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DISCLAIMER

IES publications are developed through the consensus standards development process approved by the American National
Standards Institute. This process brings together volunteers representing varied viewpoints and interests to achieve consensus
on lighting recommendations. While the IES administers the process and establishes policies and procedures to promote fair-
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certifier or maker of the statement.

AMERICAN NATIONAL STANDARD

Approval of an American National Standard requires verification by ANSI that the requirements for due process,
consensus, and other criteria have been met by the standards developer.

Consensus is established when, in the judgment of the ANSI Board of Standards Review, substantial agreement has been
reached by directly and materially affected interests. Substantial agreement means much more than a simple majority,
but not necessarily unanimity. Consensus requires that all views and objections be considered, and that a concerted
effort be made toward their resolution.

The use of American National Standards is completely voluntary; their existence does not in any respect preclude anyone,
whether that person has approved the standards or not, from manufacturing, marketing, purchasing, or using products,
processes, or procedures not conforming to the standards.

The American National Standards Institute does not develop standards and will in no circumstances give an interpretation
to any American National Standard. Moreover, no person shall have the right or authority to issue an interpretation of an
American National Standard in the name of the American National Standards Institute. Requests for interpretations should
be addressed to the secretariat or sponsor whose name appears on the title page of this standard.

CAUTION NOTICE: This American National Standard may be revised at any time. The procedures of the American National
Standards Institute require that action be taken to reaffirm, revise, or withdraw this standard no later than five years from
the date of approval. Purchasers of American National Standards may receive current information on all standards by
calling or writing the American National Standards Institute.



Officers and members of the Roadway Lighting Committee

For the committee-info page in RP-8-21. (No others groups or recognitions are to be included this time.)

Prepared by the Roadway Lighting Committee

Martin A. Aitkenhead, Chair

Joe D. Marsh, Vice Chair

Mark Seppelt, Secretary

Members

C. K. Andersen N. Dittman R. Larivee

L. A. Asselin M. A. Dudas O. Letamendi
R. Bhagavathula K. Fitzmaurice G. G. Lister

J. T. Brown J. Frazer D.S. MclLean
M. Bucci R.S. Jones K. Molloy

G. Chelvanayagam J.J. Juzwiak M. N. Maltezos
J.Cheung H. Kashaninejad E. H. Morel

N. E. Clanton R. W. Kauffman R. Rainer

S. Coyle S. N. Lansford J. Robinson
Advisory Members

K. Aiken R. Gibbons A-M. E. Lemieux
R. Benekohal D. R. Howard D. Lenasi

G. J. Brunet G. Hyde C.J. Leone
R.D. Clear J. Jiao M. Letourneau
J.J. DaCosta K.S.Kang P. Lutkevich

C. Donkin D. M. Keith L. E. Lutley
A.L.Duma M. T. Kelly D. R. Monahan
R. R. Ebbert R. Kent C. M. Ockunzzi
C. Falkowski E.J. Kramer U. Padmanath
J.S. Farsatis A. M. Kuczkowski D. Passariello
J. Faught C. Kwong M. R. Pearse

A. D. Silbiger

W. A. Smelser
M. Smolyansky
R. Stemprok

M. Tedesco

G. H. Thiesse

U. Thurairajah

S. A. Wentworth
R. W. Yeager

J.S. Petty

L. C. Radetsky
T. Ross

P.P. Sabau
J.A. Simmers
L. F. Smith
M.-A. Vachon
J. T. Weaver
E.S.Yao

S. Zarling




Please refer to the IES website for possible Errata: http://store.ies.org/errata-and-addenda/

Introduction to this Recommended Practice. ... e e |
History of the DOoCUMENt . . ... ... e et e e ettt ettt e et a e |
How to Use this Recommended Practice. ... ... ... i e e e ]

Part 1 - Fundamentals

8 11T 2 T | 1-1
L 2 1V 4 - T TN - Tl o) P 1-1
1.3 TheValue of LIghting ... ovinuiitii ittt it iieteeneeneenneeneeoneenssoncenssonsensosnsananns 1-2
1.3.1  TheKey Benefit— AReduction In Crashes ... ...t e 1-3
1.3.2  Cost-Benefit Analysis of Roadway Lighting . .........ooviiiiiiiii i e 1-4
1.3.3  The Need for GOOd DeSIgN . ...ttt ettt e ettt e ettt e eaaeens 1-4
1.4  Lighting Warrants . .......uintinntiittintinttnetinetaeeeaeeaneeasonesensenssenssnsssnsensssnsanssns 1-5
1.5 ENnergy Conservation ......c.uuuuueeeteieninnneeeeesosennaseesssosssssassssssossssnnssssssessnnnns 1-5
1.6 Environmental Factors. ... ....ouiineiiniiiiiii it it ittt ittt ittt 1-5
1.7 Alternatives to LIghting ... ..ovinuiitii ittt ettt e tenereneeneranesnssonsenssnnsanaons 1-6
1.8 Reference Lighting Organizations ........coutiieiitiieiitenteeneeneeeneeneeeneenesoncensosneanaans 1-7
Additional REadiNg . ..ottt ittt tetaetenasesesaesesasesesnssesassssnsssssnssssnssssnns 1-8
References for Chapter T ... ..ttt ittt iiiititeneeeeneeeeennesennsssennesesnssssnnssssnsssonssssnnasns 1-9
2.1 Lightand the Visible Spectrum. ..ottt ittt iie ittt eatenereneenesensenssancanns 2-1
2.2  Basic Principles Of Vision .. ...ouuieiiitin ittt iinttneeeneeneeeneeeneeneossseneonssensensssnsanns 22
221 StruCtUre Of the EYe . ..ot e 2-3
2.2.2  Functionof thelris and PUPIl .. ..ot e e e e e 2-3
2.2.3  FUNCION Of the LeNS ..o e e e e e 2-3
224  FUNCtion Of the RetiNa. . ...t e e e e e e 2-3
0 S Yo F- Y ] - 1 4 o o 2-5
2.2.6  ACCOMMOTATION . .ottt 2-5
2.3 Visibility Fundamentals and Principles. ... .....ootiiiiiiii ittt i inereneaaernnaans 2-5
20 T I o | =T 2-6
232 ViSUAI ACUIY . ettt e e e e e e 2-7

