00000000000
c000000Cc000
..o...’in

........

000000

000000
000000000 00
O 0000006 0 00
0000000 ¢ 00
0000000000000
0000000000000 00
0000000000000 00
‘.......*OO.......

e —
—_—

Seventh Edition * October 2018

Roadway Lighting Design Guide
7


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

Cover photos: Top photo: Garfield Parkway, Bethany Beach, Delaware; photo courtesy of Delaware DOT.
Bottom photo: Photo courtesy of Minnesota DOT.

© 2018, by American Association of State Highway and Transportation Officials. All rights reserved. This book,
or parts thereof, may not be reproduced in any form without written permission of the
publisher. Printed in the United States of America.

Publication Code: GL-7
ISBN: 978-1-56051-725-2

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

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


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

AMERICAN ASSOCIATION OF STATE HIGHWAY
AND TRANSPORTATION OFFICIALS
EXECUTIVE COMMITTEE

2018/2019

Voting Members
Officers:

President: Carlos Braceras, Utah*
Vice President: Patrick McKenna, Missouri*

Secretary-Treasurer: Scott Bennett, Arkansas*
Executive Director: Bud Wright, Washington, DC

Regional Representatives:
Jennifer Cohan, Delaware

Victoria Sheehan, New Hampshire
Russell McMurry, Georgia

Joe McGuinness, Indiana

Mark Lowe, Iowa

Roger Millar, Washington

Marc Luiken, Alaska

Non-Voting Members

Immediate Past President: John Schroer, Tennessee

* Elected at AASHTO’s 2018 Annual Meeting in Atlanta, Georgia

Documents

Roadway Lighting Gufdf@CSEVERh Sa@iﬂ'ﬁg. fub

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


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

COMMITTEE ON DESIGN

ALABAMA

Stan Charles Biddick
Steven E. Walker
William F. Adams

ALASKA

Mark Neidhold
Pat Carroll

Sarah E. Schacher

ARIZONA
Steve Boschen

Todd Emery

ARKANSAS

Trinity Duane Smith
Michael Fugett
Charles Martin

CALIFORNIA
Cathrina Barros
Janice Benton

COLORADO
Ken Brubaker
Neil Joseph Lacey

DELAWARE
Michael Nauman
Brian Thad Mcllvaine

DISTRICT OF COLUMBIA
Ziahra Dorriz
Mohammed Adil Rizvi
Paul Hoffman

FLORIDA

Paul Hiers

Michael Allen Shepard
Tim R Lattner

Full document details: AASHTO GL-7-2018

2017/2018

Chair: Carlos Braceras, UTAH
Vice Chair: Joyce Taylor, MAINE

Liaison: Robert Mooney, FHWA
Liaison: Patricia Bush, AASHTO

GEORGIA

Andrew John Heath
Andy Andy Casey
Brent A. Story
IDAHO

Kevin Sablan

Ted E. Mason

ILLINOIS
Michael Brand
Dan Mlacnik

INDIANA
Jeff Clanton
Elizabeth W. Phillips

IOWA
Michael J. Kennerly
Tony Gustafson

KANSAS

Tom Rhoads
Scott W King
Debbie Tanking

KENTUCKY

Jill Asher

Keith K. Caudill
Bradley S. Eldridge

LOUISIANA
Chad Winchester
David Smith

MAINE

Charles S. Hebson
Brad P. Foley
Steve Bodge

MARYLAND

Eric E. Marabello
Jason A, Ridgway
Angela Smith

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

MEMBERS

MASSACHUSETTS
Andrew Paul
Hasmukh M., Patel
Lyris Liautaud

MICHIGAN
Demetrius Parker
Kristin Schuster
Colin Forbes

MINNESOTA

Chris Roy

Andrea Hendrickson
Tom Styrbicki

MISSISSIPPI

Amy Mood

David Seal

James Richard Pittman

MISSOURI

Eric Schroeter

MONTANA

Dustin E. Rouse
James Alan Combs
Lesly Tribelhorn

NEBRASKA
Nathan Sorben
Mike H. Owen

NEVADA
Paul Frost
Casey Connor

NEW HAMPSHIRE
Keith A. Cota
James Andrew Marshall

NEW JERSEY
Robert Marshall
Paul E Schneider

NEW MEXICO
Priscilla Benavides

Gabriela C. Apodaca

NEW YORK

Bradley J. Bortnick
Richard D. Wilder
Stephen A. Zargham

NORTH CAROLINA

Teresa Bruton
Christopher Werner
Glenn W. Mumford

NORTH DAKOTA
Roger Weigel

OHIO
Kyle A. Brandon
David L. Holstein

OKLAHOMA

Caleb Franklin Austin
Eduardo Elder

Tim Tegeler

OREGON
David Joe Polly

PENNSYLVANIA
Christine Spangler
Melissa J. Batula

RHODE ISLAND
Robert Rocchio
Richard Bernardo

SOUTH CAROLINA
George R. Bedenbaugh, Jr.
Ladd Gibson

SOUTH DAKOTA
Brian Raecke
Mark A. Leiferman

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

Camille Thomason

UTAH

Ben G. Huot
George C. Lukes
Fred Doehring

VERMONT
Ken Robie
Nick Wark

VIRGINIA
Vernon W. Heishman
Susan Keen

Barton A. Thrasher

WASHINGTON STATE
Edward J.Carpenter
Julie Ann Heilman

Mike Fleming

WEST VIRGINIA

R.J. Scites

Dirar M. Ahmed

Chad Jon Aaron Toney

WISCONSIN
David L Stertz

WYOMING

Andrea Taylor Allen
Jeffrey E. Brown
Sandra A. Pecemka

Documents

Roadway Lighting Guil& SEVaRK ﬂmmg filub


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

COMMITTEE ON
TRAFFIC ENGINEERING

2017/2018

Chair: Meg Pirkle, GEORGIA
Vice Chair: Neil Boudreau, MASSACHUSETTS

Liaison: Robert Mooney, FHWA
Liaison: Jameelah Hayes, AASHTO

MEMBERS
ALABAMA GEORGIA LOUISIANA NEVADA SOUTH DAKOTA
Andrew Harry Alan Davis Chris Ewing Denise Inda Christina Bennett
Kerry NeSmith Andrew Heath Hong Zhang Rodney Schilling John Less
Taylor Stoudenmire Brent Cook Jody Colvin Seth Daniels Scott Jansen
Meg Pirkle
ALASKA MAINE NEW HAMPSHIRE TENNESSEE
David Epstein GOLDEN GATE BRIDGE, Steve Hunnewell Lee Baronas Jason Oldham
Matt Walker HIGHWAY, AND Steve Landry Susan Klasen Phillip Freeze
Pamela Golden TRANSPORTATION William Lambert Zane Pannell
DISTRICT MARYLAND
ARIZONA Maurice Palumbo Cedric Ward NEW JERSEY TEXAS
Maysa Hanna Kevin Dunn Michael Chacon
Todd Emery HAWAII MASSACHUSETTS
William Faber Bryan Kimura Charles Hale NEW MEXICO UTAH
Karl Kunishige James Danila Afshin Jian Glenn Blackwelder
ARKANSAS Peter Chan Neil Boudreau John Leonard
Trinity Smith NORTH CAROLINA Robert Miles
IDAHO MICHIGAN Dominic Ciaramitaro
CALIFORNIA Kevin Sablan Garrett Dawe Kevin Lacy VERMONT
Duper Tong Mona Hunt Mark Bott Amy Gamble
Ryan Lancaster Paul Ajegba NORTH DAKOTA Patricia Coburn
COLORADO Shawn Kuntz
Chatles Meyer ILLINOIS MINNESOTA VIRGINIA
Kyle Armstrong Jay Hietpas OHIO Anne Booker
CONNECTICUT Lisa Heaven-Baum Peter Buchen David Holstein Raymond Khoury
Erika Lindeberg Jason Yeray Van Nguyen
Mark Catrlino INDIANA MISSISSIPPI
Tracy Fogarty Brad Steckler Andy McNair OKLAHOMA WASHINGTON STATE
David Boruff James Sullivan Chad Pendley Brian Walsh
DELAWARE David Glabas John Nisbet
Mark Luszcz IOWA MISSOURI Matt Neeley
Steve Gent Nicole Hood OREGON
DISTRICT OF COLUMBIA  Tim Crouch ‘Thomas Honich Michael Kimlinger WEST VIRGINIA
Emily Dalphy Cindy Cramer
Ogechi Elekwachi KANSAS MONTANA PENNSYLVANIA Matt Skiles
Wasim Raja Brian Gower Danielle Bolan Daniel Farley Monty Khan
Carla Anderson Roy Peterson Glenn Rowe
FLORIDA Eric Nichol WISCONSIN
Fred Heery NEBRASKA RHODE ISLAND Bill McNary
Trey Tillander KENTUCKY Dan Waddle Steven Pristawa
Jason Hyatt Matt Neemann WYOMING
Jeff Wolfe SOUTH CAROLINA Jeff Mellor
Tamra Wilson Mike Bowman Joel Meena
Robert Perry Lee Roadife
Documents

