
REPORT OF COMMITTEE ON HIGHWAY LIGHTING 
BuBTON W. Mabbb, CAatrman 

ESTIMATING COSTS OF F I X E D ILLUMINATION FOR DEPRESSED 
URBAN FREEWAYS 

SYNOPSIS • 
This report preseuis a basis for estimating costs of fixed illununation for de

pressed urban freeways. The cost estimates given in Tables 1 to 4 represent the 
combined judgment of two large equipment manufacturers and are based on four 
comparable projects in different parts of the country. Tables 6 to 8 give cost 
data from the experience of the New Jersey State Highway Department. Four 
methods of financing are discussed. 

Although the report does not define or recommend any standards i t is necessary 
to make some assumptions as a basis for estimatmg. The more important as
sumptions are. Cross sections, two 24-ft. and two 36-ft pavements with 10-ft. 
divider, ramps 20-ft roadways, poles and wirtnp, at sides of freeway, metal poles 
and underground wires, also wood poles and overhead wires; Mumtnatton in
tensities, 0 8 foot-candles^and (New Jersey) 0.45 foot-candles, lamps, filament, 
sodium and mercury, lumtnatres, reflector-refractor, reflector-deflector, re
flector and refractor types, 25 and 30 f t . mounting heights, staggered arrange
ment; bracket lengths, 12 f t and (New Jersey) 16 f t . ; circuits, series, with insulat
ing transformer at each lamp; prices based on pre-war level. 

Example: two 24-ft pavements, divided, 0 8 foot-candle illumination; metal 
poles and underground cable; 10,000-lumen filament lamps for freeway, 10,000-
lumen mercury vapor lamps for ramps, six overhead bridges per mile, electricity 
at l i cents per kw-hr. Equipment purchased and installed by highway author
ity, electnc energy and maintenance by contract with utility company For this 
case the total installed cost per mile is estimated to be $14,669 and annual 
operating cost per mile $3,083. These figures are based on equipment costs 
presented in tables, but maintenance costs were arbitrarily assumed to be 40% 
above those in tables 

A considerable number of urban freeways At the outset i t should be emphasized that 
are now being planned—and more will be. this report is not intended to define or recom-
Stimulation is being given to the construction mend aiQr standards whatever, either for 
of such urban expressways by the Federal-Aid highways or for highway lighting I t has 
Highway Act of 1944 which provides sub- been necessary to base estimates on vanous 
stantial federal-aid funds for use in cities for assumptions as to freeway and ramp design 
each of the three fiscal years beginning July and as to iUuimnation intensities or levels and 
1, 1946 Emphasis on urban highway needs lighting systems. These assumptions are all 
also results from realization that the greatest clearly set forth. Engineers of the Public 
deficiencies in highway fadhties are in urban Boads Administration consider the assumed 
areas. freeway design features reasonable as a basis 

Among the many problems encountered in for the cost estimates presented Where i t is 
planning urban freeways, is highway lighting, deemed desuuble, sources of other assumptions 
Engineen^ working on such projects have are indicated. I t is beheved that highway 
sought data on which to base estimates of engineers will be able to utihze the data pre-
lighting costs. sented, making necessary adaptations to fit 

To help meet this need this report has been cost levels and other variances applying to 
prepared. The rough estimates presented, each specific project, in preparing approximate 
have been compiled m consultation with Fed- cost estimates 
era]. State and municipal engineers, electrical I t should be pointed out that hghting re-
equipment manufacturers, and utihty com- quirements for an urban freeway may be 
pany representatives. different from those for an urban artery at 
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grade. On the one hand, there are no pedes
trians or grade intersections on the freeway. 
On the other hand, speeds will be higher on the 
freeway and there are the ramps and median 
strips to consider. Study of more data relat
ing to accidents, speeds, driver behavior and 
driving comfort on well-lighted urban freeways 
will increase knowledge of the effects of light
ing and will help indicate what illumination 
intensities or levels and other lighting char
acteristics should be. The Committee deares 
to obtain such data as rapidly as it can be 
made available. 

AssumpOoru 
This report is based on the following as

sumptions: 
1 Freeway Type The freeway is depressed 

and in an urban area. Such a freeway is as
sumed to be reasonably close to the source of 
electric energy One of the reasons for the 
rather high operating costs in the New Jersey 
tables IS that a considerable proportion of their 
illuminated highway mileage is not close to a 
power source Cost of producing electric 
energy is also higher in New Jersey than in 
areas, for example, where hydro-electric 
plants are the source. 

2 Cross-Section. Two depressed freeway 
cross-sections are treated, as indicated m 
Figures 1 and 2 Freeway Design No 1 con
sists of two 24-ft pavements separated by a 
10-ft. median strip. Freeway Design No. 2 
consists of two 36-ft. pavements separated by 
a 10-ft median strip. 

3 Ramps As indicated in Figure 3, ramps 
are assumed to have 20-ft roadwajrs 

4 Service Roads. Lighting of service or 
frontage roads is considered a separate proj
ect, and costs thereof are not included in the 
following freeway hghting estimates 

5 Time of InstaUaiion Lighting facilities 
are installed as the freeway is constructed 

6. Bridges. Since there will be much van-
ance in the number of bridges over an urban 
freeway per mile, costs for additional facihties 
for under-bridge illumination are not included 
in the tables which follow. However, later a 
suggestion is included for a sunple method of 
roughly approximating such extra under-
bridge hghting costs. 

7 Cost UnU. All costs are per mile of free
way or ramp. 

8 Poks Lighting poles are located at the 

sides of the freeway, not in the median strip. 
It IS believed that highway engineers will 
generally prefer the side locations and for the 
freeway cross-sections involved, there are 
lighting advantages. 

