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Systematic, well-designed research provides the most
effective approach to the solution of many problems facing
highway administrators and engineers. Often, highway
problems are of local interest and can best be studied by
highway departments individually or in cooperation with
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly
complex problems of wide interest to highway authorities.
These problems are best studied through a coordinated
program of cooperative research.

In recognition of these needs, the highway administrators
of the American Association of State Highway Officials
initiated in 1962 an objective national highway research
program employing modern scientific techniques. This
program is supported on a continuing basis by funds from
participating member states of the Association and it re-
ceives the full cooperation and support of the Bureau of
Public Roads, United States Department of Commerce.

The Highway Research Board of the National Academy
of Sciences-National Research Council was requested by
the Association to administer the research program because
of the Board’s recognized objectivity and understanding of
modern research practices. The Board is uniquely suited
for this purpose as: it maintains an extensive committee
structure from which authorities on any highway transpor-
tation subject may be drawn; it possesses avenues of com-
munications and cooperation with federal, state, and local
governmental agencies, universities, and industry; its rela-
tionship to its parent organization, the National Academy
of Sciences, a private, nonprofit institution, is an insurance
of objectivity; it maintains a full-time research correlation
staff of specialists in highway transportation matters to
bring the findings of research directly to those who are in
a position to use them.

The program is developed on the basis of research needs
identified by chief administrators of the highway depart-
ments and by committees of AASHO. Each year, specific
areas of research needs to be included in the program are
proposed to the Academy and the Board by the American
Association of State Highway Officials. Research projects
to fulfill these needs are defined by the Board, and qualified
research agencies are selected from those that have sub-
mitted proposals. Administration and surveillance of re-
search contracts are responsibilities of the Academy and
its Highway Research Board.

The needs for highway research are many, and the
National Cooperative Highway Research Program can
make significant contributions to the solution of highway
transportation problems of mutual concern to many re-
sponsible groups. The program, however, is intended to
complement rather than to substitute for or duplicate other
highway research programs.

This report is one of a series of reports issued from a continuing

research program conducted under a three-way agreement entered
into in June 1962 by and among the National Academy of Sciences-
National Research Council, the American Association of State High-
way Officials, and the U. S. Bureau of Public Roads. Individual fiscal
agreements are executed annually by the Academy-Research Council,
the Bureau of Public Roads, and participating state highway depart-
ments, members of the American Association of State Highway
Officials.

This report was prepared by the contracting research agency. It has
been reviewed by the appropriate Advisory Panel for clarity, docu-
mentation, and fulfillment of the contract. It has been accepted by
the Highway Research Board and published in the interest of an
effectual dissemination of findings and their application in the for-
mulation of policies, procedures, and practices in the subject
problem area.

The opinions and conclusions expressed or implied in these reports
are those of the research agencies that performed the research. They
are not necessarily those of the Highway Research Board, the Na-
tional Academy of Sciences, the Bureau of Public Roads, the Ameri-
can Association of State Highway Officials, nor of the individual
states participating in the Program.
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FOREWORD
By Staff

Highway Research Board

The contents of this report will be of particular interest to the designer of illumina-
tion systems for streets and highways. It is also a valuable handbook for the
economist and highway administrator who must decide what highway illumination
systems to install on new and existing facilities. Tables present the median cost and
range of costs for the various hardware components, their installation, and their
operation. The report provides the necessary information to make valid evaluations
of alternate types of illumination systems based on engineering and economic
considerations. '

This report presents in a readily available and usable form the capital cost ranges
and the operating costs for prevailing light sources in relation to type of luminaire,
type of distribution system, and light intensity on the pavement. The researchers
have collected data for economic comparisons, including the useful operating life
and the costs for hardware, installation, power, maintenance, and financing for
various lighting systems. This cost information is tabulated in an easy-to-use form.

Three typical roadway examples are computed step by step to illustrate how the
data presented can be effectively used to determine the annual costs for alternate
lighting systems. These examples, which involve specific recommended design
criteria to illustrate the normal constraints in the design of roadway lighting, include
a two-lane, a four-lane divided, and a six-lane divided highway.

The cost data collected for this report were obtained through a series of compre-
hensive questionnaires to state highway departments, municipalities, public utility
companies, and hardware manufacturers. Geographical differences in costs are
presented where significant variations were reported. Also, available lighting cost
studies, specifications, design criteria, maintenance practices, and replacement
factors were obtained from the questionnaires and through a search of the available
literature. A bibliography on this subject is appended to the report.

The step-by-step sample design and economic studies presented in this document
will enable an engineer to make similar studies for his own design problem, based
on his own particular lighting needs. Sample roadway lighting configurations, equip-
ment specifications, and cost data forms are supplied in appendices to assist the
designer with the necessary computations to make valid engineering and economic
comparisons of various proposed systems.

It must be recognized that the cost data presented in this document are for 1965.
To obtain accurate cost estimates, the information should be updated periodically,
and specific data should be obtained for the local area involved. However, to
evaluate the differences between proposed systems involving alternate equipment
and operating costs, the information contained in this report should be fairly reliable



for present design practices utilizing the equipment existing in 1965. New equip-
ment and design innovations will have to be evaluated and compared to the present-
day systems with respect to basic costs before a complete analytical engineering and
economic study could be conducted in the future.

The report also suggests several potentially fruitful research areas that have
become evident as a result of this study. It suggests that more research is needed in
areas dealing with lighting design criteria which are now based primarily on sub-
jective opinion. It also suggests that more study should be devoted to the European
lighting standards involving higher mounting heights.
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SUMMARY

ECONOMIC STUDY OF
ROADWAY LIGHTING

The information provided in this report will enable agencies responsible for roadway
lighting to estimate the cost of alternative lighting systems more accurately than by
presently available means, and will help them in planning and decision making
through the use of cost tables, equipment specification forms and procedures, and
cost data forms.

The tables contain easily referenced cost data for all components of a roadway
lighting installation—including equipment, labor, overhead, and power costs—for
constructing, maintaining, and operating a system.

Lighting system configurations are derived which comply with recommended
average illumination levels and uniformity ratios for three different types of road-
ways. A procedure is given for obtaining acceptable configurations and for deter-
mining the appropriate distribution and control equipment to be used with these
configurations. Forms are provided for summarizing information regarding con-
figurations and hardware.

A cost data form is provided on which all relevant roadway lighting system costs
can be entered. Using information given in the cost tables and derived in the sum-
mary forms, engineers can estimate the total annual lighting costs per mile for a
given system. Use of the tables and the cost data form is illustrated by an example.
Options are provided for comparing user ownership costs with those of various
forms of rental.

Eight complete lighting systems are specified and their costs determined for three -
different roadway types; three systems are for a two-lane major rural road, three for
a four-lane rural expressway, and two for a six-lane urban expressway. Cost
specification of these configurations indicated that use of 700- and 1,000-w mercury
lamps at mounting heights of 35 ft and higher greatly reduced costs because fewer
lighting poles are required per mile; costs also can be reduced by raising the
allowable uniformity ratio from the present 3-to-1 standard. The cost specification
also indicated that standard configurations of 400-w lamps at 30-ft mounting height,
used on four- and six-lane expressways, do not meet illumination and uniformity
requirements economically.

It is suggested that further research be conducted to investigate the effects of
varying uniformity ratios on driver safety, comfort, and costs; optimal lighting
maintenance policies; the design and economics of interchange lighting; the possi-
bilities of implementing those lighting systems shown in this report to be most
economical; and the possibility of other acceptable configurations for roadway
lighting. ‘

Additionally, it is recommended that more detailed cost records be maintained by
agencies concerned with roadway lighting so that equipment, labor, overhead, and
power costs can be estimated more accurately for planning and decision making.
To ensure the continuing usefulness of the cost tables for estimating roadway
lighting system costs, the tables should be periodically updated.



CHAPTER ONE

INTRODUCTION AND RESEARCH APPROACH

The desirability of roadway lighting installations in terms
of increased driver safety and comfort has been recognized.
Before the construction of such installations, however, an
estimate of the system cost must be prepared in terms of
initial and annual expenses. It is also useful to have a
means by which the costs of alternative lighting systems
can be compared. The basic purpose of this study is to pro-
vide a means for making such estimates, which in turn can
be used to support planning and decision making. With
more accurate cost estimates available, more efficient and
economical systems can be designed and constructed, thus
contributing to the safety and comfort of motorists. The
ultimate goals of this study are, then, greater use of road-
way lighting through the design of more economical sys-
tems, and increased driver safety.

In this report, cost information regarding roadway light-
ing is presented in tabular form and a procedure is pro-
vided for using this information to obtain an estimate of the
annual cost per mile for a given lighting installation. This
information can be used by agencies concerned with road-
way lighting ‘as an aid in designing and constructing more
economical lighting systems. Tabular cost information
(Appendix B) describing equipment, labor, overhead, and
power costs, can be combined to obtain total lighting sys-
tem costs. First, a lighting configuration is found for a
given road type which will meet requirements of average
iltumination level and uniformity ratio; several configura-
tions are derived in Chapter Two. A complete specification
of equipment is then made for a given configuration. A
method for determining maximum circuit size, and there-
fore equipment to be used, also is given in Chapter Two.
Forms are given (Appendix C) for summarizing all infor-
mation about a circuit’s specifications and hardware. This
information is used in conjunction with that in Appendix B
to enter costs of various system components on a cost data
form (Appendix C). Completion of this form will give a
total annual cost per mile for the derived lighting installa-
tion. Thus, costs of several specified installations can be
obtained and compared.

To illustrate the methodology and use of the tables and
forms, examples are given in the various sections of Chap-
ter Two to clarify the method of obtaining an estimate of
a total annual system cost per mile. However, lighting en-
gineers working with situations more complex than those
depicted in the examples may prefer to use other methods
in specifying a system; in such cases, the cost tables and
cost data form can be used separately as aids in estimating
the system cost. This flexibility of the information in the
report should increase its usefulness.

RESEARCH APPROACH

The basic_approach used to fulfill the study goals as out-
lined was to gather the information necessary to determine
costs and then to construct a framework in which these
data could be used.

Data Collection

To obtain the information presented in this study, extensive
cost data were gathered, primarily from manufacturers,
utilities, and government agencies, over a period of several
months. Responding manufacturers, utilities, state highway
departments, and municipalities are listed in Appendix F.

Several manufacturers were contacted, primarily by mail;
27 responded with catalogs, price lists, suggested discounts,
and visits from representatives. Cost information was ob-
tained for equipment used in all aspects of roadway lighting.
This information was the source of the equipment cost tables
given in Appendix B.

The primary means of gathering data from utilities was
through use of a questionnaire. A preliminary question-
naire was sent to several utilities, located primarily in the
northeast. The purposes of this instrument were to gather
cost data, and to determine which types of cost information
were available and at what level of detail, so that a final
questionnaire could be prepared for nationwide distribution.
Information additional to the preliminary questionnaire was
obtained from utilities through telephone calls and visits.
When sufficient data from the preliminary questionnaire
were received, a final questionnaire was prepared. This
document, which requested power and maintenance costs
only, was sent to 85 representative utilities throughout the
country; of this number, 42 responded with some informa-
tion.

The same preliminary questionnaire also was sent to
several state highway departments in the northeast. Fol-
lowing receipt of these preliminary data, a final question-
naire was prepared for this group. This document was the
primary data collection instrument in the study. It covered
all aspects of roadway lighting costs and policies, and was
sent to every state that did not receive a preliminary ques-
tionnaire; 22 state highway departments responded.

In addition to the completed questionnaires, several states
and utilities sent supplementary information, such as bid
prices for roadway lighting equipment, previous cost studies,
and, in the case of utilities, street lighting rate schedules.
Street lighting departments in several cities were also con-
tacted for information. When the data had been received,
the cost tables (Appendix B) were constructed.



Analysis

The analysis consisted of deriving a complete lighting sys-
tem, beginning with basic dimensional and illumination
constraints, and then determining an annual cost per mile
for this system. This approach was necessary to demon-
strate the use of the tables and to validate them. A pro-
cedure was developed for determining acceptable lighting
configurations and the hardware needed to implement these
configurations. A cost data form then was developed on
which correct figures from the tables for the specified sys-
tem could be entered; from this form, an annual cost could

be determined. Blank configuration and equipment data
summary forms and a blank cost data form are given in
Appendix C.

As a result of the analysis, sample configurations were
obtained, equipment specified, and total costs found for
different ownership-maintenance configurations. Although
the main objective of this analysis was to illustrate use of
the tables, valuable information concerning the relative
costs of various lighting circuits was obtained. Conclusions
based on this information are presented and discussed in
Chapter Three.

CHAPTER TWO

FINDINGS

This chapter, which contains the principal findings of the
study, is divided into four parts. The first part describes the
cost tables and engineering data presented in Appendix B;
the second gives a procedure for determining acceptable
roadway lighting configurations and discusses several possi-
ble configurations. In the third part, procedures for de-
termining the equipment needed for these configurations are
given and distribution, control, and other equipment are
specified for several of the acceptable lighting configura-
tions found previously. In the fourth part, a cost data form
is presented on which estimates are obtained for the annual
cost per mile of roadway lighting systems, and use of the
form is demonstrated by an example. Summaries also are
given in this part of estimated costs of other possible light-
ing systems.

COST AND ENGINEERING DATA FOR
ROADWAY LIGHTING SYSTEMS

The tables in Appendix B contain data on the costs in-
volved in the construction, operation, and maintenance of
a roadway lighting system. Once a satisfactorily designed
system is selected, the cost information for that system can
be obtained from these tables for roadway lighting equip-
ment, labor, overhead, and power costs. No separate tables
are presented for taxes and insurance. Under present prac-
tice utilities, municipalities, and/or state highway depart-
ments do not normally insure roadway lighting systems. It
is assumed, also, that a roadway lighting system owned by
the state or municipality is not taxable. If the roadway
lighting system is owned by the utility, however, the costs
paid by the user would include applicable taxes.

Information in these tables was obtained from analysis
of manufacturers’ catalogs; questionnaires sent to all state
highway departments, selected municipalities, and repre-
sentative utilities throughout the country; and conversations

with manufacturer, state highway department, municipality,
and power company personnel. Wherever possible, dis-
counted costs rather than list prices have been provided.
For any given cost item, either or both the maximum and
minimum costs and the median cost are given. Where only
one cost is given, all costs for a given item either (a) are
identical or within a 2 percent range, or (b) are based on
cost data from only one manufacturer. The cost range in
some cases varies widely; the median cost, however, repre-
sents the price the user can normally expect to pay for a
given item and should be used in the calculations. In some
cases it may be necessary for the users to adjust these data
if costs differ substantially. The mean (or average) cost
was not selected because of possible inherent distortions.
For example, if for a given cost item five prices are given—
four of which are clustered about a price which most users
pay and the fifth of which is substantially higher—more
weight would be given to the higher price if the mean were
used as compared to the median. To validate the data, the
median costs of the labor and equipment for different road-
way lighting system configurations were compared with
bid prices for the same configurations furnished by some
states. In most cases, cost differences were relatively small.

The labor and overhead tables do not account for re-
gional variations because sufficient data were lacking. Where
these data were available, regional differences- were con-
sidered in the power cost tables.

In addition to the cost data, other information necessary
to determine acceptable roadway lighting system configura-
tions and annual costs is presented. This includes informa-
tion such as ballast losses, lamp lumens, lamp life, wattage,
maintenance factors, maintenance frequencies, electrical
characteristics of cable, and burning hours. The power cost
tables have also been developed on the basis of different
ownership-maintenance configurations; thus, the user can
determine the relative cost of user ownership-maintenance



as compared with utility ownership-maintenance. In the
case of utility ownership, the user pays an annual rental
charge, which includes equipment, labor, overhead, and
power costs. To determine rental costs, the user need only
refer to the data included in the section on utility owner-
ship.

The information contained in Appendix B is subdivided
to as fine a level of detail as possible to provide maximum
flexibility in determining acceptable roadway lighting con-
figurations and relative costs. To determine appropriate
costs for a given item, the user will need to refer to several
tables in Appendix B. Examples of how to use these tables
in determining annual costs and calculating feasible road-
way lighting configurations are given in a subsequent section
on “Lighting Configuration Costs.” The following describes
in more detail each group of tables in Appendix B.

Equipment Costs

The information in the equipment cost tables was obtained
from manufacturers and purchasers (municipalities and
state highway departments) and reflects actual prices pur-

chasers should expect to pay, rather than the manufacturer’s -

list price.

Wherever possible, discounts available to equipment users
have been accounted for. For some items, manufacturers
provided information on user discounts; in other cases, this
information was obtained by comparing prices paid by
purchasers with list prices. For some items, such as lamps
and cables, actual user cost data are difficult to obtain, al-
though list prices are available. For example, lamp pur-
chasers request distributors to submit bids for supplying a
specified quantity of lamps of a given type. Bids made by
distributors are a function of market competition, yearly
business volume of the purchaser with the distributor, and
the size of the order. Distributors for various manufac-
turers have discount structures which account for these
factors. This range of discounts from the list price is pro-
prietary information and therefore is not available. Dis-
count ranges can be obtained by comparing list prices with
prices paid by purchasers in the past for given order sizes.
A similar situation exists with regard to cable used in
street lighting circuits and, to a lesser extent, with regard
to lighting poles.

In general, discounts are as follows: aluminum poles, 40
percent; steel and concrete poles, 50 percent; lamps, 20 to
50 percent; luminaires, 20 to 35 percent; most transformers
and group control equipment, 5 to 15 percent; cable and
conduit, 5 to 15 percent; time controls, 40 to 50 percent.
However, discounts given for any lighting component will
vary with the manufacturer.

Freight charges-are not included in the purchase price
of most equipment. The following items are FOB factory:
lighting poles, transformers, cable and conduit, luminaires,
oil switches, and most other contro! equipment. Freight
charges are not added to the purchase price only when items
are of relatively little bulk. Shipping charges will vary with
the distance of the purchaser from the factory.

In some tables, information additional to median costs
and cost ranges is presented. These data will be necessary to
obtain acceptable configurations. For example, in the lamp

tables, initial lumens, end-of-life lumens, and maintenance
factors are given where needed; these data are required to
find spacing between poles when designing a roadway light-
ing system.

In these tables, equipment type interrelationships are not
shown—for example, the relationship of maximum cable
size to a given conduit, or of maximum luminaire weight
for a given lighting pole. Engineering judgment must be
applied to determine which components can be used to-
gether in a lighting system, and this is properly the function
of the lighting engineer. However, the tables contain enough
data that a lighting engineer can use them to construct
feasible equipment configurations.

Labor and Overhead Costs

Factors which affect the purchase price of equipment used
in roadway lighting frequently will not affect the labor and
overhead costs. In considering lighting poles, for instance,
mounting height, arm length, and type of base will affect
the equipment cost, but the same amount of labor will be
required for installing a given type of pole. The labor cost
tables, therefore, are much less detailed than those for
equipment. They do, however, supply sufficient informa-
tion concerning labor costs that these costs can be estimated
adequately. Overhead costs, such as supervisory labor,
travel time, and equipment rental, are included in these
figures. Both the median costs and cost ranges are given,
where these data were available. The cost ranges vary
widely because the cost per job frequently depends on how
many units are being installed or serviced at one time.

The information contained in these tables has been ob-
tained primarily from state highway departments, munici-
palities, and power companies. Although labor costs vary
regionally, insufficient information was received to account
for these variations. When actual labor and overhead rates
differ substantially from those presented in the tables, the
percentage difference between the tabular and actual values
should be added to or subtracted from the tabular values
for a particular application.

Two sets of labor and overhead cost tables are given.
The first set gives construction costs, the second mainte-
nance costs.

The maintenance cost section also includes data on the
median frequency and frequency range to perform a given
type of maintenance. Because maintenance is performed
periodically, knowledge of both the frequency per year and
cost per occurrence is needed by lighting equipment compo-
nent to determine annual maintenance costs. Median costs
per year given in the tables are based on median cost per
occurrence and frequency per year. Necessary adjustments
should be made by users where the cost and frequency
differ significantly from the data given in the tables.

Power Costs

These tables provide data on power and other costs for
differing roadway lighting system ownership-maintenance
configurations, based on information obtained from repre-
sentative power companies throughout the country, state
highway departments, and municipalities. The data included



in these tables, used in conjunction with the equipment and
labor cost tables, will supply most or all of the information
necessary to determine the cost of a roadway lighting sys-
tem.

To determine system cost where the user (state or munici-
pality) owns, constructs, operates, and maintains the entire
lighting system, only the energy charges need be added to
the equipment and labor and overhead costs. Energy
charges are usually billed on a per kilowatt-hour basis.

If the utility owns, constructs, operates, and maintains
the system, the user will pay a rental cost which will include
the equipment, labor and overhead, and power costs. In
this case, only the costs given in the section on utility own-
ership need be extracted from the tables. These costs are
billed on the basis of a cost per lamp per time period, or a
combination of facility and energy charges, depending on
the rate structure of the utility company.

Other combinations of ownership-maintenance configu-
rations also are used. Using the data presented in these
tables, the user can compare the relative cost of different
ownership-maintenance configurations.

Three types of ownership-maintenance configurations are
used most frequently, as follows:

1. User owns and maintains all but group control facili-
ties. Utility delivers power only and will charge only for
energy on the basis of cost per kilowatt-hour.

2. User owns and partially maintains the system. Utility
owns group control equipment and some distribution facili-
ties, and maintains lamps and luminaires. Customer owns
the rest of the system and performs all other maintenance.
Customer rates are based on the cost per lamp per year.

3. Utility owns and maintains the entire lighting system.
Customer pays for energy, amortization of equipment, and
maintenance. Rates either are lump sum or are divided to
reflect the various charges. Rates usually are based on (a)
cost per lamp per time period, or (b) a combination of
energy and facility charges.

A given ownership-maintenance configuration does not
necessarily imply a given rate structure. For example, two
utilities may have the same ownership-maintenance con-
figuration, but one may base charges on the cost per lamp
per year, whereas the other divides its charge into costs of
energy and facility use. If charges are divided, energy and
facility use figures will be shown in separate tables in Ap-
pendix B.

Users of roadway lighting usually have little choice of
type of rate structure employed by a utility. It is assumed
that in most cases users will be constructing, owning, and
maintaining their own lighting system and that the first
ownership-maintenance configuration described will be ap-
plicable. Because, however, all configurations do exist in
various parts of the nation, cost data for all major configu-
rations are given.

Inasmuch as rates and the rate structure usually are fixed
in a given area, power costs for different ownership-main-
tenance are not directly comparable in the same manner.
The information is not presented for purposes of choosing
between alternative rate structures or ownership configura-
tions, but so that users may observe relative differences in

the cost of various ownership-maintenance configurations
and so that if a choice between these configurations is avail-
able (rental versus ownership, for example), cost differ-
ences can be estimated.

Regional differences in rates were found to be minimal,
except in certain areas of the northeastern United States
and the Tennessee Valley and southern regions. Rates for
all types of service in the Northeast are 25 to 33 percent
higher than in the rest of the nation, and in the South rates
are 25 to 33 percent lower than in the rest of the country.
Regional differences are given in the tables where this in-
formation is available. Burning hours average 4,000 per
year throughout the country. Local differences are pri-
marily caused by variations in time controls used rather
than differences in daylight hours.

ACCEPTABLE LIGHTING CONFIGURATIONS
Constraints

Any configuration of lamps lighting a roadway will be sub-
ject to a number of constraints, including the dimensions of
the roadway, the physical characteristics of the lighting
equipment, and the amount and distribution of light cast
on the roadway. These constraints, based on IES and
AASHO standards, are summarized as follows:

1. Roadway. Three types of straight and level roadways
are considered: a two-lane undivided major roadway in a
rural area, a four-lane divided continuous expressway in a
rural area, and a six-lane divided continuous expressway in
an urban area. Lanes are 12 ft wide. The four-lane road
has a median strip 36 ft wide and the six-lane road has a
median strip 10 ft wide. Shoulders on all roads are 10 ft
wide.

2. Equipment. The minimum mounting height of light-
ing poles has been set at 30 ft to minimize glare. Lengths of
bracket arms can range from 2 to 20 ft. All poles are to be
set back 2 ft from the outside edge of the right shoulder
(that is, 12 ft from the outside edge of the road). If poles
are to be to the left of the direction of travel, they should
be set back at least 3%2 ft from the left edge of the outside
lane and should be mounted behind guardrails. For 36-ft
wide medians, the distance from road edge to the poles
should be at least 12 ft. Luminaires should be located at
least over the outer edge of the pavement and preferably
over the centerline of that lane. Although overhead or
underground wiring may be used, underground systems are
preferable in urban areas.

3. Illumination. On two-lane undivided major rural
roadways IES recommends an average maintained illumi-
nation level of 0.9 horizontal footcandles; on rural four-
lane divided freeways AASHO recommends a minimum
average illumination level of 0.6 horizontal footcandles;
and on multilane divided urban expressways IES recom-
mends an average maintained illumination level of 1.4 hori-
zontal footcandles. The ratio of average to minimum hori-
zontal footcandles (uniformity ratio).should not be greater
than 3 to 1.* To account for loss of lumens caused by age

* Current IES standards recommend a uniformity ratio not greater than
3 to 1; AASHO considers uniformity ratios ranging from 4 to 1 to 6 to 1

as acceptable for lighting controlled-access highways; the 3 to 1 ratio is
used in this report in determining acceptable configurations.



and dirt, appropriate maintenance factors should be used in
calculations. A pavement reflectance of 10 percent is as-
sumed in this study.

Ratios of spacing and road width to mounting height
should be within the ranges of vertical and lateral light dis-
tribution for which the luminaires used are designed. To
minimize glare and improve driver visibility, cutoff or semi-
cutoff lamps should be used where feasible. In the interests
of good lighting, it is generally better to use larger lamps
at reasonable spacings and mounting heights than to use
smaller lamps at more frequent intervals and lower mount-
ing heights—as long as the uniformity ratio is maintained.

Computations

FORMULAS

In finding an acceptable configuration, the first step is to
determine the correct spacing between luminaires, given the
average illumination to be maintained:

Lamp lumens (1)

Spacing = Avg. footcandles X Road width

where spacing is the distance between luminaires and lamp
lumens are initial vertical lumens.* Expanding this equa-
tion 1o consider the amount of light actually used and the
decrease in output caused by age and dirt,

Spacing =
Init. lumens X Coeff. of utilization X Maint. factor 2)
Average footcandles X Road width

where coefficient of utilization is the percentage of lumen
output of the lamp which falls on the roadway and the
maintenance factor is a measure of decreased light output.
Specifically,

End-of-life vertical lumens
Initial vertical lumens

X 0.85
(3)

where 0.85 is the assumed dirt factor, which is a function of
traffic volume, luminaire cleaning frequency, and local
conditions. End-of-life maintenance factors are given in
Table B-13. Substituting Eq. 3 in Eq. 2 gives

Maintenance factor =

Spacing =
End-of-life lumens X 0.85 X Coefficient of utilization (4)
Average footcandles X Road width

In computing either the spacing or the average footcandles,
either Eq. 2 or Eq. 4 can be used.

