.21  Shapeof MedianEnd............ ... ... ... .. ... .. ... 9-120

9.8.3 Effectof Skew .. ... . 9-121

9.8.4  Design Considerations for Higher Speed Left Turns. .. ........ 9-122

9.9 INDIRECT LEFT TURNSAND U-TURNS. . ... ... .. .. .. 9-124
9.9.1  General Design Considerations. .. .......... . ... .. ....... 9-124

9.9.2  Intersections with Jughandle or Loop Roadways ............. 9-126

9.9.3 Displaced Left-Turn Intersections . ........................ 9-129

9.9.4  Wide Medians with U-Turn Crossover Roadways .. ........... 9-130

9.9.5  Location and Design of U-Turn Median Openings .. .......... 9-136

9.10 ROUNDABOUTDESIGN. . ... e 9-141
9.10.1 Geometric Elements of Roundabouts................... ... 9-143
9.10.1.1 Sizeand SpaceNeeds ............................... 9-144

9.10.2 Fundamental Principles .. ........ . ... . . . i 9-145
9.10.2.1  Slow Speeds Using Deflection. ........................ 9-146

9.10.2.2 Lane Balance and Lane Continuity. .. ................... 9-146

9.10.2.3 Appropriate Natural Path Alignment.................... 9-148

9.10.2.4 DesignVehicle .. ... ... .. .. . 9-149

9.10.2.5 Nonmotorized Users .......... ... ... ... . ... 9-150

9.10.2.6 Sight Distance and Visibility. . .......... ... ... ... ...... 9-151

9.11 OTHER INTERSECTION DESIGN CONSIDERATIONS. . .............. 9-151
9.11.1 Intersection Design Elements with Frontage Roads . .. ........ 9-151
9.11.2 Traffic Control Devices. . .. ...t 9-155
9.11.3 Bicyclists. . ..o 9-156
9.11.4 Pedestrians . ........ i 9-156

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.
Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXXiii

9115 Lighting ... oo 9-156
9.11.6 Driveways. . . ..ot 9-157
9.11.7 Left Turns at Midblock Locations and at Unsignalized Intersections
on Streets with Flush Medians ......... .. .. .. .. .. .. ... .... 9-158
9.12 RAILROAD-HIGHWAY GRADE CROSSINGS . . ....... ... ... .. ... .. 9-159
9.12.1 Horizontal Alignment. .. ... .. .. 9-159
9.12.2 Vertical Alignment. ... ... .. .. . 9-160
9.12.3 CrossingDesign. .. ... 9-161
9.12.4 SightDistance .. ... ...t 9-162
913 REFERENCES . ... . e 9-168

CHAPTER 10 GRADE SEPARATIONS AND INTERCHANGES

10.1 INTRODUCTION AND GENERAL TYPES OF INTERCHANGES ......... 10-1
10.2 WARRANTS FOR INTERCHANGES AND GRADE SEPARATIONS ....... 10-3
10.3 ADAPTABILITY OF HIGHWAY GRADE SEPARATIONS AND
INTERCHANGES. . . . ettt ettt et ettt e 10-6
10.3.1 Trafficand Operation. . ...ttt 10-6
10.3.2 Site Conditions .. ...... ... 10-7
10.3.3 Type of Highway and Intersecting Facility. .. .............. ... 10-7
10.4 ACCESS SEPARATIONS AND CONTROL ON THE CROSSROAD AT INTER-
CHANGES. . . .o e e e 10-8
T0.5 SAFRETY L e e e 10-9
10.6 STAGE DEVELOPMENT .. ..t e e e e e 10-10
10.7 ECONOMIC FACTORS . . .ot e e 10-11
10.7.1 Initial Costs ... ..o 10-11
10.7.2 Maintenance Costs ... ... ottt 10-11
10.7.3  Vehicular Operating Costs. .. ... ... 10-11
10.8 GRADE SEPARATION STRUCTURES .. ..... .ot 10-11
10.8.1 Introduction. .. ... ... . 10-11
10.8.2 Types of Separation Structures .. ....... ... ... ... ... ...... 10-12
10.8.3 Overpass versus Underpass Roadways . .. .................. 10-18
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.
Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXXIV

10.8.3.1  General Design Considerations. . ...................... 10-18

10.8.3.2  Structure Widths. . ... ... . 10-21

10.8.4 Underpass Roadways. .. .....c.iuititinin i 10-22

10.8.4.1 Lateral Offset . ... ... 10-22

10.8.4.2 Vertical Clearance. . ...... ... i 10-24

10.8.5 Overpass Roadways. . .. ...ttt 10-25

10.8.5.1 BridgeRailings. ..... ... . 10-25

10.8.5.2 Lateral Offset . ...... ... . i 10-26

10.8.5.3 Medians . . ..o it 10-27

10.8.6 Longitudinal Distance to Attain Grade Separation............ 10-27

10.8.7 Grade Separations withoutRamps . .......... .. .. ... ... 10-29

10.9 INTERCHANGES. . .. ... e e 10-30

10.9.1 General Considerations. .. ........ .. .. .. 10-30

10.9.2 Three-LegDesigns. . .. ..ottt 10-31

10.9.3 Four-LegDesigns. . ... 10-39

10.9.3.1 RampsinOne Quadrant ............................. 10-39

10.9.3.2 Diamond Interchanges. . .. ........ . . i i 10-40

10.9.3.3 Roundabout Interchanges . .......... .. ... ... ... ..... 10-47

10.9.3.4  Single-Point Diamond Interchanges. ... ................. 10-48

10.9.3.5 Diverging Diamond Interchanges .. .................... 10-53

10.9.3.6 Cloverleaf Interchanges . .. ........ ... ... ... ... ..... 10-57

10.9.3.6.1  Partial Cloverleaf Ramp Arrangements. .. ... .. 10-60

10.9.3.7 Directional Interchanges .. ........ ... ... ... . . .. ... 10-63

10.9.3.7.1  With Loops and Weaving . . ................ 10-66

10.9.3.7.2  With Loops and No Weaving . .............. 10-67

10.9.3.7.3  Fully Directional ......... ... ... ... ..... 10-67

10.9.4 Other Interchange Configurations. . ....................... 10-72

10.9.4.1 OffsetInterchanges .. ...... .. .. .. . ... 10-72

10.9.4.2 Combination Interchanges. .. ......... ... ... ... ... .... 10-72

10.9.5 General Design Considerations. .. ......... ... ... ... ...... 10-76

10.9.5.1  Determination of Interchange Configuration.............. 10-76

10.9.5.2 Approaches to the Structure ................ ... .. ..... 10-79
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXXV

10.9.5.2.1  Alignment, Profile, and Cross Section ... ... .. 10-79

10.9.5.2.2 SightDistance. .. ... ... .. ... .. 10-81
10.9.5.3 Interchange Spacing .. .......... .. .. .. .. .. .. .. .. ... 10-82
10.9.5.4  Uniformity of Interchange Patterns .. ................... 10-82
10.9.5.5 Route Continuity ....... ... ... ... .. .. . .. 10-83
10.9.5.6  OverlappingRoutes. . ...................... ... ... ... 10-84
10.9.5.7 Signingand Marking . ......... . . . 10-86
10.9.5.8 Basic Numberoflanes ........ ... ... .. ... ... ...... 10-86

10.9.5.9 Coordination of Lane Balance and Basic Number of Lanes. . . 10-87

10.9.5.10 Auxiliary Lanes . .. ... 10-90
10.9.5.11 Lane Reductions. .. ..ot 10-93
10.9.5.12 Weaving Sections. . . ....... .. . i 10-94
10.9.5.13 Collector-Distributor Roads. .. .......... .. ... .. ..... 10-95
10.9.5.14 Two-Exit versus Single-Exit Interchange Design ........... 10-96
10.9.5.15 Wrong-Way Entry .. .. ... ... o 10-98
10.9.6 RamPs .« oo vt 10-102
10.9.6.1 Typesand Examples. ...... ... .. ... ... .. ... ... ... .. 10-102
10.9.6.2  General Ramp Design Considerations. . ................ 10-105
10.9.6.2.1 DesignSpeed.......................... 10-105
10.9.6.2.2  Portion of Ramp to Which Design Speed Is
Applicable ... 10-105
10.9.6.2.3 Ramps forRight Turns. . .................. 10-105
10.9.6.2.4 loopRamps........................... 10-106
10.9.6.2.5 Two-Lane LoopRamps................... 10-106
10.9.6.2.6  Semidirect Connections . . ................ 10-106
10.9.6.2.7 Direct Connections. . .................... 10-106
10.9.6.2.8  Different Design Speeds on Intersecting
Highways ... . 10-106
10.9.6.2.9 At-Grade Terminals. .. ....... .. ... .. .. ... 10-106
10.9.6.2.10 Curvature ........ .. ... i 10-107
10.9.6.2.11 SightDistance. .. ... ... ... .. ... ... 10-109
10.9.6.2.12 Grade and Profile Design. ................ 10-109
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXXVI

10.9.6.2.13 Vertical Curves . ........ ... ... ... 10-111
10.9.6.2.14 Superelevation and Cross Slope. . .......... 10-111
10.9.6.2.15 GOres ..o vt 10-114
10.9.6.3 Ramp Traveled-Way Widths. . ........................ 10-121
10.9.6.3.1  Width and Cross Section ................. 10-121
10.9.6.3.2  Shoulder Widths and Lateral Offset......... 10-121
10.9.6.3.3 Shouldersand Curbs ................. ... 10-122
10.9.6.4 RampTerminals ....... ... ... .. ... ... ... .. .. .. ... 10-123
10.9.6.4.1  Left-Side Entrances and Exits. . .. .......... 10-123
10.9.6.4.2  Terminal Location and Sight Distance .. .. ... 10-123
10.9.6.4.3 Ramp Terminal Design . .................. 10-124
10.9.6.4.4 TrafficControl .. ........................ 10-124
10.9.6.4.5 Distance between a Free-Flow Terminal and
Structure . 10-124
10.9.6.4.6  Distance between Successive Ramp
Terminals ... 10-126
10.9.6.4.7 Speed-Change lanes.................... 10-128
10.9.6.5 Single-Lane Free-Flow Terminals, Entrances . .. .......... 10-128
10.9.6.5.1 Taper-Type Entrances . . .................. 10-128
10.9.6.5.2  Parallel-Type Entrances. .. ................ 10-130
10.9.6.6 Single-Lane Free-Flow Terminals, Exits .. ............... 10-135
10.9.6.6.1 Taper-Type Exits . .............. ... .. ... 10-135
10.9.6.6.2 Parallel-Type Exits. . ........ ... .. ... ... 10-136
10.9.6.6.3  Free-Flow Terminals on Curves. .. .......... 10-139
10.9.6.6.4  Multilane Free-Flow Terminals . .. .......... 10-143
10.9.6.6.5 Two-LaneEntrances .. ................... 10-143
10.9.6.6.6  Two-Lane Exits . ....... ... ... .. ... ... ... 10-146

10.9.6.6.7  Two-Lane Terminals on Curved Alignment. ... 10-147

10.9.6.6.8  Major Forks and Branch Connections. .. ... .. 10-147

10.9.7 Other Interchange Design Features .. .................... 10-150

10.9.7.1  Testing for Ease of Operation ........................ 10-150

10.9.7.2 Pedestrian and Bicycle Accommodation . ............... 10-151
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.
Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXXVii

10.9.7.3 Managed Lanes and Transit Facilities. . .............. ... 10-152

10.9.7.4 Ramp Metering ......... ... ... ... ... . . ... 10-152

10.9.7.5 Grading and Landscape Development ................. 10-153

10.9.7.5.1  Contour Grading Design .. ............... 10-153

10.9.7.5.2 Plantings. . ... 10-154

10.9.7.6 Models . ... .. . 10-154
T0.10REFERENCES . . . ..o 10-155

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.
Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

THIS PAGE INTENTIONALLY LEFT BLANK.