2.3, 3 Gl et 2-7



2.34  Spectral Effects and Mesopic ViSiON. . ... .et ittt ettt 2-7

2.3.5  Effects of AQE ON ViSION ...ttt e e 2-9
2.4 LGt SOUINCES. ottt ittt ittt ittt eeennetenneeeenneeeenssesnsesennssssnssssonssssnssssnnsssonssannns 2-10
0 T |1 == T U =T 0 1= o | 2-10
251  Measurement CoNSIAerations. . .. ... u ittt ettt e 2-10
252 UNITS @nd ToIMS. . .ottt ettt e e e e 2-1
2.5.3  Principles of Laboratory PRotometry. ... ...oouin it e e 2-12
2.54  Photometric TEST REPOITS ..\ttt ettt ettt et e et e e ettt e et e e teieaeananas 2-12
2.5.5 Relative and Absolute Photometry. ... .. ... e 2-17
2.6 Luminaire Classification SYStEIMS .. ...ttt ittt i iierittateeraeensneaasassnsensneansnns 2-17
2.6.1  Longitudinal Light Distribution (S, M, L) . ..ot e e e 2-19
2.6.2 Transverse Light Distribution (Types | = VS) . ...t e 2-20
2.6.3 ThelES Luminaire Classification System (LCS) and BUGRatings .........covvuiniininineinennnn.. 2-21
2.6.4  Variations and COMMENTS . ... e ittt ettt et e e et e e e e et e e 2-24
References for Chapter 2. ... .uii ittt ittt et teneeeneeeneeneeoneaneensssensenssensennsoncsnnsonss 2-26
3.1 Calculation EI@MENLS .. ..ottt it i e e e e i 3-1
2N N T o T To I <o o3 T o3 3-1
T A o Y- To I 1Y/ o T 3-1
3.3 Pedestrian ConfliCt. .. ou ettt et e e e 3-1
304 Lamp Or LUMIN@Ire LUMENS. ..ottt it e et et et e et et e i ae e 3-1
31,5 Pavement ClassifiCation .. ......o. ittt e 3-1
3.0.6  Light Loss FACtors (LLF) . .. ...ttt et e e e e e e e 3-2
3.1.7  Luminaire Position and Orientation . ...........ou ittt 3-7
3.1.8  Impactof Vehicle Headlights .. .......co.iuiiii e e e e et 3-7
3.1.9  Changein Physical SUITOUNAINGS . ... vttt e e e e et ineaeens 3-7
3110 Impactof Trees on Lighting ... ...onieieii e e e e e e 3-7
3.2 Roadway Lighting Metrics - General Information............coiiiiiiiiiiii ittt iiaennnnns 3-10
3.21  Assumed and Standard Conditions . .........ou ittt e 3-1
3.2.2  Accuracy of CalCUulations. . . ... .o e 3-1
3.2.3 Selection of a Grid and Luminaire Location Geometry for Calculations............................ 3-1
3.3 Calculation of Roadway Pavement LUMINaNCe ......outitiieiinteneteneenneenereneenesonsonsannsans 3-16
330 TherTables. .o e e 3-16
3.3.2  Pavement Classification SyStemMS. . ... ..ttt e e 3-21
3.33  Formulas and UNits .. ...o.u ittt e e e e 3-21
3.34  Summary of Pavement Luminance Data .. .....c.ouiuiiiii i 3-21
3.3.5 Example of Determining Valid Luminaire-Point Combinations.................cooiviiiiiiianan.. 3-21
3.4 Calculation of Roadway Pavement lHluminance. .......ovtiieiintrinienernneenereneeneeonseneannsans 3-25
340 Formulasand UNits ... ..o.uui et 3-26
3.4.2  Summary of Pavement lluminance Data. ... .....ouvuiuninii e 3-26
3.5 UNniformity Ratios. .. .couutitiii ittt ittt ettt te et tene ettt aaeaaaaaas 3-26
3.6 Two Metrics of Glare in Roadway Lighting. ..ottt ittt ie e eas 3-26
3.6.1  Veiling LUMINANCE ..ottt e e e ettt et e e et e 3-26

3.6.2  Threshold Increment (T1) . ...oonriiin e e e e e et e i 3-27



3.7  Small Target Visibility (STV) ..ottt i i ettt ettt ieeenerenenaesaneanasonnsans 3-28

371 Calculating Target LUMINGNCE . . . . oottt ettt e e ettt 3-28
3.7.2  Calculating Target Visibility . . . .. ..o e 3-30
3.7.3  SUMMArY Of Dalta oottt ittt ettt e e e e e e e, 3-30
3.8  Vertical HIuminance. ... ..ouuinii it i it ittt ittt ittt etnesneeaneannenns 3-30
3.9  Tunnel Calculations. .....v ettt i it ettt ittt ittt e 3-31
B30T GENEIAl. et e 3-31
3.9.2 Selection of a Grid for Tunnel Lighting Calculations ......... ... 3-32
3.9.3 Computation of the Direct COmMPONENt . .. ...ttt et ettt e et i einaaanas 3-34
3.9.4  Discretization of the TUNNEl SUIaces. . ... ottt e 3-34
3.9.5 Computation of the Indirect Component of llluminance.............cooviiiiiiiiiiiiiiiiieieannns 3-35
39.6 Computation of Surface Element Luminance and Reflected Intensity..............ovviiiniiiniinn... 3-36
3.9.7 Computation of the Indirect Component of Veiling Luminance ...............cooviiiiiiiiin.. 3-37
Additional Reading . ...viutiiiiiiii ittt teenteeenneeeansesennessonssssanssssnssssnsssssnasannns 3-39
References for CRapter 3 ... ittt ittt ittt it teeteeneeneeeneanseoneeneeonsensosssensenssoncennsonss 3-41
L T 1Yo Yo ¥t T TR 41
4.2 Defining Obstrusive Light. ...ttt ittt ieeeteennresennesesnssssnnesssnssannssssnnas 4
e B IR T | o 1 =X o Y- T3 AP 4-2
431 Recommended Acceptable Levels of Spill Light ........oouiiiiiii e 4-3
4.3.2 Measurement and Calculation of Spill Light . ... e 4-4
433  Mitigation of Spill Light. . . ..o e e e 4-5
N € - T 4-5
441  Calculation and Measurement of Offsite Glare. ...........ouiii i e 4-5
442  Mitigation Of Glare . ....ooi i e e e e e e 4-5
S Y Q€1 o 4-5
45T SoUICES Of SKY GlOW. . ..ttt e ettt e e e e et 4-6
452 SKy GIow MOdels. . ..o e e 4-7
443  Mitigation of SKYy GIOW . . . ..o e 4-7
4.6 Obtrusive-Light Regulations . ......coutiiiiuiiiiiiiiiiitiirteeneeeennerennaeesnsesesnssasnssssnns 4-8
4.7 Impacts From Off-Roadway Obtrusive Light...........coiuiiiiiiiiiiiii it iiiiiiieiiiiaenenns 4-9
4,71  Some Conditions Wherein Obtrusive Light Might Be Created for Road Users ....................... 4-9
4.7.2  Mitigating the Effects of Obtrusive Light From Off-Roadway Sources. ............coooviiviiiniin.. 4-9
4.8 Lighting Impacts on Speciesand Habitat ...........cciiiiiiiiiiiiiiiiiii it iiiiiiiiaeeneananns 4-9
4.9 Potential Health Impacts of Lightingon Humans ......... ...ttt 4-10
410 Impacts of Exterior Lighting on Airports ... ..oviitiiiiiiiiiii it iiiireneeenneesennessnnssannns 4-10
References fOr CRapter . ...ttt ittt ittt teeteeneeneeeneeneseneenseonsensosssensonssencennsonss 4-1
5.1 Typical Situations That May Require LightingDesign ..........ccouiiuiiiiiiiiiiiiiiiiiiiiiiiieiaennes 5-1
5.2 DESIgN ISSUES . oottt s tetttenaneeessosenenanseessosesssansosssosesssasnssssssesssnnnssssssessnnnns 5-2