Full document details: AASHTO GL-7-2018

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

Roadway Lighting GuideOS&veieR EditiaH ngifitub


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

JOINT TECHNICAL COMMITTEE
ON ROADWAY LIGHTING

2017/2018

Chair: Mark Luszcz, DELAWARE
Vice Chair: Ahmet Demirbilek, WISCONSIN
Liaison: Joseph Y. Cheung, FHWA
Liaison: Patricia Bush, AASHTO

VOTING MEMBERS

FLORIDA NORTH CAROLINA

Ed Cashman Paul Ki-Bun Chan

INDIANA PENNSYLVANIA

Prakash T. Patel Daryl R. St. Clair

MINNESOTA SOUTH DAKOTA

Sue Zarling Norris Leone

NEW YORK UTAH

Norman P. Schips Larry L. Montoya
ACKNOWLEDGMENTS

The Joint Technical Committe on Roadway Lighting would like to thank the following individuals for all of their

contributions to the project.

Stacy Bartlett, South Dakota DOT Paul Lutkevich, WSP

Ed Sansing, formerly Mississippi DOT Mir Wahed, IMT

Max Saintil, Delaware DOT Robert Macioce, Urban Engineers
Brent Jennings, formerly Idaho DOT Denny Hehman, McCormick Taylor
William Hopkins, formerly Georgia DOT Dr. Ron Gibbons, Virginia Tech
Wes Dean, Mississippi DOT Paul Carlson, Road Infrastructure

Documents

Roadway Lighting GuiddOSAVeHA EditrdT r]giH ub

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


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

TABLE OF CONTENTS

CHAPTER 1: INTRODUCTION......ccittmuiirrmmnnssirnmssssssnssssssssnsssssssnssssssssnnssssssnnnns 1
T O O 1 =T - 1
1.2 Need for ENgineering EXPertiSe.......ccccoirmrrcsrrrismmnnssniser s s ssssssssssss s s ssss s ssssssssnsssas 2
1.3  Safety Research and APPlication .........ooo o s e e 3
1.4 Recommended Roadway Lighting Design Methods .........ccccieeeememiicccmerniscccee e 3
1.5 Master Roadway Lighting Plans ... e e s e sme e 4
1.6 Modern Roadway Lighting Controls...........cccoommiricecmenicccrre e e 4
1.7 Emerging Roadway Lighting Technologies........c.ccoommiiieecemricccre e 4
LR T 20T 1= 4= o ¥l =L 5
CHAPTER 2: MASTER LIGHTING PLANS. ... e re s s s s mm e n e 6
R T © 1= 1= 6
21T INEFOAUCHION oottt bbb bbb bbb bbb bbb 6
2,12 DEFINITION 1.ttt bbb bbb bbb 6
2,13 BONETIES c.vuett ettt 6
7 2 o E T T 0 TNV 7] (oY oY 4 V=T 7
0 B 11T U o o T 7
W o 1| T 1 SOV 7
2.2.3  Gropus Having Concerns AbOUL LIGhTiNg........ovvurireririririniririssssesesesisisisesesesese s 8
2.3 Goals of a Master Lighting Plan ..........ccccevreeminsemrsssessssesssssesssssessssssssssssssssssesssssesssssessssnsssssns 8
23T INEFOAUCHION oottt bbb bbb bbb bbb bbb bbb 8
2.3.2  IMProve ROAAWAY SAfEtY......ciiieeirriiieirriseieie sttt ettt 8
2.3.3 INCrease Personal SECUMTY.........uuruiereireeriree ettt ettt 9
2.3.4 Provide Nighttime AESTNETICS ....vvivvirirerireririsisrs s es 9
2.3.5 Consider ENVIFONMENTAl ISSUES ........cceeururerieereiresiieteisise it sb bbb 9
2.3.6 USE ENErgY EffiCIENTIY...ccueveiiereceeirisecietrireseeis e vt ne sttt st sesnse s snses 10
2.3.7  Plan MaiNTENANCE ....cucuuieiiecireeciescires ettt 10
2.4 Lighting CUITEWS .....eiiieiiicrei it s s 10
0 11T U o TR 10
2.4.2 REASONS TOF CUMEWS ....oucvviicecte ettt sttt bbbt s sttt b st es 1"
2.4.3 Considerations before IMPlEMENTAtION .........ccevvvceceeieiece e ees 1"
2.5 Electrical and Lighting Management Systems........ccccccccmmirriimernsssseeess e ssme e 12
25T INEFOAUCHION oottt bbb bbb 12
2.5.2 €05ttt bRt 13
2.5.3  BONETIES ..vuieceeecie ettt bbb 13
2.5.4 Benefits of ELMS Standardization ...........cccccueuiiiucieieiecie sttt sans 13
P S oY T [T T T TR 1 T [T 14
2.6.1  INETOAUCTION 1.ttt bbbttt 14
2.6.2  Lighting JUSEIfiCAtioN CrILEIIA ..c.cvevivieeceeriisiciete ettt s es 15
30 N 1Tl ot )] (=1 T 15
2.6.4 Benefits and Effects of Curfews and DIMMING ........ccoouererirnirrninnieese s -
? Documents

Roadway Lighting Guit&SeieRtH |§J‘.I@<5Hﬁ9 {fub

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


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

2.0.5  TTATTIC STUTIES ... veeeireeeeeeeeeet st s et et ee et s et s tee st e st eseeeeseseesesaeaesseaeaseaseseseesesseneareaeareseensseenesrenessesenreneenenrenens 15

2.6.6  COMMUNITY GOQIS....civieeieiiririsisesisesi sttt e et s 15

2.6.7  BULGET ..ttt 15

0y A £ -] =] (=] e < 16
CHAPTER 3: TECHNIQUES OF LIGHTING DESIGN.......ccocieierererererernsnnens 17
20 I © 1V = Y | A Pt 17
70 IO O 131 (o [F Tt o T OO 17

3.1.2 Level and Uniformity of llluminance and LUMINANCE........cccvvirerrrrireeeensenereee s sessee e sesnees 17

o T T 110 o 1 P TR @ (Yo [=T 1110 T 18

3.1.4  LUMINANCE CONSIARIATIONS ....evvieeiviecti sttt sttt st st st e et e et seebe s beae st e e et s st ebsseebesbesesbesesbeseereseeneas 18

3.1.5 Visibility-Based Design MEthods ..........cvveeurriieinrenecie st 20

3.2 Warranting CoONAitioNs .......cccccccceiriiscismeriisssrrerssssssreessssssresssssssneeesssssnnessssssnnessssssnneenessssnnenns 20
0 B =T T=T - OO 20

A T 1=y 1 3o TV T T 20

2 B T 12T g T T LT 20

3.2.4 Warranting Conditions for Lighting 0N FIEEWAYS ........coeeeeeuririreririreserie st sesessee s s sesssssnesessees 21

3.2.5 ContinUOUS FreeWaY LIGhTING ......cvvieieeiririiieirre ettt 21

3.2.6 Complete INterchange LIGhtiNg ......ccovvvvriiriirss s 21

3.2.7 Partial INterchange LIGhTing ......ovvverriiirrirsssss s 22

3.2.8  SpeCial CONSIAEIALIONS .....veeeriesiririsesese sttt 23

2 4 T 23

3.3  Design Values fOr Fr@EWAYS ......cccevreerrrrsmrsssnrrissssrsssnsessssnessssessssssssssnsssssnsssssnsssssnsesssssessssnensns 23
e T B =T =T T 23