Documents
Document Sharing Hub
© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

XXXIX

LIST OF FIGURES

CHAPTER 1 HIGHWAY FUNCTIONS

Figure 1-1. Framework for Roadway Design Based on Functional Classification and Roadway

CoNteXt . .o 1-6
Figure 1-2. Hierarchy of Movement . . ... ... e 1-9
Figure 1-3. Relationship of Functionally Classified Systems Serving Traffic Mobility and Land Access

for Motor-Vehicle Traffic. . .. ... 1-11
Figure 1-4. Typical Road inthe Rural Context .. ...... .. .. .. .. . .. 1-18
Figure 1-5. Typical Street in the Rural Town Context. . ...... ... .. .. . ... 1-18
Figure 1-6. Typical Street in the Suburban Context. .. ....... . ... ... . ... ... . ... . ..... 1-19
Figure 1-7. Typical Street in the Urban Context. . ... ... ... . ... ... . ... ... . ... . ..... 1-19
Figure 1-8. Typical Street in the Urban Core Context . ........ ... ... ... ... 1-20

CHAPTER 2 DESIGN CONTROLS AND CRITERIA

Figure 2-1. Median Driver Reaction Time to Expected and Unexpected Information ............. 2-6
Figure 2-2. 85th-Percentile Driver Reaction Time to Expected and Unexpected Information. . ... .. 2-7

Figure 2-3. Relation between Peak-Hour and Average Daily Traffic Volumes on Arterials

N RUrAl Areas . .o 2-15
Figure 2-4. Generalized Speed-Volume-Density Relationships (44) . ......................... 2-28
Figure 2-5. Weaving Sections. . .. ... .. .. 2-39
Figure 2-6. Simple and Multiple Weaving Sections. . ....... ... .. ... ... ... ... ... ... ...... 2-40
Figure 2-7. Estimated Crash Rates by Type of Median—Urban and Suburban Areas (25) . ... ... .. 2-47
Figure 2-8. Estimated Crash Rates by Type of Median—Rural Areas (25)...................... 2-48
Figure 2-9. Estimated Crash Rates by Unsignalized and Signalized Access Density—Urban and
Suburban Areas (25) . . . . 2-49
Figure 2-10. Minimum Turning Path for Passenger Car (P) Design Vehicle . . ................... 2-64
Figure 2-11. Minimum Turning Path for Single-Unit Truck (SU-30 [SU-9]) Design Vehicle . ... ... ... 2-65
Figure 2-12. Minimum Turning Path for Single-Unit Truck (SU-40 [SU-12]) Design Vehicle . . . ... ... 2-66
Figure 2-13. Minimum Turning Path for Intercity Bus (BUS-40 [BUS-12]) Design Vehicle .......... 2-67
Figure 2-14. Minimum Turning Path for Intercity Bus (BUS-45 [BUS-14]) Design Vehicle .......... 2-68
Figure 2-15. Minimum Turning Path for City Transit Bus (CITY-BUS) Design Vehicle. . ............ 2-69
Figure 2-16. Minimum Turning Path for Conventional School Bus (S-BUS-36 [S-BUS-11])

Design Vehicle . ... . 2-70

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

x|

Figure 2-17. Minimum Turning Path for Large School Bus (S-BUS-40 [S-BUS-12]) Design Vehicle . .. .2-71
Figure 2-18. Minimum Turning Path for Articulated Bus (A-BUS) Design Vehicle . .. .............. 2-72
Figure 2-19. Turning Characteristics of a Typical Tractor-Semitrailer Combination Truck ......... 2-73

Figure 2-20. Computational Method for Determining the Centerline Turning Radius for Tractor—

Semitrailer Combination Trucks . . .. ... 2-73
Figure 2-21. Lengths of Commonly Used Truck Tractors. ... ....oviiiii e 2-74
Figure 2-22. Minimum Turning Path for Intermediate Semitrailer (WB-40 [WB-12]) Design Vehicle . .2-75

Figure 2-23. Minimum Turning Path for Interstate Semitrailer (WB-62 [WB-19]) Design Vehicle . . . .. 2-76
Figure 2-24. Minimum Turning Path for Interstate Semitrailer (WB-67 [WB-20]) Design Vehicle . ... 2-77
Figure 2-25. Minimum Turning Path for Double-Trailer Combination (WB-67D [WB-20D])

Design Vehicle . ... 2-78
Figure 2-26. Minimum Turning Path for Rocky Mountain Double-Trailer Combination (WB-92D
[WB-28D]) Design Vehicle. . .. ... 2-79
Figure 2-27. Minimum Turning Path for Triple-Trailer Combination (WB-100T [WB-30T])

Design Vehicle . ... . 2-80
Figure 2-28. Minimum Turning Path for Turnpike-Double Combination (WB-109D [WB-33D])

Design Vehicle . ... . 2-81
Figure 2-29. Minimum Turning Path for Motor Home (MH) Design Vehicle .................... 2-82

Figure 2-30. Minimum Turning Path for Passenger Car and Camper Trailer (P/T) Design Vehicle . .. 2-83

Figure 2-31. Minimum Turning Path for Passenger Car and Boat Trailer (P/B) Design Vehicle . . . . .. 2-84
Figure 2-32. Minimum Turning Path for Motor Home and Boat Trailer (MH/B) Design Vehicle . . . .. 2-85
Figure 2-33. Acceleration of Passenger Cars, Level Conditions .. ........... ... ... ... ...... 2-87
Figure 2-34. Deceleration Distances for Passenger Vehicles Approaching Intersections. . ... .. ... 2-88