L0 Y ¥ =1 Y 5-2



L3070 . N 5-3

523  Optimization of LIghting . .....oon it e e e e e e e 5-3
5,24 AESTNTICS .ttt e 5-4
5.2.5 Environmental ConsSiderations. .. .........un ottt e 5-4
526 Site CONAItiONS. . ..ottt et 5-4
5.2.7 Collision Data and INVestigations . .........uuuirineii ettt et et ie e ieieneanns 5-6
5.2.8  Adaptive Lighting . ....o.oii i e e 5-6
5.29  PrIONIZING . ¢ ottt e e e 5-6
5.3 Lighting Master PIans .. ........oiuuiiiiitiiiiiiiiittietiatraetaateaneeasenesensssesenssnnsansanns 5-7
54 THhe DeSigN PrOCESS . v v ittt ettt eteeneeneeeneenesanseassonseasssnsensssssensssssensssnsanssons 5-9
540 Perform Pre-0esign . ..ottt e e 5-10
5.4.2  Investigate Site CoNditioNS ... .o.utit i e e e e e e 5-11
5.4.3 Define Lighting Design Criteria .. .....uuuueii ittt et e ettt ie e i enaenas 5-12
544  Perform Lighting Design . ...ttt e et et e e 5-13
5.4.5  Perform Electrical Design. ... ..ottt e e e 5-15
5.4.6 Perform Geotechnical and Structural Design........ ..ottt i 5-16
5.4.7  Prepare Plans, Specifications, and Estimates (PS&E). .. ......ouviiririr it iieananns 5-17
54.8  Bid Or TENEY ..ttt e e 5-18
549  CONSTIUCTION. ¢ .ottt e e e e e e i 5-19
5410 PoOSt-CONStrUCTION: DrawWings. . ..o ut ettt ettt et ettt e et e e e 5-19
5.411 Post-construction: Integration and CommIsSIONING. . .....vuinintet i iee e iineananns 5-20
LT T - 1 (¥ ] = T T o T3 AP 5-20
70 T I - o | 7 | o 13 5-20
5.5.2  OPErating COStS. . .o v ettt ettt e e e 5-20
5.5.3  Lif@ CYCle COSt vttt ettt et e e e 5-21
554  Life-Cycle Cost Calculation EXample . ...ttt e e e e 5-21
5.6  Verification of Lighting Levels . .......ouiintiiiiiiiiiiiiiiiiieretentenneenerensenesonsonsannsnns 5-21
5.6.1  Verification by Calculation. .. .......couiuiuii et e e e e e s 5-21
5.6.2  Field Verification . .. ..ot e e e 5-21
5.6.3  Electrical System Verifications . .......o.ouu i e 5-24
5.6.4  Field Verification of Lighting Performance ... e 5-24
L] =Y Y el T o) @ T o =T 5-25
6.1  Selecting and Specifying Products ..........c.iiuuiiiiiiiiiiiii ittt ittt it 6-1
6.1.1  Sources for Information on Available Equipment ... e 6-1
6.1.2  The Importance of Quality in Product Selection.......... ..o 6-1
6.1.3  OtherKey Selection Criteria ... ... un ittt et e e e ens 6-1
6.1.4  Capital (Supply) Costin Product SElection. .. .......couiuiuiinii i e e 6-2
6.2 Types of Lighting and MoUNTING. ... .oiutttiittiiittitiaereneeeteanoeneosesensssnsenssonsanssnns 6-3
6.2.1  Bollard Lighting . . oot e e e e e e 6-3
6.2.2  Decorative LiIghting . . ..o .ot e e e 6-3
6.2.3  Horizontal Arm-Mounted Lighting. . ........ouiiii i e e e e et e e et 6-4

6.2.4  High-Mast Lighting ......coniiiii e e e e e ettt ettt ey 6-6



6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.2.5  Wall Mounted Lighting . .. ...ouiuiui e e e 6-12

6.2.6  Roadway Lighting on Utility Poles ..........iuii i e 6-13
6.2.7  Floodlighting . ..ottt e e 6-14
6.2.8  In-RoadwWay Lights . ...t e e e e e e 6-15
[ Te ] 0 1 Yo T U =Y. 6-16
6.3.1  Light Emitting Diode (LED) .. ... .iuintt ettt e ettt e e e e 6-18
6.3.2  High Intensity Discharge (HID). . . .....ouinin et 6-19
6.3.3  FIUOIESCONT . .\ttt e e e e e e e e e e 6-20
6.3.4  INAUCHION (B) .o v vttt ettt e e e e e e e 6-22
6.3.5  PlaSIMa. ot e e 6-22
6.3.6  Low Pressure SOdium (LPS) .. ...t e e e e 6-23
6.3.7  INCANAESCENT Lttt ettt e e e 6-23
LUMINAITES « vttt ittt ittt it tiieeeneeesnonnneeesosessonnnesssssessonnnsssssssssonnnsssssss 6-23
6.4.1  Luminaire Photometric Performance. ... ..covuuie i et iie et 6-24
6.4.2  Special Considerations for Roadway Luminaires. ....... ...t 6-24
6.4.3  AErNative POWET SOUICES. . ..\ttt ittt et ettt e e et e e et e ettt e i eaeaens 6-24
LUMINQire ComMPONENES . ..ttt ittt i iieetttteeeennneeeeeseeeennneeesosesesnnnsssssseesnnnassssns 6-25
B.5.1  HOUSINGS .ottt ettt ettt e 6-25
6.5.2  LED System ComMPONENTS. ...ttt ettt ettt et et e et et et e 6-25
6.5.3  HID and Fluorescent System COmMPONENTS ... .uuttttttte ettt e e e i ene e eienenenns 6-27
Electrical Distribution. ... ...couutiiiiiiiiii ittt tteieetenenerennesesnssssnnssssnssssnsssnnns 6-28
6.6.1  Electrical System COMPONENTS. . . ..ottt et 6-28
6.6.2  POWET SUPPIY et e 6-29
LSS0 T 17 1= (= T R 6-29
6.6.4  Power Distribution Cabinets. ... ..ottt e 6-30
6.6.5 Power Quality CoNSIderations .. ........iuiuiutie ettt 6-31
VG ettt ittt ittt ettt tenaeeeenesenassosanesennssosnssssnsssesnssssnsssssnssssnssssnnss 6-32
(7 B 1Y/ o o | I @ T [Ty o V7o 1= 6-32
6.7.2  OVerCUITENT ProteClioN. . .ottt e e e e e e e e 6-32
6.7.3  Voltage Drop and Fault Current Calculations . .........ouiiii i e e 6-32
6.74  Grounding and BoNAiNg . .......ouiniiiii 6-32
6.7.5  CONAUIL. ..ottt e e e e e e e 6-33
6.7.6  JUNCHION BOXES. .\ttt ittt e e e et et et e 6-33
o LT3 - T o =3 6-33
6.8.1  Concrete FOUNatioNS. . ...ttt e ettt 6-34
6.8.2  Steel Screw-In Type FOUNAatioNns .. ...ttt e e e e 6-34
6.8.3  Direct-Burial Poles . ... e e 6-35
Poles and Related HardWare ........c.oueiiiiutiiiietrennerenneeenenerennesesnssssnsesssnsssnnsssnnns 6-35
6.9.1  Pole Materials. .. ... e e e 6-35
6.9.2  Pole Placement (SPacCing). . ... ettt ettt e e e e 6-37
6.9.3  Clear Zone ReQUITEMIENTS . ...\ttt ettt ettt e et e et e et e e ieaeaes 6-38
6.9.4  BreaKaway Bases .. ...ttt e e 6-38
6.9.5  Pole Attachment Hardware. .. ...t e et 6-38
Roadway Lighting Control Systems .. ....vuutiiiitiiiiiiiiittiierereneeresnssssnssssssssssnsssnnns 6-39
6.10.1  Control TEChNOIOGIES. . .. v ettt e e e e et e e 6-39