9. Intensiiies or Leads of lUuminatim. 
Expert opimons differ considerably as to what 
the average level of illumination should be on a 
horizontal plane at roadway level. Our com
mittee member who is in charge of highway 
hghting in New Jersey believes that 0.45 foot-
candles is adequate where there are no pedes
trians or grade crossings, and with pavement 
of reasonably high reflectivity (not black-top 
or black tinted concrete), and the New Jersey 
tables presented herein are on that basis. 
Other members and the Illuminating En
gineering Society's Committee on Street and 
Highway Lighting believe that the desirable 
TninimiiTTi level of illumination is 0 8 foot-
candles for an artery carrying heavy vehicular 
traffic with little or no pedestrian traffic, and 
Tables 1 to 4 are on that basis > There had 
been some indication that California was con
sidering a much higher illumination level, but 
its State highway engineer stated that Cah-
forma while not having adopted definite 
standards generally conforms to l E S standards 
for lighting 

10. JUuminanfe, In Tables 1 to 4 data are 
presented for filament lamps, and also for 
sodium and mercury lamps in the belfef that 
information on these vapor sources is desired. 
The New Jersey data are for filament lamps. 

11 Lumivaires, Tables 1 to 4: The re 
flector-refractor type, provides medium beam 
spread, for 10,000-lumen filament lamps; 
the reflector-deflector type, provides wide 
beam spread for 15,000-lumen filament lamps 
and for 16,000 lumen mercury lamps and the 
reflector type, provides wide beam spread, for 
10,000 lumen sodium lamps 

Tables 5 to 7 (New Jersey data) are for 
6,000- and 4,000-lumen refractor type fila
ment lamps, beam spread not indicated, for 
the freeway and ramps respectively 

12 Mounting Height. Tables 1 to 4: 
Mounting height is 30 ft for 15,000-lumen 
filament lamps and 25 ft for others, in ac-

'The Illummating Engineering Society's 
new "Recommended Practice of Street and 
Highway Lighting" has been published in the 
magazine lUuminating Engineering Vol X L I , 
No. 2. February 1946, p. 105 



466 SPECIAL PROJECTS 

TABLB 1 
LUMINAIRE SPACINGS TO PRODUCE 0 8 F00TCANDLE8 AVERAGE 

Luminaira Spacings Shown as "S" m Figuiea 1,2, and 3 

Lamp 
Beam Spread 
of Luminaire 

Freeway Design No 1 Freeway Design No 2 Ramp 

Type Lumens 

Beam Spread 
of Luminaire 

Spacing No per Spacing No per 
Mile Spacing No per 

Mile 

Filament 
Filament 
Sodium 
Mercury 
Mercury 

10,000 
15,000 
10,000 
10,000 
16,000 

Medium 
Wide 
Wide 
Medium 
Wide 

ft 
100° 
110° 
70 

Not 
100 

54 
48 
75 

rec 
53 

/ / 
76° 
86° 
50 

Not 
75 

72 
62 

108 
rec 

70 

/* 
125-170 

Not 
125-165 
125-160 

Not 

33 
teo 

34 
35 

ree 

NOTE The above luminaue spacmgs on the freeways are measared along the centerhne of the divided roadway Spac
ings along eaeh half of the divided roadway are twice the above values . , , , . 

° The small differences in spacing between the 10,000- and 15,000-lumen lamps are largely because of the difference in the 
beam spreads 

TABLE 2 
0 8 FOOTCANDLES 

ESTIMATED INSTALLED COST OF LIGHTING PER MILE OF FREEWAY—DESIGN NO 1 (FOUR LANES 
DIVIDED) 

Metal Poles, Underground Cable Wood Poles, Overhead Wire 

Lamp and Lumtnatre Used 
Lamp Type 
Lamp Lumens 
No of Lamps 
Luminaire Beam 

Fil 
10,000 

54 
Medium 

Fil 
16,000 

48 
Wide 

Sod 
10,000 

75 
Wide 

Mer 
16,000 

53 
Wide 

Fil 
10,000 

54 
Medium 

Fil 
15,000 

48 
Wide 

Sod 
10,000 

75 
Wide 

Mer 
16,000 

53 
Wide 

fouipment Cost 
Luminaires 
Lamps 
Poles A Bnckets 
Insulating Transformers 
Cable Sc Wire 

$1,000 
50 

4,300 
850 

1,000 

$1,650 
80 

3,800 
1,300 
1,000 

$4,700 
540 6,000 a 

1,100 

$860 
350 

4,200 
1,000 
1,000 

$1,000 
50 

1,800 
850 
400 

$1,650 
80 

1,700 
1,300 

400 

$4,700 
540 

2,600 
a 
400 

$860 
350 

1,900 
1,000 

400 

Total Equipment 7,800 • 7,800 12,300 7,500 4,300 5,100 8,200 4,600 

Cost of IfUtatltng 
(1938 Prices) 3,300 3,000 3,800 3,300 2,600 2,600 3,400 2,600 

rotol ItutaUed Cost 
Apptozimately $10,600 $10,800 $16,100 $10,800 $6,900 $7,700 $11,600 $7,200 

> InsukiUng transformer is a part of the Sodium-vapor luminaire 

ESTIMATED ANIJUAL OPERATING COST OF LIGHTING PER MILE OF FREEWAY-DESIGN NO 1 

Lamp ifattt and Life 
Watts per lamp ' 
Watts per lamp including Insulating 

TranaformeiB 
Average service—operating Life, 

Hours 

485 

540 

1,600 

715 

755 

1,600 

180 

220 

2,500 

400 

435 

4,000 

485 

540 

1,600 

715 

755 

1,600 

180 

220 

2,500 

400 

435 

4,000 

Af aintenanee Costs 
Lamp renewals, washing, patrolling, 

globe replacements, and minor 
repairs $430 $480 $1,270 $580 $430 $480 $1,270 $580 