CHAPTER 3 ELEMENTS OF DESIGN

Figure 3-1. lllustration of the Method for Measuring Sight Distance. . ........... ... ... ...... 3-18
Figure 3-2. Geometry for Ball-Bank Indicator . ........ ... ... i 3-23
Figure 3-3. Side Friction Factors for Streets and Highways. .. ........ .. .. .. .. o oL, 3-25
Figure 3-4. Side Friction Factors Assumed forDesign .. ..... ..., 3-27
Figure 3-5. Methods of Distributing Superelevation and Side Friction. . ............ ... ... ... 3-28
Figure 3-6. Method 5 Procedure for Development of the Superelevation Distribution. .. ........ 3-37

Figure 3-7. Superelevation, Radius, and Design Speed for Low-Speed Street Design
INUrban Areas .. ... 3-58

Figure 3-8. Diagrammatic Profiles Showing Methods of Attaining Superelevation for a Curve
tothe Right . . ..o 3-82

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xli

Figure 3-9. Track Width for Widening of Traveled Way on Curves .......... .. ... .. ... ...... 3-94
Figure 3-10. Front Overhang for Widening of Traveled Way on Curves . .. .................... 3-95
Figure 3-11. Widening Components on Open Highway Curves (Two-Lane Highways,One-Way

Or TWo-Way) . .o 3-97
Figure 3-12. Derivation of Turning Roadway Widths on Curves at Intersections .. ............. 3-104
Figure 3-13. Diagram lllustrating Components for Determining Horizontal Sight Distance. . ...... 3-115

Figure 3-14. Horizontal Sightline Offset (HSO) to Provide Stopping Sight Distance on Horizontal
UV . o o 3-116

Figure 3-15. Speed-Distance Curves for a Typical Heavy Truck of 140 Ib/hp [85 kg/kW] for Deceleration

ONUPGrades . . ..o 3-124
Figure 3-16. Speed-Distance Curves for Acceleration of a Typical Heavy Truck of 140 lb/hp [85 kg/kW]
on Upgrades and Downgrades . ........... . 3-125
Figure 3-17. Speed-Distance Curves for a Typical Heavy Truck of 200 Ib/hp [120 kg/kW] for
Deceleration on Upgrades . . ... ... . 3-127
Figure 3-18. Speed-Distance Curves for Acceleration of a Typical Heavy Truck of 200 Ib/hp |
120 kg/kW] on Upgrades and Downgrades. ... ...t 3-128
Figure 3-19. Speed-Distance Curves for a Typical Recreational Vehicle on the Selected
Upgrades (75) . ..o 3-129
Figure 3-20. Crash Involvement Rate of Trucks for Which Running Speeds Are Reduced below Average
Running Speed of All Traffic (25) ... ... ... 3-132
Figure 3-21. Critical Lengths of Grade for Design, Assumed Typical Heavy Truck of 200 |b/hp
[120 kg/kW], Entering Speed = 70 mph [110km/h] ... ... ..o o 3-134
Figure 3-22. Critical Lengths of Grade Using an Approach Speed of 55 mph [0 km/h] for
TypicalRecreational Vehicle (23) . ... ... .. 3-135
Figure 3-23. Climbing Lanes on Two-Lane Highways . ....... ... .. .. .. .. ... . .. .. ..... 3-138
Figure 3-24. Climbing Lane on Freeways and Multilane Highways . . . ....... ... .. ... ... .. 3-145
Figure 3-25. Passing Lanes Sections on Two-Lane Roads ... ....... ... .. ... ... .. ... ...... 3-147
Figure 3-26. Schematic for 241 Roadway . . . .. ... ot 3-149
Figure 3-27. Schematic for Three-Leg Intersection ona 2+1 Roadway . ... ................... 3-150
Figure 3-28. Schematic for Four-Leg Intersection on a 2+1 Roadway. .. ..................... 3-150
Figure 3-29. Schematic for Adjacent Lane Drop Tapers on a 2+1 Roadway . ................... 3-151
Figure 3-30. Schematic for Adjacent Lane Addition Tapers on a 2+1 Roadway . . . .............. 3-151
Figure 3-31. Forces Acting on a Vehicle in Motion . ...... .. ... . .. . . . . 3-155
Figure 3-32. Basic Types of Emergency Escape Ramps. .. ........ ... ... 3-158
Figure 3-33. Typical Emergency Escape Ramp . ... .. ... . i 3-163
Figure 3-34. Types of Vertical Curves. .. ... . 3-165
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xlii

Full document details: AASHTO GDHS-7-2018

Figure 3-35. Parameters Considered in Determining the Length of a Crest Vertical Curve to Provide

SIGNE DISTANCE .+« vttt et e e e e e 3-167
Figure 3-36. Design Controls for Crest Vertical Curves—Open Road Conditions. . ............. 3-169
Figure 3-37. Design Controls for Sag Vertical Curves—Open Road Conditions ................ 3-174
Figure 3-38. Sight Distance at Undercrossings .. ...ttt 3-177
Figure 3-39. Vertical Clearance at Undercrossings ... ... ...t 3-180
Figure 3-40. Alignment and Profile Relationships in Roadway Design (43). .. ................. 3-184

