iH
Q
N
o
o
e
<
=
)
=

The b
LIGHTING |
AUTHORITY®



https://www.stdhive.com/standards/ies-rp-22-05-pdf/

ANSI/IESNA RP-22-05

American National
Standard Practice
for Tunnel Lighting

Suggestions for re\isions
to this document
should be a rected to the IESNA.


https://www.stdhive.com/standards/ies-rp-22-05-pdf/

Copyright 2005 by the llluminating Engineering Society of North America.

Approved by the IESNA Board of Directors, April 11 2005, as a Transaction of the llluminating Engineering Society
of North America.

Approved by the American National Standards Institute as an American National Standard, May 10, 2005.

All rights reserved. No part of this publication may be reproduced in any form, in any electronic retrieval system
or otherwise, without prior written permission of the IESNA.

Published by the llluminating Engineering Society of North America, 120 Wall Street, New York, New York 10005.

IESNA Standards and Guides are developed through committee consensus and produced by the IESNA Office
in New York. Careful attention is given to style and accuracy. If any errors are noted in this documert, please
forward them to Rita Harrold, Director Educational and Technical Development, at the above addrecs fo. verifi-
cation and correction. The IESNA welcomes and urges feedback and comments.

Printed in the United States of America.

ISBN # 0-87995-211-3
978-0-87995-211-2

DISCLAIMER

IESNA publications are developed through the consensus stendads cevelopment process approved by the
American National Standards Institute. This process brings ixgerer volunteers representing varied viewpoints
and interests to achieve consensus on lighting recommendations.. Waile the IESNA administers the process and
establishes policies and procedures to promote fairness in 'he dzvelopment of consensus, it makes no guaranty
or warranty as to the accuracy or completeness of any inforti.z%on published herein.

The IESNA disclaims liability for any injury to persons or property or other damages of any nature whatsoever,
whether special, indirect, consequential or compena.ory, clirectly or indirectly resulting from the publication, use
of, or reliance on this document

In issuing and making this document avai'ab, : tke IESNA is not undertaking to render professional or other ser-
vices for or on behalf of any person or e tity.. Nor is the IESNA undertaking to perform any duty owed by any per-
son or entity to someone else. Anyoi.2 .. ing this document should rely on his or her own independent judgment
or, as appropriate, seek the advic: 0: a competent professional in determining the exercise of reasonable care in
any given circumstances.

The IESNA has no powe* no. does it undertake, to police or enforce compliance with the contents of this docu-
ment. Nor does the IESN+ s, certify, test or inspect products, designs, or installations for compliance with this
document. Any ceruination oi statement of compliance with the requirements of this document shall not be attrib-
utable to the IZSN.A anu is solely the responsibility of the certifier or maker of the statement.


https://www.stdhive.com/standards/ies-rp-22-05-pdf/

IESNA Tunnel Lighting Subcommittee

Paul Lutkevich, Past Chair

Ed Morel, Chair 2004 —

Werner Adrian

Carl Andersen”
Sam Annoh

Joseph Bastianpillai
John Buraczynski
Karl Burkett
Vincent Carney
Bang Chau

George Chelvanayagam
Alex Cheng

Vince Cimino

Peter Contos

James Degnan

Norm Dittmann

Zenon Durys

Philip Gabriel

IESNA Roadway Lighting Committee

Joe Bastianpillai, Chair

Ramesh Gupta, Vice Chair

Werner Adrian
Martin Aitkenhead*
Balu Ananthanarayanan
Carl Andersen

Sam Annoh*

John Arens*™*

J. Delvin Armstrong
Panchy Arumugasaamy
Thomas Baker
Tom Baker*

Paul Box**

Garry Bradford*
Reed Bradford
Steve Braun*
Mario Bucci*

John Buraczynski*
Karl Burkett

Jack Busser**
Ernesto Cacique*
Michael Canavan**
Vincent Carney*
Bang Chau*

George Chelvana;:agam*

Alex Cheng*
Vince Cimino
Robert Clea
Peter Contoe
Che.tes Craig™”
>evid Srawford

Scott Davis*

James Degnan
Norm Dittmann
Joseph Doyle
Michael Dudas*
Kenneth Fairbanks™*
Tram Fenimore*
Karl Fox*

Mark Freedman
Moktar Gabriel*
Donald Garner
Ronald Gibbons
Ramesh Gupta
Russell Hamm
Grant Harlow™
Jon Hart