3.3.2 DESIGN CONSIABIATIONS ...vuevrcerrcecreeeres e bbb 23

3.3.3  Lighting LEVels 0N CroSSIOAUS ........iuvuveririreriririsisirisisisesisesisese s sssssssssssssssssnes 24

3.3.4 Partial INterchange LIghting ......ovvvvrrrrrrssss s 24

3.3.5 Adaptation (Transition) LIGAING ......cccerrireeniiireeeineiesee s sssessssss e sssssessssesssesssssssssssssssssssessssssssees 26

3.3.6  BridgES ANT OVEMPASSES ....evveeeeererreesseresseeesssesssessssesesssessesesssssssssssssssssssssssessssesssessssssssesessssnsssessssssnsess 26

e T A 0 1 T G o TSy T [=T =1 {3 LT 26

R B X L ot 26

R S ) I 26

T T Y (=T T O 1Y = 1[0 1 26

3.3.8.1 COMMETCIAL e ueneeeeieeie it etsenstasansansaasasanenesssssrastasasssssssssasansassssssnssnennennsnnrsnsnnsnssnernsnnsns 26

T T T T Y=Y LT3 26

RIS B T T 127 11 H S 26

3.4 Streets and Highways Other Than Freeways (Including Walkways and Bicycle Ways) ..... 27
O B =T =T TR 27

0 A g 4o o] Yo [ o 3T 27

3.4.3  Lighting DESIGN LEVEIS ...ttt 27

3.4.4  Other CONSIAEIATIONS ..viiveviiveeeiteieiticeere st te st e sttt e b s e s b e e b e sa b e saebesbese b e e et e seebesbebesbenesbeeebeseeresbenens 27

3.5 Pole Placement GUIEIINES .......c.eeeeeeeeeerrrrrirrrrrrrrrrrrrerereseresessnsmsnssssssssssssssssssseserserremeemerssnsnnnnnn 31
7T I 121 T [V T TR 31

TR 0 o X (o (o 3 T A 1=1 T 31

3.5.3  HEIGht RESTICHONS ....cvuevucecrce ettt 31

TR A =131 (< g 1V <o 71 TR 31

3. 5.5 GOTE ATBAS ...eeueeeeeeeeeeteee et e et e st et et e e et e ae s e s e se s essessensensesensansassensensensensessesesenbebesetensens gt esrens 32

Documents

Roadway Lighting Guide0S&V&RR it navilub

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

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


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

TR T T [ 1 (= ET=Tet 1[04 TSR 32

3.5.7 Adjacent to DefleCting BAITIENS ........cceviiiireriiiiccte sttt s bbb s s s nsens 34

3.5.8 GENEral SAfety CONCEINS ....cvvveeeeiriieicie sttt ettt s ne s en 34

3.5.9  DSIGN OPLIONS. ...eviuiirertetieresiet ettt ettt sttt b et e b ekt ek ae e e bRt e e b bt se bRt e e b bt e e b 34

3.5.9.1 Option 1: Remove the ObStacle ........uoeiiuuuiiiiuuiiiiiiiiiiiiici s raa e 34

3.5.9.2 Option 2: Redesign the Obstacle........cceiuuiiiiuiiiiiiiiiiiiiiiieii e e 34

3.5.9.3 Option 3: Relocate the Obstacle ........ceeeuruiiiiiiiiiiiiiiiiiiii e e 35

3.5.9.4 Option 4: Use Appropriate Breakaway Device........uuueiiiiiiiiiniiiiiiiiiiiiiinesiii s saaaea e 35

3.5.9.5 Option 5: Sheild Obstackle........coccuuiiiiiiiiiiiiiiiiiiin e e 36

3.5.9.6 Option 8: Delineate the ObStacle .......cceeuuuiiiiuiiiiiiiiiiiiiin e e raa e 36

2 T £ 1= =Y =T T3 37
CHAPTER 4: TUNNELS AND UNDERPASSES .......oo e rem e r e 38
L T © 1 Y VT 38
O O T 10T [Tt o] TSSO OP OO 38

L U 1 T =Y o Y1 R 38
4.2.1 General Scope and GUIAE APPIICAtION ......ovvervrrececie ettt nees 38

4.2.2 Warrans for Night-Time Underpass LIGhting ..........ccoueureerneenicecnesicneee e 38

4.2.3 Design Values for Underpass LIGNtING .........ccureeeurierurieeiniieinieeiris e sessesess s ssessssessssesesnas 39

4.2.4 Selection and Placement of Underpass LUMINGITES .........cccvuvveeerriiicrcreinisssse e sssssesessssssns 39

4.3 Vehicular TUNNEIS ... s s 39
4.3.1 General Scope and GUIAE APPIICALION ......ivceevriiereeeee et snees 39

A.3.2 SNOTETUNNEIS. ...vuceteeeeee ettt bbbt 40

A.3.3 LONG TUNNEIS 1.ttt ettt bbb bbb 40

4.3.4 Warrants for TUNNEI LIGtING .....c.oveeurereerireinieiriisreesessisess s e ses st snsesnsesnas 40

4.3.5 Visibility Optimization of the Tunnel and Approach FEATUIES ..........ccceuvirerceeiirecieisse e 41

4.3.5.1 Reduction of Ambient Daytime Brightness .....cc..cuuieiiiuiiiimiiiiiiiiiniiiss s 41

4.3.5.2 Portal Desigin FACLOTS «.vuuuuiiruuiiiriiniiiiiiiisas s sas s s s saa s s s e s s e saa s saa s e e b s s s eaa s s raa e enaas 41

4.3.5.3 Visibility Optimization of Tunnel IBeriors......c.uuuuieiimuiiiimuiiiiiiiniiii s 41

4.3.5.4 Types of Pavement SUrfaces ......ciuuuieiimuuiiiiiiiiiiiiin i s s e 41

4.4 Daytime Lighting of TUNNel INTEriors .......cocccceeeccirisserrssee e s s ssn e s nesane s 42
4.4.1  Short TUNNels—SilnOUEtE VISIDIlITY......ovvvrererreriririssss s 42

4.4.2 Tunnel Approach at ENtrance POral ..........cccuvreieeeeineiesie et sessee s sesses s snsnses 42

4.4.3  INterior TUNNEI LIGhTING ..cecveereceecee ettt st 42

4.4.4 Nighttime TUNNE! LIGRTING ..o 43

4.4.5 Emergency and Egress LIghting SYSTEMS .......c.cuiiucuririniciernieie et 43

4.4.6 Selection and Placement of TUNNE! LUMINGITES.........c.viururieeurieeeriieiniesineie s 43

4.4.7 Tunnel Lighting CoNtrol SYSTEMS ... sen 43

4.4.8 Maintenance Factor for Tunnel Lighting DESIGN .....c.cuvveereerrerirerninensesensesssseesesessssssesessssesssessssssssesssssees 43

R (= =T =T T 43

CHAPTER 5: WORK ZONE LIGHTING AND TEMPORARY

ROADWAY LIGHTING ......cuiieiiieiererereressaresssresssasassasassasassssassssasessasassasassnsans 45

0 TR © 1Y =Y V1 45

T 0 N 1111 (o LU Tt 1T TSR 45
Documents

Roadway Lighting GuidE)Se\eRre Ediich ngiilub

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


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

oI 2 €0 Y T30 (=] = ) 4o Y T 45

T €0 T AT ST T P SUTOT TR P RO 45
5.2.2 TP PES ettt ittt etttk b e e bR e A bR £ £ R AR AR R SRt eE R b e Rt eE AR e R e R b b et e b bt e bt et 45
T T 0 <1 T TN 1T 46
.28 SATELY it E et 46
5.2.5 WOTK Area LIGTING ..o.cecvevriieecieiririseieis sttt s sttt 46
L0 T 3= 1= =Y o Vol T3 TN 46
CHAPTER 6: ROUNDABOUTS. .....oitiiireiirres s srssssssssss s sssssssssssssnnssssnnsas 47
T T © 1= VT 47
LS T T T 1 Tt T TS 47
6.2  Warranting CoONditioNs ........ccuciiriminiinininrr s 47
6.3 Recommended Lighting LeVel........ociiiiiniiinrirnisssn s 48
o R 1= =Y (=Y Vol =T S PR 48
CHAPTER 7: ELECTRICAL SYSTEMS REQUIREMENTS........cccciimmmmmninrrnnmnsnnnnns 49
720 B © V= VSN 49
728 % O 1 (oo 1Tt e 3 TR T TR 49
7.2 Electrical SYSte@mS..... .o e s an e 49
T.2.T  DISCONNECES ...ttt ettt ettt bbbt e bt bbbt e £ b bt s ok b e se b b et se b e b et o b ek et se b et et se b b enene e 49
/82 €1 (o0 To 1o ST 49
20 T o 1 = o 1= oo T 50
7.2.4  Lighting SYSTEM CONTIO.....vurueerireceeeeirisessee sttt esse ettt sns et s snses 50
7.2.5 Ground-Fault and OVercurrent ProteCtion ........cccerecienncisn e s sesees 50
728 T £ U= =Y (=Y 4 Vel =T S PR 50