In the preceding equations, the spacing is the distance
between luminaires if they are spaced in a one-sided ar-
rangement or in a staggered arrangement, as follows:

* A vertical lumen is a unit measure of the quantity of light when the
lamp is mounted in a vertical burning position or in a horizontal burning
position with compensated ballasts. Vertical lumens are used in the
examples throughout this report because most manufacturers’ lamp data
are given in this manner. Horizontal lumens should be used for lamps
operated in a horizontal burning position with uncompensated ballasts.
If horizontal lumen data are not available an approximation can be ob-
tained by reducing vertical lumens by 5 percent.
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If the luminaires are opposite one another, this value of
spacing should be doubled.

COEFFICIENT OF UTILIZATION CURVE

The utilization curve (Fig. 1a) plots two ratios against the
coefficient of utilization. The ratios are found as follows:

. . Luminaire overhang |4
House-side ratio = ; . = 5
u ¢ ratio Mounting height H )

Road width — Luminaire overhang
Mounting height

_WwW—-v

- H

Street-side ratio =

(6)

The two ratios can be found because W, V, and H are
known. Appropriate values of the coefficient of utilization
then can be read from the curve. These two values (one for
the house side and one for the street side) then are added
to obtain the coefficient of utilization used in the calcula-
tions. The curve itself is a function of the light source, the
lumen output and lamp wattage, the luminaire, and the 1IES
distribution type of the luminaire. Different curves exist for
various combinations of these variables.

MINIMUM FOOTCANDLES

In selecting a configuration, not only must the average hori-
zontal footcandles on the road equal or exceed a given
value, but the minimum amount of light falling on the road
must also be found and compared with the average. This



Lamp Type:

Lamp Rating:

Luminaire Type:

Light .Distribution Type:

Meroury, H39-22KB

175-watt, 7300 initial vertical lumens

IT

Mercury, horizontal-burning
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Figure 1. Coefficient of utilization curve and isofootcandle diagram, mercury lamp type H39-22KB.

minimum must not be less than one-third of the average
level. To find the minimum, an isofootcandle diagram (Fig.
1b) is needed. The curves on this diagram, which resemble
those on a contour map, represent lines of equal illumina-
tion (footcandles) for varying distances from the light
source. The axes of the diagram represent ratios of dis-
tance of a point from the source to the mounting height.
The diagram assumes a given mounting height; the illumi-
nation for other mounting heights can be obtained by multi-
plying by the appropriate correction factors listed to the
right of the diagram. Use of the curves and formulas de-
scribed is illustrated in a later section.

Both coefficient of utilization curves and isofootcandle
diagrams may be obtained from luminaire manufacturers.

Procedure for Determining Lighting Configurations

To determine acceptable lighting configurations for a given
roadway, the following procedure may be followed:

1. Specify width of roadway, including median.

2. Specify width of shoulders.

3. Specify desired roadway illumination level.

4. Specify desired uniformity ratio.

5. Select a lamp type from the cost data (Appendix B),

and look up data on ASA designation, initial lumens, watt-
age, and end-of-life maintenance factor.

6. Specify [uminaire mounting height.

7. Specify luminaire overhang.

8. From Appendix B, select a luminaire compatible with
the lamp.

9. Determine the required light distribution type, based
on ratio of roadway width to mounting height.

10. Specify luminaire arrangement.

11. Calculate the coefficient of utilization, using appro-
priate coefficient of utilization curves for the lamp, lumi-
naire, and light distribution type (use Egs. 2, 4, 5, and 6).

12. Calculate spacing, using Eq. 2 or Eq. 4.

13. Determine the minimum illumination at representa-
tive points on the road, using the appropriate isofootcandle
diagrams and the preceding explanations.

14. Adjust the minimum illumination by the mainte-
nance factor to allow for the effect of dirt and aging.

15. Adjust the minimum illumination by a correction
factor for mounting height, if needed.

16. Calculate the ratio of average-to-minimum foot-
candles.

17. 1If the ratio is not met, pick an arbitrary spacing and
solve for the average illumination level, using Eq. 2 or
Eq. 4.

18. Repeat steps 13 through 16 as required.

This procedure has been followed in the subsequent ex-

amples; however, other techniques also may be used to
determine acceptable configurations.



Examples of Lighting Configurations

EXAMPLE 1

Road type:

Road width:

Desired illumination level:

Desired uniformity level:

Lamp type:

Lemp rating:

Maintenance factor:
Mounting height:
Overhang:

Luminaire type:

Light distribution type:
Arrangement:

Two-lane, major
rural, 10-foot
shoulder

2Y4 feet (two 12-
foot lanes)

0.9 average hori-
zontal footcandles
3:1

Mercury, H39-22KB
175-watt, 7300
initial vertical
lumens

0.72

30 feet

4 feet

Mercury, hori-
zontal-burning
II

One side

Io—————v: 24 FY —-I
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By following steps 11 through 15 of the foregoing pro-
cedure the spacing, L, is determined, and then the minimum
amount of light falling on the road is calculated. Using

Eq. 2,

L

_ 7,300 X 0.72 X Coeff. of utilization

0.9 X 24

The coefficient of utilization is obtained by first calculating
the house- and street-side ratios, and then consulting the

appropriate curve:

House-side ratio =

Street-side ratio =

4ft
30ft

(24ft — 4ft)

=0.13.

30R = 0.67.

V=4 FT

W/\

o—

l————— W:24 FT ——

r—%:nz FT —od

From Figure 1, the coefficient of utilization for a house-
side ratio of 0.13 is 0.06 and for a street-side ratio of 0.67
is 0.32. The total, then, is 0.06 + 0.32, or 0.38. The spac-
ing then is

_ 17,300 X 0.72 X 0.38

L= = . ft.
09 % 24 91.6 ft, or 92

The minimum illumination must now be determined. For
convenience in the following description, light sources (see
diagram) are labeled 1 and 2, and the points to be tested
are labeled A through D. The minimum amount of light
usually will fall on the road at one of these four points.




The illumination at point A is as follows:

Light Longitudinal Lateral Hlumination
No. Ratio Ratio (footcandles)
1 46/30 = 1.53 20/30 = 0.67 0.40
2 46/30 =1.53 20/30 =0.67 0.40
Total 0.80

The ratio of longitudinal distance to mounting height from
light 1 to point A is L/2H, or 46ft/30ft = 1.53. The ratio
of lateral distance to mounting height from light 1 to point
Ais (W — V)/H or 20ft/30ft = 0.67. In Figure 1b, 1.53 on
the longitudinal ratio axis and 0.67 on the street side of the
lateral ratio axis intersect at about the 0.40-footcandle
curve.

Using the same procedure, the same value is obtained
for the light at point A from light 2. The values from both
lights are added for a total footcandle value at point A of
0.80. This, however, is the illumination when sources 1
and 2 are new; to account for dirt and aging, this value is
multiplied by the maintenance factor of 0.72 to obtain 0.576
footcandles. This value then must be multiplied by the
appropriate correction factor for mounting height. The
isofootcandle diagram (Fig. 1b) is based on a 25-ft mount-
ing height; the appropriate correction factor (to right of
contour lines) for 30 ft is 0.69. Therefore, 0.576 X 0.69
= 0.397, and the ratio of 0.397 to 0.900 is greater than
one-third.

The same procedure is followed for point B:

Light  Longitudinal Lateral Hlumination
No. Ratio Ratio (footcandles)
1 46/30=1.53 4/30=10.13 0.37
2 46/30 =1.53 4/30=0.13 0.37
Total 0.74

Road type: Four-lane, rural ex-
pressway, 36-foot
median, 10-foot

shoulders

Road width: 84 feet (four 12-
foot lanes plus

median)

Desired illumination level: 0.6 average hori-
zontal footcandles 3

Desired uniformity level: 3:1

Lamp type: Mercury, H33-1CD
Lamp rating: 400-watt, 20,500
initial vertical

lumens

Maintenance factor: 0.71
Mounting height: 35 feet
Overhang: Y feet

Luminaire type: Mercury, horizontal 2

burning
Light distribution type: III
Arrangement: Staggered

In this case, point B is to the house side (behind) lights 1
and 2, and on the lateral ratio axis of the isofootcandle
diagram the reading is taken above the horizontal O line.
Again, the value of 0.74 is multiplied by a maintenance
factor of 0.72 and a correction factor of 0.69 to give an
illumination value of 0.367, which is also greater than one-
third of 0.9.

Using the same method of analysis, the. illumination at
points C and D is 0.546 and 0.671, respectively; thus, all
the minimum illumination values exceed the minimum al-
lowable level, 0.3 (one-third of 0.9), and the given lighting
configuration is acceptable.

It should be noted that some light falls on the road from
luminaires adjacent to light sources 1 and 2. The level of
illumination from the more distant luminaires is less than
10 percent of the illumination from lights 1 and 2 and does
not significantly affect the spacing. Therefore, for sim-
plicity, illumination from more distant luminaires is not
considered. This is consistent with Appendix D to the
1963 American Standard Practice for Roadway Lighting,
in which only the closest luminaires are considered in the
illustrated calculations.

EXAMPLE 2

In this example, the median is considered to be part of
the roadway, and calculations are based on an 84-ft road
width. Alternatively, the roadway could be treated as two
separate two-lane roads, each illuminated by light sources

V4 FT

MEDIAN

njr

DN

I
.

L——W= 84 FT———’I\_J
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with Type 11 light distribution in a one-sided arrangement.
However, the latter method ignores the significant amount
of light cast on the opposite side of the road from the light
source. Although in some cases it may be more economical

to treat a divided roadway as two separate roads, greater .

spacings can be obtained by considering the roadway as a
single road, especially when larger lamp sizes and higher
mounting heights are used. This would not necessarily hold
true as the width of the median increases.

As for the previous example, the spacing is found first:

L— 20,500 X 0.71 X Coeff. of utilization

84 X 0.6
where the coefficient of utilization (Fig. 2a) is
Coefficient of
Utilization
Street-side ratio (84 — 4)/35 = 2.28 0.54
' House-side ratio, 4/35 = 0.11 0.04
Total 0.58

Therefore, the spacing is

_ 20,500 X 0.71 X 0.58
84 X0.6

With a spacing of 167 ft, the illumination at point A can
be found from Figure 2b, as follows:

L =167 ft.

Lamp Type:
Lamp Rating:
Luminaire Type:

Light  Longitudinal Lateral Hlumination
No. Ratio Ratio (footcandles)
1 167/35=4.77 4/35=0.11 (house) 0.008
2 167/35=4.77 4/35=0.11 (house) 0.008
3 0/35=0 80/35 = 2.28 (street) 0.150
Total 0.166

Corrected footcandles then must be calculated by multi-
plying this value by the maintenance factor and the correc-
tion factor for mounting height. In this case, these factors
are 0.71 and 0.73, respectively, and the effective illumina-
tion is 0.166 X 0.71 X 0.73 = 0.086 footcandles. This is
less than one-third of 0.60, and the given arrangement is
unsatisfactory. To raise the ratio to an acceptable level, the
lights must be spaced more closely. This spacing, however,
also will raise the average illumination level. The general
procedure now is as follows:

1. Select an arbitrary spacing, L, and solve Eq. 2 for the
average illumination level.

2. For this spacing, find the minimum level and compare.

3. If ratio of minimum to average illumination is less
than or equal to one-third, an acceptable configuration is
obtained. If not, choose another spacing, L', with L' <L,
and recompute average and minimum levels.

In this example, if a new value of 105 ft is chosen for
the spacing, the average illumination is

Mercury, H33-1CD
400-watt, 20,500 initial vertical lumens

Mercury, horizontal-burning

Light Distribution Type: 1II
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b. Isofootcandle Diagram

Figure 2. Coefficient of utilization curve and isofootcandle diagram, mercury lamp type H33-1CD.



20,300 X 071 X 0.38 _ 957 footcandle

84 X 105
and the minimum illumination at point A is

Light  Longitudinal Lateral Hlumination
No. Ratio Ratio (footcandles)

1 - 105/35=3.0 4/35=0.11 (house) 0.08

2 105/35 =3.0 4/35=0.11 (house) 0.08

3 0/35=0 80/35 = 2.28 (street) 0.15

Total 0.31

This value is already less than one-third of 0.957, so ‘the
configuration is unacceptable; the value need not be ad-
justed with maintenance and correction factors.
If the spacing is reduced still further to 60 ft, the aver-
20,500 X 0.71 X 0.58 __

age illumination is 84X 60 = 1.67 footcandles
and the illumination at point A is

Light  Longitudinal Lateral - IHlumination
No. Ratio Ratio (footcandles)

1 60/35=1.71 4/35=0.11 (house) . 0.50

2 60/35=1.71 4/35 = 0.11 (house) 0.50

3 0/35=0 80/35 = 2.28 (street) 0.15

Total 1.15

After multiplying this figure by the maintenance factor
(0.71) and the correction factor (0.73), the corrected il-
lumination at point A is 0.597 footcandle. This is greater
than one-third of the average, which now is 1.67 foot-
candles.

Similarly, at point B

Light  Longitudinal Lateral Hlumination
No. Ratio Ratio (footcandles)
1 90/35 =2.57 4/35=0.11 (house) 0.15
2 30/35=0.86 4/35=0.11 (house) 2.00
3 30/35 =0.86 80/35 = 2.28 (street) 0.15
Total 2.30

Adjustment of this value by the maintenance and correction
factors gives 1.19 footcandles, which exceeds the acceptable
value.

The preceding configuration now satisfies both the aver-
age and minimum illumination requirements; however, it
has been achieved at a cost of a much higher average il-
lumination level than is needed and of a high equipment
cost due to close spacing.* This situation can be changed
either (a) by raising the ratio of average to minimum illumi-
nation levels, or (b) by increasing the lamp size (power)
and the mounting height.

Figure 10 shows the effects of spacing on both the aver-
age illumination and the uniformity ratio for this configura-
tion. The upper curve represents the change (increase) in
average illumination as spacing decreases; the lower curve
represents the change (decrease) in the ratio of average to
minimum illumination as spacing decreases. The left-hand

* Although this configuration meets the illumination requirements, the
spacing may not be optimum. Optimum spacing can be determined by
successively selecting slightly greater spacing lengths and recalculating the
average and minimum illumination levels and uniformity ratio, using the
procedure described at the beginning of this section or using the curves
presented in the following section headed “Discussion.”
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scale is inverted so that the lowest ratios are at the top; the
horizontal line represents both the 0.6 average level and
the 3-to-1 ratio. When both curves are above this line, an
acceptable configuration has been obtained. However, such
a configuration is not necessarily the most’ economical or
the most efficient possible.

EXAMPLE 3

—

9
g

MEDIAN

DN

) 5|
e ———]
e —

Road type: Four-lane, rural ex-

pressway, 36-foot
median, 10-foot

——

shoulders
Road width: 84 feet (four 12-
foot lanes plus
median)
Desired illumination level: 0.6 average hori-
zontal footcandles
Desired uniformity level: 3:1
Lemp type: Mercury, H35-18NA
Lamp rating: 700-watt, 37,000
initial vertical
lumens
Maintenance factor: 0.67
Mounting height: 40 feet
Overhang: 4 feet
Luminaire type: Mercury, horizontal-
burning
Light distribution type: III
Arrangement: Staggered
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This example illustrates the effect of higher mounting height
and lamps of greater wattage. The configuration is the same
as that in Example 2, but with the mounting height raised
to 40 ft.

For this configuration the coefficient of utilization (Fig.
3a) is

Coefficient of
Utilization
Street-side ratio (84—4)/40=2.00 0.52
House-side ratio 4/40 = 0.10 0.02
Total 0.54

the initial illumination is 37,000 footcandles, the mainte-
nance factor is 0.67 (from Table B-13a), and the spacing is

_ 37,000 X0.54 X 0.67 _ 545 ¢

L=
0.6 X 84

The minimum illumination (Figure 3b) at point A is
Light  Longitudinal Lateral Hlumination
No. Ratio Ratio (footcandles)
1 265/40 = 6.63 4/40 = 0.10 (house) 0.004
2 265/40 = 6.63 4/40 = 0.10 (house) 0.004
3 0/40=0 80/40 = 2.00 (street) 0.800
Total 0.808

When multiplied by the maintenance factor (0.67) and the
correction factor (0.58), the adjusted minimum illumina-
tion is 0.313 footcandle. This is greater than one-third of
0.60, so the illumination at point A is satisfactory.

Lamp Type:
Lamp Rating:
Luminaire Type:

The illumination at point B is

Light  Longitudinal Lateral Hlumination
No. Ratio Ratio (footcandles)
1  398/40=9.95 4/40 = 0.10 (house) 04
2 133/40 =3.32 4/40 =0.10 (house) 0.20
3 133/40 = 3.32 80/40 = 2.0 (street) 0.18
Total 0.38

Multiplying by maintenance (0.67) and correction (0.58)
factors gives 0.148 footcandle, which is less than one-third
of 0.60. Therefore, the illumination at point B is unaccept-
able and the lamps should be spaced more closely. If a
240-ft spacing is assumed, the average illumination is

13,386

m = 0.67 footcandle.

The illumination at point A then is

Light  Longitudinal Lateral Hlumination
No. Ratio Ratio (footcandles)
1 240/40 = 6.0 0.1 0.007

2 240/40 = 6.0 0.1 0.007

3 0/40=0 2.0 0.800
Total 0.814

Multiplied by the maintenance (0.67) and correction (0.58)
factors, the illumination becomes 0.317 footcandle, which
is acceptable.

Meroury, H35-18NA
700-watt, 37,000 initial vertical lumens
Meroury, horizontal-burning

Light Distribution Type: III
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a. Coefficient of
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b. Isofootcandle Diagram

Figure 3. Coefficient of utilization curve and isofootcandle diagram, mercury lamp type H35-18NA.



At point B, the illumination is

Light  Longitudinal Lateral Illumination
No. Ratio Ratio (footcandles)
1 360/40=9.0 0.1 0.007

2 120/40 = 3.0 0.1 0.350

3 120/40.= 3.0 2.0 0.300
Total 0.657

Again multiplying by maintenance and correction factors,
the illumination becomes 0.255 footcandle, which is accept-
able.

Thus, the illumination at both points A and B exceeds
one-third of the average illumination and, because the mini-
mum level occurs at point A or point B, the configuration
in this example is acceptable.

If the mounting height is raised 5 ft and a lamp one size
larger is used, the spacing can be increased by from 60 to
240 ft. In addition, the average illumination level remains
near the 0.6 footcandle desired.

EXAMPLE 4

In this configuration, the coefficient of utilization (Fig.
4a) is as follows:

Coefficient of
Utilization
Street-side ratio (84 — 4)/35 =2.28 0.52
House-side ratio 4/35 = 0.11 0.04
Total 0.56
L 56,000 X 0.56 X 0.61
h L=== = .
The spacing is 84 % 0.6 380 ft
The minimum illumination (Fig. 4b) at point B is
Light  Longitudinal Lateral Illumination
No. Ratio Ratio (footcandles)
1 16.3 0.11 0.000
2 54 0.11 0.015
3 5.4 2.28 0.020
Total 0.355

which is unacceptable, without even considering mainte-
nance or correction factors.
If the spacing is decreased to 210 ft, the average illumi-

56,000 X 0.56 X 0.61

nation becomes = 1.08 footcandles.

210 X 84
At point A the minimum illumination is

Light  Longitudinal Lateral Hlumination
No. Ratio Ratio (footcandles)

1 210/35=6.0 4/35=0.11 (house) 0.01

2 210/35 =6.0 4/35=0.11 (house) 0.01

3 0/35=0 80/35=2.28 (street) 0.90

Total 0.92

Multiplying by ‘the maintenance (0.92) and correction
(0.61) factors gives 0.410, which is greater than one-third
of 1.08.
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Road type: Four-lane, rural ex-
pressway, 36-foot
median, 10-foot
shoulders

Road width: 84 feet (four 12-
foot lanes plus
median)

Desired illumination level: 0.6 average hori-
zontal footcandles
Desired uniformity level: 3:1
Lamp type: Mercury, H36-15GV
Lamp rating: 1000-watt, 56,000
initial vertical
lumens
Maintenance factor: 0.61
Mounting height: 35 feet
Overhang: U4 feet
Luminaire type: Mercury, horizontal-
burning
Light distribution type: III
Arrangement: Steggered

At point B the minimum illumination is

Light  Longitudinal Lateral Ilumination
No. Ratio Ratio (footcandles)
1 315/35 =9.0 0.11 0.00
2 105/35 =3.0 0.11 0.50
3 105/35=3.0 2.28 0.35

Total 0.85
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Lamp Type:
Lamp Rating:
Luminaire Type:

Mercury, H36-15GV
1000-watt, 56,000 initial vertical lumens
Mercury, horizontal-burning

Light Distribution Type: 1II
’ VALUES BASED ON 30-FT MOUNTING HEIGHT
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b. Isofootcandle Diagram

Figure 4. Coefficient of utilization curve and isofootcandle diagram, mercury lamp type H36-15GV.

Multiplying by maintenance and correction factors, the il-
lumination is 0.378, which is also greater than one-third of
1.08. Therefore, a spacing of 210 ft is acceptable.

If, however, the spacing is reduced to 175 ft, the average

illumination rises to 56,000 X 0.56 X 0.61 = 1.30 foot-

175 X 84
candles and the minimum illumination at point A becomes
Light  Longitudinal Lateral Hlumination
No. Ratio Ratio (footcandles)
1 5.0 0.11 0.025
2 5.0 0.11 0.025
3 0 2.28 0.900
Total 0.950

This value is less than one-third of the average, and the
configuration is no longer acceptable. The spacing must be
reduced to 125 ft before the minimum again rises to one-
third the value of the average. This situation is demon-
strated in Figures 5 and 6, and is explained in the following
section.

Discussion

This section presents several curves that effectively quantify
the interrelationships among the various lighting variables
and can be used to determine optimal arrangements for dif-
ferent factors. In the following discussion, “point A” and
“point B” refer to the points so identified on the sketches
accompanying the preceding examples. Several important
interrelationships are discussed in the following paragraphs.

Figure 5 shows the average illumination and the illumi-
nation at points A and B for various spacings; Figures 6
through 10 show the average illumination and uniformity
ratios for various lamp sizes, mounting heights, and lamp
spacings.

For large spacings the minimum illumination will be at
point B and most of the light at point A will emanate from
the lamp directly across from point A (rejection area of
region 1, Fig. 5). As spacing decreases point B receives
light at a greater rate than does point A, until more light
falls at point B than at point A. With certain configura-
tions of spacing, mounting height, and lamp output (when
point A becomes the point of minimum illumination), more
light falls at point A than one-third of the average illumi-
nation (acceptance area of region 1, Fig. 5). As spacing
decreases the average rises faster than does the minimum
(at point A) until once again the uniformity ratio is greater
than 3 to 1 and standards are no longer met (rejection area
of region 2, Fig. 5). The spacing must decrease even more
until the illumination at point A again reaches one-third of
the average illumination (acceptance area of region 2, Fig.
5). For lamps of lower output and for lower mounting
heights, the illumination at point A in what would be the
first region of acceptance is less than one-third of the aver-
age; therefore, spacing must be decreased until the second
region of acceptance is reached so that the uniformity re-
quirements are met. For this reason, in Examples 1 and 2
(see preceding section) the spacing is very close. For large
lamps and high mounting heights, such as in Example 3,



the first acceptance region is reached and enough light is
received at point A that it never falls below one-third of
the average. Regions 1 and 2 then become one large ac-
ceptance area. In Example 4, there are two acceptable re-
gions (see Fig. 5).

Figure 6 shows how the ratio drops to 3 to 1 and below,
then rises above this, and then returns to less than 3 to 1 as
the spacing is decreased. (In this discussion, when the uni-
formity ratio is referred to as dropping, the curve itself is
rising because of the inverted axis.) Figures 7 and 8 show
the same change in ratio (an initial drop followed by a rise
and then another drop to 3 to 1). In these two graphs,
however, the initial drop never quite reaches the 3-to-1 line.
In each case, the spacing must be reduced appreciably be-
fore the ratio reaches 3 to 1, and at a cost of a correspond-
ingly large increase in average illumination. In Figure 9,
the change occurs well above the 3-to-1 line; that is, once
the ratio rises above the 3-to-1 line (becomes less than 3
to 1), it never exceeds 3 to 1, even when the ratio again
becomes less favorable. In effect this relationship is simi-
lar to that in Example 3, except that the wattage here is
1,000 rather than 700; the mounting height (40 ft) is the
same.

Figures 6, 8, and 9 demonstrate the effect of mounting
height on illumination, the lamp wattage being constant and
the mounting height being the only variable. As mounting
height increases, the lowest ratio (high point of the lower
curves) increases. At 30 ft (Fig. 8) the initial drop never
reaches the 3-to-1 line; at 35 ft (Fig. 6) the curve rises
above and then falls below the 3-to-1 line as the ratio in-
creases again; at 40 ft (Fig. 9) it rises and remains above
the 3-to-1 line.

Figures 6, 7, and 10 demonstrate the effects of a change
in lamp power for a given mounting height, the height re-
maining constant at 35 ft and the lamp power being the
only variable. As lamp power increases the initial drop in
ratio approaches and crosses the 3-to-1 line. The spacing
at which the ratio curve crosses the line and remains above
it also increases with lamp power. In each case, however,
when the desired 3-to-1 ratio is achieved, the average il-
lumination has risen to a far greater value than is needed
(0.6 footcandle recommended). For a 35-ft mounting

height,
Avg. Hlum.
Lamp at which ratio is Spacing
Power 3:1 (footcandles) ft)
400 1.55 65
700 1.55 115
1000 1.05 217 (acceptance area,
region 1)
1.83 125 (acceptance area,
region 2)

The uniformity of illumination in a lighting system de-
pends primarily on mounting height; intensity of illumina-
tion depends primarily on lamp output. To meet the dual
criteria of minimum illumination level and a given uni-
formity ratio, a certain minimum lamp size and mounting
height are necessary. These will vary with the roadway
width and other criteria involved. The relative costs of the
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preceding and other acceptable system configurations are
discussed later under the heading “Lighting Configuration
Costs.”

If uniformity ratios greater than 3 to 1 are acceptable,
the cost of lighting installations can be reduced.* For ex-
ample, with a 700-w mercury lamp at a mounting height
of 35 ft (Fig. 7), the 3-to-1 ratio is reached at 115 ft with
an average illumination level of 1.55 footcandles. If the
ratio becomes 4 to 1, the average illumination falls to ap-
proximately 0.77 footcandle and the spacing can be in-
creased to 220 ft. Thus, at a cost of a slightly higher uni-
formity ratio, the spacing may be almost doubled and the
average illumination level can be reduced without being
less than the recommended value. For 1,000-w lamps at a
30-ft mounting height (Fig. 8), a 4-to-1 ratio will lower the
average illumination level from 2.55 footcandles to approxi-
mately 1.15 footcandles; the spacing then can be increased
from 95 ft to about 205 ft and thus decrease the cost. This
report does not recommend one lighting system or set of
standards over another; questions of economics and the
safety and comfort of motorists are the function of the
highway engineer.

Summary of Acceptable Lighting Configurations

Many possible lighting configurations which exist satisfy
the recommended illumination levels and other constraints;
some of these configurations are given in Tables 1, 2, and 3
for three types of roadway. These configurations were de-
rived in the same manner as those given in the examples.
A blank lighting configuration summary form is provided
in Appendix C for use by lighting system planners in list-
ing acceptable configurations for a given type of road.