J. Brvan Raney
Gre¢ g user*
JJ mes iavard
‘vn. Holste*

W llliam Hughes
Jloseph Hunter*
Donald Husby**
R. Gerald Irvine
Michael Janoff
James Jewell**
Rick Kauffman
Merle Keck**
David Keith
Antanas Ketvirtis**

*

John Kroll, Vice Chair
Ray Yeager, Secretary

Ronald Gibbons
James Havard

R. Gerald Irvine
Antanas Ketvirtis
Thomas Li*
Michael Maltezos
Charles Oerkvitz
Chris Pekar

Ed Morel, Treasurer
Jon Hart, Secretary

Edward Kramer
John Kroll*
Jean-Francois L¢ porte*
Lorence Leetzen *
Otto Letarrendi*
Richard.l_e ‘are **
lan Lewin

Dzavell Line”

Lence _ivingston*®
Charles Loch

RPaul Lutkevich
Douglas Mace
Michael Maltezos
James McCormick**
Samuel McKnight**
Don McLean*
John Meyers

John Mickel

Craig Miller*
Donald Monahan
C. Mondesir*
Richard Monsoor
Edmund Morel
Kassahun Negash
Herbert Odle
Charles Oerkvitz**
Donald Okon**
Chris Pekar*

Jose Pimenta
Rebecca Rainer

Paul Sabau
Carl Shaflik
Jean Simard
Jon Weaver

*Advisory Members

r nilip Reed
Edward Rowsel
Paul Sabau
Steven Schmidt*
Richard Schwab**
Carl Shaflik*

Billy Shelby**
Andrew Silbiger
Jean Simard

William Smelser*
Stephen Spitulski
Richard Stark
Roman Stemprok
Donald Strong*
Robert Summerford*
Mario Tedesco*
Carole Thomas*
Radosveta Topalova*
Paul Van Der Pol
Harold Van Dusen**
Richard Vincent
Robert Vogel
Vernon Waight**
Jeff Walters

Cowan Watson

Jon Weaver

Scott Wegner
Robert Wylie**
Raymond Yeager*

I**

* Advisory Members
** Honorary Member


https://www.stdhive.com/standards/ies-rp-22-05-pdf/

Contents

B [ 1 o Te [T £ o PSP PP PP 1
2.0 Physical CharacteriStiCS ...........cooiiiiiiiiie ettt e b e enee e neeeneeans 1
2.1 Definition Of @ TUNNEI ... ettt e et e e e et e e smee e st e e s e e e eneeeeneeeeees 1

2.2 TUNNEI ClaSSIfICALION .....ceeeieeeie ettt st e ae st e sreesbeesbeeseeneesseesreesseesseenseenneenensneens 1

P22 N Vo o= SO R 1

2.2.2 Divided and Undivided TUNNEI ... e 2

P B U 0o (=T o = L] USSR z

P I NV (o] o= B[] o o] (oo VPP PTUPU PRI 2

2.3.1  FiXation POINT ...ttt e et e e e smne e smeeesnee s eee e e 3

2.83.2  APPIOGCK .. n e e et s 3

2.3.3  Adaptation POINT ..o e e s 3

2.3.4  Adaptation DIiStANCE ........ccoiiiiiriiiiii i T A 3

P2 T o - | T SR 3

2.3.6  Threshold ZONE ... e e eeee e nne e 3

P2 A U - 171 174 ) - U TS 3

P2 IR T (01 (=Y o o] - N R S 3

2.3.9  EXit LIghtiNg .oeeeieieiieieeeeeee e B et 3

3.0 Visibility at the TUNnel APProach ...............cooiiiiiiiiiiiiii e et 3
G T 1= 0T - e S SRRSO 3

3.2 Traffic SPEEd .....cooeiiiiiie e . N 4

G I [T | 01 97V =T o =1 (o D TP PP RURPRPRTN 4

4.0 Traffic and Roadway GEOMELIY ............occcoiiiiiiiil i e snee e
o O I - 3T SR 4

4.2 Divided and Undivided STIUCIUIES ... i ettt e e e e e 4

5.0 Eye Adaptation in the TUNNel ANPIrCac i ........ccoiiiiiiiiiii e B
LT B C 1= 10T - | RS SURSRRRRR 4

5.2 Solar and TUNNEI OFENTALION .....iiuieiieie ettt et e e st esteesseeeeeseesreesseesseenseenseeneesseess 4
LTGS2  RS 5