CHAPTER 8: REST AREAS, WELCOME CENTERS,

AND PARK-AND-RIDE LOTS ....cooiiiiiiimmmeiiirrmesinsnsnsssssssmssss s snmssss s s nmssssssnnnas 51
L T © 1 Y VT T 51

81T INTTOTUCHION. ...eu ettt bbbt 51
0 11 = 1 g = T 51
L300 S 0 1Yo T Y7 1 11T 51
8.4  ENtrance and EXit.......ccuoiomrreiminiiernsiesssnessssmesssss s s ssmessssne s sms s me s smn s smn e s e e s s snn e ssnnnennsanenann 52
8.5  INterior ROAAWAYS .....cccciiuiirieriiiiies i s s 53
T T - T (4T =T T 53
0 A Xt €LV 0T V- T 53
LT |V =TT T IR T= N I T T 53
3 T @ 1 o 1= g 1= =T =Y T 53

Documents

Roadway Lignting Guid@%mﬁmﬁﬁmrqnﬁ# ub

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


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

CHAPTER 9: OVERHEAD LIGHTING.......ceummmmmmsssssssss s 55

LR T © Y= VT 55
T I O 11T U o T 55
9.1.2 Key Visibility Considerations for Overhead Sign LIghting .........cccoevreeennecieinsesesse e seseeeens 55
9.2 Guidelines for Overhead Sign Visibility .......ccccccemrrrsmmriiierssssrsssesssssessssse s sssssssssssesssssessssnensas 56
9. 2.1 INEFOAUCHION oottt bbb bbbt 56
9.2.2 Visual Complexity Levels for Overhead GUIEe SIgNS........cceverirerererenrerenrensseee s sessee e sessees 57
9.2.3 Visual Complexity Levels for Overhead Street Name Signs .........coveuriecrnieenieeneeneeneeneeesseee e 58
9.3 Iluminated SigN TYPES .....cocccirirrarrriiriirerrssnr s sssms s ss s s s s nsss e s s me s s ne s s s mn e s s smn e ssmnennsnnenns 60
9.4 Sign Lighting Recommendations...........ccuuriiiniminiis i s ssssne s 60
941 INETOAUCTION vttt ettt 60
9.4.2  Lighting UnifOrMILY ....veveceeeeiieicececsiiece sttt sttt s s en 60
0 O T Y o U (It o T 61
9.4.4 Placement of LIGhtiNg UNIS ....c.cueuviirerierricies sttt s sesnses 61
L T (=1 =Y (=Y o =Y. SRR 62

CHAPTER 10: MAINTENANCE CONSIDERATIONS

IN ROADWAY LIGHTING DESIGN.......coieeiiiciirccirrenerres s rs e s s e s e e smmsn e enns 63
O B O 1T T PSR 63
L8 IO T T o [F Tt o T 63

10.2 Luminaire Maintenance FACtOrsS..........ccociiiircecierrrecsmre e e e e e e sme e e sme e e smne e e e mn e e enmnes 63
10.2.1 Luminaire Dirt Depreciation (LDD) .......cccvvurereeurermrrenisereseseseresssseessessssssssssessssssssssesssesssssssssssssssssssessensns 63

10.2.2 Lamp Lumen Depreciation (LLD) ......ouceeererecerenirensrseeisisesesisisesessesssesessssssssessssssssssesssssssssssssssssssssssessssnnns 64

10.2.3 EQUIPMENT FACLOT (EF) ...cuivvieeecteiirecesiseeisis sttt ettt bbb 64

10.2.4 Light LOSS FACLOT (LLF) ...vviieiieiieiieseieeeri sttt sttt sttt sttt sttt sttt 64

10.3 Support Structure MaiNt@NANCE .........cccciiiiriccere e s e sme e s e smn e e s s mn e e s ensnmnes 64
10.4 Electrical Distribution and Control System Maintenance. .........cccccvveeeccrerrrcceeeenssssseeessssnnes 65
ORI TG =T 4 T 1IN o= Tl o S 65
L0530 1o L8 To TS 65
10.5.2 Suggestions for Reducing Wire THeft ... 66

T0.6  RESOUICES....cciiiieieieemnmnnnnsssssssssssssassssssssses s e s s e s e s s s s s s s s msmssssssssssssssssssssssssssnnmnnmmmmnennnnsnnnnsnsnsnssssssssnss 66
CHAPTER 11: SKY GLOW AND LIGHT TRESPASS. ... irrcrrrerre e 67
1 e O O 1T S 67
I 1o [T o o TSR 67
11.1.2 Types of Objectionable ROAAWAY LIGTING........u.curieirrieciriecircnicne e 67

0 50 ) N 67

B O B B 68

B B PRI 68

O B R | O 17 PPN 68

11.2 Mitigating Sky Glow and Light Trespass........cccuerrrrsmrininmssssnssssrssssms s sss s s sne e 68
11.3 Luminaire Rating and Light Zones..........cccuiiininnr s g s 68

Décuments

Roadway Lighting GuiddOSAVeHA EditrdT r]gik' ub

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


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

I R e 4L =T o T 70

T 10 (=T 4= oV SR 71
LI 13 2 5 72

LIST OF TABLES
Table 1-1. Resources for Lighting Engineering Guidelings.........cccucccmrrvemrsserrsseesssssessseessssssssssnennas 2
Table 2-1. Master Lighting Plan Development PrOCESS ........ccvcvrrrrserssssressssrssssessssssssssnessssssssssneesas 7
Table 2-2. Benefits of Electrical and Lighting Management Systems (ELMS).........ccceeeerrrcerrneneen. 13
Table 2-3. Benefits of ELMS Standardization ............cccciiiimiiininnnnss e 14
Table 3-1. Road Surface Classifications..........ccciciiiriniini 19
Table 3-2. Warranting Conditions for Continuous Freeway Lighting (CFL) ........cccocemninininniennnnen 21
Table 3-3. Warranting Conditions for Complete Interchange Lighting (CIL) ......cccocomnvninienninnnnnen 22
Table 3-4. Warranting Conditions for Partial Interchange Lighting (PIL) ........ccccniemrnnnnnnnensinnnnens 22
Table 3-5a. llluminance and Luminance Design Values (U.S. Customary)........ccccuceamrrrcersssnssscanes 29
Table 3-5b. llluminance and Luminance Design Values (Metric).........ccccorrimminiininismnnnsenssssensncanens 30
Table 8-1. Recommended Maintained Average Lighting Levels for Rest Areas—Illuminance..... 52
Table 8-2. Recommended Maintained Lighting Levels for Rest Areas—Luminance............ccc...... 52
Table 9-1. Luminance Levels for Overhead Signs .........ccccuvererrnsemmsssesssssesssssssssssessssssssssssessssssssssnens 56
Table 11-1. Maximum Values of Lighting Zones...........ccccveeerisirmrnseminssesssssessssseessssessssssessssessssnes 71

LIST OF FIGURES

Figure 3-1. Calculation Points for Luminance and Illuminance Design Methods..........ccccceeeernnes 18
Figure 3-2. Typical Luminaire Locations—Partial Interchange Lighting (A-D)........ccccvecerrrcneen 24-25
Figure 3-3. A) Plan View for Conflict Points; B) Positive Contrast for Pedestrians ..........cccccevrunes 33
Figure 4-1. Example of a Vehicular TUNNEL .......cocccmiecierrcreccee e ersee s s e ssn e s e nsnennnes 40
Figure 6-1. Typical Light POl LOCAtioNS........cccvicecmrirsreissrerssnesssssssssssessssnsssssmsssssssesssssesssssessssnesssses 48
Figure 9-1. Five Levels of Visual Complexity for Overhead Guide Signs..........ccccvrererrrrserrssanen 57-58
Figure 9-2. Five Levels of Visual Complexity for Overhead Street Name Signs.........cccccvvieiieennns 59
Figure 9-3. Types of Sign Lighting ........cccciiiniminimnnisrr e 61

Figure 11-1. Spherical Lighting Zones of a Luminaire (based on Addendum of IES TM-15-11) ... 70
ocuments

Roadway Lighting Guit&SeieRtH ﬂmmg Klub

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


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

CHAPTER 1

INTRODUCTION

1.1 OVERVIEW

This is the seventh edition of the AASHTO Roadway Lighting Design Guide, with the sixth edition having been
published in October 2005. This seventh edition has been revised to reflect current practices in roadway lighting
and ultimately replaces the 1984 publication entitled An Informational Guide for Roadway Lighting. This guide
provides a general overview of lighting systems from the point-of-view of state transportation departments and

recommends minimum design parameters.