Bnermi Costs 
Watts per lamp plus 10% hne loss X 

4000 hours per year 
@ ii per Kwhr 
@ itt per Kwhr 
® 2i per Kwhr 

1,280 
1,820 
2,560 

1,590 
2,390 
3,190 

730 
1,080 
1,450 

1,010 
1,520 
2,030 

1,280 
1,820 

. 2,560 

1,580 
2,380 
3,180 

730 
1,090 
1,450 

1,010 
1,520 
2,030 

Approximate Total Annual Operating 
Cost 

® U per Kwhr 
@ lit per Kwhr 
@ 2^ per Kwhr 

Approximate Total Annual Operating 
Cost 

® U per Kwhr 
@ lit per Kwhr 
@ 2^ per Kwhr 

1,710 
2,350 
2,890 

2,070 
2,870 
3,670 

2,000 
2,360 
2,720 

1,580 
2,100 
2,610 

1,710 
2,350 
2,880 

2,070 
2,870 
3,670 

2,000 
2,360 
2,720 

1,680 
2.100 
2,610 
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cordance with Illuminating Engineenng 
Society's recommendations. Tables 5 to 8: 
mounting height is 25 ft. 

13. iMminatre Arrangement. Luminaires 
are staggered, with lununaires along outside 
edges of roadways as in Figures 1 and 2. With 
this arrangement, each luminaire helps to 

indicated average illumination level. Spac
ing depends not only on lamp lumens but also 
on the light distribution produced by the 
luminaire See Figures 1 and 2 on which it is 
indicated that the spacing figures (S) given in 
Tables 1 and 5 are the distances between 
points on the center hne of the freeway to 

TABLE 3 
0 8 FOOTCANDLES 

ESTIMATED INSTALLED COST OF LIGHTING PER MILE OF FREEWAY—DESIG N NO 2 (SIX LANES 
DIVIDED) 

Metal Poles, Underground Cable Wood Poles, Overhead Wire 

Lamp and Lumtnnre Uted 
Lamp Type 
Lamp Lumens 
No of Lamps 
Luminain Beam 

Fil 
10,000 

72 
Medium 

Fi l . 
16,000 

62 
Wide 

Sod 
10,000 

108 
Wide 

Mer 
16,000 

70 
Wide 

Fil 
10,000 

72 
Medium 

Fi l 
15,000 

62 
Wide 

Sod 
10,000 

108 
Wide 

Mer 
16,000 

70 
Wide 

Equijmienl Coat 
Luminaires 
Lamps 
Poles & Brackets 
Insulatmg Transformers 
Cable & Wu« 

$1,300 
-90 

6,800 
1,200 
1,100 

$2,100 
120 

5,000 
1,600 
1,000 

$6,800 
780 

8,600 
a 

1,200 

$1,300 
470 

6,600 
1,300 
1,100 

$1,300 
90 

^,600 
1,200 

400 

$2,100 
120 

2,200 
1,600 

400 

$6,800 
780 3,800 a 
400 

$1,300 
470 

2,400 
1,300 

400 

Total Equipment 9,600 9,800 17,400 9,800 6,600 6,400 11,800 6,900 

Cost 0/ ItutttUtne 
(1939 Prices) 3,800 3,600 4,900 3,700 3,200 2,900 4,200 3,100 

Total IfutdUed Cost 
Approximately' $13,300 $13,300 $22,300 $13,600 $8,700 $9,300 $16,000 $9,000 

* Insulating transformer is a part of the Sodium-vapor luminaire 

ESTIMATED ANNUAL OPERATING COST OF LIGHTING PER MILE OF FREEWAY-DESIGN NO 2 

Lamp Wattt and Lijo 
Watts per lamp 
Watts per lamp including Insulating 

TianiBformers 
Average Service Life, Hours 

485 

540 
1,600 

715 

755 
1,600 

180 

220 
2,500 

400 

435 
4,000 

486 

640 
1,600 

715 

755 
1,600 

180 

220 
2,600 

400 

435 
4,000 

ttamtmatm Ciwte 
Lamp renewals, washing, patrolling, 

globe replacements, and minor 
repairs $580 $620 $1,840 •$770 $580 $620 $1,840 $770 

Enerm Coals 
Watts per lamp plus 10% line loss X 

4000 hours per year 
@ H per Kwhr 
@ iKper Kwhr 
@ it per Kwhr 

1,710 
2,670 
3,420 

2,060 
3,090 
4,120 

1,060 
1.570 
2,090 

1,340 
2,010 
2,680 

1,710 
2,570 
3,420 

2,060 
3,090 
4,120 

1,(150 
1,570 
2,090 

1,340 
2,010 
2,680 

Approximate Total Annual OperPltng 
Colt 

® U per Kwhr 
@ lit per Kwhr 
® lit per Kwhr 

Approximate Total Annual OperPltng 
Colt 

® U per Kwhr 
@ lit per Kwhr 
® lit per Kwhr 

2,290 
3,160 
4,000 

2,680 
3,710 
4,740 

2,890 
3,410 
3,930 

2,110 
2,780 
3,460 

2,290 
3,150 
4,000 

2,680 
3,710 
4,740 

2,890 
3,410 
3,930 

2,110 
2,780 
3,450 

build up the illumination on the far roadway 
midway between lamps on the far side. 