SPECIFICATION OF EQUIPMENT FOR
LIGHTING CONFIGURATIONS

Once acceptable configurations are determined for a given
type of roadway, all the equipment for a given configuration
can be specified. In this section, 13 configurations are speci-
fied for illustrative purposes. All are taken from the list
of acceptable configurations in Tables 1, 2, and 3, with
seven being for a four-lane rural expressway, three for a
two-lane major rural roadway, and three for a six-lane
urban expressway. The first four configurations for the
four-lane road are taken from Example 2, configuration 5
from Example 3, and configuration 6 from Example 4.

Three types of forms are used to specify equipment for a
given configuration. Tables 4, S, and 6 are sample com-
pleted forms for the 13 illustrative lighting circuit configura-
tions; blank forms suitable for use by lighting engineers are
included in Appendix C.

Most of the data required for parts a and b of the tables,
which specify basic configuration data and summarize costs,
can be obtained directly from the roadway lighting con-

figuration summary (Tables 1, 2, and 3). Other data, such

as the distribution system used and the kilowatts per lamp,
depend on specification of distribution and control equip-

* Although an evaluation of the desirability of higher uniformity ratios
is beyond the scope of this study, the economic implications of illumina-
tion uniformity on lighting costs are considered. It is not the intention
of this report to recommend a change in uniformity ratios.



Road Type: U-lane expressway

Road Width: 84 feet

Lemp Type: Mercury H36-15GV

Lamp Power: 1000 watts
Mounting Height: 35 feet

Luminaire Type: Mercury, horizontal-burning
Light Distribution Type: III
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Figure 5. Spacing vs average illumination and mini-
mum illumination, 1,000-w lamps mounted at 35 ft.
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Figure 6. Spacing vs average illumination and uni-
formity ratio, 1,000-w lamps mounted at 35 ft.
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Road Type:

Road Widths

L-lane expressway
8l feot

Lamp Type: Mercury H36-15GV
Lamp Power: 1000 watts
Mounting Height: 30 feet

Luminaire Type:

Meroury, horizontal-
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Figure 8. Spacing vs average illumination and uni-
formity ratio, 1,000-w lamps mounted at 30 ft.
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Road Width: 8Y feet
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Figure 9. Spacing vs average illumination and uni-
formity ratio, 1,000-w lamps mounted at 40 ft.
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TABLE 1

ACCEPTABLE CONFIGURATIONS FOR TWO-LANE ROADS

ROADWAY LIGHTING CONFIGURATION SUMMARY FORM

Road Type:
Road Width:
Desired Illumination Level:

Two-lane, major rural, 10-foot shoulders
24 feet (two 12-foot lanes)
0.9 average horizontal footcandles

Desired Uniformity Ratio: 3:1
Lamp Characteristics Pole Characteristics Light
K I1luminati
s tignt [, | Mounting | over- | Lumi- | Distri-|wrrange- | Spacing [ o and;:n) Unifor-
s
Type Deslemati Output (vatts) Height hang naire bution ment (feet) ¢ mity
S
esignation (lumens) w (feet) (feet) Type* Type Average | Minimum | Ratio
Incen. éM/66R 6,000 332 30 L SE 11 One Side 34 0.9 0.38 2.4:1
Incan. 620psho/53 | 11,000 620 30 4 SE II One Side | 74 0.9 0.48 1.9:1
Incan. 620Psho/53 11,000 620 30 4 SE IT Staggered]| 74 0.9 0.55 1.6:1
Incan. 10M/66R 10,000 566 30 4 SE II  |One Side 74 0.9 0.48 1.9:1
Meroury H39-22KB 7,300 175 30 Y HB I One Side 92. 0.9 0.36 2,5:1
Mercury H37-5KB 11,000 250 30 L HB IT One Side | 135 0.9 0.49 1.8:1
Mercury H33-1CD 20,500 400 30 Y HB I One Side | 100 2.13 0.71 3.0:1
Mercury H33-1CD 20,500 400 30 Y HB I Staggered| 150 1.4 0.47 3,0:1
Mercury H35-18N4 37,000 700 35 4 HB II One Side | 200 1.49 0.51 2.9:1
Meroury H35-18NA 37,000 700 35 4 HB II Staggered| 210 1.4 0.49 3.0:1
E
HB = horizontal burning

SE

standard enclosed

8I



TABLE 2

ACCEPTABLE CONFIGURATIONS ‘FOR FOUR-LANE EXPRESSWAYS

ROADWAY LIGHTING CONFIGURATION SUMMARY FORM

Road Type:
Road Width:
Desired Illumination Level:

Desired Uniformity Ratio: 3:1

Four-~lane, rural expressway, 36-foot median, 10-foot shoulders
84 feet (four 12-foot lanes plus 36-foot median)

0.6 average horizontal footcandles

Lamp Characteristics

Pole Characteristics

Light-
: Illumination
Light Mounting Over- Lumi- Distri-jArrange- | Spacing Unifor-
AsA Power (footcandles)
Type Desigmati Output (vatts) Height hang naire bution ment (feet) mity

esigmation { lumens) (feet) (feet) Typek Type Average | Minimum | Ratio
Incan. 10M/66R 10,000 566 30 Y SE III Staggered 30 0.60 0.54 1.1:1
Incan, 860pPs52/80 16,000 860 30 4 SE III Staggered 99 0.60 0.25 2.4:1
Mercury H33~1CD 20,500 4oo 30 4 HB IIT Staggered 50 2.04 | 0.76 2.7:1
Mercury H33-1CD 20,500 Loo 30 L4 HB IIT Opposite 100 2,04 0.75 2.7:1
Mercury H33-1CD 20,500 4oo 35 b HB COIII Staggered 60 1.67 0.60 2.8:1
Mercury H35-18NA 37,000 700 30 L HB III Staggered 90 1.95 0.67 2.9:1
Meroury H35-18NA 37,000 700 32 4 HB IIT  |Staggered 90 1.86 0.62 3.0:1
Mercury H35-18N4 37,000 700 - 35 4 HB IIT Staggered} 115 1.45 0.58 2.5:1
Mercury H35-18NA 37,000 700 35 4 HB III Opposite 210 1.66 0.57 2,9:1

- - Center-

Mercury H35-18NA 37,000 700 35 i HB III Opposite 200 1.37 0.48 2.9:1
Mercury H35-18NA 37,000 700 40 L HB III Staggered] 240 0.67 0.25 2.7:1
Mercury H36-15GV 56,000 1000 30 4 HB ITI.  [Staggered 90 2.62 0.92 2.9:1
Mercury H36-15GV 56,000 1000 35 Ly HB - III Staggered|{ 210 1.08 0.38 2.8:1
Mercury H36-15GV 56,000 1000 4o - HB 111 Staggered| 240 0,92 0.33 2,8:1

*
HB = horizontal burning
SE = standard enclosed

61



TABLE 3

ACCEPTABLE CONFIGURATIONS FOR SIX-LANE EXPRESSWAYS

Road Type:
Road Width:
Desired Illumination Level:

ROADWAY LIGHTING CONFIGURATION SUMMARY FORM

Desired Uniformity Ratio: 3:1

Six—lane, urban expressway, 10-foot median, 10-foot shoulders
82 feet (six 12-foot lanes plus 10-foot median)
1.4 average horizontal footcandles

lamp Characteristios

Pole Characteristics

Light-
Light Mount1 Over- | Lumi- | Distri-|Arra Spaci Illumiration Unif
-~ - - JAD €= niior-
ASA & Power e né pacing (footoandles)
Type Desigmti Output (vatts) Height hang naire | bution | ment (feet) mity
esigmiion {lumens) (feet) (feet) Type* Type Average | Minimum | Ratio
Incan. 860ps52/80 16,000 860 35 L SE IIT |Steggered] Lo 1.40 0.61 2.3:1
Mercury H33-1CD 20,500 400 30 4 HB III |Staggered 55 1.91 0.69 2.8:1
Center-
Meroury H33-1CD 20,500 Loo 30 b HB III |opposite 136 1,40 0.57 1.9:1
Mercury H35-18NA | 37,000 700 35 L HB IIT | Opposite 200 1.69 0.73 2.3:1
Meroury H35-18 NA | 37,000 700 30 Y HB 11T  Pptaggered| 90 2,00 0.67 3.0:1
Mercury H35-18NA 37,000 700 35 4 HB III |Staggered] 121 1.4o 0. 64 2,2:1
Mercury H36-15GV 56,000 | 1000 4o N HB IIT |Steggered] 158 1.40 0.61 2.3:1
Mercury H36-15GV | 56,000 1000 30 4 HB III  |Staggered] 90 2,64 0.92 2.9:1
Mercury H36-15GV 56,000 1000 35 4 HB III |Staggered| 167 1.40 0.7 3,0:1
*
HB = horizontal burning
SE = standard enclosed

0C



TABLE 4

EQUIPMENT SPECIFICATION SUMMARY, TWO-LANE ROADS

EQUIPMENT SPECIFICATION AND COST SUMMARY FORM

Road Type: Two-lane, major rural, 10-foot shoulders
Road Width: 24-foot (two 12-foot lanes)
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Circuit Number
Item
1 2 3 Ly
a. Basic Data
1. Llemp type Incan. Mercury | Incan.
2, ASA designation 10M/66R | H37-5KB |620PSko/5
3. Initial lumens 10,000 11,000 11,000
4, Wattage 566 250 620
5. Mounting height (feet) 30 30 30
6. Overhang (feet) L 4 L
7. Luminaire type Enclosed | Horiz. |Enclosed
8. Light distribution-type II I II
9. Arrangement one side | one side | one side
10. Spacing (feet) 74 135 74
11, Average horizontal footcandles 0.90 0.90 0.90
12, Minimum footcandles 0.48 0.49 0.48
13. Uniformity ratio 1.9/1 1.8/1 1.9/1
14, Total kw per lamp 0.623 0.319 0.682
15, Lamps per mile gl 39 71
16. Distribution system * 03.6 amp [0-M 240v UM 240V
17. lamps/circult 71 1 12
18. Burning hours per year L4000 Loo0 Looo
19. Adjustment factort 1 39/ | 7Y
b. Cost Summary (dollars
OMC I: User Ownership and Maintenance
1, Initial cost
2, Equivalent annual cost
3. Annual maintenance cost
4, Annual power cost
5. Total annual cost
OMC II: User Ownership, Utility
Maintenance
6. Total annual cost
MMC IIla: Utility Ownership and
Maintenance, aggregate
7. Total annual cost
OMC IIIb: Utility Ownership and
Maintenance, detail
8. Total annual cost
9. Annual cost/average horizontal
_ footeandle (QMC I)
*0-S = overhead-series t+ Lamps/mile
Lamps/circuit

0-M = overhead-multiple
U-M = underground-multiple
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TABLE 4—Continued.

EQUIPMENT SPECIFICATION AND COST SUMMARY FORM (cont)

Circuit Number

Item
1 2 3 4 5
c. Non-Distribution and Control
1. Pole:
Material Wood Wood Steel
Base type None None Anchor
Arm length (feet) None None _ None
2., Wood Pole Braocket
Material Steel Steel None
Arm length (feet) 16 . 16
Bracket type Single gwy Kingle gwy
Silipfitter (inches) 2 2
Incandes- Mercury | Incandes-
3. Luminaire cemt, TES b5ow Reg, | cent, IES
Description Type IDk Ballast | Type Ik
Y4, Ballast _
Description None External None

d. Distribution and Control

1. Cable/conduit
a- Distribution

Type (]?‘/rgr?ga. gu 2%(3#26%3 2%‘#2 ou
Feet/olirouit 5280 2295 888

b. Connectlon None. Pole wiring directly
Type connected to distribution syste:r{
Feet/circult '

c. Pole :
Type 11/¢ #6 cu 2/c #6 cul 2/c #6 ey
Feet/pole ' 30 15 L5

2. Time oontrols
&. Photoelectric control
and receptacle 2/circuit 1/lamp {l/circuit
b. Time switch

3., Transformers
a. Congtant current

Type Packege unit
Primary volts 2,400
Secondary amps 6.6
KW rating 20
quantity/cirouit 2

b. Distribution _
Low voltage 7220/240 7120/2&0
High voltage 2 20,
KA rating ?é,ZOO 15,200
Quantity/circuit 1 1

c. Hanger iron 2 1 1

*Head: Mogul multiple without photocontrol receptacle
Optical Assembly: c¢lamp band



TABLE 4—Continued.

EQUIPMENT SPECIFICATION AND COST SUMMARY FORM (cont)

Circuit Number

Item
' 1 2 3 " 5

d. Distribution and Control (cont)

4, Group-control equipment
a. Multiple relay
Type
Quantity
b. Protective relay
Type
uantity
Remote=-control oil switch
Type 200 amp, {200 amp,
cuantity 2 pole 2 pole

d. Multiple control switch
Type
Quantity

e. Power-factor-correcting

Fel
.

capacitor
Type 2,4oov*
Quantity 2

f.. Capacitor mounting brackets 1

g. Potential transformer
Type
uantity

h. Time-delay-lockout relay
Type
Quantity

i. Fuse cutout
Type 200v, 50
Quantity o

J. Other (specify)

sk
25 kvar correction
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TABLE 5

EQUIPMENT SPECIFICATION SUMMARY, FOUR-LANE EXPRESSWAYS

EQUIPMENT SPECIFICATION AND COST SUMMARY FORM

Road Type: Four lane divided rural expressway, 36-foot median, 10-foot shoulders
Road Width: B84 feet (Four 12-foot lanes plus 36-foot median)

Circuit Number
Item
1 2 3 b4 5 6 7
a. Basic Data
1. Lamp type Mercury |Mercury |Mercury [Mercury [Mercury |Mercury Incan.
2, ASh designation H33-1CD |H33-1CD [H33-1CD | H33-1CD H35-~18 NA H3!6-15 GV{860PS52/80
3. Initial lumens 20,500 | 20,500 | 20,500 | 20,500 | 37,000 | 56,000 16,000
4, Wattage Loo Loo 400 400 700 1,000 860
5. Mounting height (feet) 35 35 35 35 4o 35 30
6. Overhang (feet) b Y b4 4 b4 Y4 L
7. Luminaire type Horiz. Horiz. | Horiz. Horiz. Horiz. Horiz. | Enclosed
8. Light distribution III I1I 111 III III IIT III
9. Arrangement Staggered|Staggered|StaggeredStaggered Staggered Stagzered Staggered
10. Spaoing (feet) 60 60 60 60 240 210 99
11. Average horizontal footcandles 1.67 1.67 1.67 1.67 0.67 1.08 0.60
12. Minimum footcandles 0.60 0.60 0.60 0.60 0.25 0.38 0.25
13. Uniformity ratio 2.8/1| 2.8/1 2.8/1 2.8/1 2.7/1 2.8/1| 2.4/1
4. Total kw per lamp 0.495 | 0.495 0.495 | o0.495| 0.858|  1.205| 0.946
15. Lamps per mile 5 88 88 88 88 22 25 54
1; I;:;::;:x::sx:tsystem U-M 2Yov v, /480v U-M 48ov U,-S6.6a.m? 3 /14804 U /!+80\U'}241+o /1480w
30 80 60 88 20 16 16
18, Burning hours per year 4000 4ooo | k4000 Looo | 4000 4000 4000
19. Adjustment factor ¥ 88,/30 88/80 | 88/60 1 22/20 25/16 | 54/16
b. Cost Summary(dollars)
OMC I: User Ownership and Maintenance
1. Initial cost
2. Equivelent annual cost
3., Annual maintenance cost
4, Annual power cost
5. Total annual cost
OMC II: User Ownership, Utility
Maintenance
6., Total annual cost
(MC IITa: Utility Ownership and
Maintenance, aggregate
7. Total annual cost
OMC IITb: Utility Ownership and
Maintenance, detail
8. Total annual cost
9. Anmual cost/average horizontal
footoandle (@C I)
% UM = underground-multiple + Lamps/mile ’

U-S = underground series

Lamps/circuit



TABLE 5—Continued

EQUIPMENT SPECIFICATION AND COST SUMMARY FORM (cont)
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Circuit Number

Item T
1 2 3 L 5. 6 7
‘¢c. Non-Distribution and Control
1. Pole:
Material Aluminum Aluminum [Aluminum [Aluminum [Aluminum | Aluminum (A Tuminum
Base type Anchor Anchor  |Anchor Anchor [Anchor Anchor  |Anchor
Arm length (feet) 15-single 15-sing1q15-~-single |15~-single 15-single | 15-singlql5-single
2. Wood-Pole Bracket None None None None None None None
Material
Arm length (feet)
Bracket type
Slipfitter (inches)
Mercury | Mercury |Mercury [Incandes-
3. Luminaire Mercury 400w - Regular 400w Serd 700w Reg.| 1000w. Redcert, IES
Description : Ballast ies xfmr | Eallast | Ballast [Type III*
k. Ballast :
Internal | Internal | Internal ) Internal| Internall Internal None
Descoription ;
d. Distribution and Control
1. Cable/conduit o Prei
a. Distribution DBC ~ DBC DBC DBC - DBC DBC poowired
Typet . 2/c #4 cu | 3/c#ltou |2/c#4ou | 1/c#bou | 3/c#tou. | 3/clou | 3/cfltcu
Feet/ciroult 1800 4800 3600 5280 4800 3360 1584 .
b. Connection DBC DBC DBC DBC DBC DBC.- DBC
Type t+ 2/c # ou |2/cfteu | 2/cflcu | 1/c#bou | 2/cieu |2/cflou | 2/cf#4ou
Feet/oiroult 1260 3360 2520 7392 840 672 672
o~ Pole ‘
Type . 2/c #4 cu |2/cfftou | 2/cfou | 1/c#bou | 2/c#lcu |2/c#lcu | 2/c#lcu
Feet/pole 50 " 50 50 100 55 50 " 45
2, Time oonﬁbrols: . .
&« Photoelectric control
and receptacle 1/circuit | 1/lamp 1/circuit] 3/circuit] 1/Iamp 1/circuit| 1/circuit
b Time switch SPDT, 240¢ SPDT, 240v
3. Transformers
a. Constant ourrent _
Type Pkg. Unit
Primery volts 2,400
Secondary amps 6.6
KW rating 25
cuantity/circuit 3
b. Distribution
Low voltage 120/240 240/480 |2ko/480 2ho/k80 | 2ho/480 | 240/U480
High voltage 620/13200 620, 620 620 620, 620,
KVA 7620/13 7 %00 7 %00 7 é 200 7 14%00 7 {§ 00
rating 15 37 37 ;
Quantity/circuit 1 1 1 1 1 1
c. Hanger iron 1 1 1 3 1 1 1

%
Head: Mogul multiple without photocontrol receptacle
Optical Assembly: Clamp band

$1-1/4-inch diameter

+DBC = Direct-Burial Cable
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TABLE 5-—Continued

EQUIPMENT SPECIFICATION AND COST SUMMARY FORM (cont)

Item

Circuit Number

L

d., Distribution and Control

(cont)

. Group-control equipment

-

e.

.

Multiple relay
Type
Quantity
Protective relay
Type
uantity
Remote-control oil switch
Type .
Quaentity
Multiple control switch
Typ§ . L
uantity
Power-factor-correcting
capacitor
Type
cuantity
Capaocitor mounting brackets

~ Potential transformer

Type
Quantity
Time-delay~lookout relay
Type
Quantity
‘Fuse cutout
Type
uantity
Other (specify)

1200 amp,

2 pole
1

200 amp,
2 pole

200 amp,
2 pole

2,400v *

5,200V,
50 amp

200 amp,
2 pole

200 amp,
2 pole

200 amp,
2 pole

%k
25 kvar correction
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TABLE 6
EQUIPMENT SPECIFICATION SUMMARY, SIX-LANE EXPRESSWAYS

EQUIPMENT SPECIFICATION AND COST SUMMARY FORM

Road Type: sSix-lane, divided urban expressway, 10-foot median, 10-foot shoulders
Road Width: 82 feet (six 12-foot lanes plus 10-foot median)

Cirouit Number

Item
1 | 2 | 3 4 5 | 6 7
a. Basic Data.
1. Lamp type Mercury 'Mercury Meroury
2. ASA desigmation - H35-18NA |H35.18NA |H35-18NA
3. Initial lumens 37,000 37,000 | 37,000 -
4, Wattage 200 © 700 700
5. Mounting height (feet) 35 35 30
6. Overhang (feet) 4 4 4
7. Luminaire type Horiz. Horiz, |Horiz,
8., Light-distribution type III III III
9. Arrangement Staggered| Staggered| Staggered
10. Spacing (feet) 121 121 90 |
11. Average horizontal footcandles 1.4o 1.4%0 2.00
12, Minimum footcandles 0.64 0.64% 0.67
13. Uniformity ratio 2.2/1 2.2/1 | 3.0/1
14, Total kw per lamp 0.858 0.858 |- 0.858
15. Lamps per mile 43 ‘ L3 59
16. Distribution system 2bo/48ov|  4Bov | 2ko/H8ov
17. lamps/circuit 32 yy 38
18, Burning hours per year kooo 4000 . Looo
19, Adjustment factor* ' bas/a2 . L3/l 59/38

b. Cost Summary (dollars)

MC I: User Ownership and Maintenance
1l.. Initial cost :
2, Equivalent annmual cost
3, Annual meintenance cost
4, Anmual power cost
5. Total annual cost
MMC II: User Ownership, Utility
Meintenance
6. Total annual cost
MC IIIa: Utility Ownership and
Maintenance, aggregate
7. Total annual cost
OMC IIIb: Utility Ownership and
Maintenance, detail
8. Total annual cost
9. Annual cost/average horizontal
footcandle (MC I)
% All circuits underground-multiple Lamps/mile .
Lamps/circuit
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TABLE 6-—Continued

EQUIPMENT SPECIFICATION AND COST :SUMMARY FORM (cont)

Circuit Number
Item -
1 2 3 4
c. Non-Distribution and Control
1. Pole: .
Material Aluminum Aluminum | Aluminum
Base type Anchor Anchor Anchor
Arm length (feet) 15-single ' [15-single [15-single
2. Wood Pole Bracket None None None -
Material ‘ '
Arm length (feet)
Bracket type
Slipfitter (4inches)
3. Luminaire Mercury. 700w Regulator .
Description Ballast
4. Ballast Internal | Internal | Internal
Description
d. Distribution and Control
1. Cable/conduit Préwired 1-1/L-inch} Direct
a- Distribution conduit Burial
Type 3/c # cu  Pp/c #4 cu B/c #4 cu
Feet/circult 3872 5324 3420
b. . Connection Dir. Bur.’ Dir. Bur.] Dir. Bur,
Type’ 2/c #4 ou  p/c #4 ou p/c #4 cu
Feet/oircuit 1312 1804 1558
c. Pole ' o
Type 2/c #4 cu p/c #4 -ou p/o # cu
Feet/pole 50 50 L s
2. Time controls ‘
a. Photoelectric control
and receptacle 1/cirouit 1/lemp {1/cirecuit
b. , Time switch
3. Transformers
a. Constant ocurrent
Type
Primary volts
Secondary amps
KW rating
auantity/circuit
b. Distribution )
Low voltage 240/480 240/480 |240/480
High voI‘ta.ge 7620/13200 762% 00 762%200
- KVA rating .25 . 37.5 .
Quantity/circuit 1 1 1
c. Hanger 1ron 1 1 1




TABLE 6—Continued -

EQUIPMENT 'SPECIFICATION AND COST SUMMARY FORM (cont)

Circuit Number

Item - -
1 2 3 4 5

d. Distribution and Control (cont)

4, Group-control equipment . .
a., Multiple relay )
Type
Quantity
b. Protective relay
Type
Quentity

G- Remote-control oil switch
200 amp, { 200 amp,| 200 amp,

Type 2 pole 2 pole 2 pole
uantity 3 1 1
d. Multiple control switch o
Type
Quantity
e. Power-factor-correcting
capacitor
Type
Quantity
f. Capacitor mounting brackets
g. Potential transformer
Type
uantity
h., Time-delay~-lockout relay
Type
Quantity
i. Puse cutout
Type
Quantity
J+ Other (specify)
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ment. The number of burning hours per year is 4,000.
Local differences are caused by variations in the time con-
trols used rather than in the number of daylight hours.

Some of the information for part ¢ of the tables, which
specifies all .equipment other than distribution and control
items, can be taken directly from Tables 1, 2, and 3, and
other ‘data can be specified by using Appendix B.

The data for part c of the tables, which lists all distribu-
tion and control items required for each circuit, can be
entered when the distribution system has been specified
and the data necessary to determine the control equipment
have been calculated.

Tables 4, 5, and 6 have a dual function: first, they sum-
marize data regarding the circuits described under pre-
ceding and following sections and provide a convenient
format for comparing these circuits; second, as blanks
(blank copies are given in Appendix C) they can be com-
pleted by users to summarize information regarding a pos-
sible lighting circuit.

These tables are not worksheets Because the informa-
tion required in these tables can be arrived at through sev-
eral equally effective methods, a particular methodology
is not specified.

To demonstrate methods for determining the amount and
types of distribution and control equipment for a given
circuit, four examples are given. The list of distribution
and control equipment specified for each circuit may be
incomplete. Also, this equipment may not be optimal for
the given circuits; a study of the optimal equipment to be
used is beyond the scope of this report. A brief discussion
of the characteristics of series and multiple circuits is given
in Appendix D.

Examples

For a given configuration, four circuits are given as exam-
ples. These circuits differ only in the type of distribution
and control equipment used. In each case, 400-w H33-1CD
‘mercury lamps are used, the mounting height is 35 ft with
15-ft arms, staggered spacing between luminaires is 60 ft,
and 88 poles are required per mile of roadway. The in-
stallation is used on a four:lane divided road, and was
derived as Example 2.

Circuits 1 through 3 have multiple distribution systems;
circuit 4 is a series system. The method used to determine
circuit size for multiple distribution systems is as follows:

1. Specify cable size and circuit voltage.

2. Find the maximum number of lamps or spans per
circuit (one lamp per pole) which can be supplied by the
specified cable.

3. Determine the total load and appropriate transformer
size for this load. (Formulas for designating maximum
number of spans and circuits are given in Appendix E.)

The examples and method described are only to illustrate
the application of the tables and forms. Several simplifying
assumptions have been made in determining the distribu-
tion and control equipment needed for each circuit. For
instance, in determining the connection cable required
for a circuit, only the roadway width has been considered.
Likewise, in a series system, it has been assumed that the

conductor supplying current to thé lamps is grounded at
the last lamp in a circuit. The methodology used in these
examples is not the only or best one to use in determining
equipment needed; final selection of distribution and control
equipment is the function of the lighting engineer.

" CIRCUIT 1

A two-conductor, 240-v underground multiple circuit with
mercury lamps and regulator ballasts is used. Control is
primary; that is, the distribution transformer is used.only
for the lighting circuit. Circuit values are calculated from
the following:

CHARACTERISTIC VALUE
Lamp power 400 w
Ballast power 50wz

Line power loss

Total power

Allowable voltage variation
Cable: '
Size
Allowable current
carrying capacity
Resistance per conductor
at77F

10%® of lamp and ballast
power = 45 w/lamp

495 w

* 12%

No. 4 AWG copper

85 amp °

0.253 ohm/1,000 ft ©

2 From Table B-11.

b A 10 percent line loss is assumed for all examples. For a procedure
to determine line loss more accurately, refer to Appendix E.