CHAPTER 4 CROSS-SECTION ELEMENTS

Figure 4-1. Typical Cross Section, Normal Crown .. ....... ... ... ... i 4-3
Figure 4-2. Typical Cross Section, Superelevated . ... ... ... ... ... ... . ... 4-4
Figure 4-3. Roadway Sections for Divided Highway (Basic Cross Slope Arrangements) ........... 4-5
Figure 4-4. Graded and Usable Shoulders. . . ... .. 4-1
Figure 4-5. Typical Highway Curbs. ... ... ... 4-20
Figure 4-6. Designation of Roadside Regions . . ... ... .. i 4-28
Figure 4-7. Typical Frontage Road Arrangements . . ....... ... ... ... ... .. 4-43
Figure 4-8. One-Way Frontage Roads, Entrance and Exit Ramps. ........... ... ... ... ... ... 4-44
Figure 4-9. Typical Outer Separations for Various Types of Arterials ............ ... .. ... ... 4-46
Figure 4-10. Effects of Depressingthe Roadway. . ........ .. .. .. . i 4-50
Figure 4-11. Effects of Elevating the Roadway. . .. ... ... . 4-51
Figure 4-12. Driveway Vertical Alignment and Profile Elements .. ........... ... .. ... ....... 4-55
Figure 4-13. Typical Two-Lane Tunnel Sections .. ......... ... ... ... ... .. .. 4-61
Figure 4-14. Diagrammatic Tunnel Sections. .. ... .. .. .. .. .. 4-63
Figure 4-15. Entrance to a Freeway Tunnel ... ... . . . . . 4-64
Figure 4-16. Interior of a Two-Lane Directional Tunnel ........ ... ... .. ... . .. .. i, 4-64
Figure 4-17. Typical Pedestrian Overpasses on Major Highways. .. .......... ... .. ... ... ... 4-69
Figure 4-18. Curb Ramp Details . . ... .. o 4-72
Figure 4-19. Median Refuge . . . . ... 4-74
Figure 4-20. Examples of Sidewalk Curb Ramps ... ......... . ... ... . ... . 4-75
Figure 4-21. Midblock Bus Turnout . ... ... 4-80
Figure 4-22. Sawtooth Bus Loading Area. . ........ ... 4-82
Figure 4-23. Typical Application of Diagonal Back-In/Head-Out Parking. ..................... 4-84
Figure 4-24. Parking Lane Transition at Intersection .. ......... ... . . i 4-86

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xliii

CHAPTER 5 LOCAL ROADS AND STREETS

Figure 5-1. Types of Cul-de-Sacs and Dead-End Streets. .. ........ .. ... .. ... .. ... ...... 5-20
Figure 5-2. Alley TUrnarounds. . . . ... oo 5-22
Figure 5-3. Actual Curb Radius and Effective Radius for Right-Turn Movements at Intersections. .. 5-24
Figure 5-4. Potential Road Network. . . ... ... 5-28
Figure 5-5. Turnout Design. . . . . oot 5-35

CHAPTER 6 COLLECTOR ROADS AND STREETS

Chapter 6 has no figures.

CHAPTER 7 RURAL AND URBAN ARTERIALS

Figure 7-1. Climbing Lane on Two-Lane Arterial ina Rural Area........ ... .. ... .. .. ... .... 7-10
Figure 7-2. Two-Lane Arterial Cross Section with Ultimate Development to a Four-Lane Arterial. . . .7-14
Figure 7-3. Methods of Attaining Superelevation on Divided Arterials in Rural Areas. . .......... 7-23
Figure 7-4. Typical Medians on Divided Arterials in Rural Areas. . ...... ... ... ... ... ... ... ... 7-24
Figure 7-5. Cross Sectional Arrangements on Divided Arterials in Rural Areas . . ............... 7-26
Figure 7-6. Cross Sectional Arrangements on Divided Arterials with Frontage Roads ........... 7-27
Figure 7-7. Transition Zone Areas (37). . . ..ottt e 7-33
Figure 7-8. Continuous Two-Way Left-Turn Lane. .. ... ... e 7-43
Figure 7-9. Arterial Street in a Residential Area . . ... ... .. i 7-47
Figure 7-10. Divided Arterial Street with ParkingLane ....... ... .. .. .. .. .. .. .. .. .. ..... 7-48
Figure 7-11. Divided Arterial Street with Two-Way Frontage Road . .. ........ ... .. ... .. ..... 7-63
Figure 7-12. Reserved Bus Lane . . .. ... o 7-68

CHAPTER 8 FREEWAYS

Figure 8-1. Typical Ground-Level Freeway inaRural Area . ... ... ... ... ... ... ... ... ... ... 8-8
Figure 8-2. Typical Rural Medians .. ... ... ... . . . 8-10
Figure 8-3. Typical Cross Section for Depressed Freeways. . .......... ... .. .. .. ... 8-15
Figure 8-4. Restricted Cross Sections for Depressed Freeways ... ........ ... ... ... ... ...... 8-16
Figure 8-5. Cross Sections with Retaining Walls on Depressed Freeways without Ramps. . ........ 8-17
Figure 8-6. Depressed Freeway . . ... ... .. i 8-18
Figure 8-7. Typical Cross Sections for Elevated Freeways on Structures without Ramps .. ........ 8-22
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.
Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xliv

Figure 8-8. Typical and Restricted Cross Sections for Elevated Freeways on Structures

with Frontage Roads. . . .. ...
Figure 8-9. Typical and Restricted Cross Sections for Elevated Freeways on Embankment. . . . .
Figure 8-10. Viaduct Freeway . . . ... ..
Figure 8-11. Two-Level Viaduct Freeway .. ... ... . . i
Figure 8-12. Typical Cross Sections for Ground-Level Freeways. . ............. ... .......
Figure 8-13. Restricted Cross Sections for Ground-Level Freeways . ......................
Figure 8-14. Profile Control—Combination-Type Freeway in Rolling Terrain .. ..............
Figure 8-15. Profile Control—Combination-Type Freeway in Level Terrain. .. ...............
Figure 8-16. Cross-Section Control—Combination-Type Freeway . .......................
Figure 8-17. Combination-Type Freeway ......... .. ... .. ... ... . .. . i ..
Figure 8-18. Typical Cross Sections for Reverse-Flow Operation . ........................
Figure 8-19. Typical Reverse Roadway Terminals. .. ..... ... .. ... ... ... ... ... ... ......
Figure 8-20. Reverse-Flow Freeway . . ... ... . .
Figure 8-21. Dual-Divided Freeway . ... ... ...
Figure 8-22. Typical Dual-Divided Freeway . . ... ... . i
Figure 8-23. Bus Roadway Located between a Freeway and a Parallel Frontage Road . . . ... ..
Figure 8-24. Bus Stops at Freeway Level .. ... ... ... . . . . . .
Figure 8-25. Bus Stops at Freeway-Level Diamond Interchange. . ......... ... ... ... ... ...
Figure 8-26. Bus Stops at Street Level on Diamond Interchange .. ........ ... ... ... ... ...
Figure 8-27. Joint Freeway-Transit Right-of-Way . . .. ... .. . i
Figure 8-28. Typical Sections with Rail Transit in Freeway Median . .......................
Figure 8-29. Example of Transit Station Layout . . .......... .. ... . ..