This guide may be used by agencies to warrant and design roadway lighting systems within their jurisdiction.
Additionally, agencies can incorporate this information into their own roadway lighting policies. Agency-specific
policy may also include types of lighting equipment and technologies, lighting calculation preferences, or mainte-

nance issues.

Significant changes in the seventh edition of this guide include the following:

+  additional information on roadway lighting safety research,

+  commentary on emerging technologies,

+  Revised goals of master lighting plans,

+ additional information on coordination with the Federal Aviation Administration,
+ additional information about pedestrians at intersections,

+  new criteria and methods for determining the need for overhead sign lighting, and

+  new information on sky glow and light trespass.

Please note, however, that one of the key components of the sixth edition of the AASHTO Roadway Lighting
Design Guide, i.e., the Illuminance and Luminance Design Value tables in Chapter 3, has not changed significantly.
No reduced lighting levels are recommended regardless of the color temperature of the luminaire.

Beyond the information included in the seventh edition of this guide, various guidelines of national and inter-
national lighting engineering and architectural groups may be consulted for reasonable limits and strategies to

optimize lighting designs while limiting any negative effects. Table 1-1 lists some of these groups.
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Table 1-1. Resources for Lighting Engineering Guidelines

Organization Internet Address

The Illuminating Engineering Society (IES) http://www.ies.org
The International Commission on Illumination (CIE) http://www.cie.co.at
The European Committee for Standardization (CEN) http://www.cenorm.be
The Transportation Association of Canada (TAC) http://www.tac-atc.ca

1.2 NEED FOR ENGINEERING EXPERTISE

Most states require final design documents to be signed and sealed by a registered professional engineer. Roadway
lighting designs, as described in this guide, meet the criteria for requirement of an engineering seal. An engineer’s
seal is necessary primarily because the public’s interest is at stake. In addition, roadway lighting designs often inte-
grate other aspects of transportation engineering that cannot be overlooked by the designer.

These other aspects may include support structures, breakaway devices, pavement designs, electrical standards,
traffic operations and traffic engineering, or safety factors. Engineering economics must also be utilized when de-
termining various aspects of the facility, including the consideration of construction costs, maintenance programs
and life-cycle analysis.

The engineering expertise necessary for developing quality roadway lighting designs includes, but is not limited to
the following:

+  light source types and characteristics, including depreciation factors and efficacy;
+  ballast types and characteristics;

+  luminaire mechanical characteristics;

+  lens types;

+  photometric performance of luminaires and factors impacting such performance;
+  luminaire mounting types;

+  pole mechanical and electrical characteristics;

+  breakaway device options and when appropriate to use;

+  clear zone criteria;

+  overhead utility clearance factors;

+  pole types, luminaire mounting options, and loading considerations;

+  foundation and support details;

+  road surface classification;

+  luminaire mounting height and spacing options;

+  light trespass and sky glow issues including local laws and ordinances;

+  lighting quality measures, such as illuminance, luminance, veiling luminance, visibility, and color spectrum;
+  lighting technology options (such as LED);

+  maintenance considerations for individual components and the lighting system as a whole;
+  electrical distribution and wiring systems;

+  energy and life-cycle costs;

+  coordination with master lighting plans; and

+  right-of-way considerations and public involvement.
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Lighting system design should be performed in an engineering manner. This includes exercising engineering judg-

ment when balancing all of the above characteristics.

Many of the current problems in roadway lighting are due to poor lighting designs. Excessive glare, poor unifor-
mity, visual clutter, sky glow, and light trespass are all noticeable disadvantages of poor designs. Excessive main-
tenance and energy costs are just two of the hidden expenses resulting from less-than-optimal roadway lighting
systems. The use of improper depreciation factors and inaccurate photometric distributions may magnify these
issues. A relatively new issue arises when some agencies convert to LED lighting based solely on energy cost saving
criteria, with no consideration of the resulting light levels, uniformity, or glare. Fortunately, the quality of roadway
lighting designs can be improved with education and experience.

1.3 SAFETY RESEARCH AND APPLICATION

The Highway Safety Manual (HSM) (1) was released by AASHTO in 2010 as a tool to quantitatively predict and
evaluate changes in crash rates given the presence or modification of a specific feature for roadway segments and

intersections.

A major component of the HSM with regard to quantitative crash prediction involves the use of Crash Modi-
fication Factors (CMFs). A CMF is a value which represents the predicted change in number of crashes when a
specific treatment is added or removed. This value is then multiplied by existing crash data to achieve the predict-
ed number of crashes at the location.

CMFs involving the installation of roadway lighting are available for roadway segments as well as intersections.
According to the HSM, the installation of lighting along roadway segments of all types is predicted to reduce
nighttime crashes of all severities by 20 percent. Nighttime injury and non-injury crashes are predicted to decrease
by 28 percent and 17 percent, respectively.

The HSM includes CMF:s for the installation of roadway lighting at intersections as well; however, the CMFs
provided reflect injury crashes only. When lighting is installed at intersections, nighttime injury crashes are pre-
dicted to be reduced by 38 percent while nighttime pedestrian injury crashes are predicted to be reduced by 42

percent.

When existing crash data is not available, predicted crashes can be calculated through the use of Safety Per-
formance Functions (SPFs). SPFs are pre-determined equations for roadway segments and intersections used

to predict the number of crashes. Coefficients are included as elements within the SPF to reflect the roadway
segment or intersection’s conditions (turn lanes, lane width, presence of lighting, etc.). CMFs can then be applied
to estimate the affect of a change in conditions, such as the installation of roadway lighting. The end result is a
predicted number of crashes based on those characteristics.

1.4 RECOMMENDED ROADWAY LIGHTING DESIGN METHODS

AASHTO strongly recommends the luminance or illuminance design methods. Several popular lighting design
software packages utilize these methods, allowing many designs to be analyzed in a time-efficient manner.

AASHTO previously supported research for visibility-based methods, but increased benefits have not been
adequately demonstrated. Accurate small target visibility (STV) calculations require the input of all light sources,
including vehicle headlamps and off-roadway contributions. Such data are not easily obtained on roadways during
moderate traffic conditions, let alone high-volume conditions typically characterized by roadways requiring light-
ing,
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Although the STV design method has made significant contributions to roadway lighting, it is generally not
recommended by AASHTO as standard practice. However, STV or other visibility factors may be considered
during roadway lighting design as a comparative method or as a complement to the primary method.

1.5 MASTER ROADWAY LIGHTING PLANS

AASHTO encourages the use of master roadway lighting plans for implementation by traffic management cen-
ters, emergency management agencies, or other central control facilities. Better use of resources (and subsequent
energy savings) may be achieved through innovative strategies such as lighting curfews, special event adjustments,

weather adaptation, or maintenance automation.

1.6 MODERN ROADWAY LIGHTING CONTROLS

Modern lighting controls (also termed Electrical and Lighting Management Systems) offer significant benefits

for master roadway lighting plans that agencies may determine provide enough benefit to warrant the additional
expense of modern controls Lighting control systems that allow agencies to monitor or adjust, or both, lighting
systems from a remote location are now available. While maintenance tasks are still necessary, modern roadway
lighting controls can inventory assets, observe power usage, compute life-cycle costs, and monitor the performance
of individual systems. This provides a more effective means of identifying and diagnosing lighting issues than
methods previously used.