¢ From Table B-16.

For this circuit it is desired to find the maximum num-
ber of lamps allowed; that is, for two-conductor, No. 4
copper cable, determine the maximum number of lamps
per circuit. The method is as follows:

1. Allowed. voltage drop = voltage X voltage variation =

240 X 0.12 =28.8 v.

2. Current per lamp, I

400 + 50 (ballast) + 45 (10% line loss) _ 495

__ total wattage per lamp __

’

voltage
=2.06

240
amp/lamp.
3. Cable resistance, Z,

240

resistance per conductor X

number of conductors = (0.253 ohms/1,000 ft) (2 con-

ductors) = 0.506 ohms/ 1,000 ft.

cable resistance X spacing __
1,000 ft -

4. Resistance per span =

0.506 X 60
T 1,000

5. Volts per lamp-current span = current per lamp X
resistance per span = 2.06 X 0.0303 = 0.062 v.

6. Sum of the lamp-current spans =

allowed voltage drop _ 28.8 — 464.
volts/lamp-current span — 0.062

The circuit has n spans, 2.06 amperes/span and 464 lamp-
current spans.

7. Number of spans per circuit, n, =
—2.06 + V(2.06)2 + (8) (2.06) (464)

2(2.06)

spans (See Appendix E for derivation of this equation.)

= 0.0303 ohm/span.

= 20.75 lamps or



.To determine whether or not the circuit is feasible, two
checks can be made, as follows:

1. The maximum current flow in the cable should not ex-
ceed the allowable current-carrying capacity. This capacity
for AWG No. 4 cable is 85 amperes. For this circuit, maxi-
mum current = 2.06 amp/lamp X 20 lamps = 41.2 amp.

2. The total effective voltage drop should not exceed
the maximum allowable voltage drop (28.8 v). For this
circuit, total effective voltage drop = current/lamp X re-
sistance/conductor X number of conductors X 0.001* X L

z i, where L is the length of a span (spacing in feet), n

is the number of spans in a circuit, 7 is any given span num-

ber, and Z i= @ In this case, total effective Volt-

iz

20 X 21

2
= 13.13 v. This value is well below the maximum allowable
(28.8v).

age drop = 2.06 X 0.253 X 2 X 0.001° X 60 X

Hardware specification:

Distribution transformers:

The size of the distribution transformer to be used can
be found by multiplying the total watts per lamp by the
number of lamps per circuit; in this case, 495 X 20 =
9,900 w. Therefore, a 10-kva transformer will be ade-

quate. However, four 10-kva transformers and one 5-°

kva transformer will be necessary for each mile of road-

way if the feed point is at the end of the circuit. If the

feed point is at the center of each circuit, two legs can be

supplied by each transformer and three transformers can

supply the lamps used in a mile of roadway in accord-
_ ance with the following schematic:
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Cable: *
Distribution: *

Per circuit = 30 lamps X 60-ft spacing
= 1,800 ft of two-conductor No. 4 cop-
per cable.
Per mile, multiply the amount of distribution cable
per circuit by the ratio of poles/mile to poles/crr-
cuit:

1,800 ft per circuit X % = 5,280 ft of two-con-

ductor No. 4 copper cable per mile of roadway.
Connection: *

Per circuit, consists of cable used between the sec-
ondary circuit on one side of the road and lamps on
the other side; amount used equals- road width times
number of lamps times one half:

30 lamps X 84-ft road width X 12 = 1,260 ft of

two-conductor No. 4 copper cable.
Per mile, use same procedure as for distribution
cable per mile:

1,260 ft per circuit X %g =3,696 ft of connection
cable per mile.
Poles:

35 ft per pole +15 ft per arm = 50 ft of two-con-
ductor No. 4 copper cable per pole.
Control equipment: -
" Control equipment for this circuit is as follows:
1 photoelectric control
- 1 photoelectric-control receptacle

1 distribution transformer, 120/240-v -low voltage,
7,620/ 13,200-v high voltage, 15-kva rating

Transformer .
¢ ¢ 9 ¢ ¢ ¢
" 15 lamps 15 Lamps
) " Transformer
¢ ¢ 9 Q9 . 9
715 Lanmps Transformer 15 Lamps
S T P ¢ 9
1 Lamps 14 La.mps} ‘

The transformer size then is 30 lamps/circuit. X 495
w/lamp = 14:85 kva; therefore, three 15-kva transform-
ers are used.

As a check, the total effective voltage drop = 2.06 X

0.253 X 2 X 0.001 X 60 X 15'>< 16 = 750 v per leg.

which is less than the maximum allowable voltage drop
(28.8 v).

* Because section lengths are measured in feet, resistance values must
be multiplied by 0.001 to convert them from ohms per 1,000 ft to ohms
per foot.

1' hanger iron

1 remote-control oil swrtch .200-amp ratmg, two-
pole 240-v ac.

The control equipment required ‘per mile can be deter-
mined by multiplying the equipment used per circuit by
the ratio of lamps per. mile to lamps per circuit.

* Direct-burial cable is assumed, but prewired cable and conduit also
may be used.
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CIRCUIT 2

Circuit 2 is the same as circuit 1 except that the distribu-
tion system is 240/480-v, three-conductor, underground.
Again, using No. 4 copper cable, the allowed voltage drop
is 57.6 v, the current per lamp is 2.06 amp, and the cable
resistance is 0.253 ohm per 1,000 ft per conductor. In this
system no current flows in the neutral conductor and the
number of current carrying conductors used is 2. In a
three-conductor system, two 2-conductor circuits are car-
ried along the cable, one using conductor 1 and the neutral,
and the other using conductor 2 and the neutral, as follows:

Two-Wire System

I B
Lo

Three-Wire System

Conductor 1
¢ Neutral (carries no ourrent)
¢ ¢ Conductor 2
LlZO_-I

ft

Because alternate luminaires are connected to the same
two conductors, the span will be doubled to 120 ft. All
other calculations will be the same as in the first example,
and again the maximum number of lamps allowed per cir-
. cuit will be 20; however, these 20 lamps are 120 ft apart.
The resistance per span is (0.506 X 120)/1,000 = 0.0607
ohm/span. '

By connecting two such three-conductor cables to a trans-
former, 80 lamps can be supplied. Then the total load is
80 X 495/lamp = 39.6 kva; a 37.5-kva transformer will

suffice. The total effective voltage drop is 2.06 X 0.253 X

2 % 0.001 X 120 x 20X 21

less than the 57.6-v maximum allowed.
Cable requirements per circuit are as follows:

Distribution: 80 lamps X 60-ft spacing = 4,800 ft of
three-conductor No. 4 copper cable.

Connection: 80 lamps X 84-ft road width X Y2 =
3,360 ft of two-conductor No. 4 copper cable.

Poles: 50 ft per pole.

= 26.26 v per leg, which is

Eighty lamps per circuit may be too many, because an
outage would affect all the lamps. A smaller cable, and
therefore smaller circuits, could be used at the discretion
of the lighting engineer.

Control equipment for the circuit is as follows:

1 photoelectric control per lamp. .

1 distribution transformer, 240/480-v low . voltage,
7,620/13,200-v high voltage, 37.5-kva rating.

1 hanger iron

1 remote-control oil switch, 200-amp rating, two-pole,
240-v ac.

The control equipment per mile can be determined by mul-

tiplying the equipment used per circuit by the ratio of lamps
per mile to lamps per circuit.

CIRCUIT 3

Circuit 3 is the same as circuit 1 except that it operates
on 480 v; it is desired to find the maximum allowed num-
ber of spans per circuit and the transformer size to be used.
The procedure is as follows:

1. Allowed voltage drop = 480 v X 0.12 = 57.6'v.

- 2. Current per lamp = (400 + 50 4 45)/480 = 1.03
amp.

3. Z = (0.253 ohms/1,000 ft) (2 conductors) = 0.506
ohm/ 1,000 ft. v

4. Z/span = (0.506/1,000) X 60 = 0.0303 ohm/span.

5. Volts/lamp-current span = 1.03 X 0.0303 =
0.0312 v.

6. Sum of lamp-current spans = 57.6/0.0312 = 1,846.

7. Number of spans = n =

— 1.03 + V(1.03* 4+ 8(1.03)(1846)

2(1.03)

8. Transformer size = 495 w/lamp X 60 lamps/circuit
= 29.7 kva. A single 37.5-kva transformer would be ade-
quate for this circuit.

9. Cable required for the circuit:

Distribution: 60 lamps X 60-ft spacing = 3,600 ft of
two-conductor No. 4 copper cable.

Connection: 60 lamps X 84-ft road width X 2 =
2,520 ft of two-conductor No. 4 copper cable.

Poles: 50 ft per pole.

= 59.3 spans.

10. Control equipment for this circuit:

1 photoelectric control.

1 photoelectric-control receptacle.

1 distribution transformer, 240/480-v low voltage,
7,620/13,200-v high voltage, 37.5-kva rating.

1 hanger iron.

1 remote-control oil switch, 200-amp rating, two-
pole, 240-v ac.

The control equipment per mile can be determined by mul-
tiplying the equipment used per circuit by the ratio of
lamps per mile to lamps per circuit.

CIRCUIT 4

The same configuration as that for circuit 1 is used, ex-
cept that the distribution system is series. In multiple sys-
tems the limiting factor in determining the circuit size was
the cable diameter and, therefore, the number of lamps per
circuit. With series systems, however, only the total kilo-
watts per mile need be determined to specify the size of
transformers to be used; a series circuit will consist of 1
mile of lighting.

The total kilowatts per mile is calculated as follows. For
a spacing of 60 ft, there are 88 lamps per mile. Total watt-
age per lamp is 400 + SO for the series mercury trans-
former. Starting power per lamp is 750 w; therefore, the
total starting power is 88 X 750 = 66.0 kva. But the
largest standard constant-current transformer is 40 kva.
Therefore, it is recommended that three separate 25-kva
transformers be used per mile of lighting. Then the num-



ber of lamps per transformer becomes 88/3 = 29, and the

source voltage is (voltage/lamp)(no. of lamps/trans-

former) = 450 w/6.6 amp* X 29 lamps = 1,975 v.
Cable required per circuit is as follows:

Distribution: 5,280 ft of 5,000-v single-conductor No.
6 AWG copper cable.

Connection: 88 lamps X 84-ft road width = 7,392 ft
of single-conductor No. 6 AWG copper cable.

Poles: 100 feet per pole.

Control equipment required for this circuit is as follows:

Photoelectric controls—3 per circuit.

Photoelectric-control receptacles—3 per circuit.

3 package unit including a constant-current trans-
former (2,400-v primary, 6.6-amp secondary, 25-
kva rating), an oil switch, and a protective relay.

3 hanger irons.

3 “power-factor-correcting capacitors. Number and
size depend on kva transmitted, and initial and de-
sired power factor. For example, assume that initial
PF is 60 percent, desired PF is 100 percent, and
kva transmitted is 22 per transformer:

22 kva X 0.60 = 13.2 kva transmitted

To raise the 60 percent PF to 100 percent requires 130
percent of load, or

1.30 X 13.2 = 17.16 kvar correction needed

Therefore, three 2,400-v, 25-kvar high-voltage capaci-
tors are used per circuit.

1 mounting bracket for capacitors.

3 5,200-v, 50-amp fuse cutouts.

LIGHTING CONFIGURATION COSTS

With the descriptive information given in parts a, ¢, and d
of Tables 4, 5, and 6, and the cost information given in
Appendix B, the costs of any circuit listed can be deter-
mined; the blank cost data forms given in Appendix C are
to be completed and these data summarized in part b of the
equipment specification and cost summary forms. Some
information from Tables 4, 5, and 6 is used in the cost form
calculations and, for convenience, can be summarized in the
box provided on the first page of the form.

The cost data forms differ from the cost data form given
in the IES Lighting Handbook, which is frequently used
for cost analysis of alternative lighting systems. A descrip-
tion of the major features of the forms presented here
follows.

Features of New Cost Forms

OPTIONS PROVIDED FOR DIFFERENT OWNERSHIP-
MAINTENANCE CONFIGURATIONS

With standard cost analysis, only one configuration can be
costed. Frequently, however, a decision must be made as to

* A constant current value of 6.6 amp is assumed for the circuit design.
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whether to own or to rent a lighting system. The various
cost forms presented in Appendix C account for all the
most common types of ownership-maintenance configura-
tions; these forms relate to Tables B-33 and B-34. Owner-
ship-maintenance configuration (OMC) I, the most com-
monly used, is for cases in which the user will construct,
own, and maintain the entire system, only purchasing
energy from the utility; this is usually the case in com-
pleting such cost analysis sheets. If the user owns and
maintains group control equipment, these costs can be ac-
counted for in OMC I. Ownership-maintenance configura-
tion II is less frequently used. This configuration (user
ownership and partial maintenance) is described in detail

" in Table B-33. Ownership-maintenance configuration III

is very common and is for cases in which the utility will
construct, own, and maintain the entire system; in this con-
figuration, the user pays a rate per lamp per year, or a com-
bination of facility and energy charges, depending on the
rate structure. Configurations IIIA and IIIB are differ-
entiated in Table B-33 for convenience, OMC IIIA pro-
viding for aggregate costs and OMC IIIB for a more de-
tailed breakdown. In using OMC I, lines 1 through 45 of
the cost data form should be completed. In using OMC II,
lines 1 through 26 are completed for initial costs, lines 31
through 35 for the applicable maintenance costs, and lines
46 and 47 for the rental. In using OMC IIIA, only lines
48 through 50 are completed. In using OMC IIIB, lines
42 through 44 are completed for the power cost, lines 51
through 55 for the facility charges, and line 56 for the
total. ‘

METHOD PROVIDED FOR COMPUTING EQUIVALENT
ANNUAL COST (ANNUAL FIXED CHARGES)

Within OMC 1, initial costs are given on a per-pole and per-
circuit basis and then are combined to obtain a total initial
cost per mile; this figure then must be restated as an equiva-
lent annual cost. Most studies take 15 percent of the initial
cost and call this figure the annual fixed charges. In using
the 15 percent figure, it is assumed that the lighting equip-

"~ ment will be amortized in 6 to 7 years. This, however, does

not account for the fact that the system has a useful eco-
nomic life of 20 years or more; the value of money changes
with time; and, because government agencies are nonprofit
institutions, they need not recover their money in a short
time and can use lower interest rates. Assuming that the
system is constructed and operated by a government agency,
road construction and lighting systems will usually be
financed by user taxes (such as gasoline and tolls) or from
bond issues. In the former case, the money is paid by tax-
payers who, if allowed to keep it, could invest it and earn
a return; this lost investment opportunity cost could be used
as the interest rate. In the latter case, the bond issue will
yield a return to purchasers; this cost to the government
could also be used as the interest rate in the model. In this
analysis, however, instead of multiplying the initial cost by
a given percentage, a capital recovery factor is used. This
factor is a number which, when multiplied by a given pres-
ent amount of money, will convert it into a uniform series
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TABLE 8
CAPITAL RECOVERY FACTORS

Life ‘ _ : |
(years) Interest Rate (i)
n . N
1% %6 2% 2%% 3% %% | 4% %% 9% 5%% | 6% 1%

1 |1.00000 | 1.01500]1.02000|1.02500 |1.03000 |1.03500 | 1.04000 | 1.04500|1.05000| 1.05500 | 1.06000 | 1.07000
2 }0.50751 | 0.51128 | 0.51505 |0.51883 |0.52261 |0.52640 | 0.53020 | 0.53400 | 0.53780 | 0.54162 | 0.545%4 |0.55309
3 |0.34002 | 0.34338 | 0.346%75 {0.350Lk [0.35353 |0.35693 | 0.36035 | 0.36377 | 0.36721 | 0.37065 | 0.37411 |0.38105
4 |0.25628 | 0.259Lk |0.26262 | 0.26582 |0.26903 |0.27225 | 0.27549 | 0.27874 | 0.28201 | 0.28529 | 0.28859 |0.29523
5 |o.20604 | 0.20909 |0.21216 |[0.21525 |0.21835 |0.22148 | 0.22463 | 0.22779 | 0.23097 | 0.23418 | 0.23740 |0.2L4389
6 |0.17255 0.i7553 0.17853 | 0.18155 [0.18460 |0.18767 | 0.19076 | 0.19388 | 0,19702 | 0.20018 | 0.20336 | 0.20980
7. {0.14863 | 0.15156 |0.15451 | 0.15750 |0.16051 |0.16354 0.16661 | 0.16970 | 0.17282 | 0.17596 { 0.17914 | 0.18555
8 |0.13069 | 0.13358 |0.1365L |0.13947 [0.142U6 |0.14548 0.14853 | 0.15161 | 0.15472 | 0.15786 | 0.16104 { 0.16747
9 |o0.11674 | 0.11961 |0.12252 |0.12546 |0.12843 |0.131L5 | 0.134k9 | 0.13757 | 0.1L4069 [ 0.14384 | 0.14702 | 0.15349

10 |0,10558 | 0.10843 |0.11133 |0.11426 10.11723 | 0.12024 | 0.12329 ‘0.12638 0.12950 | 0.13267 | 0.13587 | 0.14238

11 |0.09645 | 0.09929 |0.10218 |0.10511 |0.10808 |0.11109 | 0.11415 | 0.11725 | 0.12039 | 0.12357 | 0.12679 |0.13336
12 {0.08885 | 0.09168 |0.09456 |0.09749 |0.10046 |0.10348 | 0.10655 | 0.10967 (0.,11283 | 0,11603 0.11928 | 0.12590
13 |o.08241 | 0.08524 [0.08812 {0.09105 |0.09403 |0.09706 | 0.10004 | 0.10328 | 0.10646 | 0.10968 [ 0.11296 |0.11965
14 |o0.07690 | 0.07972 | 0.08260 |0.08554 |0.08853 | 0.09157 0.0946%7 | 0.09782 { 0.101L02 | 0,10428 | 0.10758 }0.11434
15 |0.07212 | 0.07494 | 0.07783 |0.08077 |0.08377 | 0.08683 .08994 | 0.09311 | 0.09634 | 0.09963 | 0.10296 | 0.109479

16 |0.06794 | 0.07077 |0.07365 | 0.07660 |0.07961 | 0.08268
17 |0.06426 | 0.06708 |0.06997 |0.07293 |0.07595 | 0.07904
18 }0.06098 | 0.06381 | 0.06670 |0.06967 [0.07271 | 0.07582
19 }0.05805 | 0.06088 | 0.06378 | 0.06676 |0.06981 |0.07294
20 ]o0.05542 | 0.05825 [0.,06116 {0,06415 |0.06722 | 0.07036

o

.08582 | 0.08902 | 0.09227 | 0.09558
.08220 | 0.08542 | 0.08870 | 0.09204
.07899 | 0.08224 | 0.08555 | 0.08892
.07614 | 0.07941 | 0.08275 | 0.08615
.07358 | 0.07688 | 0.08024 | 0.08368

.09895 |1 0.10586
.09544 1 0.10243
.09236 | 0.09941
.08962 |0.09675
.08718 | 0.09439

[eNeNoNolNe]
[eNeNeNoNe]

21 |0.05303 | 0.05587 [0.05878 | 0.06179 |0.06487 | 0.06804
22 |0.05086 | 0.05370 [0.05663 |0.05965 |0.06275 | 0.06593 | 0.06920 | 0.07255 | 0.07597 | 0.07947 | 0.08305 |0.09041
23 |0.04889 | 0.051%73 | 0.05467 | 0.05770 |0.06081 |0.06402 | 0.06731 | 0.07068 |0.07HL4 | 0.07767 | 0.08128 |0.08871
24 |0.04707 | 0.04992 | 0.05287 | 0.05591 |0.05905 | 0.06227 | 0.06559 | 0.06899 | 0.07247 | 0.0760% [ 0,07968 |0.08719
25 {o.ou541 | 0.04826 [0.05122 | 0.05428 |0.05743 | 0.06067 | 0.06401 | 0.06744 | 0.07095 | 0.07455 | 0.07823 | 0.08581

07128 | 0.07460 | 0.07800 | 0.08146 { 0.08500 |0.09229

(oo Ne)

26 |0.04387 | 0.04673 | 0.04970 | 0.05277 |0.05594 | 0.05921 | 0.06257 | 0.06602 [ 0.06956 | 0.07319 | 0.07690 |0.08456
27 }o.o4245 | 0.04532 |0,04829 | 0.05138. [0.05L456 | 0.05785 | 0.0612L | 0.06472 [0.06829 [ 0.07195 | 0.07570 | 0.08343
.28 [0.04112 | 0.04400 | 0.04699 | 0.05009 |0.05329 |0.05660 | 0.06001 | 0.06352 [ 0,06712°[ 0.07081 | 0.07459 |0.08239
‘29 |0.03990 | 0.04278 | 0.04578 | 0.04889 |0.05211 |0.05545 | 0.05888 | 0.06241 | 0.06605 | 0.06977 |0.07358 |0.08145
30 |0.03875 | o.ou16L |0.04465 | 0.04778 |0.05L02 | 0.05437 | 0,05783 | 0.06139 | 0.06505 | 0.06881 |0.07265 |0.08059

31 [0.03768. { 0.04057 | 0.04360 | 0.04674 |0.05000 | 0.05337 | 0.05686 | 0.06044 | 0.06413 | 0.06792 | 0.07179 | 0.07980
32 [0.03667 | 0.03958 [o0.04261 | 0.04577 |0.04905 | 0.05244 | 0.05595 | 0.05956 | 0.06328 | 0.06710 | 0.07100 |0.07907
33 |0.03573 | 0.03864 | 0.04169 | 0.04486 |0.0U816 | 0.05157 | 0.05510 | 0.05874 | 0.06249 | 0.06633 | 0.07027 |0.078l
34 |0.03484 | 0.03776 | 0.04082 | 0.04k0L |0.04732 | 0.05076 | 0.05L31 [ 0.05798 | 0.06176 | 0.06563 [0.06960 |0.07780
35 |0.03400 | 0.03693 | 0.04000 | 0.04321 |0.04654 | 0.05000 | 0.05358 | 0.05727 | 0.06107 | 0.06497 | 0.06897 |0.07723

[eNeoNeoNe)

40 0.030&6 .03343 | 0.03656 | 0.03984 Ao;ou326 0.04683 | 0.05052

0 0.05434 | 0.05828 | 0.06232 | 0.06646 [0.07501

45 |o.0272 | 0.03072 | 0.03391 | 0.03727 [0.04079 | 0.0H44S [ 0.04826 [ 0.05220 | 0.05626 | 0.06043 | 0.06470 |0.07350
"~ 50 {0.02551 | 0.02857 |0.03182 [0.03526 [0.03887 | 0.04263 | 0.,04655 | .0.05060 |0.05478 | 0.05906 [0.06344 |0.07246
55 |0.02373 | 0.02683 | 0.030L4 | 0.03365 |0.03735 [0.04121 | 0.04523 | 0.04939 | 0.05367 | 0.05805 | 0.06254 | 0.07L74
60 |0.0222L | 0.02539 | 0.02877 |.0.03235 |0.03613 | 0.04009 | 0.0ult20 | 0.04845 | 0.05283 | 0.05731 |0.06188 |0.07123
65 |0.02100 | 0.02419 | 0.02763 | 0.03128 [0.03515 | 0.03919 | 0.04339 | 0.04773 | 0.05219 | 0.05675 | 0.06139 | 0.07087
70 |0.01993 | 0.02317 | 0.02667 | 0.03040 [0.03434 | 0.03846 | 0.04275 | 0.04717 |0.05170 | 0.05633 | 0.06103 |0.07062
75 |0.001902 | 0.02230 | 0.02586 |0.02965 [0.03367 | 0.03787 | 0.04223 | 0.04672 | 0.05132 | 0.0560L | 0.06077 |0.0704k
80 |[0.01822 | 0.02155 [ 0.02516 | 0.02903 [0.03311 | 0.03738 | 0.0M4181 | 0.04657 | 0.05103 | 0.05577 | 0.06057 | 0.07031
85 |0.01752 | 0.02089 | 0.02456 | 0.02849 |0.03265 | 0.03699 | 0.04148 | 0.04609 | 0.05080 | 0.05559 | 0.06043 | 0.07022
90 |[0.01690 | 0.02032 | 0.02405 | 0.02804 |0.03226 | 0.03666 | 0.04121 | 0.04587 | 0.05063 | 0.05545 | 0.06032 {0.070L6

95 |0.01636 | 0.01982 | 0.02360 | 0.02765 [0.03193 | 0.03639 | 0.04099 [ 0.04570 | 0.05049 | 0.05534 | 0.0602% |0.07011
100 |0.01587 | 0.01937 | 0.02320 | 0.02731 |0.03165 | 0.03616 0.0Lo81 f 0.0U556 | 0.05038 | 0.05526 | 0.06018 0.07008

(e} —_ —_— _— | — _— —_ —_— — —_— — —_— _
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Life
(years)

, : ‘ (n)