L (= (o] S U g = Vot I W 4 I = oL PR 5

LT T 1= PP RURPRPROTN 7

6.0 Lighting Design Crler @ ..ottt et e et e e st e e e e ae e e neeeneean 7
6.1 General............. et e eseeeseeesfeeeseeeeseeesseeesseeeseesseessseesseessceessstesseeessceesseeissesssseessstesssessssesssseessseessceesseeens 7

6.2 LIghtinGg ROQUIFEMIENTS ...ttt ettt sb e b e e sb e et e eeeeanenaee s 7

6.3 Assassinent of the Major Factors Influencing Lighting Design ........ooeeieeiiiiiiiiiceeeeeceee e 8

6.4 MethcH or Determination of LUMINGNCE LEVEIS .........oiiiiiiiiieeeeec e 8

6.4.1 Luminance Values in Threshold Zone — Table Method.............ccoooiiiiiiniiniinee, 8

©.4.2 Luminance Values in Threshold Zone — Lseq Method............ocoiiiiiiiiniiniiieee 8

6 4.3 Threshold and TranSition ZONES ..........oouiiiiiieiire e e 13

6.4.4  TUNNEI INTEHOT ZONE ... .ttt e e e e e e e e e e ene e e sneeenneeeaneeenns 13

6.4.5 NiIghttime LUMINGANCE ....ccueiiiiiiiiie ettt sn e 14

6.4.6 Non-Roadway Surface LUMINANCES .........coeriroeieiie et 15

6.4.7  UNIfOrmity RAIOS ......eeiiiieieieie et 15

LS T [T =T g = 1= S OS 15

6.6 Switching Steps in Threshold and Transition ZONES ........ccccoeiiiiieeieeeeee e 16

6.7 EMErgencCy LIGNTING .....ooeo i e 16


https://www.stdhive.com/standards/ies-rp-22-05-pdf/

7.0 Light Application TEChNIGUES .............ooiiiiiiiiii e sn e 16

7.1 Symmetrical Light DiStrDULION ......cc.oiiiieee e 16

7.2 Asymmetrical Light Distribution - Negative Contrast ...........ccocviiiieieienieeeeeee e 16

7.3 Asymmetrical Light Distribution - Positive CONtrast..........ccccooviiiireieieseeeeeeee e 16

7.4 Wide and NarrOW TUMNEIS ......cccooiiiiiri et bbbt e e b b ene e eneas 17

8.0 Architecture and Materials ...............occoooiiiiiiii e 17
S B C 1T T = TS O PSPPSR 17

8.2 PAVEIMENT ...ttt bbbt e bt b a e e e e e e e R e e bt eh e ehe e he e e e b e Rt e Rt enenne e e e nerens 17

8.3 The Portal and its SUMMOUNGING AFBa. ........coueiueriiriirieeieeee ettt bbb re e n e 17

8.4 ArChiteCtUral FEATUIES .......e ettt e e 17

8.5 Reflective Characteristics of Wall and Ceiling Materials ... 7

9.0 Lighting and Electrical EQUIPMENT ............ccooiiiiiiiii e e e 18
9.1 LIGNT SOUICES ...ttt bbbt s e bbb eenneerenne e 18

9.1.1 FIUOTESCENT.....ceeeeee et I U » S 18

9.1.2 Low Pressure SOdium (LPS) ........cooiiiiiiiiineeeeecsese s e 18

9.1.3 High Pressure Sodium (HPS)........ccoiiiiiineeeeerereee e 18

9.1.4 Metal Halide (MH) .......oiiiieieeee e 00 e 18

9.1.5 Other Light SOUICES.......ccoeiiiiririeeeeee e . VO 19

9.2 Equipment and LUMINAIFES........ccoviririiieieeese e W ) F70 AT 19

9.3 Electric Power Supply and Distribution ..........ccccovverieieiencneiene N oeeereenreen e e ns 19

9.4 Measurement, Control and SWitChing SYStEMS.........c.oiiiiriiiiiiret s 19

10.0 Lighting System ECONOMICS ...........ccoiiiiiiiiiiiiii e o ettt et 20
10,1 GENETALL ...ttt bbbtk b e e e e e e e bt e bt e bt e he e e e e e b nn e naenae e e e nen 20

10.2  INIHAL COSE... i e e ettt e e bt bt e e e bt nae b e e e 20

10.3 Life-Cycle Economic Analysis ........c.cccoeverenenenienies b, e eheeeeteareareeeeeee et et enteateateereereereeneentennans 20