6.10.2  Adaptive Lighting Design . ...t e e e e e e 6-44



6.10.3 Adaptive Lighting Operations ... .......uuiuiiti ittt 6-49

6.10.4 Integration and COMMISSIONING . ...ttt ettt ettt e e e e e eenes 6-51
References for ChaPter 6. ...ttt ittt eteeeeeenneeeennesenneseennesannsssonsessnnessonsssnnnens 6-54
7.1 Local, Regional, and National Codes .........oiiiutiiiiiiiiitiiierereneereneresensesesnssssnssssnns 7-1
% 2 0 1 T 114 T3] ] 14 o - 1« L3S AR 7-1
7.3  North American Standards Organizations. . .......ooeetiiiutiiieerineerenneeseneesesnssssnsessnnssss 7-2

737 Canadian Organizations . . ...ttt ettt e 7-2

7.3.2  US. Organizations. . ...ttt ettt e e e e e e e e e 7-3

733 MexXican Organizations . .. ...ttt et e e e 7-4

734  Multinational Organizations . .. .....o.iututi ittt e e e e e 7-4
References for Chapter 7 .. ..ottt ittt it ittt enneeenneesennesennessansesennessonsesannenns 7-6
R T © 1= T 8-1
8.2 Limitations of Computer Calculations. ... ..cvutiiuiiitiiiiniiiieteeteeneeneeeneeneseneenneaneanns 8-1
8.3 BasicLuminance Calculations ..........uiuuiiniiiiii ittt it i i i ittt 8-1
8.4 Complex Roadway Calculations .. ....uviuutiiiieiiiineieneeeenneerenasosssesesnssosnssssnssssnnsses 8-3
8.5 Typical llluminance Application ........iuutiiitiiiiiiiiiiiiiereneteennresennssosnssssnsessnnssas 8-3
8.6 Calculated Digital RENAEriNGS . ...ouuutiiiutiiii ittt tetanerenaeeessesesnesosassssnssssnnssss 8-4

8.6.1  The ReNeriNg PrOCESS . ... vttt ettt ettt ettt e e et ettt e 8-4

8.6.2  UsSeS fOr RENAEIINGS . . ettt ettt ettt e e et e et 8-5

8.6.3  Limitations Of RENEINGS . . ...ttt e e e et 8-5
£ Y- T =Y P 9-1

9.1.1 Fundamental PrinCiples . ....o.onoei e e e e e e e e 9-1

9.1.2  Procedures Before Beginning Work . ... ..ot e e 9-1

013 EleChriCal. c oot e 9-2

S S o U110 o =T oY PP 9-2

9.5 Traffic CONTIOl. . .o e e et e e e e 9-2

9.1.6  Environmental Protection and Health and Safety Hazards ..., 9-2

0.1.7  CONtACE VO agE. . ettt ettt e e e 9-2
9.2 LUmINAires anNd ACCESSONIES ... ttnuttettnteneeneeenesaeeeaeseneeaseansensonssenssnssenssnssanssnns 9-4

0.2.1  Light SOUrCe Life . ..ot e e e e 9-4

9.2.2  Light Source LUMeNn Depreciation .. .........e.eu e eueue ittt e 9-4

9.2.3  LUMEN Dirt DepreCiation ...ttt e e e e e 9-4

9.2.4  Leveling and AligNment. .. ..ottt e e e e e 9-5



0.2.5  CONTIOIS ettt e 9-5

0.2.6  LINEVOAGE ..ottt e 9-5
9.2.7  Obstruction of Light and Photocontrols by Foliage . ..........oouiuiiii i 9-6
9.3 Poles and ACCeSSOIIES. . .. v ittt ittt ittt ettt ettt ettt it i it e 9-8
0.3.1  PaINt Or COatiNg . . oottt ittt ettt et e e e e e e e 9-8
0.3.2  VIBratioN .. e 9-9
9.4 Maintenance of Conventional Lighting Systems ..........ciuiiiiiiiiiieiiiinniiiennrnieneneenennss 9-9
9.4.1  Preventive MaintenanCe. . .. ...ttt 9-9
9.4.2  Corrective MaintenanCe . .. ...ttt et e 9-10
9.5 Maintenance of High-Mast Lighting Systems. .......ouiiiiiiiiiiiiiiienereneenereneeenreneannonns 9-10
9.5.1  Preventive MaintenanCe. ... ...ttt e e 9-10
9.5.2  Corrective MaintenanCe . ......ouiuinittt e e 9-1
9.6 Maintenance of Tunnel Lighting Systems . ........couiiiiiiiiiiiiiiiiiiintenerinennernaeannonns 9-11
9.6.1  Preventive MaintenanCe. .. ...ttt e e 9-1
9.6.2  Corrective MaintenanCe . . . ... vttt ettt e e e e e e e 9-13
9.7 Troubleshooting, Repair,and Replacement .........ouiiiiiiiiiiiiiiiineerenneeeeneessnnesannns 9-14
9.7.1 Procedures for Night Patrol SErvice. ........ooniiiii e e e e e e 9-14
9.7.2  Information Gathering .. .....oiuin i e e e e ettt e e e 9-14
9.7.3  Troubleshooting LED LUMINGIIES ... ...ttt ettt e et e e eieianens 9-14
9.74  Troubleshooting HPS LUMINGIIES ... ....utei e et e 9-15
9.8 Maintenance Management System GUIdelines .........cviiuiiiiiiiiiiiiiiiiiiiierenneesnnnesanns 9-16
9.8.1  Inspections, Patrols, and PUbliCREPOIting .........ouininiiii i e 9-16
LR 20 (= To [ 011 =] 0 0 T= o 9-17
9.8.3  Operations and Asset Management via Networked Systems..........coviiiiiiiiiniiiiinnnnnn.. 9-18
9.9 Light Source Failure. .. ..ottt ittt iia et itateeteateneseneenesoncsasssasannonns 9-19
9.9.1 Light Emitting Diode (LED) Failure . .......oui i e e 9-19
9.9.2  High Intensity Discharge Lamp Failure . ... e 9-19
9.9.3  Low Pressure Sodium (LPS) Lamp Failure. ..ot et 9-20
994 Incandescent Lamp Failure . .......on it 9-20
9.9.5 Basic Relamping Practices and ChoiCes .........ooiuiriniiii i e ettt 9-20
9.10 Relamping With LED Retrofit [ams. .. ..ovutiitiitiiiiiiienteeneeneeneeeneeneseneennsonsannanns 9-21
9.11  Disposal Of COMPONENES ... ttiettetteteittenteneenneeneeeneenseeneeneosssensesssonsenssssnsannsnns 9-21
9.12 New Light Sources and COmMPONENTS. ... vouuttietttineerenneeeensesesnssssssssssssssnssssssasssnss 9-22
.13 ECONMOIMICS « it titttttittttt ittt etaeenteaseenesnseaaesuseenesnseenesnseeneenesonesnnsoncennenns 9-22
1o 1. 2 T I8 T o o o 3 - Yot o 3 9-22
0.13.2  RECOId KBEPING . .ttt ettt ettt ettt et e e ettt e e e e e 9-22
9.13.3  Group Versus Spot Relamping .. ....o.iuiuiii e 9-22
9.13.4  MaintenanCe BUAGetS . ..ottt e e 9-23
0.13.5  ENEIGY Q0SS . o vttt ettt ettt et e e e e e e e e e e 9-23
9.14 Methods of CoNtracting. ... couuiuiiiii ittt iie et taaeeneeaneenesanesnesancannenns 9-23
0.15 EqQUIPMENt TeSTING ..t ttiiiiiitttttteiiieeetesoseennansesssosssnnnssssssesssnnnssssssesssnnnaass 9-24
Additional REAdiNgG .. .vvviut ittt itietttenneeenaseosenesesnssesenssssnssssnssssnsssssnsssnnns 9-25