1.7 EMERGING ROADWAY LIGHTING TECHNOLOGIES

New roadway lighting technologies have inundated the market and are being promoted as having advantages

over traditional lighting sources. Solid-state lighting (SSL)—principally light emitting diodes (LEDs), but also
light emitting plasma (LEP), and other technologies—is being promoted as improving safety, conserving natu-
ral resources, reducing energy consumption, and reducing life-cycle costs of roadway lighting operations. Until
recently, the majority of roadway lighting was comprised of high-intensity discharge (HID) lighting, specifically
high-pressure sodium (HPS). There are many differences between SSL and HID beyond the physical equipment
differences. Examples include the following:

+  light distribution,
+  lighting output control (dimmability),
+  spectral power distribution (SPD), and

+  efliciency of lighting production suitable for human perception (luminous efficacy).

Research comparing the use of SSL to HID for roadway lighting has established some benefits in terms of energy
consumption, luminous efficacy, color rendering, and adaptability.

The NCHRP technical report Analysis of New Highway Lighting Technologies (Project No. 20-7/305, published
in 2013) (2) documents and presents the results from a study of roadway lighting technologies including the use
of LED sources and other light source types. A review of published research and case studies of new lighting
technologies, as well as a comparison of roadway luminaire photometric performance, suggests that LED tech-
nologies, while still rapidly developing, are viable for specifying energy efhicient and visually effective roadway
lighting systems. New metrics such as luminaire system application efficacy can allow engineers to make informed
decisions about the roadway lighting system configurations (including luminaire selection, spacing, and mounting
height) that will lead to the most economical system performance. Research also suggests that a number of other
metrics such as mesopic photometry, brightness perception, and spectral sensitivity for discomfort glare could
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assist the designer in selecting among new lighting technologies, most of which have greater short-wavelength
spectral output than conventional high-pressure sodium lighting. Evaluations of visual performance and visibility
coverage areas from roadway lighting may also be of use in identifying appropriate adaptive control strategies for

roadway lighting.

When considering any new technology, it is appropriate to carefully evaluate the benefit and potential risk asso-
ciated with that product. In the case of LED highway lighting, great improvements have been made during the
past few years. Manufacturers have developed creative solutions to concerns such as heat dissipation, light output,
photometrics, and durability. For roadway lighting, the industry-wide trend appears to be away from HPS and
towards LED systems. While light levels and distributions of LED roadway lighting luminaires are now similar or
in some cases better than traditional luminaires, some of the unanswered questions include:

+  Does the higher color temperature of LED luminaries result in the need for less overall illumination?

+  WIll LED luminaires last as long in the field as predicted by manufacturers? Does the higher color tem-
perature of LED luminaires create any health concerns related to the effect of melatonin levels on sleep and
alertness?

+  Does the higher color temperature of LED luminaires create any environmental concerns related to negative
impacts on fauna and flora?

National Cooperative Highway Research Project (NCHRP 05-22), Guidelines for Solid-State Roadway Lighting,

is currently underway, with an expected completion date in 2019. Further updates to this Guide may occur after
that report is published. Other research efforts related to health concerns are also underway. Regarding SSL/LED
lighting, a list of items that still need research includes the following:

+  metrics for assessing the effectiveness of roadway lighting, with and without headlights, to achieve adequate

contrast;

+  standardization and asset management for SSL replacement to simplify maintenance;

+  potential revenue streams from data collection and barriers to their implementation;

+  real-time asset management within the context of I'TS framework;

+  metrics to characterize the environmental and health effects of roadway light spectrum, amount, distribution,
and timing;

+  metrics for assessing light depreciation and means of determining end of useful life; and

+  light and adverse weather.

1.8 REFERENCES

1. AASHTO. Highway Safety Manual, First Edition, with 2014 supplement, HSM-1-M. American Association of
State Highway and Transportation Officials,
Washington, DC, 2010.

2. Bullough, J. D. and L. C. Radetsky. National Cooperative Highway Research Report 20-7/305: Analysis of
New Highway Lighting Technologies. NCHRP, Transportation Research Board, Washington, DC, 2013.
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CHAPTER 2

MASTER
LIGHTING PLANS

2.1 OVERVIEW

2.1.1 Introduction

The commitment to lighting roadway facilities is a large responsibility. A master lighting plan can help in the
fulfillment of this responsibility by defining the direction and ultimate goal desired. This chapter provides general
guidelines for implementing a master lighting plan when local authorities determine that such a plan is desirable
for their community.

2.1.2 Definition

A master lighting plan is a formal arrangement between local governments and other entities within a regional
area to coordinate and standardize the design, operation, and maintenance of public lighting. Master lighting
plans can include lighting curfews and modern electronic monitoring and control systems (described in Sections
24 and 2.5, respectively).

2.1.3 Benefits

The basic benefits of lighting include safety, beautification, and security for people and property. Additional bene-
fits derived from a master lighting plan include the following:

+  improving safety through the maximizing of resources;

+  improving traffic flow;

+  improving driver comfort or confidence, or both;

+  identifying the nature of the site (residential versus “restaurant row,” for example);

+  managing energy use;

+  controlling sky glow and light trespass;

+  implementing lighting curfews;

+  increasing public security (other concerns may warrant immediate turning on or off );
+  standardizing design choices;

+  coordinating maintenance; and

+  coordinating maintenance specifications, such as poles, breakaway devices, and luminaires.
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2.2 PLAN DEVELOPMENT
2.2.1 Introduction

The master lighting plan development process can proceed as shown in the following table.

Table 2-1. Master Lighting Plan Development Process

Step/Action More Information

1. Coordinate with other participants to set goals. See Section 2.2.2 for information on participants.

See Section 2.3 for information on goals.

2. Consult with and consider the concerns of various | See Section 2.2.3.
groups having a stake in public lighting.

3. Conduct a study to justify and determine the See Section 2.4 for details on lighting curfews.
feasibility of the planned strategies. management
systems. See Section 2.5 for details on electrical and lighting

See Section 2.6 for details on conducting studies.

2.2.2 Participants

The master lighting plan approach is a regional concept that could involve the following entities and stakeholders:
+ state DOT;

+  municipality;

+  county;

+  transportation agency;

+  police;

+  traffic management centers, emergency management centers, or other central locations;

+  fire, EMS, and other emergency agencies;

+  turnpike and bridge authorities;

+  seaports;

+ rail-road and bus stations;

+  stadiums and sports complexes that hold major events;

+  tunnel operators;

+  chambers of commerce (event coordination);

+  Federal Aviation Administration (near airports);

+  Coast Guard (near waterways);

+ environmental agencies; and

+ utility companies.

Coordination Needed—Ofhcials of these organizations can coordinate all publicly owned lighting systems by set-

ting joint goals and laying out plans to achieve those goals. A master lighting plan should be seen as a component
of agency management.
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2.2.3 Groups Having Concerns about Lighting

In addition to the participating entities, other groups may have concerns related to public lighting, and their con-

cerns should be considered. These groups may include the following:

+

+

+

citizens and property owners;
road users;

retailers and other business;

users of park-and-ride facilities;
universities;

astronomers;

tourists;

resorts;

visitors;

users of bike and pedestrian trails;

users of parks and sports facilities (including spectator sports and participant sports such as driving ranges

and softball);
“dark sky” advocacy groups; and
American Medical Association (AMA).

2.3 GOALS OF A MASTER LIGHTING PLAN

2.3.1 Introduction

A master lighting plan can help maximize available resources and increase management coordination. Maximizing

resources means lowering the operating costs of existing and new lighting systems, which may allow the installa-

tion and operation of more lighting systems that operate only when needed.

A master lighting plan should address the following major goals:

+

+

+

improve roadway safety,
increase personal security,
provide nighttime aesthetics,
consider environmental issues,
use energy efficiently, and

plan maintenance.

Discussions of each of these goals follow under separate headings.

2.3.2 Improve Roadway Safety

Improved roadway safety is often the primary goal of public lighting. Public lighting affects all road users, includ-

ing motorists, cyclists, transit users, and pedestrians. Public lighting may be provided for roadways, sidewalks,

multi-use paths, and signs. The principal measure of effectiveness for roadway safety is crashes. This goal aims to

reduce or minimize the risk and actual number of crashes related to all road users. Roadway safety is not the same

as “personal security,’ which may be another goal of roadway lighting and is discussed further below.