Figure 8-30. Freeway with Rail Rapid Transitinthe Median .......... ... ... ... ... ......

CHAPTER 9 INTERSECTIONS

Figure 9-1. Conflict Points at Various Intersection Types. ... ... ..
Figure 9-2. Physical and Functional Area of an Intersection . ............ .. ... ... ... ....
Figure 9-3. Elements of the Functional Area of an Intersection .. ........................
Figure 9-4. General Types of Intersections . ....... ... ... ... . ... . ... ... . ... ..
Figure 9-5. Three-Leg Intersections. . .. ... . i e
Figure 9-6. Channelized Three-Leg Intersections .. ... ... .. .. ...
Figure 9-7. Unchannelized Four-Leg Intersections, Plainand Flared. ... ...................

Figure 9-8. Channelized Four-Leg Intersections . ........ .. .. .. . ...

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xlv

Figure 9-9. Four-Leg Intersections with Skew ... ... ... . . . . . . . . 9-21
Figure 9-10. Channelized Multilane Four-Leg Intersections . ............ ... .. i, 9-23
Figure 9-11. Realigning Multileg Intersections. . . ... .. .. . e 9-25
Figure 9-12. Typical Mini-Roundabout . ... ... .. ... . . 9-29
Figure 9-13. Typical Single-Lane Roundabout . .. ....... ... . ... ... . ... ... ... 9-30
Figure 9-14. Typical Multilane Roundabout .. ... .. .. .. oo 9-31
Figure 9-15. Realignment Variations at Intersections. . .. ......... .. .. .. .. . ... 9-32
Figure 9-16. Approach Sight Triangles at Intersections ........ ... ... ... ... ... ... ... ...... 9-37
Figure 9-17. Departure Sight Triangles for Intersections . .. ........ .. .. .. .. .. ... ... 9-38
Figure 9-18. Sight Triangles at Skewed Intersections . ........... .. .. .. .. ... 9-59
Figure 9-19. Channelized Right-Turn Lanes .. ... ... .. e 9-63
Figure 9-20. Effective Corner Radius . . . .. ... . 9-64
Figure 9-21. Variations in Length of Crosswalk with Different Curb Radii (70) .................. 9-66
Figure 9-22. General Types and Shapes of Islands and Medians . ........................... 9-71
Figure 9-23. Alignment for Addition of Divisional Islands at Intersections .................... 9-73
Figure 9-24. Details of Corner Island Designs for Turning Roadways (Urban Area Location). . . . . .. 9-78

Figure 9-25. Details of Corner Island Designs for Turning Roadways (Rural Cross Section

on Approach) .. ... .. 9-79
Figure 9-26. Nose Ramping at Approach End of Median or Cornerlsland .................... 9-80
Figure 9-27. Details of Divisional Island Design . ....... .. i 9-81

Figure 9-28. Development of Superelevation at Turning Roadway Terminals on a Tangent
ROGAWAY . . oo 9-85

Figure 9-29. Development of Superelevation at Turning Roadway Terminals on a Curved Roadway

(Same Direction of CUIVE). . . . .. 9-86

Figure 9-30. Development of Superelevation at Turning Roadway Terminals on a Curved Roadway

(Opposite Direction of Curve) . ... ... 9-87

Figure 9-31. Development of Superelevation at Turning Roadway Terminals on a Tangent Roadway

with a Deceleration Lane . ... ... 9-88

Figure 9-32. Functional Area Upstream of an Intersection lllustrating Components of Deceleration
Lane Length ..o 9-95

Figure 9-33. Key Dimensions for Maneuvers and Physical Boundaries at Left-Turn Auxiliary

Figure 9-34a. Examples of Taper Design for Left- and Right-Turn Auxiliary Lanes

(U.S. CUSTOMAIY) . oo ettt e e e e 9-103
Figure 9-34b. Examples of Taper Design for Left- and Right-Turn Auxiliary Lanes (Metric) . ... ... 9-104
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xlvi

Figure 9-35. Suggested Left-Turn Lane Warrants Based on Results from Benefit-Cost Evaluations for

Intersections on Arterials in Urban Areas (76) . ... ... .. .. .. . . . .

Figure 9-36. Suggested Left-Turn Treatment Warrants Based on Results from Benefit-Cost Evaluations

for Intersections on Two-Lane Highways in Rural Areas (76) . .. ... ... .. ...

Figure 9-37. Suggested Left-Turn Lane Warrants Based on Results from Benefit-Cost Evaluations for

Intersections on Four-Lane Highways in Rural Areas (16). . .. ... ... ... i
Figure 9-38. 14- to 18-ft [4.2- to 5.4-m] Median Width Left-Turn Design .. .................
Figure 9-39. Median Left-Turn Design for Median Width of 16 ft[4.8 m]orMore ............
Figure 9-40. Examples of Left-Turn Lanes with Negative, Zero, and Positive Offset (70). ... ...
Figure 9-41. Parallel and Tapered Offset Left-Turn Lane. .. ... .. .. .. ... ... ... ......
Figure 9-42. Four-Leg Intersection Providing Simultaneous Left Turns . ...................
Figure 9-43. Above-Minimum Design of Median Openings (Typical Bullet-Nose Ends) .. ... ..

Figure 9-44. Intersection with Jughandle Roadways for Indirect Left Turns Showing Vehicular
Conflict Points. . . ..o

Figure 9-45. Vehicular Movements at an Intersection with Jughandle Roadways ............
Figure 9-46. Intersection with Loop Roadways for Indirect Left Turns .. ....... ... ... ...
Figure 9-47. Diagram of a Displaced Left-Turn Intersection Showing Vehicular Conflict Points

Figure 9-48. Vehicular Movements at a Displaced Left-Turn Intersection. ..................