Note: New Jersey data are based on the 
luminaire being above a position 2 ft. onto 
the second lane from the right pavement edge. 
To this extent Figures 1 and 2 are incorrect 
for New Jersey data 

14. Svaeing. Tables 1 and 5 give spacing 
reqmred for each different lamp to pA>vide the 

which luminaire positions on whichever side, 
are projected. The distance between two 
luminaires on the same side is therefore twice 
the spacing figure given. 

15. PoU Locahon Tables 1 to 4: Where 
provision is made for a shoulder, poles are 8 
ft. from outer edge of pavement, thus leaving 
about a 7-ft. clear shoulder width, since the 
base of the pole is about 2 ft in diameter If 
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conditions reqiure the mde slope to be^n 
closer to the edge of the pavement, the 8-ft. 

Studies on the Outer Drive in Chicago indi
cated that where cars went over a curb and 

TABLE 4 
0 8 FOOTCANDLES 

ESTIMATED INSTALLED COST OF LIGHTING PER H I L E OF RAMP 

Metal Poles, Underground Cable Wood Poles, Overhead Wire 

Lamp and Lumviatre Used 
Lunp Type 
Lamp Lumens 
No of Lamps 
Luminaire Beam 

Fi l 
10,000 

33 
Narrow 

Sodium 
10,000 

34 
Medium 

Mercury 
10,000 

35 
Medium 

Fi l 
10,000 

33 
Narrow 

Sodium 
10,000 

&4 
Medium 

Mercury 
10,000 

35 
Medium 

Bqmpmtnt Coat 
Lummaiies 
Lamps 
Poles ie Brackets 
Insulating Transformers 
Cable & Wire 

600 
30 

2,600 
600 

1,000 

2,100 
350 2,700 a 
950 

650 
260 

2,800 
650 
900 

600 
30 

1,200 
600 
350 

2,100 
350 

lj200 

850 

650 
260 

1,200 
650 
850 

Total Equipment 4,800 6,100 6,300 2,800 4,000 3,100 

Cott of Inttallmt 
(1939 Prices) 2,600 2,700 2,700 2,000 2,100 2,100 

Total IrutiUM Cott 
Approximately $7,400 38,800 88,000 $4,800 $6,100 $5,200 

" Insulating transformer is a part of the &>dium-vapor luminaire 

ESTIMATED ANNUAL OPERATING COST OF LIGHTING PER MILE OF RAHP 

Lamp Watta and Ltft 
Watts per lamp 
Watts ber lamp including Insulat

ing Transformers 
Average Service Life, Hours 

485 

540 
1.600 

180 

220 
2,500 

250 

278 
2,500 

485 

540 
1,600 

180 

220 
2,500 

250 

278 
2,500 

JIfaintenanec Cod* 
Lamp renewals, washing, patrol

ling, globe replacements and 
minor repairs $260 8580 $560 $260 $580 $560 

Entrmi Costs 
Watts per lamp plus 10% bne loss 

X 4000 hours per year 
® It per Kwhr 
® lit per Kwhr 
@ 2^ per Kwhr 

780 
1,180 
1,570 

330 
490 
660 

430 
640 
860 

780 
1,180 
1,570 ill

 430 
610 
860 

ilppronmols Total Annual Operat-
mi Colt 

&lt per Kwhr 
m lit per Kwhr 
@ 2t per Kwhr 

ilppronmols Total Annual Operat-
mi Colt 

&lt per Kwhr 
m lit per Kwhr 
@ 2t per Kwhr 

1,040 
1,440 
1,830 

010 
1,070 
1,240 

990 
1,200 
1,420 

1,040 
1,440 
1,830 

910 
1,070 
1,240 

990 
1,200 
1,420 

TABLE 5 
NEW JERSEY LUMINAIRE SPACINGS TO PRODUCE 0 46 FOOTCANDLES AVERAGE 

(Luminaire Spaoings Shown as "S" m Figures 1, 2 and 3 

Lamp Freeway Design No 1 Freeway Design No. 2 Ramp 

Type Lumens Spacing No per Mile Spadng No per Mile Spacing NcperMile 

Filament, 
Filament 

6,000 
4,000 

/< 
150 35 

/» 
120 44 

/ / 

150 (approx.) 35 

Note Theaboveluminairespacingsonthefreewananmeaauiedalongtheaenterhnec^thsdividedraBdwayB. Spaauis 
along each half of the divided roadway are twice the above values No information was submitted on the beam spread of the 
Luminaire used 

distance may be deemed unnecessary, the off the express roadway they ahnost always 
bracket arm length reduced and shorter poles came to rest within 8 ft. laterally from the face 
used, with some sli^t cost reductions. of the diirb. About 90 per cent of the cars 
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came to rest within 6 ft. of the face of the 
curb. 

The New Jersey tables (5 to 8) are based on 
poles 2 ft. back from the curb. 

16. Bradcel LengOi. Tables 1 to 4: 
Brackets are 12 ft. long, thus pladng the 

the second lane from the right pavement edge; 
hence Tables 5 to 7 are based on a 16 foot 
bracket. 