Full document details: AASHTO GL-7-2018
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2.3.3 Increase Personal Security

A goal of public lighting can be to reduce crime within the lighted area and to enhance both the perception and
reality of personal security, particularly with respect to pedestrians, cyclists, and transit users. This is sometimes
referred to as “safety,” but when used in this sense safety is meant with respect to law enforcement and crime pre-

vention, as opposed to “roadway safety” which was discussed in Section 2.3.2.

2.3.4 Provide Nighttime Aesthetics

Public lighting intended to attract tourists, central business district (CBD) customers, and nighttime activities
may include pedestrian, building facade, bridge or structure, landscape, and sign lighting. The intent of this goal is

to improve aesthetics and to provide a pleasing and attractive environment for nighttime activities.

2.3.5 Consider Environmental Issues
Environmental considerations include visual comfort, sky glow, light trespass, glare, and visual clutter.

Consideration should be given to the desires of facility owners, public officials, and citizens as expressed in public
hearings, local laws and ordinances, and other sources.

All outdoor lighting creates some degree of sky glow and light trespass. Modern controls can implement switching
or dimming curfews that may better address the needs and desires of the community. In short, all community and
business desires should be respected, and competing concerns should be balanced as much as possible.

A wide variety of alternatives are available for outdoor lighting. Various environmental factors should be subjec-

tively evaluated for different situations. Some factors to consider include the following:
+  purpose of the lighting,

+  source type,

+  degree of light cutoff (degree of up light),

+  lightlevel,

+  mounting height,

+  ambient light levels (other lighting in the area),

+  historical considerations,

+ arealand use,

+  roadway classification,

+  pedestrian and cyclist use,

+  transit use,

+  consideration of lighting curfews (see Section 2.4), and

+  effect on wildlife (some studies show that nighttime lighting may affect wildlife).

A review of the following facility types should demonstrate an intuitive weighting and consider:
+  urban freeways,

+  rural freeways,

+  central business district (CBD),

+  arterial roadways,

+  collector roadways,

+ residential streets,
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+  parklands and campgrounds,
+  park-n-ride lots and rest areas, and

+  bus stops.

2.3.6 Use Energy Efficiently

Important factors affecting energy use include light levels, lamp type, lamp wattage, ballast type, and quality of the
electrical system. Lighting curfews can also help conserve energy.

Newer highway lighting technologies, most prominently light emitting diode (LED) and light emitting plasma
(LEP), use less energy than some traditional lighting technologies, such as high-pressure sodium (HPS). Howev-
er, care should be taken when evaluating new lighting technologies with respect to the expected photometric light

pattern, pole spacing, color spectrum, and life-cycle costs.

2.3.7 Plan Maintenance

Ongoing maintenance is a critical part of a successful roadway lighting installation. Maintenance responsibilities
should be considered as a part of the master lighting plan. For any given project, maintenance responsibilities may
be assigned to one of the following parties: state departments of transportation, counties, municipalities, utility
companies, homeowners associations, or commercial entities. Additionally, two or more parties can enter contract
agreements that would allow one party to pay the capital construction costs for a lighting installation, another
party to maintain the lighting once installed, and potentially a third party could be responsible for the ongoing
electrical costs,

The master lighting plan can be used to prioritize maintenance schedules, organize contracts, and determine ac-
ceptable light levels. Planned maintenance establishes consistent replacement products, coordinates traffic control
setups, enhances the use of electronic monitoring, takes advantage of modern inventory systems, reduces trou-
ble-shooting of problems, and reduces electrical hazards, which can lower overall costs. Larger systems are more
likely to have a lighting engineer available to oversee the total process of design, installation, and maintenance,
thereby allowing for replacement fixtures with suitable photometric, electrical performance, and aesthetic features.
Under a master lighting plan, life-cycle costs, life expectancy, and quality studies are enhanced, and the region
may have more buying clout. See Section 2.5 for a discussion of how modern electrical and lighting management
systems can help with maintenance.

2.4 LIGHTING CURFEWS

2.4.1 Introduction

Curfews for lighting involve the use of modern controls to turn off or dim selected parts of lighting systems as
permitted by reduced traffic flow, favorable weather conditions, and other local conditions. Lighting curfews repre-
sent the active ‘operation” of the system, allowing for energy savings, greater flexibility in resource allocation, and
reduction of light-trespass. However, officials implementing such options should be aware of consequences and
conduct meaningful studies of costs and benefits.

Generally, studies have shown lighting may be expected to significantly reduce nighttime crashes (see additional
information in Section 1.3). The precise mechanism for the reduction of those crashes is not known. Currently it
is not possible to translate surrogate measures, driver performance with targets, or other measures directly into a
safety change.
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The benefits of roadway lighting may be reduced in the later hours of the night. The number of overall crash-

es tapers off substantially after midnight on weekdays and after 4:00 a.m. on weekends (however, crash rates

are typically higher during these hours). At these late hours, most of the crashes are single vehicle, off-roadway
crashes for which lighting may not be likely to help, except possibly at decision-making points such as ramp gores,
intersections, and merge areas.

Warrants for lighting are empirically derived and based, among other things, on traffic volume. For lighting that
has been installed based on traffic volumes, it may be reasonable to cut back the operation of the lighting system
to complete interchange lighting or to partial interchange lighting when traffic volumes subside.

Studies show that crash rates increase where systems are turned off or where every other luminaire is turned off.
Alternate luminaire operation results in poor uniformity ratios and should be avoided. The issue of driver needs
and safety versus conservation efforts should be closely examined when considering curfews. Poorly conceived
conservation efforts may contribute to increases in traffic crashes and operational problems. These problems may
actually result in higher overall costs.

2.4.2 Reasons for Curfews

Government entities around the world are considering lighting curfews for the following reasons:

+  Low late-hours traffic volumes—AASHTO warrants for highway lighting are based, among other things,
on traffic volume. When the primary reason that lighting is (or was) installed was due to high traffic volumes
and high usage, which drops off in later hours of the night, it is reasonable to turn off or reduce the lighting
after such drop-offs.

+  Freeing resources for greater overall safety—Lowering the operational costs of lighting systems by reducing
electrical and maintenance costs through curfews may allow more lighting systems or other crash counter-
measures to be installed, thereby reducing the overall nighttime crash rate within the jurisdiction of the
master lighting plan.

+  Technology now practical—Modern control technology now allows control of individual luminaires or sys-
tems of luminaires at reasonable costs.

+  Positive study results—Recent studies show that light dimming and turn-off curfews are viable options for the
management of public lighting systems, including roadway lighting. Although past studies showed unfavor-
able increases in traffic crash rates because of turning off lighting, these studies were performed on systems
where the lighting was turned off or partially turned off for the entire nighttime period.

+  Energy savings—Lighting curfews can reduce the total operating time of a luminaire will reduce energy
costs, providing an ongoing expense relief.

+  Extend luminaire service life—By reducing a luminaire’s hours of operation, the luminaire’s useful life expec-
tancy should increase.

+  Sky glow—Lighting curfews can be a means to mitigate sky glow concerns.

2.4.3 Considerations before Implementation

Special events, maintenance or construction activities, weather, and other local considerations should be included
in the decision to implement lighting curfews. Implementation of curfews should occur through traffic manage-
ment centers or other central locations and should be monitored to gain experience as to the best operational
procedures.

The following excerpts are from the FHWA report Reduced Lighting During Periods of Low Traffic Density
(FHWA/RD-86/018)(1). When considering lighting curfews, the complete report should be read, while realiz-
ing that it is dated August 1985. Modern crash data should be analyzed. Documents
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In part, this report states,

Over 50 percent of all motor vehicle fatalities occur in darkness even though only 25 percent of
all travel occurs at night. This over representation has been used as a justification for installing
fixed roadway lighting on many highways. However, research that has attempted to determine
the effect of such fixed lighting on frequency and severity of night accidents appears to be
mixed, such frequencies and severities being dependent on a host of geometric and traffic fac-
tors including the volume of traffic utilizing the road, how such volume is related to the road’s
capacity, and the complexity of the driver’s visual search task.

During the past decade, several highway agencies have switched off roadway lighting during periods of energy
shortages to reduce maintenance and operating costs. However, quite often such lighting was restored when night-
time accidents increased. One fundamental problem with these light reduction techniques was that lighting was
reduced or eliminated during the entire nighttime period, rather than only when traffic volume was low.