References for CRapter O ... ittt ittt ittt ieeteeneeneenneeneeansoneesnssnsensosnsensssnsanssnnss 9-25



Part 2 - Design

10.1 Roadway Lighting —General ...... ...t i it ettt ittt 10-1
10.1.1  The Purpose of Roadway Lighting . ........ oo e 10-1
10.1.2  Highway Lighting Versus Street Lighting .. ......o.ouiii i e 10-1
10.2 Classifications and DefinitioNns. .. ......ouiitiiiiii ittt ittt iiteneraneenerancanesnnss 10-2
10.2.1  Highway DefinitioNns. . ..o .ottt et ettt e 10-2
10.2.2  Pavement ClassifiCation .. .......ouiuiuiitt et ettt 10-3
10.3 Design ConsSiderations . .. ...uvuuuttiiutteneeerenaeeonesesesnesosasssensessssssssnssssnssssssnssssnns 10-3
1037 ViSUAL TasK . . et e 10-3
10.3.2 Glare, Light Trespass, and SKY GIOW ISSUES. . . ...ttt e et e e eee e ieans 10-3
10.3.3 The Effects of Headlights. . ....o.oiii e e et et ieans 10-3
10.3.4  Spectral Considerations . ... ...uutt ittt e et et et e 10-3
TO4 DESIgN ISSUES. o oottt ittt ittt ttietttneesenaeeeansesenaeessnsessnsesssnssssnssssnsessonssssnnesans 10-4
1041  CUIVes and STEEP Grades. . ...ttt ettt ettt ettt et e et 10-4
10.4.2 Highway INterchanges . .......oniiini e e e ettt e e aens 10-5
10.4.3  High-Mast Lighting ... .ouiuiir e e e e e ettt et e i eaans 10-6
10.5 Lighting Recommendations. .. ....oiuutiiiitiiiitienerereneereneressnsesesnssssnssssnsssssnssssnns 10-8
1051 GENEIAL. e e 10-8
10.5.2  Lighting Criteria. . ..ottt e e e e et e et e e e e, 10-10
10.6 Design Calculations. . . .....inuiiii ittt ittt ettt ta ettt et eeneeietaneiaeeaaeaaes 10-12
10.6.1 Recommended Calculation Methods ....... ..ot e 10-12
10.6.2 Recommended Luminance Calculation Method for Highways ............c.coviiiiiiiiiin... 10-13
10.7 Design EXample — Fre@Way . ... .c.uetinetiiiutteneeereneerenasesennesesassssnsssesnssssnssssnnssss 10-13
Additional REAdiNg .. .v v vttt ittt iiteeteenaetenesesesnesosasssssnesesnssssnsssssnssssnsssnns 10-15
References for Chapter T0. .. ...ttt itiittennereneeeeenesennssosnsesennssesnssssnnsssonssssnns 10-15
TS S Y= R e | o1V R 11-1
11.2 Walkways and Bikeways in the Public Right of Way ..ottt iiiiiienennnss 11-1
11.3  Classifications and DefinitioNns. .. .....uiutiitii ittt iieteetreneeneoeneeneosnsenssensenssnnss 11-1
1131 Street ClassifiCations .. ... e. ittt e e ettt e 1-2
11.3.2  Pedestrian Activity Classifications. . .. ..ottt et 1-2
11.3.3  Pavement ClassifiCations . .. ... ...ttt e e e e 1-2
11304 D NI ONS . . ettt et e e e e 11-2
11.4 Design Considerations ... .....uieiittiettiteneteneeneeeneraneeaeseneeasoansensonasensssnsenssnnss 11-4
1140 AppPearance and SCale. .. ...t e e 11-4
TTA.2  VisUal Task . ..o e e e e e e 11-4
11.4.3 Integration with Non-lighting Elements. . ... ..o e e 11-4
11.4.4  Vertical Surface UmMINation. ..ottt e et e e 11-5
11.4.5 Glare, Light Trespass, and SKy GIOW [SSUES. . . . .. ...t e 11-5

11.4.6 Impactof Headlights. . ... e e e ettt et e eieaas 11-5



1147 Impact of Trees On LiIghting .. ...oooniiiii e e e e 1-5

11.4.8  Spectral Considerations . .. ....ouutit ittt ettt et ettt e 11-5
11,5 DESIgN ISSUES . ottt ittt ittt iteieneeeesosennnanneessosesssansesssosesssnnsssssssssssansasssssssnns 11-5
1151 CUrves and StEEP Grades. ..o u ettt ettt e ettt ettt et et e 11-5
11.5.2  Trees Adjacent tO ROAAWaY . ... o.v ittt e e ettt e et aens 11-6
11.5.3  LOCation CONSIAEIAtIONS. . . v vttt ettt et ettt ettt et et eaeens 11-6
11.5.4  Safety and SECUIITY ...ttt et ettt e e et e et et 11-6
11.6  Lighting Recommendations. . ... .....uiuuiitiiiiiiiiiiitie it tiettiteiteneeaneenesancenesnnns 11-6
11.6.1  Streets — General ReCOMMENALIONS . . . . ...ttt 1-6
11.6.2 Pedestrian Walkways and Bikeways — General Recommendations. .................cociiiiiiin... 1n-7
11.6.3  LIghting Criteria. . o oottt e e e e e et e ettt e 11-8
11.6.4 An Alternative Method for Determining Lighting Criteria............coiiiiiiiin i, 11-9
11.7 Design Calculations. . ... .c.uineiiiiitii ittt ettt itentteeeneraneaneseaesnssansenssansenssnneen 11-9
11.71  Recommended Calculation Methods. ............ e 1-9
11.7.2  Recommended Luminance Calculation Method for Streets ...... ... iiiiiaa... 11-9
11.7.3  Recommended llluminance Calculation Method for Walkways. ............coviiiiiiiiiininen.... 11-9
11.74  Recommended llluminanceCalculation Method for Cul-de-Sacs. ........ovviiiiiiiiiini ... 11-9
11.8 Design Example — A Major (Arterial) Street.......covvitiiiiiiiiiiiiiiii ittt iiiieeeinsessnnessnnns 11-9
Additional Reading ... ..ciueiniiiii it ittt ettt e i e i i e 11-12
References for Chapter 11 ... ...ttt ittt teneeeenneeeennesennnssennesennssssnssssnnsssonnsssnns 11-13
o2 O 0 T 1 1T T3 12-1
1200 Land Use Definitions . . ... u e e e 12-1
12.1.2  Intersection DefiNitions . ... ... e 12-1
12.1.3  Pedestrian Activity DefinitioNns. .. ...ttt e 12-2
12,14 Lighting Definitions . . ..o .ot e e e e e e e e 12-2
12.2 Design ConSiderations . ... .ue it ttietreneeeenneerenaeeesasesennssssnssssnssssssssssnssssnnssans 12-3
0 Y- | Y 12-3
12.2.2 Site CONAITIONS. . .ttt ettt et e et e ettt e e 12-3
{2 e T =Y T T 1 (= - T 12-3
12.2.4 Identification of Design Elements. ... .....ininiiiii et 12-3
12.2.5  Spectral ConsSiderations . .. ...ttt et e ettt e 12-3
7205 N 1 =T 1Y e 4 o 3 - 12-3
12.3.1  Intersection Design ISSUES . . . ..ttt et e e e 12-4
12.3.2  Intersection Lighting REQUIrEMENTS. . ... ..ttt ettt e ee e 12-5
12.4 RoOUNAbOULS. . ..ottt ittt ettt ettt it e e tateeaeetenneanesaacenesancanesnnes 12-8
1241  Key DImensions and Categories .. ... ...ttt et e 12-9
12.4.2  Roundabout Traffic Operations . .....vu ittt et et et e i eeaans 12-10
12.4.3 Design Considerations for RoUNdabouts . .........o.viiiiiiii i i 12-12
12.4.4 Lighting Recommendations for Roundabouts. ... 12-13
12.4.5 Roundabout Calculation EXample. . .....ooii i e e e e 12-14
12.5 Crosswalks at INtersections .........ciuuiiiiiiiiiiii ittt iiit i tiateiteaneaneeanennens 12-17
12.6  Midblock Crosswalks . ........ouuiiniiiuiiiii ittt ettt ittt ittt eeneeneeanenness 12-18