17. Type of Pole and Wiring. Estimates 
are submitted for metal poles and underground 
cable, and also for wood poles and overhead 

TABLE 6 
NEW JERSEY (0.4S FOOTCANDLES) 

ESTIMATED INSTALLED COST OF LIGHTINQ PER 
MILE OF FREEWAY—DESIGN NO I 

(FOUR LANES DIVIDED) 

MeUl Polei 
and Undei-

ground Cable 
Wood Poles, 

Overhead 
Wire 

Lamp and Ltiintnatrt Uud 
Lamp Type 
Lamp Lumena 
Number of Lamps 
Lumuaue Beam 

Filament 
6,000 

36 
(information 

Filament 
6,000 

36 
lot available) 

Emapmmt Coat 
LuminAuea 
Lunpa 
Poles & Biaoketa 
Inaulatms Transformers 
Cable ie Wue 

$876 
36 

2,976 
910 

1,270 

1876 
36 

963 
910 
294 

Total Eqmpment 6,066 3,078 

Coit q/InitMmt 3,412 2,173 

Total Etiinuted Itulallti Cm( 19,478 $6,261 

ESTUIATED ANNUAL OPERATING COST OF 
LIGHTING PER MILE OF FREEWAY-

DESIGN NO 1 

Zamp Walla and Lift 

Spanol Uamlmmee Cotia 
(Otdmaiy tnamtenance in

cluding lamp renewals, 
washing, patrollins, globe 
replacements, and minor 
repairs 18 covered byuMity 
rate shown under finergy 
Costs below) 

Other maintenance includ
ing pamting standards, 
etc $360 $360 

Energy Coti 
VttMv rale m addition to 

energy charge includes 
ordinary maintenance at 
total cost of $46 per lamp 
per year 1,675 1,678 

E^tmaled Total ilnnwiZ Ope-
rafins Coits $1,926 

1 
$1,926 

(information not available, 
costs inoluded u following 

Items) 

TABLE 7 
NEW JERSEY (0 46 FOOTCANDLES) 

ESTIMATED INSTALLED COST OF LIGHTING 
PER MILE OF FREEWAY-DESIGN NO 2 

(SIX LANES DIVIDED) 

Metal Poles Wood Poles, 
and Under Overhead 

ground Cable Wire 

Lamp and Xiuinininn Uied 
Lamp Type Filament Filament 
Lamp Lumens 
Number of Lamps 

6,000 6,000 Lamp Lumens 
Number of Lamps 44 44 
Luminaire Beam (information not available) 

Eqmpment Cost 
Lummaires 

Eqmpment Cost 
Lummaires $1,100 $1,100 
Lamps ,46 46 
Poles & Biackets 3,740 1,210 
Insulating Transformers 1,144 1,144 
Cable & Wure 1,313 310 

Total Equipment $7,342 $3,809 

Coat of /nsloUin; 3,828 2,791 

Total Eittmated InetdOed Coat $11,170 $6,600 

ESTIBIATED ANNUAL OPERATING COST OF 
LIGHTING PER MILE OF FREEWAY-

DESIGN NO 2 

Lamp Walla and Lxfe 

Special Afatn<mane« Coal* 
(Ordinaiy maintenance in

cluding lamp renewals, 
washing, patrolhng, globe 
replacements, and minor 
lepaiis, IS covered by 
utilUv rata shown under 
Erergy Costs below) 

Other maintenance includ
ing painting standards, 
etc 

Energy Coala 
UMtly rate in addition to 

energy c h a r ^ includes 
ordinary maintenance at 
total cost of $46 per lamp 
per year 

Ealtmated Total Annual Ope-
ratmt Costs 

(information not available; 
costs mcluded in following 

items) 

$440 

1,980 

$2,420 

$440 

luminaire 4 ft out onto the outside lane. A 
comnuttee member representing one of the 
largest electncal equipment manufacturers 
stated that 4 to 6 ft. out over the outside lane 
was the desutible location for re-duective 
luminaires. 

Tables 5 to 7. New Jersey, as stated above, 
favors the luminaire being located 2 ft. onto 

cable. The former will generally be con
sidered more in keeping with desirable 
aesthetic standards for sudt freeways. 

Tables 1 to 4 are based on rubber covered, 
non-armored, direct bunal cable. Duct is 
provided only at cross-overs, bridges, etc. 
where protection of cable is needed. In other 
locations the less costly du:ect burial cable and 
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the rubber covering are deemed satisfactory. 
There should be few occasions when there 
would be danger of someone digging into them 
Some engineers may prefer armored, direct 
burial cable and some may prefer ducts In 
such cases appropriate additions should be 

TABLE 8 
NEW JERSEY (0 45 FOOTCANDLES) 

ESTIMATED INSTALLED COST OF LIGHTING PER 
MILE OF RAMP 

(Metal Poles and Underground Cable No information 
available on use of Wood Poles with Overhead Wires) 

Lamp and Lumtnatre Used 
Lamp Type 
Lamp Lumens 
Number of Lamps 
Luminaire Beam 

Filament 
4,000 

35 
(information not 

available) 

Bmupment Coat 
Luminaiies 
Lamps 
Poles & Brerkets 
Insulating Transformers 
Cable & Wire 

$875 
26 

2,625 
910 
923 

Total Equipment Cost $S,3S9 

Cost of /nstaUinv 3,412 

Total BOtmaled InttaUed Cott $8,771 

ESTIMATED ANNUAL OPERATING COST OF 
U G H T I N G PER MILE OF RAMP 

Lamp WatU and Lift 

Speeul Uainlenanee Costs 
(Ordinary maintenance includ

ing lamp renewals, washing, 
patroUmg, globe replacements, 
and minor repairs is covered 
by iittlitu rote shown under 
Energy Costa below) 

Other maintenance including 
painting standards, etc 

Enerm Coils 
VMnu rati in addition to energy 

chames includes ordinary 
maintenance at total cost of 
$35 per lamp per year 

fsttmaled Total Annual Operattn; 
Coats 

(information not avail
able, costo included in 

following items) 

$350 

made to cost estimates presented in Tables 
1 to 4 

Tables 5 to 8 (New Jersey) are based on No 
S parkway cable (an armored cable). 