8% 10% 12% 15% | 20% 25% 30% 35% 40% 45% | 50%

1.08000 | 1.10000 | 1.12000 |1.15000 |1.20000| 1.25000 {1,30000 |1,35000]|1.40000 |1.45000 | 1.50000 1.
0.56077 | 0.57619 | 0.59170 {0.61512 | 0.65455 | 0.69444 |0.73478 |0.77553 | 0.81667 (0.85816 |0.90000 2
0.38803 o.aozu -0.41635 |0.43798 | 0.47473 1 0.51230 [0.55063 |{0.58966 | 0.62936 [0.66966 |0.71053 3
. 0.30192 | 0.31547 | 0.32923 |0.35027 |0.38629 | 0.42344 |0.46163 |0.50076 | 0.54077 | 0.58156 [0.62308 4
0.25046 }0.26380 | 0.27741 |0.29832 |0.33438 | 0.37185 {0.41058 |0.45046 | 0.L49136 | 0.53318 |0.57583 5
0.21632 |0.22961 6;21+323' 0.2642l | 0.30071 0.33882 0.37839 |0.41926 | 0.46126 |0.50426 {0.54812 6
0.19207 |0.20541 | 0.21912 |0.24036 [0.27742 [ 0,31634 [0.35687 [0.39880 |0.44192 | 0.48607 |0.53108 7
0.17401 | 0.18744 | 0.20130 |0.22285 | 0.26061 |0.30040 |0.34192 |0.38489 |0.42907 | 0.47427 |0.52030 8
0.16008 | 0.17364 | 0.18768 |0.20957 | 0.24808 | 0.28876 |0.33t24 [0.37519 | 0.42034 | 0.46646 |0.51335 9
0.14903 [ 0.16275 | 0.17698 .|0.19925 |0.23852| 0.28007 |0.32346 {0.36832 | 0.41432 [0.46123 [0.50882 10
0.14008 | 0.15396 |0.16842 |0.19107 [0.23110 |0.27349 |0.31773 {0.36339 |0.41013 | 0.45768 |0.50585 11
0.13270 |0.14676 | 0.16144 |0.18448 | 0.22526 | 0.26845 |0.31345 10.35982 | 0.40718 | 0.45527 0.50388 12
0.12652 0.14078 | 0.15568 |0.17911 |0.22062 | 0.26454 {0.3L024 |0.35722 | 0.L40510 | 0.45362 | 0.50258 13:
0.12130 [0.13575 | 0.15087 |0.17469-10.21689 | 0.26150 |0.30782 |0.35532 | 0.140363 | 0.45249 -|0.50172 14
0.11683 {0.13147. | 0.14682 |0.17102 [0.21388 | 0.25912 [0.30598 |0.35393 | 0.L40259 | 0.45172 |0.50114 15
0.11298 o.12782 o.i&339_ 0.16795 0.21144 0.25724 [0.30458 ]0.35290 | 0.40185 | 0.45118 |0.50076 16
0.10963 | 0.12466 | 0.14046 10.16537 {0.20944 | 0.25576 |0.30351 [0.35214 [0.40132 |0.45081 [0.50051 17
0.10670 [0.12193 | 0.13794 |0.16319 }0.20781 | 0.25459 }0.30269 |0.35158 | 0.40094 | 0.45056 [0.50034 18
0.10413 |0.11955 | 0.13576 |0.16134 |0.20646 |0.25366 |0.30207 |0.35117 | 0.40067 |0.45039 |0.50023 19
0.10185 |0.11746 | 0.13388 |0.15976 |0.20536 | 0.25292 |0.30159 |0.35087 |0.4oou8 [0.45027 |0.50015 20
0.09983 0.1'1562 0.13224 {0.15842 | 0.20444 | 0.25233 ‘0.3012'2 0.35064 | 0.40034 | 0.45018 [0.50010 21
0.09803 -{0.11401 | 0.13081 |0.15727 |0.20369 | 0.25186 |0.30094 |0.35048 | 0.40024 [0.45013 [0.50007 22
0.09642 | 0.11257 [ 0.12956 {0.15628 [0.20307 | 0.25148 |0.30072 |0.35035 | 0.4001%7 [0.45009 |0.50004 23
0.09498 |0.11130 | 0.12846 |0.15543 [0.20255 | 0.25119 [0.30055 |0.35026 |0.40012 |0.45006 |0.50003 24
0.09368 |0.11017 | 0.12750 0.15470 |0.20212 | 0.25095 |0.30043 |0.35019 o.uoooa' 0.45004 | 0.50002 25
0.09251 |0.10916 6.12665 0.15407 |0.20176 | 0.25076 |0.30033 |0.350L4 o.1+0006‘0'.1+5003 0.50001 26
0.09145 [0.10826 | 0.12590 [0.15353 | 0.20147 | 0.25061 |0.30025 |0.35011 |0.40005 [0.45002 [0.50001 | 27
0.09049 |0.10745 | 0.12524 |0.15306 |0.20122 | 0.25048 [0.30019 |0.35008 |0.40003 |o0.45001 |0.50001 28
0.08962 |0.10673 | 0.12466 10.15265 |0.20102 | 0.25039 [0.30015 [0.35006 |0.40002 |0.45001 |0.50000 29
0.08883 |0.10608 | 0.12414 |0.15230,]|0.20085 | 0.25031 |0.30011 |0.35004 | 0.40002 | 0.45001 |0.50000 30
0.08811 |0.10550 | 0.12369 |0.15200 |0.20070 | 0.25025 |0.30009 |0.35003 |0.40001 |0.45000 [0.50000 31
0.08745 | 0,10l497 | 0.12328 |0.15173 | 0.20059 | 0.25020 [0.30007 |0.35002 |0.40001 |0.45000 [0.50000 32
0.08685 |0.10450 | 0.12292 |0.15150 |0.20049 [0.25016 [0.30005 |0.35002 |0.40001 |0.45000 |9.50000 33
0.08630 |0.10407 | 0.12260 |0.15131 |0.20041 | 0.25013 |0.30004 {0.35001 |0.40000 | 0.45000 |0.50000 34
0.08580 |0.10369 | 0.12232 [0.15113 |0.2003%4 | 0.25010 |0.30003 |0.35001 | 0.40000 [0.45000 |0.50000 35
0.08386 |0.10226 | 0.12130 [0.15056 |0.20014 _— — —_ — —_ - 40
0.08259 [0.10139 |[-0.12074 [0.15028 |0.20005 _— — S —_ — —_ 45
0.08174 |0.10086 | 0.12042 |0.150L%4 |0.20002 —_ —_ —_ —_— _ —_ 50
0.08118 [0.10053 — e _— -_ — — — I — 55
0.08080 |0.10033 —_ — — —_— —_ —_ _— —_ — 60
0.08054 | 0.10020 —_ —_ — _— —_— —_— -_ —_ — 65
0.08037 |0.10013 _ — — —_— — — -_— — —_ 70
0.08025 |0.10008 _— — —_— — — — — — —_ 75
0.08017 | 0.10005 —_ _— — R -_ — — - —_— 80
0.08012 |0.10003 _ —_ e —_— —_— -_ -_— —_ -— 85
0.08008 |0.10002 -—_ —_ — — — — — -— —_ 90
0.08005 | 0.20001 — — — — - — — — — 95
0.08004 | 0.10001 _ —_ _— —_ —_— —_ _ —_ — 100
—_— — 0.12000 |0.15000 {0.2000 | 0.25000 |0.30000 |0.35000 |0.40000 |0.45000 {0.50000 o
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TABLE 7.
USEFUL LIFE OF EQUIPMENT
EQUIPMENT TYPE: LIFE (YR)
Poles:
Steel 25
Concrete 254
Aluminum 254
Wood 20
Luminaires 20
Lamps:
Incandescent 0.5a
0.75%
Fluorescent 3
Mercury 4
Cable:
Underground 20
Overhead 20
Time controls:
Switch 12.5
Photocontrol 7.5
Transformers: )
Distribution 25
Constant current : 25
Group control equipment:
Relays 15

a Regular replacement. b Group replacement.

of sums which will equal the present amount, but which
will account for the time value of money.

In the examples given, a life of 20 years (n = 20) and
an interest rate of 6 percent (i = 6%) is assumed. The
20-year life was chosen because this appears to be the eco-
nomic life of a majority of system components (Table 7).
The appropriate capital recovery factor will be 0.08718.
"(In effect, the initial cost is being multiplied by 8.7 per-
cent rather than the usual 15 percent; this figure will give a
lower equivalent annual cost than is usual in such analyses.)

A complete listing of capital recovery factors for various
values of i and n is given in Table 8.

MAINTENANCE ' COSTS PROVIDED IN DETAIL

More detail is provided.in OMC 1 (Appendix C) for the
computation of maintenance costs of both lamps and lumi-
naires and of control equipment. The cost of maintaining
distribution equipment (such as cable or conduit) was
found to be negligible in terms of overall costs. If group
control equipment and transformers are maintained by the
utility, the appropriate spaces in the cost form can be left
blank; however, space has been provided for a listing of
these costs if so desired.

To illustrate the use of the cost data of Appendix B,
circuit 5 (for a four-lane expressway) is used as an exam-
ple; the cost of this lighting system for different OMC'’s is
detailed in Table 9. Comments concerning the source of
entries in Table 9 are listed in Table 10.

Similar cost analyses were conducted for 7 other of the
13 circuits given in Tables 4, 5, and 6. Thus, Tables 11,
12, and 13 are simply extensions of Tables 4, 5, and 6, re-
spectively, representing the results of completing the cost
data form (Appendix C) and summarizing this informa-
tion for several circuits. In some cases, rental costs of one
type or another apparently are less costly than those of
ownership; this may or may not be true. Data used in OMC
I calculations were obtained primarily from states, whereas
data used in OMC:s II and III were obtained primarily from
utilities. The difference in sources may account for the
lower rental costs. In using the cost data form, the user
should take data from state highway department records
and local utility rate tables to obtain a greater degree of
consistency. The figures are presented to illustrate the use
of the cost tables involved; they are not meant to be guide-
lines in making decisions regarding rental or ownership of
lighting systems.
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TABLE 9
COST DATA FOR CIRCUIT 5

COST DATA FORM

. Road Type: Four-lane divided
Road Width: 84-feet

Completion Instructions: Equipment-Specification Summary:
Ownership/Maintenance ‘ " distribution cable
< : 1 —— = 4800 feet
Configuration (OMC) Complete Lines circuit I
I v v v vvweuueess 1through s 43 Somnection cable = _840 feet
1 . 1—26, 3 1—35 circuit
‘+6’ 1+7 ’ ii1 poles per mile = _22 poles
— l+8’ " iv adjustment factor = _22/20
- trrsrrr e g v total kw per lamp = 0,878 kw
ITIB o v o o o o o o o o o o H2=llt) 5055 ,
vi burning hours per year = 14000 hours
OMC I: User“Ownership and (2) Per-Circuit Distribution
' Maintenance ' “
(a) Circuit
‘a. Inittial Costs Cost per Foot (dollars)
S . It
(1) Per Pole ' : en Equipment Labor
Unit Cost (dollars) | 11. Trench & backfill — " 0,60
- 12. Cable 0.51 0.30
It .
Soem Equipment | Labor
13. Total 1.4
1. Pole 380.00 60.00 :
) 14, Cost per distribution ocircuit 6768.00
2, Foundation — 30.00 $
3. luminaire } 148.00 13.00 (b) Connection to Poles
4, Lamp ‘ 14,00 -

'5. Bracketarm . | = [ - :
6. Ballast o N - _ , . Cost per Foot (dollars)
7. Photoelectric 1 o en Equipment Labor

control C 10.00 7.00 i -
8. Cable. o ’ 11870 12.00 - 15. Trench & backfill - ) 0.60
: ‘ . 16, Ceble 0.34 ~0.30
Total “ | 570.70  {122.00 17, Total 1.24
9. Total initial cost per pole § 692.70 18. Cost of connection per oirouit §$ 1041.60
10, Initial cost per mile of 19. Total distribution cost per
pole items « + » » o « » o« $ 15,239,140 oircuit « o v o 4 o s ... $ 7965.75
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TABLE 9—Continued

COST DATA FORM (cont)

OMC I, cont

20. Control Equipment

Initial Cost per Circuit
- Equipment (dollars) ,
Item Equipment | .Iabor
Time Controls:
~ Photoelectric
control and
recyeptacle — N —
_ Time switch - -
Transformers: ‘
Constant-ocurrent — —
Distribution 270,00 100.00
Hanger irons 13.50 -
Group-Control: .
Protective relay _ _—
Multiple relay — -
011 switeh 280.00 25,00
Multiple control
switch - -
Power-factor-
correcting
capacitor _— —
Mounting bracket
for capacitor — —
Potential trans- '
formers ~— —
Time-delay-lockout
relay -— —
Fuse cutouts . — —
Other — —
21, Total 688.50

22, Total distribution and . L
control cost per mile . . . . § 9,518.33

23. Total initial cost per mile . . § 24,757.73

OMC I, cont
24, Interest rateused . . + + . . . 6 %

25. Time period used . « « «+ ¢ o & 20 yrs.
26. Equivalent annual cost ‘

permile o o « ¢ o o o o o o« $ 2163.87

b. Maintenance and Power Costs

(1) Per Pole

. Mainten- Cost (dollars)

Maintene

ance Ttem |27°° T7®"[ Equipment [Annual|Totel

’ UENSY  Tynit|Annual|labor [Annual

27. Replace

lamp 0.25 hi.od 3.50 | 1.37 | k.87
28. Replace

refractor| 0.05 15.04 0.75 | 0.27 | 1.02
29. Wash lumi-

naire -— — -— 1.21 | 1l.21
30. Total lamp and luminaire 7.10
31. Replace

ballast 0.05 [o.od 2.00| 1.25] 3.25
32, Paint pole — -~ - - —
33. Remove '

damaged

pole 0.03 - - 1.80 | 1.80
34, Install

new pole — — — - |20.55
35 Total ballast and pole 25.60

36. Total annual maintenance cost per.
pole, "per-pole" items . . . . . . $ 32.70

37. Total annual maintenance cost per
mile, "per-pole" items . . . . . . $ 719.40
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OMC I, cont -
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COST DATA FORM (cont)

b. Maintenance and Power Costs,

cont

(2)

38. Equiiament . _

Per Circuit

Type

Maintenance Cost
per circuit per year
" (dollars)

Time Controls:
Photoelectric
control and
‘receptacle

Time switch

Transformers:
Distribution-
Hanger irons

2.25

Group-Control: .
Protective relay

Multiple relay
011 switeh
Multiple control
switch
Power-factor-
correcting
capacitor
Pofential‘trans-
former
‘Time-delay~lockout
relay '
Fuge cutouts
Other

39, Total

Lo.

41,

4o,
43,

s,

Total annual control equipment
cost per mile . . .

«$ __15.68

o o o o

Total annual maintenance cost

.......$ 735,08

per mile ., . . .

Energy rate per kwh « + . « + o $ 0.015

Kilowatts per mile

18,876

¢« ¢ o ¢ o o

Total annual energy cost per
mile . . o oo o-$ _1132.56
Total annual cost per mile . . § 4031.51

e e o s s .

OMC

46,
L7,

II: USER OWNERSHIP, UTILITY

'MAINTENANCE
. $ 65.00

$ ws7,07

Cost per: lamp per year . . .

Total annual cost per mile . .

omMC

L8.
I'|'9-

50.

UTILITY OWNERSHIP AND
MAINTENANCE, AGGREGATE

ITIA:

Cost per lamp per year . . . . § __1U43.00

Added costs . . . $ 48. 00

Total annual cost per mile ., . § Y4202,00

oMC

51,
52.
53..
54,
55.
56,

ITIB: . UTILITY OWNERSHIP AND
' 'MAINTENANCE, DETAIL

e ..$  65.00

6ost pér lamp per year
Added costs . _2’4&
Cost per pole per yea.r e e e . $ 24,00
Total cost per imifper year . $ _113.00
Total annisl facility cost. . . $ _2486.00

Total annual cost per mile . . $ _3618.56
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TABLE 10

COMMENTS ON.COST DATA FORM
(TABLE 9) ENTRIES

LINE

COMMENT

(a) OMC I—USER OWNERSHIP AND MAINTENANCE

1

3,4

Equipment cost from Table B-lc; labor cost from
Table B-25.

Equipment cost included in line 1; labor cost from
Table B-25.

Equipment costs from Tables B-4 and B-13a. A
photoelectric-control receptacle is included in cost
of luminaire. Labor cost is for both luminaire and
lamp installation, from Table B-27.

Bracket arm is part of pole; costs included in pole
cost.

Ballast is part of luminaire; costs included in 1um1-

naire cost.

Control can be on each pole or can activate group‘

control equipment for an entire circuit; in this circuit

it is on each pole. Equipment cost from Table B-17; 3

labor cost from Table B-30.

Cable for wiring in each pole only, remamder of
distribution " circuit wiring considered elsewhere.
Equipment cost from Table B-16 for two-conductor
No. 4 AWG copper cable; this cost per foot is mul-
tlplled by the number of feet per pole: 40-ft mount-
ing height + 15-ft mast arm = 55 ft (item lc of

. Table -5d). $0.34/ft X 55 ft.= $18.70 per pole.

10°

11

Labor cost is from Table B-27.

Total labor and equipment costs are added to give
this figure.

Line 9 is multiplied by the number of poles per mile.

(line 15 of Table 5a). For convenience it is repeated
as item iii in the right-hand box on the first page of
the cost form.

‘No equipment cost involved. Labor cost is. from

" Table B- 28, assuming dirt material.

12 -

This ‘cable can be direct-burial or overhead ‘cable,

- cable and conduit; or prewired conduit; in this case,

. AWG copper cable.

13
14

15 .

16

direct-burial cable is being used and the material
cost is- from Table B-16, for three-conductor No. 4
Labor cost is from Table B-29.

Line 11 plus line 12.

Line 13 figure is multlplled by the number of feet
in a given distribution circuit. This figure, which
appeared ongmally as item la in Table 5d, is re-

peated as item i in the right- hand box on the ﬁrst

page of the cost form.

No -equipment cost 'involved. - Labor cost is” from
Table B-28, assuming dirt material.

Direct-burial cable is used and equipment cost is
from Table B-16 for two-conductor No. 4 AWG
copper cable; this cable is used in connecting dis-
tribution circuits to poles. If distribution circuit is
on one side of road and lamp involved is on other
(staggered or opposite spacing), it may be more
economical to run a feeder cable under the road to
the lamp than install another secondary distribution
circuit. Such cable can account for a significant ex-
pense and is therefore considered here. If, however,
it is more economical to install another distribution
cable, these costs (lines 15 through 18) should be

TABLE 10—Continued

LINE

COMMENT

17
18

19

20

21
22

23
24,25
26

27-29

30
31

32

33

34

35,
36 -
37
38

39
40

41
42

ignored and the circuit should be considered as two
circuits. Labor cost is from Table B-29.
Line 15 plus line 16.

Line 17 is multiplied by the number of feet of con-
nection cable. This figure, which appeared originally
as item 1b in Table 5d, is repeated as item ii in the
right-hand box on the first page of the cost form.

Line 14 plus line 18 plus another 2 percent to cover
excess cable used for scrap, connections, etc.

Equipment costs from Table B-19b (transformer)
and Table B-21b (oil switch). No other control
equipment used. Labor costs are from Table B-30.

Total of all line 20 figures.
Obtained by adding lines 19 and 21 to obtain cost

- per circuit, then multiplying by an adjustment factor

(item iv in summary box) to find cost per mile. The
adjustment factor, which first appeared as item 19 of
Table 5, is the number of circuits per mile.

* Line 10 plus line 22.

Needed to specify the proper capital recovery factor.

Initial cost spread uniformly over a period of n
years with interest rate i. Line 23 multiplied by
a capital recovery factor of 0.08718 (from Table 9).

Maintenance frequency figures from Table B-31.
Equipment figures from Table B-13a (lamp) "and
Table B-8a (refractor). Annual equipment costs
obtained by multiplying ‘unit cost by frequency.
Annual . labor costs obtained directly from Table
B-31.

Sum of figures in right-most column of lines 27
through 29.

Frequency figure and annual labor cost from Table
B-31. Unit equipment cost from Table B-10a.

Aluminum poles do not require painting. If needed,
however, cost of painting poles could be found in
Table B-31.

Annual labor cost and frequency figures from Table
B-31.

This item logically follows if a damaged pole is re-
moved. Rather than consult all the tables involved
in costing of a new pole, luminaire, etc., the total
cost of a pole (]ine 9) is multiplied by the frequency
with which a pole is replaced. This frequency is the
same as that for removal of a damaged pole (line
33).

Sum of figures in right- -most column of lines 31
through 34. ‘

Sum-of-lines 30 and- 35

Obtained by multiplying line 36 by item iii (number
of poles per mile) in summary box on the first page
of cost form.

Includes annual labor and parts costs, obtained from
Table B-32 for both transformer and oil switch.

Sum of all items in line 38.

Line 39 multiplied by the adjustment factor to de-
termine cost per mile.

Sum of lines 37 and 40.
From Table B-33.



TABLE 10—Continued

LINE

COMMENT

43

44

45

Item v (which originally appeared as item 14 of
Table 5a) multiplied by item iii (item 15 of Table

5a), or the kilowatts per lamp multiplied by the

lamps per mile.

Energy rate (line 42) multiplied by kilowatts per
mile (line 43) multiplied by number of burning
hours per year (item vi, originally item 18 of Table
5a).

Sum of lines 26, 41, and 44,

(b) OMC II—UsEr OWNERSHIP, UTILITY MAINTENANCE

46

47

From Table B-33a (use lumens or watts given most
nearly corresponding to lamp used).

Utility maintains lamps, luminaires, and control
equipment. Other maintenance costs, paid by cus-
tomer, are summarized ¢n line 35. To this is added
annual rental cost, which includes the rest of the
maintenance and power charges (line 46). This sum
is multiplied by the number of lamps per mile, item
iii. To this annual cost per mile is added the equiva-
lent annual cost per mile, line 26, since in this form
the system is constructed and owned by the user.

(c) OMC IITA—UTiLiTY OWNERSHIP AND MAINTENANCE,

AGGREGATE

48

49

50

Obtained from Table B-33a (use lumens or watts
most nearly corresponding to lamp used).

Because the rate is for wood poles and an overhead
distribution system, and because this proposed in-
stallation uses aluminum poles and an underground
multiple distribution system Table B-34 is used and

- the appropriate figure added. In this case, the figure

is $48.00 ($24.00 for pole and $24.00 for distribu-
tion system).

Lines 48 and 49 inultiplied by number of lamps per
mile (item iii).

(d) OMC IIIB—UTILITY OWNERSHIP AND MAINTENANCE,

DETAIL

51

52

53

54
55

56

From Table B-33a. (Use lumens or watts most
nearly corresponding to lamp used).

Because rate is for an overhead distribution system
and because this proposed installation uses an un-
derground multiple system, Table B-34 is used and
the appropriate figure ($24.00) added.

From Table B-33e. Since metal poles are used in
this configuration, cost must be obtained from
Table B-34.

Sum of lines 51 through 53.

Line 54 multiplied by number of lamps per mile
(item iii).

Since costs are on a detailed basis, power has not
been considered. Therefore, to total annual facility

cost (line 55) add line 44 (total annual energy cost
per mile) to obtain total cost per mile.

41
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TABLE 11
COST SUMMARY, TWO-LANE ROADS

EQUIPMENT SPECIFICATION AND COST SUMMARY FORM

Road Type: Two-lane, rural, 10-foot shoulders

Road Width: 24 feet
Ciroult Number:
Item
1 2 3 L
a. Basic Data
1. Lamp type Incan. Mercuryv Incan.
2, ASA designation 10M/66R | H37-5KB 620Psh0§3
3. Initial lumens 10,000 | 11,000 | 11,000
b, Wattage 566 250 620
5. Mounting height (feet) 30 30 30
6. Overhang(feet) b L L
7. Luminaire type Enclosed | Horiz. Enclosed
8. Light distribution -type II II II
9. Arrangement one side |one side |one side
10. Spacing (feet) 74 135 74
11. Average horizontal footcandles 0.90 0.90 0.90
12. Minimum footcendles 0.48 0.49 0.48
13. Uniformity ratio 1.9/1 1.8/1 1.9/1
14, Total kw per lamp 0.623 0.319 0.682
15. Lamps per mile 71 39 71
16. Distribution system 0-56. 6amp [0-M 24ov | U-M ghov
17. Lamps/circuit 71 17 12
18. Burning hours per year Looo L4000 L4000
19. Adjustment factort 1 39/17 71/12
b. Cost Summary (dollars)
OMC I: User Ownership and Maintenance
1. Initial cost 27713.00 | 23287.00 | 25521.00
2. Equivalent annual cost 2241.,57 | 2030.65 | 2225.51
3. Annual maintenance cost 1178.60 | 831.41 | 1684.70
4, Annual power cost 2653.98 | 744.66 | 2805.20
5. Total annual cost 6074.15 | 3606.72 | 6815.41
OMC II: User Ownership, Utility
Maintenance 6138.79 | 3856.33 | 6567.16
6. Total annual ocost
MC IITa: Utility Ownership and
Maintenance, aggregate
7. Total annual cost 4600.80 | 3159.00 ) #7582.80
MC IIIb: Utility Ownership and
Maintenance, detail
8. Totel annual cost 4570.88 | 2b29.46 | 780,20
9. Annual cost/average horizontal
footoandle (@C I) 6749.00 | 3950.00 | 4931.00
*0-S = overhead series + Lamps/mile
0-M = overhead-multiple Lamps/circuit
U-M = underground-multiple




TABLE 12

COST SUMMARY, FOUR-LANE EXPRESSWAYS

EQUIPMENT SPECIFICATION AND COST SUMMARY FORM

Road Type:

Four—lane, divided, 10-foot shoulders

43

Road Width: 84 feet (two 24-foot lanes plus 36-foot median)

Cirouit Number

Item
2 3 4 5 7
a. Basic Data
1. Lamp type Mercury Mercury Incan.
2. ASA designation H33-106D H35-18NA 860Ps52/80
3. Initial lumens 20,500 37,000 16,000
4. Wattage koo 700 860
5. Mounting height (feet) 35 4o 30
6. Overhang (fee't) L L L
7. Luminaire type Horizontal Horizontal Encloged
8. Light distribution-type 111 III 11T
9. Arrangement Staggered Staggered Staggered
10. Spacing (feet) 60 2ko 99
11. Average horizontal footcandles 1.67 0.67 0.60
12. Minimum footcandles 0.66 0.25 0.25
13. Uniformity ratio 2.8/1 2.7/1 2.4/1
14. Total kw per lamp 0.495 0.858 0.946
15. Lamps per mile 88 22 sl
16. Distribution system 240 /480v 240/480v 240/480v
17. lamps/circuit 80 29 ! 16
18. Burning hours per year 4000 4000 " 4000
19, Adjustment factor 88,/80 22/20 54/16
b. Cost Summary (dollars)
OMC I: User Ownership and Maintenance
1. Initial cost 2,768.00 24,757.00 36,805.00
2, Equivaelent annual cost 5,470.00 2,163.87 3,209.43
3. Annual maintenance cost 2,680.10 735,08 1,313.48
4. Annual power cost 2,613.60 1,132.56 3,065.04
"5, Total annual cost 10,763.70 4,031.51 7,587.95
0MC II: User Ownership, Utility
Maintenance
6. Total annual cost 11,601.97 4,157.07 7,241.61
MC IIIa: Utility Ownership and
Maintenance, aggregate
7. Total annual cost 12,672.00 4,202.00 6,588.00
MC IIIb: Utility Owmnership and
Maintenance, detail
8. Totael annual cost 10, 005.00 3,618.56 7465504
9. Annual cost/average horizontal
footoandle (QMC I) 6,375.00 6,275.00 12,703.00
*a11 circuits + M N
lamps/circuit

underground-multiple



44

TABLE 13

COST SUMMARY, SIX-LANE EXPRESSWAYS

EQUIPMENT SPECIFICATION AND COST SUMMARY FORM

Road Type:
Road Width:

Six-lane, divided, 10-foot shoulders
82 feet (two 36-foot lanes plus 10-foot median)

Cirouit Number

Item
1 2 3 4
a. Basic Data
1. Lamp type Mercury | Mercury
2, ASA designation H35-18NA |H35-18NA
3. Initial lumens 37,000 | 37,000
4, Wattage 700 700
5. Mounting height (feet) 35 35
6. Overhang (feet) Y b
7. Luminaire type Horigontal| Horizontel
8. Light-distribution type IIT IIT
9. Arrangement Staggered |Staggered
10. Spacing (feet) 121 121
11. Average horizontal footcandles 1.40 1.k4o
12. Minimum footoandles V 0. 64 0. 64
13. Uniformity ratio 2.2/1 2.2/1
14. Total kw per lamp 0.858 0.858
15. Lamps per mile 43 43
16. Distribution system % 24o/L80v U8ov
17. Lamps/circuit 32 i
18. Burning hours per year 4000 4000
19. Adjustment factor¥ li3/32 U3 /il
b. Cost Summary (dollars)
0MC I: User Ownership and Maintenance
1. Initial cost 38,189,00{38,215.00
2. Equivalent annual cost 3,330.11| 3,332.36
3. Annual maintenance cost 1,359.91] 1,354.66
4, Annual power cost 2,213.64] 2,213.64
5. Total annual cost 6,903.66] 6,900.66
OMC II: User Ownership, Utility
Maintenance
6. Total annual cost 75160.55( 7,102.21
MC IIla: Utility Ownership and
Maintenance, aggregate
7. Total annual cost 8,213.00| 8,213.00
OMC IIIb: Utility Ownership and
Maintenance, detail
8. Total annual cost 7,072,614 7,072.64
9, Annual cost/average horizontel
footoandle (QMC I) 4,981.00 | 4,885.00

*
Both circuits

underground-multiple

t lamps/mile

Lamps/circuit
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INTERPRETATION, APPLICATION, AND CONCLUSIONS

INTERPRETATION AND APPLICATION

The following statements pertain to the interpretation and
application of the findings described in Chapter Two:

1. The cost tables (Appendix B) are not meant to be
standard costs, but do provide ranges and medians for esti-
mating purposes. They also can be used as a reference in
checking specific prices or costs, and can be used to check
the costing of new systems or to validate costs of existing
systems. Although the cost tables are useful for estimating
purposes, the cost data and other forms can be used alone
as vehicles for the compilation of equipment specification
and cost data for roadway lighting systems. This flexibility
in using all or only part of the report should increase its
usefulness and range of applications.