By providing full lighting during periods when volumes are high and the roadway operates near capacity and by
providing reduced lighting as the traffic decreases, the potential exists for realizing considerable energy savings
while still providing the benefits of full lighting at locations (e.g., interchanges) and at times (i.e., high volumes)
where driver decision-making is the most critical and the greatest visibility is required.

From a safety standpoint there is a definite reduction in (simulated) hazard detection performance, which theoret-
ically implies some reduction in safety. This implied reduction in safety is statistically significant for “all oft” and
“one side only” lighting tactics, but not statistically significant for the dimmed tactics and the “every other off” tac-
tic. Unfortunately, it is not possible at this time to quantify the exact decrease in safety in terms of the frequency
of nighttime accidents, the night accident rate, or the night-to-day accident ratio. Only an evaluation of long term
installations can address this issue (see Section 2.6 for a discussion of further research needs).

Reduced freeway lighting tactics normally should not be implemented before 11:00 p.m. in most urban areas,
since traffic density typically remains relatively high until that time. Regularly scheduled sports events and other
large trafhic generators could change this time to a later hour, while cities with little or no evening activity might
allow an earlier light reduction.

A more recent report by the Texas A&M Transportation Institute (FHWA/TX-13/0-6645-1, published in
2013) is Guidelines for Freeway Lighting Curfews (3). It examines the possibility of lighting curfews on urban main-
line freeways. Part of the conclusion of the report reads: “The key element of these guidelines is that a lighting
curfew appears feasible when the traffic volume during the hours of the curfew is 100 vehicles per hour per lane
(vphpl) or less. There are numerous constraints associated with implementing a lighting curfew, such as lighting
that was installed as safety lighting or as the result of a safety study should not be included in a lighting curfew.”
The report also recommends against curfews for certain types of roadway segments (such as interchange areas or
segments with major changes in geometry), and for certain time periods (such as major special events or unusual
weather conditions).

2.5 ELECTRICAL AND LIGHTING MANAGEMENT SYSTEMS

2.5.1 Introduction

Master lighting plans allow for benefits to be derived from modern electronic monitoring and control systems
known as electrical and lighting management systems (ELMS). This technology can detect lighting problems
more quickly and accurately than traditional methods with ELMS capable of displaying luminaire locations on
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Google Maps and provide GPS locations. The maximum benefit is most likely realized when the technology is
applied across the entire lighting infrastructure within a local authority’s inventory. Remote monitoring technolo-
gy can modernize the management, operation, and maintenance of the roadway lighting infrastructure.

2.5.2 Cost

The costs of introducing the technology are difficult to estimate without significant evaluation. This has led to
concerns over initial investment costs, operating costs, and anticipated payback on investment. It is important that
evaluations consider a whole system approach. Remote monitoring can be progressively used and specified for new
lighting schemes and for installations requiring additional or extraordinary monitoring and control.

2.5.3 Benefits

The benefits of ELMS are outlined in Table 2-2.

Table 2-2. Benefits of Electrical and Lighting Management Systems (ELMS)

Benefit Explanation

More efficient contract management Contracts can be written to pay for maintenance by the month
instead of by each part repaired or replaced. Percent of lumi-
naires burning can be verified electronically through ELMS,
thus reducing survey costs.

Improved electrical safety and reliability ELMS provide for ground fault detection and notification of
system malfunction.

Energy savings Energy saving lighting curfews are facilitated through remote
or automatic control of lighting systems.

Reduced maintenance costs ELMS facilitate advance knowledge of problems, parts needed,
and types of personnel needed. This results in better overall
contractor information and supervision of maintenance work.

Reduced life-cycle costs ELMS can provide the information and documentation needed
to write specifications and modify approved products lists,
thus lowering maintenance costs and improving reliability.

Modern technical advances have made new technologies available to organizations that operate and maintain
roadway lighting systems. These technologies have the potential to improve service quality, lower maintenance
costs, increase productivity, and conserve energy. But the implementation of new technologies also holds risk
because of technical and commercial complexities. The key to reducing this risk is to make the new technologies

compatible with existing systems and to ensure that the systems of different suppliers are interoperable.

Master lighting plans and ELMS allow coordination, through the traffic management centers, of all interested
subjects and parties including municipalities, department of transportation personnel, police, special events, traffic
management, state and local ordinances, landscape lighting, landscape installation (especially trees), landscape
maintenance, pedestrians, cyclists, and central business district interests.

2.5.4 Benefits of ELMS Standardization

Interoperability and compatibility standards for ELMS results in four significant benefits, as outlined in
Table 2-3.
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Table 2-3. Benefits of ELMS Standardization

Benefit Explanation

Reduction in the complexity of This translates into lower risk of implementation delays and fewer re-
integrating systems sources required for system installation and introduction.

Creation of more open and Proprietary technologies tend to lock buyers into single-source supply
competitive market arrangements. Such arrangements give the incumbent supplier undue

leverage in future purchases and make substitution of non-performing
suppliers expensive. Standardization discourages this tendency.

Allowance for the mixing of Various systems have their own strengths and weaknesses, given the dif-
systems from different suppliers fering situations in which they are used. If a buyer wishes to implement
a system with “best of breed” components, then interoperation and
compatibility between these components make that possible.

Evolution through open Due process through a public forum ensures validation and utility of the
participation in which all views are | underlying technologies.
considered

Interoperability and compatibility standards lead to a more competitive environment for suppliers. However,
suppliers benefit from standards as well. In general, buyers are suspicious of single-source market conditions, and
therefore simply delay purchases until a competitive environment has evolved. History has shown that the estab-
lishment of standards accelerates adoption of new technologies and causes the market to expand more rapidly.
Existing standards, such as the National Transportation Communications for Intelligent Transportation System

Protocol’s NTCIP 1213 document (2), should be considered when evaluating ELMS compatibility standards.

2.6 CONDUCTING STUDIES

2.6.1 Introduction

Before developing a master lighting plan, a study should be conducted by trafhic and lighting engineers. The study
is needed for the following reasons:

+  to determine how the various lighting systems can best be optimized and coordinated,
+  to justify the implementation of lighting curfews, and

+  tojustify expenditures for technological improvements such as ELMS.

Generally, the study should cover the following items:
+  study area,

+  lighting justification criteria,

+ electrical system,

+  purpose of the lighting system,

+  benefits and effects of curfews and dimming,

+  trafhc studies,

+  crash history,

+ surrounding land use and surrounding lighting,
+  security concerns,

+  sky glow and light trespass issues,

+  community goals,

+  coordination with navigation authorities,
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+ traffic management interaction,

+  controls,

+  curfew monitoring,

+  ELMS Implementation,

+  coordination with roadway maintenance and construction activities, and

+  budget.

These items are discussed under separate headings here and in subsequent chapters.

2.6.2 Lighting Justification Criteria

The purposes of roadway lighting should be defined, including one or more of the following goals as discussed
previously in Sections 2.3.2 through 2.3.4: roadway safety, personal security, and nighttime aesthetics. Specific
criteria, potentially differing for each purpose, should be established. Chapter 3 provides additional information
related to justification criteria related to roadway safety.

2.6.3 Electrical System

The study should evaluate electrical energy use and potential for savings.

2.6.4 Benefits and Effects of Curfews and Dimming

Dimming should be considered if light levels are higher than those required by AASHTO. In some instances,
lighting is installed at levels higher than the minimum required because of safety considerations or work zones.
It may be reasonable to dim lighting to only the required level after heavy traffic subsides. The same logic can be
applied to dimming as is applied to curfews.

2.6.5 Traffic Studies

Assess the hourly nighttime traffic volumes and crashes. Consider reducing continuous lighting to partial inter-
change lighting at the point during the nighttime hours when the number of fatal crashes analyzed over a three-
year period drops to half of the peak rate. Consideration may be given to the type of crashes occurring and to any
study that determines if lighting is a factor in the specific traffic safety problem.

2.6.6 Community Goals

Conduct a survey of community goals for lighting,

2.6.7 Budget

Consider how the master lighting plan relates to the following budgetary factors:
+  How will the plan affect the budget for lighting installation and maintenance?
+  How will the plan affect the budget and methods for other traffic safety devices?

+  What is the budget for installing controls?
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