18 Ctrcuiis Tables 1 to 4 and 5 to 7 are 
based on senes circuits, with an insulating 
transformer at each lamp In general, opimon 
is that insulating transformers are worth the 
additional costs involved, for added safety and 
other protective benefits. However, there 
are some who may hold that they are not 
worth the costs involved. If insulating 

transformers are omitted, the savings would 
be about $20 per transformer (one at each 
pole) plus about $15 because a pole could be 
used which did not contain a place to house the 
transformer. Against this approximately $35 
saving, there would be an offsetting higher 
cost of cable then required, so the net saving 
might be about $30 per pole 

Circuit costs in this report do not include 
constant current regulators and control equip
ment which are assumed to be provided by the 
utihty Should a State decide to buy only 
energy from a utility or should it decide to 
provide all eqmpment and provide energy 
itself, charges would have to be included for 
such items as indicated in this paragraph 

Ramp Lighting Assumptions 

1. Ramp lUumtnatum Tables 1 and 4, 
0.8 foot-candles average Tables 5 and 8, 
0.45 foot-candles average. Traffic volumes 
and speeds are lower than on freeway but 
hazards are increased by curves, by converg
ing and diverging flows, and often by hesitancy 
of those unfamiliar with the road plan or un
certain of place to leave freeway 

2 Ramp lUuminants. Tables 1 and 4, 
filament, sodium and mercury vapor lamps. 

3. Ramp Luminaires. Tables 1 and 4, 
reflector-refractor type, providing medium 
beam spread, for 10,000-lumen filament and 
10,000-lumen mercury lamps. Tables 5 and 8: 
refractor type, 4000-lumen filament lamps. 

4 Ramp Mounting Height Table 4,25 f t ; 
Table 8,25 ft. 

5. Ramp Arrangement Lighting units are 
on one side only and along outer edges of 
ramps as they leave to enter the freeway, 
changing sides if need be to keep luminaires 
on the outsides of curves, where they are most 
effective 

6 Ramp Spacing Tables 1 and 4, as 
shown in Table 1 and on Figure 3 Note that 
as curvature increases, spacing decreases. 

New Jersey data, approximately 150 ft 
as shown in Table 5 

7 Ramp Pole Location, Bracket Length, 
Types of Poles and Wvnng, and Ctrcials. 
Tables 1 and 4, same assumptions as for free
ways Table 8, poles—25-ft mounting height, 
4-ft mast arms, positioned 2 ft back of curb
ing Other assumptions believed to be same 
as for freeway 
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EDSI or PAVENINT 

10' HIOiaN 

lOSE OP PAVCUENT-d 

iFlgure I . Freeway Design No. 1 Showing lighting layout for which cost estimates are Diovided 
Lamp spacing (S) is shown in Table 1 for differant limp sizes and luminaires. P«*»»<»ea. 

3*' PAVEMENT 
I 

I 
L 

t e « E o r PAVIMEIIT-^ 

S I ' PAVEHEMT i 

J -^ig^tiaHT » « u « e t > » - i — y 

HT-J roLt^ » " or I 

L H ^ I F ^ H ; ^ " ' v . Showing lighting layout for which cost estimates are provided. Lamp spacing (S).i8 shown in Table 1 for different lamp sizes and luminaires. F"^""". 

0- Mie iAII 

Figure 3. Plan of Ramps with Typical Lighting Layouts Leaving and Entering the Freeway and 
on Curves. 

i# .1 J f E> investanent, maintain, repair and as needed 
Methods 0/ Financum ^j^^ equipment and provide the energy. 

There are four principal methods of For this service the utility usually makes a 
financing roadway lighting costs, as follows: flat charge of so much per lighting umt per 

1 The pubhc authority may contract with year and all costs and profit are reflected in 
the local utihty to make the entire original that charge. 
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2. The public authonly may make the 
original investment, and contract with the 
utility for maintenance and energy. Under 
this plan the utility usually provides constant-
current regulators and control equipment. 
Maintenance contracts generally cover lamp 
washing and renewals, patrolling, ^obe 
replacements and minor repairs. Major re
pairs, paintmg of poles and cable replacement 
are general^ the respondbility of the public 
authority. 

3. The public authority may make the 
original investment, and provide own main
tenance, and contract with the utility only for 
energy 

4. The public authority may make the 
original investment, and provide maintenance 
and energy. 

Most highway authorities, it is believed, 
will not favor method No 1 because of desire 
to keep at a Tnin̂ m̂ T̂n t h ^ mounting annual 
costs for maintenance and other annual costs 
of a similar ̂ nature which reduce funds avail
able for construction. It is believed that in 
general highway authoritiee wHl prefer to make 
the sort (if or̂ TtoZ capital inmtment irmUied 
in method No. S and tiie cost data presented are 
based on this meAod of financing. Should the 
highway authority favor method No. 1, it 
should go to the utility company with 
specifications for the lighting system desired 
and negotiate an annual cost contract. In 
doing so, it should be realized that utility 
companies generally pay considerably higher 
interest rates than a pubhc authority, and of 
course overhead and profit items will also be 
involved. 

Method No. 3 and No. 4 would require that 
the highway authority purchase tower truck 
equipment and necessary accessories and set 
up a maintenance and patrol staff and office 
with garage and service shop. The utility 
company in cities aheady has such equipment 
and usually is doing such work on other street 
lighting in the vicinity. Hence, it should be 
possible to make a suitable maintenance con
tract which would be more economical to the 
highway authority than for the public author
ity to undertake such maintenance. If, 
however, a highway authonty decides to do 
its own maintenance, the cost data submitted 
must be supplemented by costs for the several 
additional items stated in this paragraph. 