12.6.1  SUPPOITIVE RESEAICN . ..ottt e e e e e e e et 12-18



12.6.2 Design Considerations for Midblock Crosswalks. ......... oo 12-19

12.6.3  Midblock Crosswalk DeSign ISSUES . . ...t u ittt et ettt e e e e neeaaas 12-20
12.6.4 Lighting Recommendations for Midblock Crosswalks. ..........c.ooouiiiiiiiiiiiii i, 12-20
12.6.5 Design CalCulations . ... ittt e e e e e e e 12-20
12.6.6 Midblock Crosswalk Design EXample ..o et 12-21
References for Chapter 12, ... . uii ittt ieeeeeeenneeenneeeannesennsseennesennessonssssnnessnneens 12-23
13.1 Design ConSiderations . ... .uvuettiitteneeerenaeeonenesesassosansssnssssssssssnsssssnssssnssssnns 13-1
1311 General CoNSIAEIratioNS .. ... ...ttt et e et et e e e 13-1
13.1.2  The Purpose of Railway Crossing lllumination .......... ..o et 13-1
13.1.3  Pole and Luminaire Placement. . .. ....c.in e 13-2
0 707 B 1Y o 4 T T F = 3 13-2
13.2.1 Coordination With Other Elements ....... ..ottt e 13-2
13.2.2  ClaI ZONE . . ettt ettt et e e e e e s 13-2
13.2.3  Obtrusive Light ..o e e e e e e 13-2
13.3 Lighting Recommendations. ... ...oiutiiiietiiiitiiieeerenerenneesennesosnssssnsssssnssssnsssnnns 13-2
13.4 Lighting Calculations ... ...ivuiiiiitiiiiiiiietttienereneerenenesensesssnssssnsssssnssssnsssnnns 13-3
13.4.1 Horizontal Calculations for the Railway Crossing ...........oeueuiniuiinin i aaene. 13-3
13.4.2  Vertical llluminance Calculations forthe Train Cars ........ ..ottt 13-3
13.4.3 Glare CalUlations. . . . ..ot e e 13-3
13.4.4 CalcUlation Grids. . ..ottt e e ettt e e 13-3
13.5 At-Grade Railway Crossing Design EXample........ouiuiiuiiiiniieiiiiniiiiniiiiiiinenienenerneennns 13-4
ReferenCes fOr CNapter 13, . ittt e e et et e e ettt e e e e e 13-6
7 T 1= 3 1 T T3 14-1
1410 TYPES Of TUNNEIS . .o ettt e e ettt e e e e ettt 14-1
14.1.2  TUNNEl TOPOIOGY TEIMS .ttt e e et e e ettt et e e eaenens 14-1
14.2 Tunnel Design Considerations. . ....o.uetiietriittenenereneeresosesesesosnssssnsssssssssssnssssnns 14-3
14.2.1  Trafficand Roadway GEOMETIY ...\ttt ittt ettt ettt e e et e e eieianannas 14-3
14.2.2 Tunnel Architecture and Materials . .. ...t e 14-4
14.2.3 Visibility and Adaptation for the Driver. ... .. ..o e 14-6
14.2.4 Ease Of MaintenanCe .. ... ottt et e e e e e e e 14-6
14.3 TUNNEIDESIGN ISSUES. . .ottt ittt ettt ettt e eeeeeeeneenesaneeaesenesnsssnsensssnsenasnnenn 14-6
14.3.1 Daytime Adaptation at the Tunnel Approach........ ..ot 14-6
14.3.2  Nighttime Adaptation. ... ..o e e e et 14-9
14.4 Tunnel Lighting Recommendations. .........coiiiitiiiiiiiiitiiiireiineerenneessnsessssssssnsssnnns 14-9
TAATD  GENEIAl. .ttt e 14-9
14.4.2 Daytime Pavement LUMINGNCE ... ...ttt aeae 14-9
14.4.3 Nighttime Pavement LUMINGNCe. . . ...ttt e e ettt e et ieaeaans 14-10

14.44 Non-roadway Surface llumination . ... ... it e e e 14-1



T4.4.5 CUIVEd TUNNEIS ..ot e e e e e e e 14-1

14.4.6  UNifOrmity Ratios ... .outu ittt ettt e et ettt e e e eaaaas 14-12
14.4.7 Veiling LUMIiNaNCe Ratio. . ..ottt e e et et 14-12
14.4.8  FICKEr EffeCts .ottt ettt e e e e e ettt e 14-12
14.49 Tunnel Lighting Operation MOAES. . . ...ttt ettt e e e e ee e eans 14-13
14.4.10 Tunnel Emergency Lighting .. .....c.ooioi e 14-13
14.4.11 Lighting for Wayfinding . ... ..o e 14-13
14.5 Light Application TeChNIQUES . ...ttt i it ittt i et rieaneranenneanns 14-13
14.5.1  Symmetrical Light Distribution ......... ..o i e e 14-13
14.5.2  Asymmetrical Light Distribution — Negative Contrast (ALD-NC) ..........viuiiniiiiinineaennn. 14-13
14.5.3 Asymmetrical Light Distribution — Positive Contrast (ALD-PC)..........c.cviiiiiiriiiiinnninan.. 14-14
14.5.4 Wide and Narrow TUNNEIS . . ...ttt e et e e et ee e ienenans 14-14
14.6 Tunnel Calculations: Methods of Determination of Luminance Criteria ...........ccvvvviiiianenn.. 14-14
14.6.1 Luminance Valuesin Threshold Zone . ... i e 14-14
14.6.2 Threshold and Transition ZONES .. ... ..ottt 14-18
14.6.3  TUNNEIINTEIIOr ZONE ...ttt e e e e e e e e e eaeaas 14-19
14.7 Lighting and Electrical EquipmentforTunnels ..........cooiiuiiiiiiiiiiiiii ittt iiiiinrinennnn. 14-19
3 A R I o | o 0T LU =T3P 14-19
14.7.2  Equipment and LUMIIN@IreS . . ...ttt et ettt et e e i 14-21
14.7.3 Tunnel Physical Conditions and Related Luminaire Characteristics .............coovviviiinin... 14-21
14.7.4  Electric Power Supply and Distribution ......... ..o e 14-22
14.7.5 Measurement, Control, and Switching Systems. ...t 14-22
14.8 Maintenance Considerations .. .......iuuiintiiu ittt ittt titiatraeeaneenneenesnesancenens 14-23
TA.8.T  GENEIAl. o e 14-23
14.8.2  ONEr FACTOS . vttt ettt e e ettt e e et e et e e e e e e e et 14-23
14.9 Calculation Example: Liq Method for Determining L. .. .oueeeenenueneienerneneneenenesnennenennns 14-24
References FOr Chapter 14 ... ..ottt ittt ittt eenneeeennesennnesensesennsessnsssannsssnnnasannas 14-26
15.1 The Plaza Defined ......ouiineiiniiittietetteeteeteeneeneseneeneseneesssensesnssnsessssnsenasanees 15-1
LS N T o Y| o T- o 15-1
15.0.2 0 TOIIPIAZAS. « . e ettt e et e 15-1
15.1.3 Approach Road (Ramp) and Departure Road .........coiiiiiiiiii i i eeenen 15-2
15.1.4  Approach and DeParture ZONES . ... ...ttt ettt et e e et e e ettt a et e 15-2
15.1.5 Toll Collection ISIand . . .. ... e e 15-2
1506 INflEld .o e e 15-3
15.1.7 Administration and Maintenance Buildings ... e 15-3
15.2 Design Considerations . .. ...uvuuettiitteieeereneeeenenesesnesesansssnsesessssssnssssssssssnssssnns 15-3
1521 QUIENT STANAards. . ..ottt e e 15-3
15.2.2 Other Design Considerations ... ..ouiti it ettt et e a e eeenens 15-4
15.3 DESIgN ISSUES . ¢ttt ittt tttttteneneeeeeosesnanneessosessnansesssosesssansssssosssssansssssssssnns 15-6
15.3.1  SecUrity LIghting . . oo e e 15-6
15.3.2 Lighting Zones and Community Responsive Design..........vuviiiniiin i, 15-7