In the circuits for which costs were determined, average
figures were extracted from the cost tables of Appendix B.
Where rates differ significantly from these averages, the user
can adjust the given figures according to the known vari-

ance.

© 2. The lighting configurations derived in Chapter Two
can be used as a guide to the design of new installations.
Also, the methodology used to obtain these configurations
can be applied to the postulation of new configurations.
Although the configurations presented in Chapter Two are
derived primarily to illustrate the use of the cost tables,
the types of configurations obtained are of some importance.
In a staggered arrangement, mercury lamps are shown to
be more efficient than incandescent lamps. It has been
shown that it is difficult to obtain economical lighting and
remain within the average illumination and uniformity ratio
constraints when using standard 400-w mercury lamps at a
30-ft mounting height; this finding may result in increased
use of higher lighting poles and larger lamps.

3. The findings in terms of costs presented in Chapter
Two are primarily to illustrate use of the cost tables. These
findings would be ineffective, however, if the resulting costs
were not reasonably accurate. Therefore, these findings also
piripoint cost differences in the various example configura-
tions. Conclusions to be drawn from the findings are dis-
cussed in the next section. In terms of meaning, however,
the findings regarding relative system costs may provide
guidance to lighting system designers in constructing new
lighting systems which are similar to those shown in Chap-
ter Two to be least expensive.

CONCLUSIONS

General

The data obtained from state highway departments varied
considerably in amount of detail. In some cases, very de-
tailed data were supplied in response to the questionnaires,

whereas in other cases only lump sums with no distinctions
between various costs were furnished. This variance is
more a result of the types of records kept than of a lack
of cooperation. Of 50 state highway departments con-
tacted through letters and questionnaires, 35 responded.
Of these, 12 returned the questionnaires completely or par-
tially filled out, 10 sent letters containing cost data or bid
prices, and the remaining 13 supplied little or no informa-
tion because they lacked the requested data. Because
roadway lighting systems are usually installed by an out-
side contractor, rather than by a state highway department,
cost data are frequently available only on a bid price basis;
that is, for a given type of equipment, a lump sum is given
which includes material, labor, and overhead costs. Wher-
ever possible, further contacts with the highway depart-
ments were made in an effort to separate the components
of the bid prices. ’

To obtain information regarding maintenance and power
for lighting systems, 85 questionnaires were sent to utilities
throughout the nation. Of these, 42 were returned partially
or completely filled out; 29 rate schedules for street and

highway lighting were also received. It was from these

rate schedules that the information included in Tables B-33
and B-34 was obtained. The geographic distribution of the
responses was uniform-—all sections of the nation are repre-
sented in the information received. The utilities responding
account for 1,812,320 lamps. Of this number, 73.3 percent
are incandescent, 25.8 percent mercury, and 0.9 percent
fluorescent; these percentages apply both regionally and
nationally. For freeway lighting, most utilities use under-
ground multiple systems; most of the remaining utilities
use multiple overhead, and only two use series circuits.
For rural roads, virtually all respondents use a mulitiple
overhead system. From the questionnaires received from
utilities and states, it is concluded that the majority of new
lighting installations are multiple systems with underground
multiple predominating for limited-access roads, and most
new installations use mercury rather than incandescent
lighting.

Regarding the information received from both states and
utilities, it is concluded that more detailed records will have
to be kept in the future to use the cost data form in this
study more effectively and to update the cost tables. For
maximum usefulness, periodic updating of these tables will
be necessary to reflect changes in both cost and develop-
ment of new equipment; thus, lighting system costs can be
accurately estimated on a continuing basis.

Detail

The lighting pole (and associated equipment, such as lumi-
naire, lamps, etc.) is the most expensive lighting system
item; the sum cost of lighting-pole equipment is given on
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line 9 of the cost data form. For metal poles, this figure
will range from $450 to $700 per pole. Because this cost
has the greatest influence on total cost per mile, it is best
lowered by reducing the number of poles per mile. For
example, in comparing two 4-lane-road circuits, the initial
cost per pole for circuit 5 (700-w mercury lamp, 40-ft
aluminum pole) is $692.70 vs $445.78 for circuit 7 (16,-
000-lumen incandescent lamp, 30-ft aluminum pole); yet,
the total cost per mile for these poles and related equip-
ment is $15,239.40 for circuit 5 vs $24,072.12 for circuit 7.
This difference results from the fact that 54 Jamps per mile
are needed in circuit 7, whereas only 22 are required for
circuit 5. The average illumination levels are 0.67 and 0.60,
respectively. In addition, the annual cost per average hori-
zontal footcandle for circuit 5§ is $6,275 vs $12,703 for
circuit 7.

Therefore, to reduce costs, fewer poles per mile should be
used. The number of poles can be reduced without ad-
versely affecting the desired illumination level and uniform-
ity ratio by using more efficient light sources (mercury
instead of incandescent), larger lamps (700 and 1,000 w
vs 250 and 400 w), and higher mounting heights (35 ft and
up). The added cost of such changes is more than offset by
the reduction in total pole cost; this fact is shown in parts a
and b of Tables 10, 11, and 12.

Current standards require an average illumination level
of 0.6 footcandle on rural four-lane divided expressways,
and 1.4 footcandles on urban six-lane divided expressways.
They also recommend an average-to-minimum illumination
uniformity ratio of 3 to 1. To achieve this ratio using a
standard 400-w mercury lamp at 30- or 35-ft mounting
heights would raise both average illumination levels and
costs to an unnecessarily high level; circuit 2 (Chapter
Two) illustrates this. To obtain the 3-to-1 ratio, the average
illumination level has been raised to 1.67 footcandles, with
a corresponding increase in annual cost ($10,764 per mile
per year). In circuit 5, using higher (40-ft) mounting
heights and larger (700-w) lamps, the number of .poles per
mile is reduced from 88 to 22 and the annual cost per mile
is reduced to $4,031.51. The average illumination level is
0.67 footcandle, which is more desirable than 1.67 foot-
candles. The average cost per footcandle is about the same
($6,375 for circuit 2 vs $6,275 for circuit 5). Costs may
also be reduced by allowing a slightly higher uniformity
ratio to be used. For example, with a 3-to-1 ratio, using
700-w mercury lamps at a mounting height of 35 ft, the
estimated initial cost is $29,946 per mile. By raising the
ratio to 4-to-1, the cost can be reduced to $15,624. This
reduction results from taking advantage of the character-
istics of the uniformity ratio curve. Although it is not the
purpose of this report to recommend one lighting system
over another, it should be noted that great savings can be
effected through the use of high-output mercury lamps and
higher mounting heights and, in some cases, by raising the
allowable uniformity ratio. The effect of these on spacing
was demonstrated in Chapter Two.

In using 40-ft poles, maintenance problems may arise.
The ladder, bucket, or platform lift truck must be able to
reach a height of 40 ft and many presently used do not. A

safety problem also may arise in maintaining higher poles.
However, to overcome this, various luminaire lowering de-
vices can be used in servicing larger poles. v

Past studies have demonstrated that mercury systems are
less costly than incandescent systems; this conclusion is
supported by the cost data summary given in Chapter Two.
In addition, even though the lamps themselves are more
expensive, the initial cost of a mercury system is lower than
an incandescent one, because fewer lamps are needed per
mile. Lamp costs are only a small part of total system costs
and should not be a major economic factor in the selection
of a system; of far greater importance are pole and lumi-
naire costs, which depend on mounting height and lamp
size. The use of a 480-v rather than a 240-v system will
lower costs slightly, but not enough to compensate for the
extra expense involved in using the higher voltage.

Using a 20-year life and a 6 percent interest rate (used
in the examples in Chapter Two), the equivalent annual
lighting installation cost ranges from 30 to 60 percent of
the total annual cost, depending on the lighting system used.
The equivalent annual costs generally are proportionally
higher to total annual costs, and maintenance and power
costs are proportionally lower for mercury systems than for
incandescent systems. Annual maintenance and power
costs for systems owned and maintained by the user range
from approximately $1,500 to $5,300 per mile, depending
on the lighting system and the roadway.

If the replacement of damaged poles is considered a
maintenance expense, as it is in this study, it may account
for most of the maintenance costs. From the data gathered,
apparently between 1.5 and 3 percent of poles must be
replaced each year because they have been damaged. The
3 percent figure was used in the calculations; if the fre-
quency is different from 3 percent, a figure based on actual
experience can be used. It is concluded that although re-
lamping and luminaire maintenance are major maintenance
cost components, the cost of pole replacement and mainte-
nance (painting) are the critical maintenance cost factors.
It may be possible to reduce the replacement cost by mount-
ing the poles at least 2 ft behind the shoulder of the right-
hand lanes on roads, as recommended, thus reducing the
probability of being struck by automobiles.

Power costs are given as $0.015 per kwh rather than the
standard $0.010 per kwh. Tke higher figure is the current
nationwide average rate based on the results of question-
naires sent to utilities. Local variations in this rate can
greatly affect the annual power cost and thus the total sys-
tem cost. Some utilities are still basing their rates for
mercury lamps on the older 7,000-hr-life lamps. As these
rate structures are changed (rates lowered), it will become
more economically attractive to switch from incandescent
to mercury systems in some areas in which the rates for
mercury lamps are presently unrealistically high.

The information in this report is for use primarily as an
estimating tool in comparing alternative systems, rather than
as an aid in budget preparations. In summary, this report
presents an accurate compilation of data regarding the com-
ponent costs of roadway lighting systems, and a tool (the
cost data and other summary forms) through which these



data can be used to estimate the total cost of a roadway
lighting system. In estimating such costs on the cost forms,
users can either use the cost data presented in Appendix
B or can use their own data. A procedure zlso is presented
for obtaining circuit configurations and a schedule of the
equipment needed for these circuits. :

SUGGESTED RESEARCH

Several potentially fruitful research areas have become
evident as a result of this study, as follows:

1. New illumination level standards. A study is needed
of the economic ability of state highway departments to
implement new standards regarding average and minimum
illumination levels and to install new lighting systems com-
plying with these standards and recommended practices.
This should include a review of current state practices and
policies regarding installation of roadway lighting systems.

2. Relationship of uniformity ratio to driver comfort and
safety. A study of the effect of average-to-minimum illumi-
nation uniformity ratios on driver comfort and safety is
recommended. Following a 3-to-1 ratio of average-to-
minimum footcandles may result in prohibitive expenses in
some areas, and thus in no lighting system at all; higher
ratios will lower lighting expenses. What are the costs of
these ratios in terms of increased accidents and driver dis-
comfort? Will the use of a 4-to-1 or 5-to-1 ratio, for ex-
ample, significantly increase accidents? How much eye
fatigue results from passing rapidly between bright and dark
areas, and what is the effect on the eye of the length of time
spent within these areas? These and other questions can be
answered in-such a study.

3. European lighting systems. Greater use is made in
European lighting systems of higher (50 ft and over)
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mounting heights and of light sources other than those used
in this country (such as xenon or sodium vapor). A study
of the economics of such systems and applications to light-
ing problems is recommended.

4. Lighting maintenance policies and costs. An investi-
gation should be made of optimal crew size, optimal mix
of jobs which can be done by a crew, and the economics of
preventive vs on-the-spot maintenance. The study should
investigate existing maintenance procedures and recom-
mend new ones in llght of the revised Amerlcan Standard
Practice for roadway lighting.

5. Continued studies for acceptable roadway lighting
configurations. Possible areas of investigation are effects
of low-level lighting; use of high-frequency lighting systems;
economics of the suspension of light sources from overhead
cables; effect of light color on driver comfort and vision;
and effect of roadway lighting on nearby property values.
Research should also be undertaken to determine acceptable
roadway lighting configurations and costs for typical road-
ways not considered. in this study. Additionally, tesearch is
being conducted to determine required illumination levels
for expressway lighting; this may result in a change in cur-
rent recommended lighting standards.

6. Interchange lighting. What is the optimal method for
lighting various types of interchanges and what are the
economics involved? A high and uniform illumination level
is required because driver activity is increased at such
points (changing lanes, slowing down, entering and leaving
roads, and so on). To provide this illumination, more poles
may be needed. These, however, combined with signs and
increased driver activity, can contribute to accidents; at
the very least, more lighting poles contribute to driver con-
fusion. A study of how sufficient light may be economically
supplied without contributing to accidents is definitely
needed.
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APPENDIX A

GLOSSARY

AVERAGE FOOTCANDLES — See Average illumination.

AVERAGE ILLUMINATION — The average level of horizontal
illumination on the roadway pavement when the il-
luminating source is at its lowest output and when the
luminaire is in its dirtiest condition; expressed in aver-
age footcandles for the pavement area.

COEFFICIENT OF UTILIZATION — The percentage of light
falling on the horizontal plane in front of and behind
the luminaire. The coefficient of utilization is a mea-
sure of the actual efficiency of the luminaire, but does
not indicate the way in which the light is distributed
on the roadway. i

END-OF-LIFE LUMENS — The light output of a lamp at the
end of its rated life.

INITIAL LUMENS — The rated light output of a lamp when
new. :

LUMEN -— A unit of measure of the quantity of light; one

- lumen is the amount of light which falls on an area of
one square foot every point of which is one foot from
a source of one candela (candle). A light source of
one candela emits a total of 12.57 lumens.

LUMINAIRE — A complete lighting device consisting -of a
light source with its direct appurtenances, such as
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globe, reflector, refractor, housing, and such support as
is integral with the housing; the pole and bracket or
mast arm are not considered part of the luminaire.

MAINTENANCE FACTOR — A combined age and dirt accumu-
lation factor which indicates the decrease in effective
light output of a lamp and luminaire during use.

MINIMUM ILLUMINATION — The lowest level of illumina-
tion, in footcandles, on the roadway surface. -

" MOUNTING HEIGHT — The vertical distance between the

roadway surface and the center of the light source in
the luminaire.

OVERHANG — The lateral distance between the edge of the
roadway pavement and the point where the light source
is suspended over the roadway pavement.

SPACING — The distance, in feet, along the center line of
the road between successive lighting units.

UNIFORMITY RATIO — The ratio of average footcandles of
illumination on the pavement area to the footcandles at
the point of minimum illumination; a uniformity ratio
of 3 to 1 means that the average footcandle value on
the roadway is three times the. footcandle value ‘at the
point of least illumination. :

APPENDIX B

COST DATA ON EQUIPMENT, CONSTRUCTION, OPERATION, AND
MAINTENANCE OF ROADWAY LIGHTING SYSTEMS

This appendix presents data concerning all the costs involved in constructing, operating,

and maintaining roadway lighting systems.

The self-explanatory tables are divided

generally into those dealing with (a) equipment, (b) labor and overhead costs, and
(c) power costs. Wherever possible, costs actually paid by users have been provided
rather than list prices. For every cost item, either the maximum and minimum cost
range, or the median cost, or both, are given. Where only one figure is given, all the
costs for that item are identical or within a very narrow range. A detailed discussion

regarding use of these data is contained in Chapter Two.



TABLE B-1

EQUIPMENT COST DATA ON POLES FOR MERCURY OR INCANDESCENT LAMPS

cosT (3$)
MOUNTING
HEIGHT SINGLE ARM DOUBLE ARM
&™) 4 FT 6 Fr 8 FT 10 FT 12 FT 15 FT 4 FT 6 FT 8 FT 10 FT 12 FT 15 FT
(a) STEEL POLE, ANCHOR BASE
20 92-101 93-103  85-105 130 134 — 103-143 106-147 110-152 197 205 —
100 102 105 115 120 125
25 97-123 97-124 98-147 118-137 121-140 132-149 113-209 117-210 121-220 160-205 167-212 182-195
110 113 115 125 137 142 150 157 159 165 180 192
27 155 160 184 — — — 240 247 257 — — —
30 117-137 109-142 111-160 131-147 141-151 146-163 160-270 128-273 131-284 173-215 192 210
125 131 143 147 150 157 160 176 178 185
32 122-128 124-146 127-147 147-150 150-154 163-176 133-145 137-180 141-181 184-188 190-195 207-223
125 129 131 150 154 176 139 147 150 188 195 223
35 128 131 133 156 160 185 173 178 183 228 235 —
40 — — — — 170 195 — — — — — —
(b) STEEL POLE, TRANSFORMER BASE
20 128 131 133 158 163 — 171 176 181 226 233 —
25 132-142 134-161 136-162 163-166 166-169 176-181 142-178 146-196 150-197 204-233 211-240 228
135 141 143 165 169 181 157 175 177 205 215
27 143-156 145-158 147-160 162 165 176 154-172 158-176 162-179 200 205 221
‘ 144 146 147 163 176 179 .
30 145 148-175 150-197 175-178 179-189 216 188 167-208 170-210 217-243 231-250 264
154 155 176 184 201 205 217 231
32 163-175 165-185 167-203 176-189 179-193 190-229 174-252 178-276 181-276 213-228 219-235 235-276
167 170 172 189 193 229 186 200 206 228 235 276
35 166 168 171 193 197 235 210 215 220 265 273 —
40 — — — — 205 245 —_ — — — — —
(¢) ALUMINUM POLE, ANCHOR BASE
20 140-184 143-185 146-188 173 177 — 189-205 192-207 198-225 258 267 —
169 170 179 189 196 210
25 154-239 157-244 161-252 188-234 192-240 225-246 186-237 193-279 200-284 266-303 278-315 294-348
186 200 203 223 229 242 221 240 - 246 - 296 311 328
27 224-272 233-277 236-285 264 290 277 250 255-290 261-294 315 327 370
224 242 242 255 264
30 177-286 182-291 187-299 212-279 216-285 261-291 223-267 230-307 237-344 304-365 314-377 331-448
231 248 251 276 282 288 252 270 276 359 370 388
32 261 261-284 266-286 291-294 297-300 303-306 317 320-357 339-360 377-381 389-393 511-531
263 278 292 297 303 356 344 381 393 521
35 280 285 289 325 331 340 343 351 360 430 442 —
40 — — — — 365 380 — — — — — —
(d) ALUMINUM POLE, TRANSFORMER BASE
20 173-230 176-231 179-240 205 218 — 222-251 228-254 234-272 290 300 —
215 216 225 : 236 239 257 :
25 186-286 189-291 194-299 220-281 224-287 224-266 224-266 231-327 239-322 305-350 315-362 332-375
234 246 - 249 270 276 252 252 269 275 342 354 372
27 240-319 261-324 264-332 296 302 308 279 302-339 308-344 365 377 390
240 272 270 . : ) 302 314 .
30 210-333 215-338 219-345 244-326 249-332 298-338 258-314 265-354 272-359 339-411 351-423 368-432
243 294 297 314 329 335 290 317 323 374 389 428
32 308 309-330 312-333 338-341 344-347 350-353 329 332-369 338-405 420-425 432-437 450
328 324 338 344 350 -366 377 423 434
35 321 325 330 358 372 380 383 391 400 470 482 —
40 — -— — — 405 420 — — — — — —
(¢) CONCRETE POLE, PRECAST BUTT BASE
20 — 137 141 145 — — — 152 160 168 — —
22 — 153 157 161 — — — 167 175 183 — —
25 — 147-152 151-156 155-160 — — — 161-167 169-175 177-182 — —
148 152 156 161 169 177
28 — 171-194 175-198 179-202 — — — 185-209 193-217 201-225 — —
182 187 188 185 202 213
30 — 165-186 169-200 173-211 207-214 214-217 — 179-224 187-227 195-231 239 251
170 174 187 207 217 196 204 212
32 — 215 219 223 — — — 229 238 245 — —
34 — 210 213 217 222 228 — 239 242 245 254 265




TABLE B-1 (Continued)
EQUIPMENT COST DATA ON POLES FOR MERCURY OR INCANDESCENT LAMPS

cost ($)
MOUNTING
HEIGHT SINGLE ARM DOUBLE ARM
D) 4 FT 6 FT 8 FT 10 FT 12 FT 1S FT 4 FT 6 FT 8 FT 10 FT 12 FT 15 FT

(f) CONCRETE POLE, TRANSFORMER BASE

20 — —_ — — —_ —_ — — — — — —

22 — 179 183 187 — — — 194 202 210 — —

25 — 178 182 187 — . — — 193 201 . 209 L= —

28 — 179-221 201-275 205-229 S— — — 210-234 218-242 226-250 — —
197 212 217 222 227 . 238

30 —_— 196-220 200-224 204-228 — — - 212-235 219-243 227-251 — —
207 213 225 225 233 240

32 —_ 242 245 259 — = — 257 265 273 — —

34 — — — — — — — — — — — —

(g) CONCRETE POLE, BOLT-DOWN BASE

20 — — — — —_ — - — — — — —

22 — 158 162 166 — — — 172 180 188 — —

25 — 152-157 156-161 160-165 — — — 167-171 174-179 182-187 — —
153 157 161 ) P . B 167 175 182

28 — 176-199 180-203 184-207 - T — 190-214 198-222 207-230 — —
176 180 184 ‘ 190 198 207

30 — 170-201 174-204 178-216 212-219 219-222 — 184-229 192-232 200-236 244 256
175 175 194 212 219 202 197 220

32 — 220 224 228 — — — 235 242 250 — —

34 — 216 218 223 227 233 — . 243 247 250 258 270

(h) CONCRETE POLE, BUTT-TRANSFORMER BASE

20 _ _— _ — — — — — — — — —

22 — 183 187 191 - — — 197 205 213 — —

25 —_ 200 205 208 — — — 215 223 231 — —

28 —_ 200-250 205-228 208-233 — — — 215 225 235 — —

. 210 215 220 ‘ '

30 — 199-224 203-227 208-231  — —_ — 214-238 222-246 230-254 — —
210 225 230 225 234 242 .

32 — 245 249 253 — — — 260 258 276 — —

34 -— — — .= — —_ —

(i) WOoOD POLE

For heights from 30 to 45 fi see Table B-2g.
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TABLE B-2
EQUIPMENT COST DATA ON POLES FOR FLUORESCENT LAMPS

cosT ($)

MOUNTING

HEIGHT SINGLE ARM DOUBLE ARM

(F1) 2FT 4 FT 6 FT 8 FT 2 FT 4 FT 6 Fr 8 FT

(a) STEEL POLE, ANCHOR BASE

20 — 120 — — — 184 — —

25 127-131 127-135 119-139 141 151-157  159-191 167-205 215§
129 130 134 154 164 172

30 140-145 137-149  132-158 155 173-178 181-215 188-193 279
142 144 147 176 194 193

35 — 148 — — — 214 —_ —

(b) STEEL POLE, TRANSFORMER BASE

20 — 149 — — — 212 — —

25 — 155 — — — 219 — —

30 — 165 — — — 230 — —

35 — 186 — — — 252 — —

(© ALUMINUM POLE, ANCHOR BASE

20 — 173 — — — 246 — —

25 203-276  206-288  210-297 — 238-444  305-468 420 —
244 246 265 338 356

27 285 297 306 — 386 406 429 —

30 215-364  230-376  234-385 — 251-573  264-597 276-606 —
290 294 304 439 448 478

35 — 374 — — — 479 — —

(d) ALUMINUM POLE, TRANSFORMER BASE

20 — 206 — — — 278 — —

25 249 253-308 257 — 284 291-380 498 —

253 336
30 275 278-329 282 — 309 317401 540 —
278 359

35 — 449 — — — 524 — —

(¢) CONCRETE POLE, PRECAST BUTT BASE

26 170-194  177-200. 179-203 — 175-207 181-218 183-223 —
184 188 191 190 200 206

28 182 187 190 — 195 206 209 —

30 198-215 201-221 205-224 — 191-227 197-239  200-243 —
198 205 208 212 223 227

(f) CONCRETE POLE, BOLT-DOWN BASE

26 175-199  181-205 184-208 — 179-212  186-223 188-228 —
188 194 197 190 202 206

28 187 192 195 — 200 211 215 —

30 203-219  206-225 210-228 — 196-233  202-244 205-248 —
204 210 212 217 228 233

(g) woop POLE®

30 20

35 27\ Apply for all arm lengths

40 35

45 42

2 Also usable for mercury and incandescent lamps.



TABLE B-3

EQUIPMENT COST DATA ON WOOD POLE BRACKETS
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SLIP-

BRACKET
TYPE

cost (§)

FITTER 2%2-FT

(IN.)