Method No. 4 would also require provision 

of a plant for generating electric energy and 
provifflon of power lines add all necessaiy 
accessories to deliver the desired electric 
energy to the freeway. Unless the utility 
compai^ proposal is very high, it is not likely 
that this method would be considered by the 
highway autiiority for a small mileage of 
urban freeways: 

Amortization 
In methods No. 2, 3 and 4, an annual 

amortization charge will not usually be carried 
on the public authority's books. Therefore, 
no amortization figure has been included in 
the tables presented, but it is part of the true 
cost of a lighting system. 

In aiQT comparison between a proposal of an 
utility company for financing by method No. 1 
with installed costs of the other methods of 
financing, the public authority must in fairness 
consider an equitable amortization figure. 
The highway authority should satisfy itself 
that the baas of amortization is appropriate. 
This requires obtaining data on life expectancy 
of each of the constituent parts of the system 
and using a weighted average as a bads for 
deciding upon a reasonable weighted amortiza
tion period and hence a fair annual amortiza
tion figure. In comparing true coste between 
methods 2, 3 and 4, proper consideration 
should also be given to amortization. 

It should be emphasiged that in addHAon to the 
costs presented in the tables the public authority 
must pay costs for major repairs, replacement cf 
cables and for audi replacement of poles as are 
not paid for by parties bredeing them, as theta 
replacements and major repairs become 
necessary. It should also be noted that the 
New Jersey data include items for certun 
maintenance including painting poles, which 
are not paralleled in Tables 1 to 4. 

Operating Costs 
There are differences in the items included 

in "operating cost" in different places. Thus 
as stated immediately above, the New Jersey 
data differ from the data in Tables 1 to 4. 
Therefore, before using tables of rough 
operating cost, the highway engineer should 
dheck with his utility company to appraise the 
suitabihty of the estimating data presented 
herein 

Variances in what is and is not included in 
"maintenance costs" are also hkely to be 
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encountered. Hence, the highway en^neer 
will wish to examine the detailed statement of 
what the utility company proposes to include 
under that term, and to work out such 
modifications as are deemed appropriate. 
For example just what are the limits of 
"mmor repairs" (see Tables 2, 3 and 4 under 
"Maintenance Costa")? 

Generally, the utility company will propose 
a figure per luminaire per year to cover lamp 
renewals, washing, patrolling for outf^, 
globe replacements, minor repairs and electric 
energy. The data in Tables 2 to 4 are 
somewhat broken down to aid the engineer in 
appraising the annual figure proposed by the 
utility. 

The maintenance computations presented 
assume group replacement of filament, sodium, 
and mercury lamps at approximately 80 per 
cent of the rated life in each case Such 
group replacement assures that tiie lamps will 
always be in good condition, and it minimizes 
outages with the attendant epecial trips by 
the service truck to make individual replace
ments. Further field experience with sodium 
and mercury lamps may show that in some 
cases the best overall balance between benefits 
and replacement costs may be obtained with 
group replacement intervals somewhat longer 
than 80 per cent of rated life. 

Color of Light 
Three illuminants are listed in Tables 1 

to 4^filament, sodium vapor and mercury 
vapor , Each has advocates These tables 
wiU permit comparative cost analysis and thus 
help the engineer in his selection of illuminant. 

Extensive researches comparing roadway 
lighting from filament, sodium and mercury 
sources have shown that for equal amounts of 
Ught equally distributed, there are no sig-
n^cant differences in visibility. 

Yellow light in traffic signal practice means 
CAUTION. Hence, some traffic and high-
wajrs engineers believe that it would be de
sirable to use sodium lighting with its 
distinctive yellow color, solely for identifying 
and illuminating hazardous locations This 
idea has been put into effect in soiQe places. 
Were it to become a rather general practice, 
the meanii^ could probably be "sold" to the 
public. As a general highway illuminant, 
sodium is a high efficiency source and as will 
be seen in Tables 2 and 3, energy costs are 

much lower than for other illuminants. 
However, this advantage is more than offset 
by high maintenance costs. Human com
plexions have an unnatural appearance under 
sodium lighting, but objections on this basis 
would presumably be much less severe than 
where pedestrians are involved. 

Mercury lighting is of a color which brings 
out the greens in lawn and foliage. It is a 
high efficiency light but it also gives human 
complexions an unnatural appearance. 

A differential in color of l ^ t between a 
freeway and its ramps may be found of 
assistance to traffic movement Thus, if 
filament lighting were used on the freeway, 
and sodium or mercury lighting on ramps, the 
driver speeding along and desiring to remain 
on the freeway would ahraya follow the 
filament lighting, while the color change would 
presumab^ be helpful to a driver looking 
ahead to spot a ramp location. 

Smerces of Cost Data 

Tablesf 1 to 4 represent the combined 
judgment of representatives of two leading 
electric equipment manufacturers. Installed 
costs presented in Tables 2 to 4 are based on 
four representative comparable projects in 
different parts of the country. While there 
were appredable variances in individual items, 
the variance between total installed costs per 
mile between the four projects was not over 
20 per cent. 

Annual operating cost data in Tables 2 to 
4 are based on data accumulated by the 
representatives of the manufacturers from 
projects with which they were fanuliar. 

Tables 6 to 8 present cost data from the 
experience of the New Jersey State Highway 
Department which has about 500 miles of 
lighted highways, not all of which however 
are at the illumination level of 0.45 foot-
candles for which those tables were prepared. 