15.3.3  Obtrusive LIght .. ..ot e e e 15-7



15.4 Lighting Recommendations. ... ....o.uinuiitiiiiit ittt tiatreteeteeesaneenesensenesancenssonns 15-7
Additional Reading . ...viutiiiiiiiit ittt ittt eteteeenneeeeneeseanesesnsssssnssssnssssanssssnssannns 15-9
e =T Y a1 ) @ s F- o =T 1 15-9
16.1 Public Rest and Service Aras ... ......iuuiiuetiniinetnnenneteaeeateeeeeneeaneeneseneenesancenssnnes 16-1
1611 D INItiONS . . et e 16-1
16.1.2  Design CoNSIAEratioNS . ...ttt ettt ettt ettt e e et e e et e 16-1
16.1.3  DESIGN ISSUBS . .ottt ettt ettt ettt et e e e e e et e e e e e 16-2
16.1.4  Lighting RecOmMmMENdations . . . ....uutt ittt e e ettt e 16-2
16.2 Commercial-Vehicle Weigh Stations ..........ouuiiitiiiiiiiiii ittt iiintraneanerancanesnnss 16-4
16.2.1  DEfiNItIONS . . .t e e 16-4
16.2.2 Design CoNSIAEIratioNS . ...\ttt ettt et et e e ettt et e et 16-4
16.2.3  DESIGN ISSUBS ..ottt ettt ettt ettt e et e e e e e e e e e e e 16-5
16.2.4 Lighting ReECOMMENatioNS . .. ..ottt et e ettt e e e e e ieans 16-5
16.2.5 Lighting CoNtrols . ..ottt e e e e et e e et et 16-6
16.3 Commercial-Vehicle Chain-Up/Chain-Down Stations ..........cciitiiiiiiiiiinernneenernncnnennnss 16-7
16.3.1  Design CoNSIArations . ... ...ttt et e e ettt 16-7
16.3.2 Lighting ReCoOmMmMENdations . ... ...ttt e e ettt ettt e et e e 16-7
16.3.3  LIghting CoNtrols . ..ottt e e e et ettt et e 16-7
16.4 Accident Investigation SiteS .. .o.uuiiiit ittt iiiitiriiittenererenneresnssssnsssssnssssnssssnnssans 16-7
TO.A.T  DESIGN ISSURS . .ottt ettt ettt ettt et e e e e e e e e e e e 16-7
2 o Y [ T N 16-8
16.4.3 Lighting RecOmMmMENdations . . .. ...ttt et 16-8
16.4.4  Lighting CoNtrols ..ottt e e ettt e ettt et 16-8
References for CRapter 16. . ..vitti ittt ittt teeteeteeneeneeaneenesansoneesnsonsonssensenssensenssonss 16-9
17.1  PUIPOSE AN SCOPE « ittt ittt tiietteeneeenneeenenesenneeesnssssnnssesnssssassssnnsssonssssnnssans 17-1
72 0 7= T 14T T -3 171
17.3 General Considerations Common to All Parking Facilities ..........ocoviiiiiiiiiiiiiiiiiiiiiiinnennn. 17-2
L7285 T8 T 1L 1=« Tt 17-2
17.3.2 Vision CONSIAEIatioNS . . ...ttt ettt ettt ettt e e e et 17-3
17.3.3  Site CONSIAEIAtIONS. . .ottt ettt ettt e et e et e e e e e e e 17-4
17.3.4 Luminaire and Light Source Considerations .. .........ouiiiinit it eeia e 17-5
17.3.5  Lighting QUality. . . oottt e e e e e e 17-7
17.4 Parking Lots and Top (Open) Parking Decks of Garages.........ccvetiieiiiirnneineenereneenneenennnss 17-7
17.4.1  Design Considerations for Parking LOtS .. .......uuvtnin ittt e ie e iein e 17-7
17.4.2  Design Issues for Parking LOtS .. ... ..u ittt ettt et eeaes 17-8
17.4.3  Lighting RecommeNndations . . .. ...o. ittt e e 17-8
17.4.4  Lighting Equipment for Parking LOotS. ... ...ooouiuiii ettt 17-9
17.4.5  Lighting CoNtrols .. .oni et e e et e e ettt ettt e e 17-12