11.0 Maintenance Considerations ................ccccocennn e, e e s 20
LI B C LT =T - | OSSPSR 21

11.2 Lamp LUumen DEPIrECIALION ......ccviiieitiiiies ettt ettt ettt et e s e s be e beeteeneeens 21

1.3 BUIMOULS ...ttt sses et ittt ae e e bbbt et e e et e bt eb e b e e ae et e e e b e nheebenbeennennennan 21

11.4 Luminaire Dirt DEPreCiation ....... i i et er e n s 21

11.5 EQUIPMENT FACIOIS ..ot i ettt bbbt e b bt nae st e e neean 22
11.5.1  AMDIENt TEMPEIAIHIIE | .oviieeeeste et eesaesesaesresreeneennannens 22

LI T2V o1 - o[ PRSP 22

11.5.3  Ballast and LD FactOr .o 22

11.5.4  Luminaire. Cumipcnent DEPreCiation ..........c.ooeeieieierire st 22

6 Maintenance of the Control PhotOMELErs ... 22

7 Tunnel Surfacz raflestance DepreCiation ... e 22

11.7.1  Selection of Tunnel Surface RefleCtance ..........ccoceiiiiiiiicce e 22

11.7.2 _ReflectanCe DEPreCiation .........coioiieeiiieieesere e 22

11.8 Lumircire Cleaning, Relamping and Replacement ..o 22
11.6:1 . UMINAINE ClEANING ..ottt bbbt e e bbb saeenenen 22

11.8.2 0 REIAMPING ittt b e bt bt e e e e e e e bbb e ene e e enens 23

1.8.3  Luminaire REPlacemMent ...t 23

I I o 1= gl = Ve (o] £ T OSSPSR 23
11.9.1  Pavement REflECIANCE ........ooviiiiie e 23

11.9.2  Other Reflection CharacCteriStiCS ........cocuiieiiiiriiiiee e 23

11.9.3  PhySiCal GEOMELIY ..ottt bbb b e e e e 23

LIRS T 4 (o] €= TSSO P P UPURURRSRPI 23
RETEIEINCES ... .ottt ettt a e oo h et e bt e ab e e e he e e b e e et e e eat e e an et e aRe e e ne e e b e e ne e e ne e 24

GUOSSANY ...ttt ettt ettt e a et e sh et e b et e b et £k e e ea b e e eh et oA R e e oa R e e R e e e R e e e R et e R et ea R e e eaR e e eRe e e neeenneennneeaneas 26


https://www.stdhive.com/standards/ies-rp-22-05-pdf/

Annex A - Calculation Method

...................................................................................................................... 31
Annex B — Contrast Method for Determining Threshold Lighting ...............ccccooiiiie 38
Annex C — Black Window Method of Determining Need for Threshold Lighting ...............ccccocoiniiinnne 40

cover photo: Wolf Creek Tunnel, Colorado Department of Transportation


https://www.stdhive.com/standards/ies-rp-22-05-pdf/

1.0 INTRODUCTION

This Standard Practice has the objective of providing
information to assist engineers and designers in
determining lighting needs, recommending solutions,
and evaluating resulting visibility at vehicular tunnel
approaches and interiors. This Practice is intended
also for use by administrators charged with the
responsibility of providing a safe visual environment
within a tunnel both day and night.

The Standard Practice deals entirely with lighting
and associated systems and does not give advice
on construction practice. It is neither intended as,
nor does it establish a legal standard for tunnel
lighting systems. Its purpose is to provide recom-
mended practices for designing new tunnel lighting
systems and it is not intended to be applied to exist-
ing lighting systems until such systems are
redesigned. It has been prepared to advance the
art, science, and practice of illumination as it per-
tains to tunnel lighting in North America.

Lighting is added to vehicular tunnels to enable a
motorist to maintain speed and safely navigate. The
basic design criteria for tunnel lighting are outlined in
Section 6.0. Tunnels may require considerably dif-
ferent treatment of the threshold zone luminance val-
ues, depending on variables such as geographic ori-
entation, geometric design, traffic volume, traffic
speed, service levels, light source used, and moras
of light application. The lighting designer the:=fc-e

ANSI/IESNA RP-22-05

should consider the factors which affect the visibility
conditions as outlined in Sections 3.0, 4.0, 5.0, 7.0,
and 8.0.