ARM

4-FT
ARM

6-FT
ARM

8-FT
ARM

10-Fr
ARM

12-Fr
ARM

14-FT
ARM

16-FT

ARM

18-FT

ARM

20-FT
ARM

(@) STEEL BRACKET FOR MERCURY AND INCANDESCENT LUMINAIRES

No support 1Y% 4.00-5.80 5.00-8.00 7.00-8.00 9.50 —_ —_— — — j— —
4.00 5.70 7.00
2 5.50 6.50 9.00-9.30 10.50 - — — —_ — -
9.30
Underbrace 1'% — 9.00-11.25 11.00-13.30 14.00-15.50 — — — —_ —_ —
9.50 12.50 14.50
2 — 10.50 14.00 16.50-20.20 —_ — — — — —_
18.00
Underbrace 1% — —_ 15.00 17.00 — — —_ — —_ —
and tie 2 — — 17.00 19.50 -— — — p— — —
Single guy 1% — — 9.50 11.50-18.00 13.70-21.00 16.00-22.00 21.00-32.00 24.00-34.00 27.00-37.00 30.00-39.00
15.00 16.00 19.00 28.00 29.50 32.00 34.50
2 — — 12.00-13.30 15.00-24.00 18.00-36.00 21.00-33.00 30.00-48.00 34.00-54.00 38.00-50.00 42.00-66.00
12.50 18.80 25.00 28.00 30.00 34.00 38.00 42.00
Double guy 1% — — — 14.00 16.50 19.00 21.50 — — —
2 —_ —_ —_ 17.50 21.00 24.00 28.00 31.00 — —
(b) ALUMINUM BRACKET FOR MERCURY AND INCANDESCENT LUMINAIRES
No support 1% 4.80-7.20 5.50-7.70 7.50-11.00 — — — —_ —_ — —_
5.00 6.50 9.50
2 7.00 9.50-14.00 13.50-18.50 23.00 — —_ —_ — —_ —
11.00 16.00
Underbrace 1% — " 9.50 13.50 — -— — —_— — _— —
2 — 13.50 18.50 22.50 — — — — — —
Underbrace 1% —_ —_— 15.50 18.50 — — —_ — — —
and tie 2 _— —_ 21.50 25.50 -
Single guy 1% —_ 11.00 12.50-14.00 15.50 —_ — — — — —
14.00
2 — 14.00 18.50 22.50 -_ — — —_— — —
Double guy 1% — — — 18.00-20.00 — — —_ — —_ -
18.00
2 — —_ _— 25.00-27.00 31.50 — — — — —
25.00
(c) STEEL BRACKET FOR FLUORESCENT LUMINAIRE
Underbrace 2 —_ —_ 26.00 32.00 — — —_ — _— —
Double guy 2 — — 14.00 17.00 —_ —— — — —_ —
Double pipe 2 40.00= 51.00 62.00 73.00 85.00 96.00 — —_ — —
(d) ALUMINUM BRACKET FOR FLUORESCENT LUMINAIRE
Double pipe 2 70.002 87.00 104.00 121.00 138.00 155.00 — — —_— —_
s 2-ftarm.
TABLE B-4

EQUIPMENT COST DATA ON HORIZONTAL BURNING MERCURY LUMINAIRES ®

cosT (3)
BALLAST TYPE 100-w 175-w 250-w 400-w 700-w 1000-w
LAMP LAMP LAMP LAMP LAMP LAMP
Regulator 64-81 67-85 82-94 80-103’ 148 162
71 74 87 96
Reactor P 42-58 45-61 58-67 72-83 — —
53 53 62 77
Reactor © 50-69 58-71 67-77 81-93 118 124
56 62 75 86
High reactance 52-65 55-68 75-88 79-91 — —
60 63 79 88
Lag? — 5t — 85 — —
6.6-Amp series 65-75 67-77 72-88 84-97 — —
70 72 80 90
External ballast 33 29-33 28-41 41-48 — 71.50
33 34 44

s Luminaire consists of a single unit rather than an optical assembly and head. Luminaires have photoelectric control

receptacles but no photoelectric controls. The ballast is an integral part of the luminaire except where it is listed separately.
b Normal power factor.
< High power factor.
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TABLE B-5

EQUIPMENT COST DATA ON OPTICAL ASSEMBLIES FOR VERTICAL BURNING
MERCURY AND INCANDESCENT LUMINAIRES »

GLASSWARE cost (3)
ATTACHMENT .
TYPE TYPE 1 TYPE 1® TYPE 11 ® TYPE 1V P TYPE VP
Spun sealed — 15.50-22.00 22.00 18.50 15.50
18.00 :
Roller latch 23.00-24.50  24.60-26.00  23.00-28.00  20.00-25.00 17.00-21.00
24.50 26.00 26.00 23.00 20.00
Clamp band 19.00-20.00  21.00-22.00  21.00-22.00 17.50-19.00 14.50-16.00
20.00 22.00 22.00 18.50 - 15.50
Open bottom 10.00 10.00-15.00 10.00-15.00 10.00 10.00-15.00
10.00 10.00 10.00

2 Luminaire consists of an optical assembly and head; in the case of incandescent luminaire, includes reflector and globe

(refractor). For heads see Table B-6.
b JES light distribution type.

TABLE B-6

EQUIPMENT COST DATA ON HEADS * FOR VERTICAL BURNING MERCURY

AND INCANDESCENT LUMINAIRES®

cost (3)
VERT. BURNING
MERCURY INCANDESCENT
100-w  175-w  250-w  mMoGUL MEDIUM
DESCRIPTION LAMP  LAMP LAMP  MULT. MULT. SERIES
With photoelectric 23-32  23-35 34-39 11.00-13.40 11.00-13.70 11.25-11.35
control receptacle 26 29 35 12.50 13.30 11.30
Without photoelectric 23-28 25-31 30-34 9.20 9.10-9.20 12.00
control receptacle 25 27 31 9.20
a Hood for incandescent luminaire.
b See footnote a, Table B-5.
TABLE B-8
EQUIPMENT COST DATA ON REFRACTORS (GLOBES) FOR MERCURY
AND INCANDESCENT' LUMINAIRES
cost ($)
LAMP SIZE TYPE 1® TYPE II TYPE Il & TYPE IV * TYPE V@
(@) MERCURY, CLOSED BOTTOM
100 » 9-14 14 14 14 14
175°b 9-14 9.50-14 14 14 14
10
2500v 9-14 14 14 14 14
400, 700, 1000 14-16 14 14-16 16 16
15
(b) MERCURY, OPEN BOTTOM
All P 7.50-8.50 N
- 8.00 -
(c) INCANDESCENT
<16,000 © 7.40-9.20 . 7.40-10.10 7.40-10.10 3.70-7.40 3.70-7.40
9.00 9.20 9.20 5.10 4.60
» JES light distribution type. ® Watts. -« Initial lumens.



TABLE B-7

EQUIPMENT COST DATA ON FLUORESCENT

TABLE B-9
EQUIPMENT COST DATA ON PLASTIC COVER AND

LUMINAIRES DOOR FRAME ASSEMBLY FOR FLUORESCENT
LUMINAIRES
LAMP RECOMMENDED
SIZE LAMP CcosT NUMBER OF LAMPS TRAFFIC
APPLICATION (LUMENS) OUTPUT * % PER LUMINAIRE DENSITY CosT ($)
Light traffic 2 at 4,100 High 108 2 Light to 25.00-30.00
2 at 6,900 Very high 126 4 medium 47.00
Medium traffic 2 at 6,100 High 133 4 Heavy 75.00
2 at 10,900 Very high 153 6 Heavy —
Business areas 4 at 6,100 High 200
and highways 4 at 10,900 Very high 240
Whiteways 6 at 10,900 Very high 420
s The designations *“‘power groove,” “‘super-high output,” and *“very high out-
put” refer to the same lamps.
TABLE B-10
EQUIPMENT COST DATA ON BALLASTS 'FOR MERCURY LUMINAIRES
cost (3)
100-w 175-w  250-w 400-w 700-w 1000-w
TYPE OF BALLAST LAMP LAMP LAMP LAMP LAMP LAMP
(a) INTERNAL BALLAST®
Regulator 22 28 34 37 40 —
High reactance 16 16 21 31 35 —
Reactor b 15 15 19 24 29 —
Reactor © 12 12 17 20 24 —
6.6-Amp series 4 27 29 32 37 42 —
(b) EXTERNAL BALLAST
Regulator 40.00-44.00 V 44.00 48.00 48.00 85.00 100.00
41.00 - 79.00 ¢ 85.00¢ :
120-volt lag ® 36.00 38.00 41.50 40.00 — —
68.00 ©
Reactor P —_ 27.00 32.00 38.00 51.00 57.00
Reactor © - — — — — —
6.6-Amp series 9 37.00 41.00 51.00 52.00 90.00 100.00
86.00 ¢ -
20-Amp series ¢ —_ 41.00 52.00 52.00 90.00 100.00
86.00 ¢

» Costs of internal ballasts are included in prices of all luminaires other than external-ballast types. Cost data presented
here should be used when an existing internal ballast must be replaced; these figures should not be used. to estimate cost of

a new system. b High power factor.

TABLE B-11

< Normal power factor.

d Transformer.

¢ Ballast serves two lamps.

ELECTRICAL DATA ON BALLASTS FOR MERCURY LUMINAIRES AND
EQUIPMENT COST DATA ON KITS FOR CONVERSION FROM
INCANDESCENT TO MERCURY LUMINAIRES

CONVERSION ¢ KIT

OPEN-CIRCUIT cosT ($)
) PEAK,
LAMP BALLAST LOSS (W) 6.6-AMP HIGH :
SIZE > SERIES P REACTANCE REACTOR
(w) REGULATOR REACTOR 2 v) BALLAST BALLAST
100 25 — — 17-23 13-18
20 15
175 32 — 800 17-26 13-20
20 15
250 40 18 700 22-30 19-25
25 20
400 50 29 700 — —
700 80 32 1200 — —
1000 95 40 1400 — —

a High power factor.

b Or 20-amp series; transformer.

< Incandescent to mercury.
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TABLE B-12

EQUIPMENT COST DATA ON BALLASTS FOR FLUORESCENT LUMINAIRES

cosT ($)
1 Lamp 2 LAMPS 3 LAMPS 4 LAMPS
LAMP PER PER PER PER
TYPE # WATTS BALLAST BALLAST BALLAST BALLAST
(@) HIGH-OUTPUT LAMPS
F48T12/CW/HO 60 11.60-18.00 15.40-16.40 17.10 20.30
14.50 16.00
F64T12/CW /HO 75 15.80-17.90 15.80-17.70 17.00 —
17.10 16.50
F72T12/CW/HO 85 13.90-18.00 15.00-27.50 17.00 —
15.20 16.50
F96T12/CW/HO 105 13.90-17.90 15.00-27.50 — —
15.20 18.00
F100T12/CW/HO 100 — — — —
(b) POWER-GROOVE AND VERY-HIGH-OUTPUT LAMPS
F48PG17 or 107 19.50-24.00 19.50-21.00 32.30 —
F48T12/VHO ® 19.50 19.80
F72PG17 or 155 19.50-26.10 26.10-43.50 32.30 —_
F72T12/VHO ¢ 19.80 31.00
F96PG17 or 200 19.50-26.10 27.50-35.80 — —
F96T12/VHO ¢ 19.80 31.00

a Require high power factor ballasts.

to F96T12/SHO.

TABLE B-13

b Equivalent to F48T12/SHO.

¢ Equivalent to F72T12/SHO.

LIGHT CHARACTERISTICS AND EQUIPMENT COST DATA ON LAMPS

d Equivalent

LUMENS #
MAIN- ENERGY
ASA END OF TENANCE USED COST ¢©
DESIGNATION INITIAL NOMINAL LIFE FACTOR P (w) (%)
(@) MERCURY LAMPS 4
H38-4JA/W 3,940 — 1,810 0.39 100 7.00-9.00
8.00
H39-22KB 7,300 — 6,200 0.72 175 5.40-9.50
9.50
H39-22KC/W 8,050 — 5,200 0.54 175 5.90-12.00
10.00
H37-5KC/W 11,900 —_ 7,700 0.54 250 8.00-12.00
10.00
H37-5KB 11,000 — 9,300 0.72 250 7.25-12.00
9.50
H33-1CD 20,500 — 17,000 0.71 400 5.75-14.00
9.30
H33-1GL/W 22,000 — 14,200 0.54 400 7.50-13.70
9.30
H35-18NA 37,000 — 29,200 0.67 700 14.00
H35-18ND/W 40,000 — 25,800 0.54 700 10.00
H36-15GV 56,000 — 40,500 0.61 1000 16.00
H36-15GW /W 60, 500 — 24,600 0.35 1000 16.00
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TABLE B-13 (Continued)
LIGHT CHARACTERISTICS AND EQUIPMENT COSTS DATA ON LAMPS

LUMENS #
MAIN- ENERGY

ASA END OF TENANCE USED COST ¢
DESIGNATION INITIAL NOMINAL  LIFE FACTORS® (W) [€))]
(b) INCANDESCENT LAMPS, MULTIPLE, GROUP REPLACEMENT ¢
189PS25/64 2,900 2,500 2,220 0.65 189 0.28
295PS35/58 4,900 4,000 3,760 0.65 295 0.49
405PS40/54 6,900 6,000 5,100 0.63 405 0.66
620PS40/53 11,000 10,000 8,050 0.62 620 0.76
860PS52/80 16,000 15,000 11,600 0.62 860 2.28
(€) INCANDESCENT LAMPS, MULTIPLE, REGULAR REPLACEMENT f
175PS25/63 2,900 2,500 2,220 0.65 175 0.27
268PS35/55 4,700 4,000 3,530 0.64 268 0.48
370PS40/50 6,700 6,000 4,960 0.63 370 0.72
575PS40/51 11,000 10,000 8,050 0.62 575 0.81
(d) INCANDESCENT LAMPS, SERIES, GROUP REPLACEMENT ¢ AND REGULAR REPLACEMENT &
1M/66 1,000 — — 0.7 63 0.33
1M/66R ® 1,000 — — — 66 0.36
2500/66PS25 2,500 — — 0.7 140 0.39
2500/66R /PS25 b 2,500 — — — 146 0.42
2500/66 2,500 — — 0.7 142 0.48
2500/66R ® 2,500 — — —_ 148 0.49
2500/75 2,500 — — 0.7 142 0.51
2500/75R b 2,500 — — — 147 0.51
4M/66 4,000 — — 0.7 217 0.60
4M/66R » 4,000 — — — 226 0.63
4M/75 4,000 — — 0.7 214 0.63
4M/75R b 4,000 — — — 228 0.63
6M/66 6,000 — . o— 0.7 315 0.78
6M/66R 6,000 — — — 332 0.81
6M/20BU 6,000 — — 0.7 302 0.90
6M/20R/BU b 6,000 — — — 316 0.96
6M/20BD 6,000 — — 0.7 310 0.90
6M/20R/BD b 6,000 —_ — — 322 1.11
10M/20BU 10,000 —_ — 0.7 496 1.59
10M/20R/BU b 10,000 — — — 546 1.29
10M/20R/BD b 10,000 — — — 570 1.65
10M /66 10,000 — — 0.7 525 1.02
10M/66R b 10,000 — —_ — 566 1.05
15M/20BU 15,000 —_ — 0.7 710 1.80
15M/20R/BU b 15,000 — — — 750 1.41

() FLUORESCENT LAMPS, HIGH OUTPUT i

F48/T12/CW/HO 4,100 — 2,980 0.61 60 1.35
F64/T12/CW/HO 5,300 — 3,820 0.61 75 2.00
F72/T12/CW/HO 6,600 — 4,750 0.61 85 1.87
F96/T12/CW/HO 8,900 — 7,050 0.61 105 1.87
F100/T12/CW/HO 6,600 — — — 100 2.25
(f) FLUORESCENT LAMPS, POWER GROOVE OR VERY HIGH OUTPUT !

F48PG17 or 6,900 — 3,860 0.48 110 4.50-5.95
F48T12/VHO 5.22
F72PG17 or 10,900 — 6,100 0.48 160 4.85-7.25
F72T12/VHO'! 6.04
F96PG17 or 15,000 — 8,700 0.48 215 5.27-7.50
F96T12/VHO ™ 6.34

. b Mai . End of life lumens
a All lumens are vertical. aintenance factor = Tnitial lumens

chases in large quantities price will be nearer low end of range rather than median; single entry lamp costs based on purchase
of large quantities. 4 Lamp life 16,000 hr. ¢ Lamp life 3,000 hr. f Lamp life 1,500 hr. & Lamp life 2,000 hr. » Group
replacement lamp. i Lamp current 1.0 amp, life 9,000 hr. i Lamp current 1.5 amp, life 7,500 hr. & Equivalent
to F48T12/SHO. ! Equivalent to F72T12/SHO. ™ Equivalent to F96T12/SHO.

X 0.85, where 0.85 is a dirt factor. = For pur-
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TABLE B-14
EQUIPMENT COST DATA ON PREWIRED CONDUIT

SINGLE CONDUCTOR

2 INSUL. CONDUCTORS

2 INSUL. COPPER COND.,
1 BARE NEUTRAL

3 INSUL. CONDUCTORS

WIRE cosT? ($) CONDUIT 1 b (§) CONDUIT CONDUIT (097 b (§)
SIZE SIZE e — SIZE SIZE
(awaG) ALUMINUM  COPPER (N ALUMINUM COPPER (N) cost® (§)  (N) ALUMINUM  COPPER
(@) cLass THW POLYVINYL CHLORIDE (PVC) CONDUCTOR INSULATION
10 — — % — 174-183 %-1 191-205 Ya — 224-294
8 — — % — 210-224 Y%-1Y% 295-325 Y — 308-348
6 — — Y%-1 169 339-365 Y%—1'% 408-425 Ya-1 203 440-466
4 — — 1 202 392-418 1-1'% 496-513 1 290 523-549
3 — — 1-1v 322 494 1 585 1-1% 418 660
2 — — 1% 376 550 1-1% 691. 1% 497 745
1 — — 1% 445 682-703 14-1% 850-862 1% 627 952
1/0 — - 1Y4-1Y% 523 818 1%-1'% 1020 1Y%4-1% 708 1124
2/0 — — 1% 648 1052-1093 12 1125 1% 904 1272
3/0 — — 1%-2 777 1190 2 1291 1%-2 1068 1418
4/0 — — 2 999 1383 2 1479 2 1145 1662
(b) cLass RHW BUTYL CONDUCTOR INSULATION
14 — 45-51 — — — — —_ — — —
12 — 55-65 —_ — — — — — — —
10 — 71-80 Y-1 — 255 Ya-1 280 Ya—1 — 333
8 — 120-130 1 — 305 1-1% 390-407 1-1% — 443-469
6 95 173 1-1% 242 417 1-1% 462-479 1-1% 316 547
4 129 224 1% 290 500 1-1% 594 1% 422 670
2 172 324 1%-1% 396 754 1Y4-1% 894 1%-1% 520 1027
1 207 417 1% 499 885 1%2-2 1139-1165 1%-2 667 1346
1/0 240 446 2 716 1156 1%4-2 1327-1353, 2 976 1570
2/0 321 546 2 833 1223 1% 1490 2 1211 1726
3/0 340 649 2 1040 1330 2 1639 2 1413 1886
4/0 423 814 2 1101 1502 2 1862 — — —
a Conduit material is black polyethylene resin. b Per 1,000 ft in lengths over 5,000 ft.
TABLE B-15
EQUIPMENT COST DATA ON CONDUIT
NONMETALLIC METALLIC
HIGH-IMPACT MODIFIED STYRENE,
BITUM. FIBER, TYPE II 3 POLYVINYL CHLORIDE PLASTIC TYPE 11 2 RIGID FLEXIBLE
Cou- BENDS, Ccou- Cou-
SIZE CONDUIT PLINGS ANGLES ELBOWS CONDUIT PLINGS ELBOWS b CONDUIT ¢ PLINGS ELBOWS d STEEL ALUMINUM STEEL
(N) (87100 FT)  ($/100)  ($/100)  ($/100) ($/100 FT) ($/100)  ($/100) ($/100 FT) ($/100)  ($/100) ($/100 1) ($/100 FT)  ($/100 FT)
S — — — — — — — 5.70
% — — — — — — — — — — — — 7.00
% — — — 9.30 19.00 54.00 10.00-11.70 14.25 10.00
10.30
% — — — — 13.60 20.00 70.00 — — — 13.20-15.20 18.75 13.00
13.50
1 — — — — 18.30 33.00 109.00 — — — 19.00-28.00 27.65 26.50
21.00
1% — — — — 27.60 41.00 152.00 — — — 25.00-28.60 35.35 33.50
27.25
1% — — — — 30.80 54.00 209.00 — — — 29.50-42.00 41.50 43.50
37.50
2 28.50 10.00 24.00 215 54.80 78.00 309.00 27.20 26.00 354.00 39.40-45.45 56.00 56.50
43.25
2% — — — — 81.10 131.00 585.00  31.00 28.00 487.00 61.00-70.40 89.85 65.50
67.00
3 36.50 26.00 30.00 415 112.10 211.00  1,000.00 32.60 30.00 556.00 80.00-92.10  113.00 82.00
87.75
3% 38.00 30.00 42.00 425 — 224.00 1,130.00 41.10 33.00 587.00  105.00-120.90  150.80 -
115.25
4 47.65 37.50 48.00 564 188.24 300.00 - 1,663.00 50.00 41.00 791.00  124.00-143.10 181,55 —
. 136.25
5 — — — — — — —  71.20 50.00 1,122.00  197.00-227.65 286.30 —
219.00
6 — — — — — — —  94.80 83.00 ~—  245.00-283.05  366.05 —
269.50

e Direct burial.

b 30°, 45°, 90°. ¢ 30-ft lengths.

d 45° 90°; 24-in. radius.



TABLE B-16

ELECTRICAL CHARACTERISTICS AND EQUIPMENT COST DATA ON CABLE *
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ELECTRICAL CHARACTERISTICS

ALLOWABLE CURRENT-

}CvoVST (8/¥FT)

a.At 60 cycles. b For photoelectric control. ¢ 40 amps per pole.

CARRYING CAPACITY (AMP) RESISTANCE PER 600-VOLT SERVICE 5,000-v
WIRE CONDUCTOR, SERVICE,
SIZE TYPE TYPE AT 77F SINGLE TWO THREE SINGLE
(AWG) THW RH (onms /1,000 FT) CONDUCTOR CONDUCTORS CONDUCTORS COND.
14 15 15 2.58 0.02-0.03 - 0.069 0.144 —
0.03
12 20 20 1.62 0.03-0.10 0.09 0.167 —
. 0.04 '
10 30 30 1.02 0.03-0.09 0.11-0.12 0.194 —
0.05 0.12 . )
8 40 45 0.641 0.07-0.20 - 0.17-0.19 0.266 -0.27
0.08 0.18 ' :
6 55 65 0.403 0.08-0.21 0.25 0.37 0.33
0.11
4 70 85 0.253 0.13-0.17 034 0.51 0.40
- 0.14 -
2 95 115 0.159 0.19-0.24 — 0.66 0.51
0.20
1 110 130 0.126 0.25-0.31 — 0.86 0.56
0.27
1/0 125 150 0.100 0.22-0.37 — 1.03 - 0.67 -
0.28
2/0 145 175 0.0795 0.32-0.44 — 1.23 0.80
0.33
3/0 165 200 ~ 0.0630 0.38-0.53 . — 1.48 —
0.40
4/0 195 230 0.0500 0.48-0.69 — 1.77 1.13
0.49 .
= Type THW (polyvinyl chloride) or type RHW (butyl rubber) insulated copper cable for direct burial or conduit.
' TABLE B-17 TABLE B-18
EQUIPMENT COST DATA ON TIME CONTROLS EQUIPMENT COST DATA ON MOVING-COIL,
CONSTANT-CURRENT (SERIES CIRCUITS)
, tosT (3) TRANSFORMERS ‘ o :
CONTROL
TYPE 120 ve 240 v = TRANSFORMER
Photoelectric 6.00-15.00 DESCRIPTION cosT ($)
10.00 -
PRIMARY SECONDARY 10 15 20 25 . 30 40
Tim:{ sev‘;?tzthail-e ’ 2.50-3.50 v) (amp) KW KW KW - KW KW KW
SPST 8.40-18.80 9.00-20.00 (a) TRANSFORMER ONLY
13.80 15.00
SPDT . 15.25-20.10 16.00-22.70 2,400 6.6 815 930 1065 1240 1375 1850
. 19.50 20.00- 2,400 20 815 930 1065 1240 1375 1850
DPST 10.00-20.00 10.40-20.00 7,200 6.6 1060 1210 1380 1610 1790 —
18.00 18.00 : R
DPDT 39.00 40.20 (&) pACKAGE UNIT
2,400 6.6 1570 1590 1620 1780 1900 —
7,200 6.6 1815 1870 1940 2155 2310 —

a Contains oil switch and protective relay in addition to constant-current

transformer.
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TABLE B-19

EQUIPMENT COST DATA ON SINGLE-PHASE DISTRIBUTION

(MULTIPLE CIRCUITS) TRANSFORMERS & ¢

cosT (§)

HIGH 5 10 15 25 37% 50 75 100 167 250
VOLTAGE KVA KVA KVA KVA KVA KVA KVA KVA KVA KVA
(a) 120/240 voLTs
2400/4160Y 150 190 240 300 430 475 660 825 1290 —
2400/4160Y ® — 210 265 330 470 525 725 900 1400 —
2400/4160Y — — — — — — 725 900 1400 —
2400/4160Y x 7200/12470Y 190 230 295 355 490 550 760 930 1410 -
2400/4160Y x 7200/12470Y x

7600/13200Y 190 240 300 365 510 560 790 960 1460 —
4800/8320Y x 7620/13200Y 185 230 290 350 490 540 760 920 1400 —
7200/12470Y 175 210 270 325 450 500 700 850 1300 —
7200/12470Y ® 190 230 295 355 490 545 765 930 1410 —
7200/12470Y ¢ — — — — — — 765 930 1410 —
7620/13200Y 175 210 270 325 450 500 700 850 1300 —
7620/13200Y ¢ 190 230 295 355 490 540 765 930 1410 —
8000/13860Y 175 210 270 325 450 500 700 850 1300 —
12000 200 240 300 350 480 525 725 880 1330 —
12000 k. ¢ 215 260 320 380 520 570 790 960 1440 —
14,400/24,940Y 215 260 310 370 500 550 750 910 1330 —
14,400/24,940Y d 230 275 340 400 550 600 830 990 1440 —
(b) 240/480 voLts
2400/4160Y — 190 240 300 410 455 — — — —
2400/4160Y © — 210 265 330 450 500 725 860 1340 1760
7200/12,470Y — 210 270 325 430 480 — — — —
7200/12,470Y © — 230 295 350 470 525 760 890 1360 1780
7620/13,200Y — 210 270 325 430 480 — — — —
7620/13,200Y © — 230 295 355 470 525 765 890 1360 1780
12,000 — 240 300 350 460 500 — — — —
12,000%b. ¢ — 260 320 380 500 550 790 920 1390 1810
14,400/24,940Y 4 — 275 340 400 530 580 830 950 1390 1810

a Completely self-protecting, with built-in lightning and thermal protection; can be applied on either wye or delta dis-

tribution systems.
b Has four 2% 9, taps below normal voltage.
< Has two 2% % taps above and below normal voltage.

d Has taps at full capacity: 13,800/13,200—12,870/12,540 volts.

¢ Transformer hanger irons: median cost $13.50.