17.4.6  Maintenance of Parking Lot Lighting. .........ouiuiiii i e 17-12



17.5 Parking Garag@S . .. .uetiuueeennueeenaseonnnesesassosasesesassosassssssssosnssssnssssssssssnssssns 17-12
17.5.1 Design Considerations for Parking Garages ...........ueuiniuiininin e eeini e eeneanns 17-12
17.5.2  Design Issues for Parking Garages. .. ... ... ettt ettt et ettt e e e e ie e 17-14
17.5.3  Lighting Recommendations . ... ..ottt e e ettt e e et 17-16
17.5.4 Lighting Equipment for Parking Garages. ... ....ouiniinii it et ieenaas 17-19
17.5.5  Lighting CoNntrols . ... uini et e e e ettt e e e 17-19
17.5.6 Maintenance of Parking Garage Lighting. . ........ooiiii i e ie e 17-19
References for CRaPter 17 ...ttt ittt ieeneeeenneeenneeeenneeenneseennesennesennssssnnesnnneens 17-21
L= 8 T T 4 T Y/ T3 18-1
T80T SHatiC SIgNS oot 18-1
18.1.2  Signs With Variable or Changeable Messages . .........ouuiiiiiiiiii i 18-1
18.1.3  MOUNTING TYP@S. .ottt e e et ettt et et e 18-2
18.2 Sign Lighting ECONOMICS . v tttitttitittteineteneeeeeeneeennesenenesensesesnssssnsssssnssasnssssnns 18-2
18.3 External Sign Lighting ... ...vvnuuiiiiitiiiiiiiiiiiiiiittitttenenerensesssnssssnsssssnssssnsssnnns 18-2
18.3. T EQUIDMONT. . ettt ettt e e e et e e e e 18-2
18.3.2 Lighting Design for Externally llluminated Signs. .........ouiiniin i 18-3
18.4 Internal Sign Lighting. .. ...ouuiuiiiiii ittt ittt tatriaeaateaneaneonneenesnnees 18-4
L2 B =To U 110 0 = o | 18-4
184.2  Design of Internally llluminated SIgNS .........eeniei e 18-4
18.5 LED MESSAg@ SigNS . uvvvtttttiniineeeetosennnaneeeesosessnansesssosesssassssssosssssassesssssssnns 18-4
References for Chapter 18. .. ...ttt ettt et eeeeeneenesaneenssansansonssensssssenssnnsonss 18-5
191 DEfiNItIONS ..ottt ittt ettt ettt aeatsatensateneassaeensssonsassasensssensnssnsansns 19-1
1911 WOIK ZONE Cat@gOri@S. . v v vttt ettt et ettt et ettt e e ettt e e ettt e e et et 19-1
19.1.2 Work Zone Lighting SyStems .. ...ttt e ettt 19-1
19.2 Design Considerations . .......uinuiinttitinttitenetinttaeteaetateeneeaesansenesensenesencsnssonss 19-2
TO.3 DS GN ISSUES . o ottt ittt ittt ettt tenaeeeansesenaeeeausesenseeenneessnsessnsessonsessnnesans 19-2
10,301 GlarE ot e 19-2
19.3.2  Transient Adaplation . . ...t e e e e e e 19-3
19.4 Lighting Recommendations. .. .....iuutiiiitiiiitiiiiririneereneeeesnesonassssnssssnsssssnnssssnns 19-3
1940 GENEIAl. ..o s 19-3
19.4.2  AVOIdING Glare . ..ot e e e e 19-3
19.4.3 Limiting Vertical llluminance at the Driver'sEye ... .......o.iuiuiii i 19-4
19.4.4  Providing Transition Lighting ... ..ot e e e e ettt e e ieeas 19-5
19.4.5 Recommendations for Rural Highways With Long-Duration Work Zones..................covuen... 19-5
19.4.6 Recommendations for Freeways With Long-Duration Work Zones ............covviiiivinenennn... 19-6
19.4.7 Recommendations for Urban Surface Streets With Street Lighting and Long-Duration Work Zones 19-6
19.4.8 Lighting for FIagging Stations ... ......iin ittt 19-6
19.5 Equipment Guidelines for Work Area Lighting........c.oouiiiiiiiiiiiiiiiiiiiiiiirinneeenneeannnennns 19-7

10,5, T O N At ON oottt e e e e 19-7



19.5.2 Mounting Height. . ... oo e e e e e 19-7

19.5.3  Vehicle MOUNTING ..ottt et ettt et ettt e ettt et 19-7
19.6 Operational CoNStraiNts. ... ..utiittrnietieeeeeenerenneeennesenneseensseensssssnssssnssssnnssans 19-7

19.6.1 Light Trespass and Glare Control. ... .. ..ot e e 19-8

19.6.2 Enforcement Plan and Field Verification. ...........ooii it e 19-8
Additional Reading ... ..ottt ittt itet et teeteeatenetaataaetantaatrantaateanteneaaann 19-9
References for CRapter 1. ... ittt ittt ititet e teeteeneeneeaneenesaneonsssnsensosssensonssensenssonss 19-9
Annex A - Street, Highway, Tunnel, and Parking Area Field Measurements .................c..cooiiiiiiininn... A-1
Annex B — Outdoor Lighting Controls: Additional Information ................ ... .. i i, B-1
Annex C - Contrast Method for Determining Threshold Lighting ......................c. i ... c1
Annex D - Calculation of Tunnel Wall Luminance Using BRDFs for Typical Tunnel Wall Materials ............... D-1
Annex E - Evaluation of Lyeq: Correct Use of @ Cameera ... ....vuiuiuiiniii et E-1
Annex F — Conversion Factors, Acronyms and Symbols. ............ .. i F-1
Annex G - Visibility-Based Analysis of Parking Facility Lighting............ ... ... i, G-1
Annex H - General Procedure for Calculating Maintained llluminance in Parking Lots and Garages............ H-1
Annex | - Environmental Ratings for ENClOSUres .......... ..ottt i ittt -1
Annex J - Roadway Lighting Operations and Maintenance Example ......... ... ... i iiiiiiiiiiiiiiiian. J-1
Annex K - Alternative Lighting Criteria Selection Methodology ..........ccciiiiiiiiiiiiiiiiii it K-1

GlOSSaNY . ottt tit ittt tetetetenaesenasesenaesenasssensssennsssansssssnsssonsssssnssssnssssnsssssnssonnns GL-1









This Recommended Practice is a compilation of lighting design techniques and criteria, all offered for quality roadway
lighting solutions. Each chapter should not be taken in isolation but used as a whole for quality lighting design for
roadways and other environments where vehicles are present, such as tunnels, intersections, and parking lots.

A lighting designer will often simplify the design criteria to lighting level and uniformity. However, impacts on
visual quality go beyond these simple criteria and encompass minimizing glare and providing spectral contrast on
pedestrians, hazards, and other vehicles. All design criteria are important in order to achieve these goals:

1. Improve motorist visual quality

2. Provide quality light and increased contrast for seeing hazards
3. llluminate conflict areas
4. Minimize environmental impacts of light at night

5. Employ lighting systems that are easily maintained and minimize energy use

This document was prepared with the objective of providing lighting design guidance for most kinds of roadway and
roadway-related applications. The recommendations contained in this document, however, may not reflect specific
local factors or situations that are not typical and require special treatment. The contents of this Standard are based
upon consensus of roadway lighting experts. It has no legislative authority unless adopted by an authority having
jurisdiction. This Recommended Practice is not intended to establish a basis for civil liability.

This document is intended to be a single source of reference for roadway lighting; however, additional documents such
as electric codes, transportation design guides and other codes and standards are often required design references.

History of the Document

This Recommended Practice is a compilation by the IES staff and the Roadway Lighting Committee’s Special Task
Group of efforts from several lighting organizations and authorities and was first published in 2018. This document
updates the 2018 version.

The majority of the topics covered are from 12 previously separate roadway lighting documents of the llluminating
Engineering Society, along with the Transportation Association of Canada (TAC) Guide for the Design of Roadway
Lighting, and the TAC Roadway Lighting Efficiency & Power Reduction Guide. During the review and compilation, the
Roadway Lighting Committee revisited practices on design, installation and maintenance methods of roadway
lighting systems. The team incorporated new or revised methodologies, design concepts and procedures, and
included advancements in international research on lighting concepts.

In preparing this document the team sourced standards from around the world and applied the most applicable
proven practices. It is important to note that new innovative design methods and products are being developed
and will affect the future of roadway lighting. Some of these new design concepts and products are touched on in
this document. Because much change is anticipated in the roadway design and technology, it is the responsibility of
lighting designers and administrators to stay current with new technologies and concepts.