Price Levels 

In using the installed cost data submitted, 
adjustment must be made for the difference 
in price levels between the time estimates are 
made and the levels which were in effect when 
the projects were undertaken which govern 
installed costs given m the tables. 

Note that in Tables 2 to 4 installed costs are 
at 1939 prices. 
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In Tables 6 to 8, installed costs are also 
based on pre-war prices. 

Taldes 
The same pattern is followed for Tables 

1 to 4 and for Tables 5 to 8. First, there are 
presented descriptions of luminaires and 
spadngs. Then follow cost data for both 
metal poles and imderground wiring, and for 
wooden poles and overhead wiring for each of 
the two freeway cross-sections or "designs" 
and then for ramps. 

In each case estimated installed costs are 
pre8ent«d, followed by estunated annual 
operating costs. In Tables 2 to 4 operating 
costs are presented for three energy costs: 
one cent, one and one-half cents and two cents 
per kilowatt-hour. 
Estimating Cost of Installed Under-Bndge 

Lighting 
For estimating piu ĵoses, assume that two 

extra hghting umts similar to others along the 
freeway will be installed near each bridge. 
A lower mounting height will generally be 
necessary. Tbs will decrease pole cost some
what.- The light distribution and illumination 
level will also be affected. 

Examination of items in Tables 2 and 3 
and in Tables 6 and 7 will show that installed 
costs will be increased by approximately the 
added number of luminaires per mile—the two 
exceptions being for shorter poles for under-
bridge hghting and a considerably less than 
proportionate increase in the item "Cable and 
Wire" These differences will not be large 
however, and are on the conservative side in 
that the proposed procedure will produce 
larger cost figures than would more precise 
analysis. 

Therefore count the number of bridges per 
mile over the freeway, assume two additional 
complete sets of lighting equipment for each 
bridge. Increase the "Total Eqmpment" 
cost estimate by the ratio of the new number 
of lamps (with two additional for each bridge) 
to the number of lamps without under-bndge 
lighting included. Increase the "Cost of 
Instalhng" by a suitable percentage to take 
account of new price levels Then pro-rate 
this figure by the above ratio Add the two 
new cost figures to get the "Total Installed 
Cost" including under-bndge lighting 

Annual operating cost estimates should be 
increased ia a sunilar way. 

Example of Use of Data 
Assume that the freeway is approximately 

in accord with design No. 1, that there are 
six bridges per mile, that an illumination level 
of 0.8 foot-candles has been decided upon for 
both freeway and ramps. Assume that metal 
poles and underground cable have been de
cided upon for both freeway and ramps. 
Assume that 10,pOO-lumen filament luminaires 
of reflector-refractor type with medium beam 
spread have been selected for the freeway, 
while 10,000-lumen mercury vapor luminaires 
with medium beam spread have been selected 
for the ramps Assume that equipment costs 
are as given in Table 2, but that cost of install
ing ai^ maintenance costs will be increased 
40 per cent (note- no significance to this 
figure). Assume that electnc energy costs 
1} cents per kilowatt hour Assume that 
financing method No. 2 is selected. 

What win be the estimated costs per mile of 
freeway and per mile of rampf 

Tables 2 and 4 provide the basis for estimat
ing these costs. 

The following tabulation shows how the 
desired estimates are obtained and gives an 
idea of costs based on the foregoing assump
tions: 

1 £atimatad InitalM Col of Lnhting per Mils of 
Fnewttv-Dmtn No / (at 0 8 footeandles) 

Egmpmmt Cott (meluding under-bndge light
ing) 

66/54 X $7300 - , 
Coat of /nstaUtng (including under-bndge light

ing) 
1 40 X $3,300 - $4,620 
66/54 X iCm 

Total /natallad Coat (per mils of freeway includ
ing under-bndge lighting) 

2 Attmated Annual Opavlmg Coat of Lithtma per 
Ude of Pneway-Dentn No 1 (at 0 8 Toot-
candles) 

Jfatntananes Costa (including under-bndge 
lighting) 

1 40 X $430 - $602 
e6/5«X$602 

Enerm Coala (meluding under-bndge lighting, 
at lU per kwhr ) 

66/54 X $r«20 
Appronmati Total Annual Operating CoA (per 

mile of freeway, including under-bndge 
hghting) 

3 fatimoted InttaUed Coat of Z.i«Utng per Milt of 
Ramp (at 0 8 footeandles) 

Egmpmmt Cait 
CoUoflnilaUtng 

1 40 X $2,700 

Total Initatted Coat (per mile of ramp) 

$8,922 

$736 

$2.847 

$3,083 

$5,300 

$8,780 

$9,080 
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4. Ba*mttted Annual Operating Coal of LigUmg per 
Utle of Ramp (at 0 8 footcandles) 

Afamlmaius Cosia 
140 X $680 . $813 

Energy Coala (at l i ^ per kwhr) $640 

Approttmala Total Annual Operating Coal 
(per mile of ramp) $1,462 

The two total figures per mile of freeway 
would be multiplied by the length of the 
freeway in miles to obtain the total costs for 
the freeway part of the project. 

The two total figures per mile of ramp would 
.be multiphed by the total length of ramps 
in miles to obtain the total costs for the ramp 
part of the project 

Thus, on the basis of these assumptions 
and if there were one mile of freeway and one-
half mile of ramps, the total estimated mstalled 
cost (for freeway and ramps) for such a 
project would be $19,109—($14,569 -I- i 
9,080)—and the total estimated annual 
operating cost would be $3,809—($3,083 -H 
J 1,462). 

To the costs obtained add a smtable average 
annual cost for major repairs and replacements 
to make the estunate complete, assuming 
that financing method No 2 is used. 