Treatment of tunnel portals, wall and ceiling surfaces,
and selection of lighting equipment, as well as light
sources, maintenance and lighting economics are
also reviewed and assessed. However, special
requirements for pedestrians are not addressed in
this document. For pedestrian and underpass light-
ing refer to ANSI/IESNA RP-8, American Nationa’
Standard Practice for Roadway Lighting."

2.0 PHYSICAL CHARACTERIST:CS

2.1 Definition of a Tunnel

A tunnel is defined as a s'ructui.» over a roadway,
which restricts the normal de time illumination of a
roadway section si:ctiu.at tie driver’s visibility is sub-
stantially diminishea.

2.2 Tunnel C'a ~ification

In determnine, whether a structure constitutes a tun-
nel vr ai. underpass, two factors should be taken into
aceoun .t structure length, and its geometric align-
Inent and profile (visibility through the structure).

2.2.1 Tunnel. A tunnel is a structure covering a
roadway which, by producing a shadow, limits the

Table 1: AASHTO STOPPING SIGHT L'S1.,".2«CE (Wet Pavement)

Traffic Speed Estimated Safe Stopping
(estimated km/h an'd riph) Sight Distance (SSSD)*
Kilometers per Hour | Miles per Hour Meters Feet
50 —I 30 65 200
60 40 85 305
80 50 130 425
90 55 160 495
100 60 185 570
11¢ 65 220 645

+.~fer to American Association of State Highway and Transportation Officials (AASHTO) "A Policy on Geometric Design of Highways

ana Streets," 2001 for accurate calculation of stopping sight distance.

The speed and distance columns only correspond to their metric or English equivalent (i.e., if determining the SSSD for a posted
speed in miles per hour, use the value shown for feet, if using kilometers per hour, use the value shown for meters).

* Assumes average prevailing speeds in a straight and level tunnel approach roadway are at, or near, the posted speed limit of the
facility. For other geometric conditions, refer to the AASHTO document.
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ability of a driver to see objects or obstructions with-
in the structure. It is also of sufficient length or com-
position to require an adaptation of the driver’s eye
to the lower lighting levels within the tunnel struc-
ture. A tunnel requires supplemental daytime light-
ing in order to compensate for this diminished visi-
bility as well as transition lighting to lower interior
lighting levels to allow for adaptation. Refer to
American Association of State Highway and
Transportation Officials (AASHTO) “A Policy on
Geometric Design of Highways and Streets,” 2001
for accurate calculation of stopping sight distance.

The speed and distance columns only correspond to
their metric or English equivalent (i.e., if determining
the SSSD for a posted speed in miles per hour, use
the value shown for feet, if using kilometers per hour,
use the value shown for meters).

2.2.2 Divided and Undivided Tunnels. A structure
which consists of two separate enclosures, each des-
ignated to accommodate one direction of traffic flow,
is considered to be a divided tunnel.

A structure which consists of a common enclosure to
accommodate the traffic flow in both directions is con-
sidered an undivided tunnel.

2.2.3 Underpasses. Structures considered to be
underpasses are those in which the length and phys-
ical configuration of the structure do not substantially
limit the drivers ability to see objects within the struc-
ture. No supplemental daytime lighting is required for
underpasses or structures less than 25m (80ft.) in
length. The zero percent values in Table 2 show
when supplemental daytime lighting is not required.

For nighttime illumination underpasses can also be
classified as short or long. Short underpasses can
generally be lighted with conventional street ai.
roadway luminaires and placements. When w22 light-
ing levels and uniformity on the roadway prcviaed by
the conventional roadway lighting system are ffect-
ed by the structure, then the underass can e clas-
sified as long and will require aacitional lighting.
When pedestrian lanes or sidevialks are included as
part of an underpass then pedes rian lighting should
be considered. Lighting lev2ls siould be as recom-
mended in ANSI/IESNA RP-3, /imerican National
Standard Practice*“o heaaway Lighting.”

2.3 Tunnel Togblogy

Terms us:za to escribe tunnel topology are as fol-
lows, s=e Tiar.re 1.

A B C
\,
! |
=1 4!
| i
= b - a [+
—1 a -—

A=Fixaticn Point
B=£daytation Point
C=Poial

d =22 to 25°

a=approach

b=adaptation distance
c=threshold zone

d=transition zone

e=interior

f=driver eye height — 1.45 meters
g=exit zone

Figure 1.

The primary external and internal areas associated with and affected by tunnel lighting design.
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