Figure 9-49. Typical Arrangement of U-Turn Roadways for Indirect Left Turns on Arterials

with Wide Medians . . . ...

Figure 9-50. Vehicular Movements at an Intersection with U-Turn Roadways for Indirect Left Turns.9-132

Figure 9-51. Typical Restricted Crossing U-Turn (RCUT) Intersection . .....................

Figure 9-52. lllustration of Pedestrian Path through a Restricted Crossing U-Turn (RCUT)

Intersection (12). . . . .

Figure 9-53. Conflict Diagram for Median U-Turn Configuration Showing Vehicular Conflict

Figure 9-54. Conflict Diagram for Restricted Crossing U-Turn Configuration Showing Vehicle

Conflict PoINtS. . .o

Figure 9-55. Bidirectional (Conventional) and Directional Median Openings. . ..............

Figure 9-56. Typical Loon Design to Facilitate U-Turning Traffic on Arterials with Restricted

Median Widths (27). . . .o
Figure 9-57. Dual U-Turn Directional Crossover Design (27) ... ..o
Figure 9-58. Special Indirect U-Turn Roadways with Narrow Medians .. ...................
Figure 9-59. Example of a RoundaboutinanUrban Area.......... ... ... . ... ... ...
Figure 9-60. Example of a Roundaboutina Rural Area. .......... ... ... ... .......

Figure 9-61. Basic Geometric Elements of a Roundabout......... ... .. .. .. ... ... ...

© 2018 by the American Association of State Highway and Transportation Officials.
Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xlvii

Figure 9-62. Roundabout Lane Configuration Example ........ .. ... .. .. .. .. ... ..... 9-148
Figure 9-63. Path Overlap at a Multilane Roundabout . ........ .. .. .. .. .. .. ... ..... 9-149
Figure 9-64. Intersections with Frontage Roads . ........ .. ... .. .. .. .. . . . ... 9-154
Figure 9-65. Arterial with Flush or Traversable Median Turn Lanes . ......... .. .. .. ... .. ..... 9-159
Figure 9-66. Railroad-Highway Grade Crossing ... ...t 9-160
Figure 9-67. Case A: Moving Vehicle to Cross or Stop at Railroad Crossing. . .................. 9-164

Figure 9-68. Case B: Departure of Vehicle from Stopped Position to Cross Single Railroad Track . .9-166

CHAPTER 10 GRADE SEPARATIONS AND INTERCHANGES

Figure 10-1. Interchange Configurations . . . ... .. e 10-3
Figure 10-2. Factors Influencing Length of Access Control along an Interchange Crossroad . . . . . 10-10
Figure 10-3. Typical Grade Separation Structures with Closed Abutments . ................... 10-17
Figure 10-4. Typical Grade Separation Structure with Open-End Span........ ... ... ... ...... 10-18
Figure 10-5. Multilevel Grade Separation Structures. .. ........ .. ... 10-19
Figure 10-6. Lateral Offset for Major Roadway Underpasses .. ............................ 10-23
Figure 10-7. Typical Overpass Structures. . ........... ... it 10-26
Figure 10-8. Flat Terrain, Distance Needed to Achieve Grade Separation. ................... 10-29
Figure 10-9. Three-Leg Interchanges with Single Structures. .. ......... ... ... .. .. .. .... 10-33
Figure 10-10. Three-Leg Interchanges with Multiple Structures . .. .......... ... ... ... ... .. 10-35
Figure 10-11. Three-Leg Interchange (T-Type or Trumpet) . ........ .. ... ... ... ... 10-36
Figure 10-12. Three-Leg Interchange Directional Design . .. .. ... ... .. . ... 10-37
Figure 10-13. Directional Three-Leg Interchange at a River Crossing. .. .. ................... 10-38
Figure 10-14. Trumpet Freeway-to-Freeway Interchange ....... ... ... . ... ... . ... . .... 10-38
Figure 10-15. Four-Leg Interchanges, Ramps in One Quadrant . ........................... 10-40
Figure 10-16. Typical Four-Leg Diamond Interchange. . ............. ... ... ... ... ... ..... 10-41
Figure 10-17. Diamond Interchanges, Conventional Arrangements .. ....................... 10-43
Figure 10-18. Diamond Interchange Arrangements to Reduce Traffic Conflicts. . .............. 10-44
Figure 10-19. Diamond Interchanges with Additional Structures . ......... .. .. .. .. .. .. .... 10-45
Figure 10-20. Freeway with a Three-Level Diamond Interchange. . ........ ... .. .. .. .. .... 10-46
Figure 10-21. X-Pattern Ramp Arrangement . .. ... ... ... .. .. . . . .. 10-47
Figure 10-22. Diamond Interchange with Roundabouts at the Crossroad Ramp Terminals. . . .. .. 10-47
Figure 10-23. Underpass Single-Point Diamond Interchange . .. ......... ... ... ... .. ... 10-49
Figure 10-24. Typical SPDI Underpass Configuration in Restricted Right-of-Way. . . ............ 10-49
Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xlviii

Figure 10-25. Overpass Layout for an SPDI with a Frontage Road and a Separate U-Turn

MOVEMENt. . oot 10-51
Figure 10-26. Underpass SPDI and Overpass SPDI ... ... .. ... ... ... .. . ... 10-52
Figure 10-27. Underpass and Overpass Diverging Diamond Interchanges ................... 10-54
Figure 10-28. Partial Cloverleaf Interchange .. ........ .. .. . i i, 10-59
Figure 10-29. Four-Leg Interchange, Cloverleaf with Collector-Distributor Roads ............. 10-59
Figure 10-30. Schematic of Partial Cloverleaf Ramp Arrangements, Exit and Entrance Turns. . . .. 10-61
Figure 10-31. Four-Leg Interchange (Partial or Two-Quadrant Cloverleaf with Ramps before

Main STrUCTUNE) . . . . oo 10-62
Figure 10-32. Four-Leg Interchange (Partial or Two-Quadrant Cloverleaf with Ramps before

Main StruCture) . . . .., 10-63
Figure 10-33. Directional Interchanges with Weaving Areas .. ............. .. ... ... ...... 10-65
Figure 10-34. Directional Interchanges with NoWeaving .......... ... ... .. ... . ... .... 10-66
Figure 10-35. Directional Interchanges with Multilevel Structures .. ......... .. ... ... ... ... 10-68
Figure 10-36. Directional Interchange, Two Semidirect Connections ....................... 10-69
Figure 10-37. Four-Level Directional Interchange .. ........ ... . i 10-70
Figure 10-38. Four-Level Directional Interchange . . .. ... ... .. .. . i i 10-70
Figure 10-39. Directional Interchange with Semidirect Connection and Loops ............... 10-71
Figure 10-40. Offset Interchange via Ramp Highway . ....... ... . .. ... . ... ... ..... 10-72
Figure 10-41. Four-Leg Interchange, Diamond with a Direct Connection .................... 10-73
Figure 10-42. Four-Leg Interchange, Cloverleaf with a Semidirect Connection ................ 10-74
Figure 10-43. Cloverleaf Interchange with Semidirect Connection ............. ... ... ...... 10-75
Figure 10-44. Complex Interchange Arrangement ... ... .. .. .. .. i 10-76
Figure 10-45. Adaptability of Interchanges on Freeways as Related to Types of Intersecting

Facilities . ..o 10-79
Figure 10-46. Widening for Divisional Island at Interchanges . ............ ... ... ... .. .... 10-81
Figure 10-47. Interchange Spacing as Measured between Successive Crossroads (78).......... 10-82
Figure 10-48. Arrangement of Exits between Successive Interchanges ..................... 10-83
Figure 10-49. Interchange Forms to Maintain Route Continuity .. ........... ... .. ... .. .... 10-84
Figure 10-50. Collector-Distributor Road on Major—Minor Roadway Overlap ................ 10-85
Figure 10-51. Schematic of Basic NumberofLanes ........ .. .. ... .. .. .. ... .. .. ... ...... 10-87
Figure 10-52. Typical Examples of Lane Balance....... . ... ... . ... ... . ... ... ..... 10-88
Figure 10-53. Coordination of Lane Balance and Basic Numberof Lanes .................... 10-89
Figure 10-54. Alternative Methods of Reducing or Dropping Auxiliary Lanes ... .............. 10-91

Documents

Full document details: AASHTO GDHS-7-2018

© 2018 by the American Association of State Highway and Transportation Officials.
All rights reserved. Duplication is a violation of applicable law.

Document Sharing Hub


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

xlix

Figure 10-55. Coordination of Lane Balance and Basic Number of Lanes through Application

of Auxiliary Lanes . .. ..o 10-92
Figure 10-56. Auxiliary Lane Dropped at Two-Lane Exit ............... ... ... ... ... ..... 10-93
Figure 10-57. Interchange Forms with One and Two Exits .. ...... ... ... .. .. ... .. .. .... 10-98
Figure 10-58. Two-Lane Crossroad Designs to Discourage Wrong-Way Entry ............... 10-100
Figure 10-59. Divided Crossroad Designs to Discourage Wrong-Way Entry . ................. 10-101
Figure 10-60. General Types of Ramps . ... ... .. 10-104
Figure 10-61. Ramp Shapes . . . .. ..o 10-108
Figure 10-62. Development of Superelevation at Free-Flow Ramp Terminals .. ............... 10-113
Figure 10-63. Typical Exit Gore Area Characteristics . ............ ... .. ... .. ... ......... 10-114
Figure 10-64. Typical Gore Details ........ ... ... ... . .. . .. 10-117
Figure 10-65. Traveled-Way Narrowing on Entrance Ramps ............. ... ... ... ... ... .. 10-118
Figure 10-66. Gore Area, Single-Lane Exit . ... . . 10-119
Figure 10-67. Gore Area, Major Fork . .. ... 10-119
Figure 10-68. Gore Area, Two-Lane EXit . ... ... . 10-120
Figure 10-69. Entrance Terminal .. ... ... . 10-120
Figure 10-70. Recommended Minimum Ramp Terminal Spacing .. ......................... 10-127
Figure 10-71. Ramp Spacing Dimension ........ ... .. ... .. .. i 10-127
Figure 10-72. Typical Single-Lane Entrance Ramps ........ ... .. ... ... ... ... ... ... ..... 10-129
Figure 10-73. Exit Ramps—Single Lane . ... .. .. ... ... . .. . .. . .. 10-137
Figure 10-74a. Layout of Taper-Type Terminals on Curves (U.S. Customary) .................. 10-140
Figure 10-74b. Layout of Taper-Type Terminals on Curves (Metric). ... .......... ... ... ... .. 10-141
Figure 10-75. Parallel-Type Ramp Terminalson Curves. .......... ... ... .. ... 10-142
Figure 10-76. Typical Two-Lane Entrance Ramps . ........... it 10-145
Figure 10-77. Two-Lane Exit Terminals ... ... ... .. e 10-146
Figure 10-78. Major Forks. . . ... o 10-148
Figure 10-79. Branch Connections .. . . ... .. . . 10-149
Figure 10-80. Diagram of Freeway Configuration with Closely Spaced Ramps but Limited

Weaving ..o 10-151

Documents

Document Sharing Hub

© 2018 by the American Association of State Highway and Transportation Officials.

Full document details: AASHTO GDHS-7-2018 All rights reserved. Duplication is a violation of applicable law.


http://www.avadocuments.com/doc/aashto-gdhs-7-2018
http://www.avadocuments.com/doc/aashto-gdhs-7-2018