TABLE B-20
EQUIPMENT COST DATA ON RELAYS

TABLE B-21

EQUIPMENT COST DATA ON REMOTE-CONTROL

OIL SWITCHES

CONTROL-
CIRCUIT SWITCH RATING (AMP) NO.
TYPE . RATING cosT ($) OF COST
2,500v 5,000v 7,500v 15,000v POLES 3
(a) MULTIPLE RELAYS
30 amp, 1 pole, 120 v — 2 (a) 10- TO 60-AMP SWITCH
30 amp, 2 pole, 480 v — 45 50 35 15 — lor2 192
40 amp, 2 pole, 240 v — 46 60 30 20 10 2 220
60 amp, 1 pole, 125 or 250 v — 35 60 30 20 — 3 240
60 amp, 2 pole, 120 or 240 v —_ 60 60 30 20 10 "2 250
100 amp, 2 pole, 120 or 240 v — 90 60 30 20 — 3 265
(b) PROTECTIVE RELAYS (b) 200-AMP SWITCH *
— 120 v, 60 cycles 90 1 124
— 6.6 amp 100 2 280
— .20 amp 100 3 420

2 Electrically operated with 120- or 240-v a-c control.
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TABLE B-22 TABLE B-25
EQUIPMENT COST DATA ON MULTIPLE CONTROL CONSTRUCTION COST DATA = ON POLE
SWITCHES INSTALLATION
cosT (8) cosT ($)
SINGLE POLE DOUBLE POLE POLE DIGGING INSTALLING
SWITCH TYPE FOUNDATION POLE b
CONTROL 120v 240v 120v 240v
Steel 27-75 35-160
Remote 17 20 22 28 40 95
Photoelectric 29 32 34 40 Aluminum 25-65 25-70
30 60
Concrete 10-30 40-200
15 110
Wood 10-20 20-60
12 35

a Includes labor and overhead costs.
b Includes assembling and erecting pole and installing bracket arm and base.
Mounting height 30 to 40 ft. :

TABLE B-23
EQUIPMENT COST DATA ON POWER FACTOR CORRECTING CAPACITORS =

LOW VOLTAGE (SINGLE OR THREE PHASE) HIGH VOLTAGE (SINGLE PHASE)

cosT ($)
KVAR 25 50 100
CIRCUIT RATING COR- COST CIRCUIT RATING KVAR KVAR KVAR
VOLTAGE ) RECTION ($) VOLTAGE b (%) CORR. CORR. CORR.
216 216 13.3 235 2400D/4160Y 2400 70-80 70-85 125-155
240 240 5.0 105 4160D/7200Y 4160 70-80 70-85 125-155
7.5 140 4800D/8320Y 4800 70-80 70-85 125-155
15.0 240 7200D/12470Y 7200 70-80 70-85. 125-155
480 480 10.0 87 7620D/13200Y 7620 70-80 70-85 125-155
15.0 114 7960D/13800Y 7960 70-80 70-85 125-155
20.0 140 . — — — — —
25.0 160 — — — — —

s Mounting brackets cost: for 1 capacitor, $5; 2 capacitors, $10; 3-4 capacitors, $11; 6 capacitors, $19.
b D = delta; Y = wye.

TABLE B-24

EQUIPMENT COST DATA ON POTENTIAL TRANSFORMERS, TIME-DELAY
LOCKOUT RELAYS, AND FUSE CUTOUTS

POTENTIAL TRANSFORMERS TIME-DELAY LOCKOUT RELAYS # FUSE CUTOUTS
cosT (3)
VOLTAGE IMPULSE VOLTAGE CURRENT
RATIO LEVEL COST 0.2 sec— 0.2 SEC—| RATING RATING  COST
V) (xkiLov) (8) TYPE 1 MIN 3 MIN (v) (amP) %)
General-purpose

2400:120 5 110 enclosure 33.20 48.10 | 5200 50 15

7200:120 15 210 | Open 30.80 40.50 5200 100 16
12,000:120 15 210 7800 50 16
14,400:120 15 210 7800 100 17

s 600 v, single pole, double throw; time delay after de-energization.
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TABLE B-26

CONSTRUCTION COST DATA * ON BRACKET ARM
INSTALLATION

TABLE B-29

CONSTRUCTION COST DATA » ON LAYING OF
CONDUIT OR CABLE, INSTALLATION OF CABLE IN
CONDUIT, AND INSTALLATION OF OVERHEAD
WIRING

ARM
INSTALLATION LENGTH
TYPE (FT) CosT (3$) OPERATION cosT (3/LIN FT)
On new pole® 2-8 3.00-5.00 Install polyvinyl chloride conduit b:
4.00 1% in. 0.69-1.09
10-15 10.00-15.00 0.84
13.00 2 in. 0.68-2.95
On existing pole ¢ 2-15 10.00-25.00 0.95
13.00 Install rigid steel conduit b:
% in. 0.36-0.84
a Includes labor and overhead costs. 0:58
b Only for cases not including installation of bracket arm in pole construction. 1in. 1.09-1.64
¢ For replacement of existing bracket arm or installation of new arm-on existing 1.37
wood utility pole. 1% in. 0.75-2.34
1.35
1% in. 1.15-4.09
1.80
2 in. 1.11-4.57
1.92
2% in. 1.50-2.35
TABLE B-27 1.93
3in. 1.88-2.09
CONSTRUCTION COST DATA » ON INSTALLATION 1.99
OF LUMINAIRES AND LAMPS ON POLES; WIRING : e )
POLE, BRACKET ARM, AND LUMINAIRE; AND Install prewired conduit 0'1(;‘?5' 38
INSTALLATION OF BALLAST nstall cable in conduit or install direct- 0.05-0.60
burial cable 0.30
OPERATION cosT ($) Install overhead wiring 0.50-2.50
Install mercury luminaire: 1.20
Internal ballast type:
175-250 watts 2.00-15.00 » Includes labor and overhead costs.
4.00 . cDire?‘bl'"i?l' 1%-in.d h d fNo.2
" ° t - s -in. di taining t t! t L -
400_1000 watts 7 '20—30 00 NO. SOZ“U,lGlZOp:));r Wirlen 1ameter containing two or ree conauctors ol ()
13.00
External ballast type 10.00-30.00
. 15.00
Install incandescent luminaire 5.00-15.00
7.00
Install fluorescent luminaire 10.00-30.00
15.00
Wire pole, bracket arm, and luminaire ® 5.00-25.00 TABLE B-30
12.00
CONSTRUCTION COST DATA * ON INSTALLATION
I 1 1 . .
nstall external ballast 20.99-30-% " OF TIME CONTROLS, TRANSFORMERS, AND
Install incand.-to-mercury conversion kit 5.00 GROUP CONTROL EQUIPMENT

s Includes labor and overhead costs.
b Includes connecting wiring to distribution system.

TABLE B-28

CONSTRUCTION COST DATA * ON DIGGING AND
BACKFILLING OF TRENCH FOR UNDERGROUND
DISTRIBUTION SYSTEM

TYPE OF SURFACE CosT ($/LIN FT)

Dirt 0.10-0.94
0.60

Rock, concrete 0.90-2.00
1.50

Pushing conduit under pavement 5.00

EQUIPMENT TYPE cosT ($)

(@) TIME CONTROLS

Photoelectric 7

Time switch 25

(b) TRANSFORMERS

Moving-coil, constant-current, with oil switch 125
and protective relay

Distribution 100

(¢) GROUP CONTROL EQUIPMENT

Multiple relay 25

Protective relay 25

Oil switch 25

Multiple-control switch —

Power-factor-correcting capacitor 25

Potential transformer —

Time-delay lockout relay —

Fuse cutout 10

a Includes labor and overhead costs.

= Includes labor and overhead costs.



TABLE B-31

MAINTENANCE COST DATA = ON
LAMPS, LUMINAIRES, REFRACTORS,

POLES, BALLASTS, CABLE, AND

CONDUIT
UNIT MEDIAN
COST FREQUENCY  MAINT. COST
OPERATION %) PER YEAR ($/vr)
Replace lamp:
Mercury 3.85-11.20 0.20-0.50 1.37
5.50 0.25
Incandescent 1.20-11.80 1.33-2.00 5.33
4.00 1.33
Flourescent 2.00-12.00 0.33-0.67 3.25
6.50 0.50
Wash luminaire: '
Mercury 0.60-2.80 0.33-2.00 1.21
1.35 0.90
. Incandescent 1.00-2.75 0.67-2.00 1.32
1.20 1.10
Fluorescent 0.75-2.00 1.00-2.00 1.20
1.20 1.00
Replace refractor 3.00-12.00 0.05 0.27
5.40
Paint pole 6.15-16.00 0.20-0.33 2.00
10.00 0.20
Remove damaged
pole:
Steel, aluminum  30.00-80.00 0.01-0.14 1.80
60.00 0.03
Wood 15.00-50.00 0.02-0.10 1.00
25.00 0.04
Replace ballast:
Internal/external  20.00-30.00 0.01-0.10 1.25
25.00 0.05
Incand-to-merc. 14.00 0.05 0.70
conv. kit
Maintain cable and Negligible
conduit

s Includes labor and overhead costs.

63

TABLE B-32

MAINTENANCE COST DATA = ON TIME CONTROLS,
TRANSFORMERS, AND GROUP CONTROL EQUIPMENT

Multiple-control switch —

Power-factor correcting —
capacitor

Time-delay lockout —_— — —
relay

Potential transformer — — —

Fuse cutout —_ — —

UNIT - MEDIAN
EQUIPMENT COST FREQUENCY  MAINT. COST
TYPE (%) PER YEAR ($/YRr)
(a) TIME CONTROLS
Time switch 1.25 4.00 5.00
Photoelectric control — — 0.75
(b) TRANSFORMERS
Constant-current Negligible None None
Distribution 45.00 0.05 2.25
(¢) GROUP CONTROL EQUIPMENT .
Multiple relay 4.90 1.00 4.90
Protective relay 7.15 1.00 7.15
Qil switch 12.00 1.00

= Includes labor and overhead costs.

TABLE B-34

ADDED SERVICE COSTS FOR UTILITY-OWNED
ROADWAY LIGHTING SYSTEMS (TO BE ADDED
TO BASE CONFIGURATION = COSTS FROM
TABLE B-33)

COST INCREMENT P

EQUIPMENT TYPE ) BASE
Metal poles 6.00-25.00 / pole/yr
24.00
Concrete poles 15.00 / pole/yr
Underground distr. system:
3.25 - Series 0.004 / ft/mo
Multiple 0.018 / ft/mo ¢
3.00 (-
» Base configuration is for wood poles and overhead distribution system,
b To be added to base figures.
—~ 2.75 — ¢ Or $18.00/lamp/yr for incandescent Jamps; $24.00/lamp/yr for mercury lamps.
»
[
o
S 2.%50 [
T
2 2.25
X ~
4 o~
2.00 |-
o - UTILITY A
-~ . P —_—
'u-) 1.75 |- ""-—-—--.__-______--
3 e e e
o
|50 UTILITY B8
|25 ! ! L I | L | ! l L I l ! ! ! | 1 I J
o 10 20 30 40 50 60 70 .80 90 100
USAGE (THOUSANDS OF KWH)
Figure B-1. Cost of energy according to rate schedules of two representative utilities.
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TABLE B-33

POWER AND MAINTENANCE COST DATA FOR VARIOUS COMBINATIONS OF SYSTEM OWNERSHIP
AND MAINTENANCE (AVERAGE BURNING TIME = 4,000 HR/YEAR)

USER OWNS SYSTEM P; USER AND

UTILITY EACH MAINTAIN PARTS ¢ UTILITY OWNS, OPERATES, AND MAINTAINS ENTIRE SYSTEM ¢

'USER ‘
OWNS AGGREGATE COST ¢ ($/LAMP/YR)
AND APPROX. APPROX.
MAINTAINS LUMI- LUMI- REST DETAIL
ENTIRE POWER  NOSITY COST POWER  NOSITY NORTH- OF cosT f
SYSTEM & (w) (LUMENS) ($/LAMP/YR) (W) (LUMENS) COUNTRYWIDE EAST SOUTH NATION (8/LaMP/YR)
(a) MERCURY LAMPS
Energy 100 4,000 — 100 4,000 40.00-49 .50 45.90 42.00 45.10 —
charges 45.00
($/kwh) 175 7,000 24.50-43.80 175 7,000 48.00-76.00 65.50 48.00 59.30 23.40-40.80
0.0107-0.0188 25.60 62.00 31.20
0.0150 250 11,000 30.00-38.40 250 11,000 66.00-95.00 85.25 — 71.70 30.00-45.60
33.20 81.00 36.00
400 20,000 36.00-80.00 400 20,000 60.00-123.50 113.40 71.05 86.50 31.20-45.60
46.00 96.00 36.00
700 35,000 65.00 700 35,000 143.00 180.00 — 143.40 36.00-69 .00
65.00
(b) INCANDESCENT LAMPS
See above — 1,000 6.00-15.00 — 1,000 13.00-36.20 25.67 15.30 24.50 —
9.25 22.80
— 2,500 11.00-24.00 — 2,500 15.00-45.40 38.05 20.70 31.90 16.80-27.60
20.00 33.00 19.80
— 4,000 16.00-30.00 —_ 4,000 24.00-54.40 48.50 27.25 39.60 16.80-27.60
_ 25.80 39.20 19.80
— 6,000 22.00-39.00 — 6,000 33.00-65.40 59.40 34.75 48.10 16.80-27 .60
- 33.00 50.00 19.80
— 10,000 34.00-50.50 — 10,000 36.00-84.70 75.95 44 .85 64.70 18.00-27.60
47.00 64.80 19.80
— 15,000 . 51.60-60.00 — 15,000 67.20-100.20 100.00 67.20 78.50 20.00-31.00
T 59.50 80.00 25.00
(¢) FLUORESCENT LAMPS
See above- 400 20,000 60.00 & 400 20,000 75.00-121.00» — — — —
105.00
(d) sODIUM VAPOR LAMPS ]
— — — — — 10,000 51.60-59.50 — — — —
57.00
(e) POLES
— — — — — — — — — —— 6.00-9.601
7.20

= Except group control equipment.
control equipment, and some distribution facilities.
distribution types, cost increments from Table B-34 must be applied.

Col. 1) must be added. & Usually fixed, but may vary with power use (see Fig. B-1).

poles use costs from Table B-34,

b Except group control equipment and some distribution facilities.

b For four 100-w lamps.’

¢ User maintains system except for lamps, luminaires, group
d All rates are for systems with wood poles and overhead distribution; for different configurations of pole and

e Cost per unit per year includes energy charges. f Facility charge only; energy charges (see

i Cost/pole/year for wood poles; for metal or concrete



ROADWAY LIGHTING CONFIGURATION SUMMARY FORM

Road Type:

Road Width:
Desired Illumination Level:
Desired Uniformity Ratio:

Lamp Characteristics

Pole Characteristics

‘Type

ASA
Designation

Light

Output

(lumens)

Power
(watts)

Mounting
Height
(feet)

Overa
hang
(feet)

Lumi-
naire
Typex

Light-
Distri-
bution

Type

Arrange-
ment

Spacing
(feet)

Illumination
(footcandles)

Average | Minimum

Unifor~
mity
Ratio

*
HB = horizontal burning

SE = stendard enclosed

Figure C-1.

Roadway lighting configuration summary form.
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Page 1 of 3
EQUIPMENT SPECIFICATION AND COST SUMMARY FORM
Road Type:
Road Width:
Circuit Number
Item
2 3 4 6 7
a. Basic Data

1. Lamp type

2., ASA designation

3. Initial lumens

4, Wattage

5. Mounting height (feet)
6. Overhang (feet)

7. Luminaire type

8. Light~distribution type
9. Arrangement

10. Spacing (feet)

11. Average horizontal footcandles
12. Minimum footcandles

13. Uniformity ratio

14. Total kw per lamp

15. Lamps per mile

16. Distribution system

17. Lamps/circuit

18, Burning hours per year
19, Adjustment factor*

b.

Cost Summa

ry (dollars)

OMC I: User Ovmership' and Maintenance
1. Initial cost
2. Equivalent annual cost
3. Annual meintenance cost
4, Annual power cost
5. Total annual cost

OMC II: User Ownership, Utility
Maintenance
6. Totel annual cost

OMC IIIa: Utility Ownership and
Maintenance, aggregate
7. Total annual cost

OMC IIIb: Utility Ownership and
Maintenance, detail
8. Total annual cost
9. Annual cost/average horizontal
footcandle (QMC I)

sk
Lampsymile

Lamps/circuit

Figure C-2.

Equipment specification and cost summary form.
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Page 2 of 3

SPECIFICATION AND COST SUMMARY FORM (cont)

Item

Circuit Number

3 b

Co

Non-Distribu

tion and Control

1, Pole:
Material
Base type
Arm length (feet)

2, Wood Pole Bracket
Material
Arm length (feet)
Bracket type
Slipfitter (inches)

3. Luminaire
Description

4. Ballast
Description

d.

Distribution

and Control

1. Cable/conduit

a. Distribution
Type
Feet/circuit

b. Connection
Type
Feet/circuit

c. Pole
Type
Feet/pole

2. Time controls
a. Photoelectric control
and receptacle
b. Time switch

3. Transformers

a. Constant current
Type
Primary volts
Secondary amps
KW rating
Quantity/circuit

b. Distribution
Low voltage
High voltage
KVA rating
Quantity/circuit

¢. Hanger iron

" Figure C-2 (Continued).
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EQUIPMENT SPECIFICATION AND COST SUMMARY FORM (cont)

Circuit Number

Item
1 2 3 L 5 6 7

d. Distribution and Control (cont)

L, Group-control equipment
a. Multiple relay
Type
Quantity
b. Protective relay
Type
uantity
6. Remote-control oil switch
Type
Quantity
d. Multiple control switch
Type
Quantity
e. Power-factor-correcting
capacitor
Type
Quantity
f. Capacitor mounting brackets
g. Potential transformer
Type
Quantity
h. Time-delay-lockout relay
Type
Quantity
i. Fuse cutout
Type
Quantity
J+  Other (specify)

Figure C-2 (Continued).



Road Type :
Road Width:

COST DATA FORM
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Page 1 of 3

Ownership/Maintenance
Configuration (OMC)

I o0 oo

IT @ 4o 0

ITTIA & & o & &
ITIB 4 o & « &

Completion Instructions:

Complete Lines

1 through 45
1=2 6’ 31-=35,
46, 4y
48, L9
Y2 Ll 5055

i

ii

iii
iv

vi

Equipmenthpecification Summaxry :

.- distribution.cable

circuit

connection cable

circuit
poles per mile

adjustment factor =
total kw per lamp =
burning hours per year =

OMC I:

249

(1

.9.
10.

Figure C-3.

Initial Costs

Per Pole

User: Ownership and
Maintenance

Item

Unit Cost (dollars)

Equipment

Labor

Pole
Foundation
Luminaire
Lamp
Bracket arm
Ballast
Photoelectric
control
Cable

Total

Total initial cost per pole

Initial cost per mile of

$

pole items . . . . . & . . $

Cost data form.

(2)

Per-Circuit Distribution

(a)

Circuit

Item

Cost per Foot (dollars)

Equipment Labor

11. Trench & backfill

12, Cable

13. Total

4. Cost per distribution circuit §

(b)

Connection to Poles

Item

Cost per Foot (dollars)

Equipment Labor

15. Trench & backfill
16. Cable

17. Total

18. Cost of comnection per circuit $

19. Total distribution cost per
circuit . . . . ... ... $
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OMC I cont

20. Control Equipment

COST DATA FORM (cont)

Tnitial Cost

Equipment (dol1

per Circuit
ars)

Item Equipment

Labor

Time Controls:
Photoelectric
control and
receptacle
Time Switch

Transformers:
Constant-current
Distribution
Hanger irons

Group-Control:
Protective relay
Multiple relay
0il Switch

Multiple control
switch
Power-factor-

correcting
capacitor
Mounting bracket
for capacitor
Potential trans-
formers
Time-delay-lockout
relay
Puse cutouts
-Other

21. Total

22. Total distribution and

control cost per mile . . .

23.

Total initial cost per mile . .

Figure C-3 (Continued).

- $
N

Page 2 of 3
OMC I, cont
24, Interest rate used . . . . . . . %
25. Time period used . . . . . .+ & yrs.
26. Equivalent annual cost
C permile s 4 4 s e 4 e o0 o ¥
b. Maintenance and Power Costs
(1) Per Pole
Mainten- Cost (dollars)
Maintene
ance Ttem ance Fre-| gpouipment |AnnuallTotel
quency Unit|Annus1|lebor |Annual
27. Replace
lamp
28. Replace
refractor
29. Wash lumi-
naire
30. Total lamp and luminaire
31. Repiace
ballast
32, Paint pole
33. Remove
damaged
pole
34, Install
new pole
35. Total ballast and pole
36. Total annual maintenance cost per
pole, "per-pole" items . . . . . o + §
37. Total annual maintenance cost per

" mile, "per-pole" items . . . . . . . $



COST DATA

OMC I, cont

b. Maintenance and Power Costs,
cont

(2) Per Circuit .

38. Equipment

. ) Maintenance Cost
Type per circuit per year
(dollars)

Time Controls:
Photoelectric
control and
receptacle

Time switch

Transformers:
Distribution
Henger irons

Group-Control:

Protective relay.
Multiple relay
0il switch
Multiple control
switch
Power-factor-
correcting
capacitor
Potential trans-
former
Time-delay-lockout
relay
Fuse cutouts
Other

39. Total

Figure C-3 (Continued).

Page 3 of 3

FORM (cont)

Lo.
b1,

L2,
b3,

s,

Total annual control equipment
cost permile . v v 4 & o 4 o §

Total annual meintenance cost
permile 4 ¢ 4 4 4 0 0 4 0 o $

Energy rate per kwh . . . ... . § .
Kilowatts permile . . . .. .

Total annﬁal energy cost per

mile 4 4 o o o s o o 0 0o« o $

Total annual cost per mile . . $

OMC

L6,

by,

IT:  USER OWNERSHIP,FUTILITY
I MAINTENANCE

Cost per lamp per year . . . . §

Total annual cost per mile . . §°

omMC

IiIA: UTILITY OWNERSHfP AND
MAINTENANCE, AGGREGATE

Cost per lamp per year . . . . $
Added costs « « oiv v 0 o . o $

Total amwal cost per mile ., . §

51.
52,
53.
sk,
55.
56.

ITIB: UTILITY OWNERSHIP AND
MAINTENANCE, DETAIL

Cost per lamp per year . . . . §$
Added costs « « « 4 v 4 . . . . $
Cost per pole ﬁer year . . . .
Total cost per unit per year .

Total annual facility cost . .

> H

Total annual cost per mile ., .
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APPENDIX D

CHARACTERISTICS OF SERIES AND MULTIPLE STREET LIGHTING CIRCUITS

This appendix describes briefly the most commonly used
distribution systems for street and roadway lighting installa-
tions. Control equipment used in these installations also is
described.

SERIES CIRCUITS

Until 1950, 90 percent of the power supplied to street lights
in the United States was supplied through series circuits,
in which a constant current passes through each lamp.
Because the resistance in the circuit may change, the volt-
age also must be capable of varying. This is accomplished
through the use of a moving coil, constant-current trans-
former. Basic series circuits are diagramed in Figure D-1
for incandescent lamps, Figure D-2 for mercury lamps, and
Figure D-3 for either mercury or incandescent lamps.

The advantages of a series circuit are that the conductor
needed to serve the circuit is small and the line loss is low.
The main disadvantage is that the high voltages require that
all parts be insulated, which raises equipment costs. In
addition, specialized equipment, such as the constant-cur-
rent transformer, must be used.

The following distribution and control equipment is used
in series circuits:

1. Moving coil, constant-current transformer. A trans-
former having a fixed primary winding or coil, a magnetic

core, and a movable secondary winding or coil. Current in
the primary creates a magpetic flux, which induces a cur-
rent in the secondary in such a direction that the flux of
the secondary current opposes that of the primary. These
opposing magnetic fields separate the primary and second-
ary transformer windings. If a lamp in the circuit burns
out, resistance is decreased. Because the secondary voltage
momentarily remains constant, current flow increases. As
the flux increases, the primary and secondary coils are
pushed farther apart, and less flux links the two coils; the
induced voltage in the secondary therefore is reduced. Thus,
as lamps burn out, resistance drops, voltage in the line
drops, and the current in the circuit remains constant. This
process is reversed when more resistance is added to the
circuit; the coils move closer together and the secondary
voltage is increased so that the same current may be sent
through the higher resistance.

2. Remote-control oil switch. This switch controls the
primary current to the moving coil, constant-current trans-
former. '

3. Fuse cutout. This component protects the series cir-
cuit against excessive line current.

4. Photoelectric control. When illumination falls below
(or rises above) a given level, the photoelectric control
turns the lamp in the circuit on (or off).

" 5. Protective relay. The protective relay is used with the

r———=-=-- A
SECONDARY
120/140 VOLTS | ""‘°T°Etgg{ﬂl_c [
. " I
' [
I I
I |
| IS I D DR |
PROTECTIVE __|
o RELAY FILM
LAMP CUTOUT
PRIMARY \
LINE
FUSE 1
CUTOUTS
R~
- T\ oiL FAToR CONSTANT- [— [
SWITCH CORRECTING CURRENT |
N CAPACITOR TRANSFORMER [— I
|
. |
|
J
Figure D-1. Series circuit, incandescent lamps.
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|
|
|
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* ol PONCToR CONSTANT- |— |
SWITCH CORRECTING CURRENT |
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[
! I,
[
J

Figure D-2. Series circuit, mercury lamps.

remote-control oil switch to protect against open-circuit
voltage. When an open circuit occurs, the relay deener-
gizes the operating coils of the oil switch, thus disconnecting
the primary winding from the constant-current transformer.
This relay is used when one series circuit is needed to con-
trol another. )

6. Power-factor-correcting capacitor. The useful com-

r‘_.'..____.

SECONDARY

ponent of power in a circuit equals E I cos §, where § is
the power-factor angle (between E and I). It is desirable
that cos § equal 1.0 (§ = 0°), which occurs when E and /
are in phase. When connected in parallel across the dis-
tribution line, the power-factor-correcting capacitor intro-
duces a component of leading capacitive current in the line;
this component is opposite to any component of lagging

PHOTOELECTRIC
120/140 VOLTS : CONTROL. :
i | INSULATING
TRANSFORMER
| t OR
| ) BALLAST
| I DN I | _]
- o
PRIMARY
LINE .
LAMP
@ (INCANDESCENT
- FUSE 1 OR MERCURY)
A el FOWER > CONSTANT- |-
— o oiL FACTOR QNITANT
SWITCH CORRECTING
o CAPACITOR TRANSFORMER |
d
NOTE:

INSULATING TRANSORMERS OR BALLASTS USED INSTEAD OF

POTENTIAL TRANSFORMER AND TIME-DELAY LOCKOUT RELAY.

Figure D-3. Series circuit, incandescent or mercury lamps.
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SECONDARY
PHOTOELECTRIC

120/140 VOLT [ CONTROL i
| |
| 1 BALLAST
I I |
| |
b= |eej==d LAMP@E

™\ ~
+ > Q3]
PRIMARY
LINE
,_HL . DISTRIBUTION M
: - TRANSFORMER
ol 120/240 VOLTS M—— ¢
SWITCH bR
240/480 VOLTS o P/N—o— PNy
NOTE:
PRIMARY CONTROL TRANSFORMER IS , b
USED FOR LIGHTING CIRCUIT ONLY. : @ g‘

Figure D-4. Multiple lighting circuit, mercury lamps, separate secondary circuit.

inductive current and balances the two, causing the circuit
current to be in phase with the voltage in the line. The
useful component of power thus is maximized.

7. Film cutout. - When a lamp in a series circuit burns
out, the continuity of the circuit must be maintained or the
entire circuit is put out of service. A film of insulating ma-
terial separates two clips under tension in the socket of
the lamp. When the lamp burns out, the full secondary
voltage appears across the break in the lamp and burns out
the film. The clips then make contact, thus bypassing the
break in the lamp and completing the circuit. The disc is

replaced when a new lamp is installed.

8. Series mercury transformer. This transformer is used
with a mercury lamp in a series circuit. It supplies the
proper voltage to start the lamp and then limits the current
after the lamp has started. ’

9. Potential transformer and time-delay lockont relay.
These pieces of equipment are used in series circuits which
contain mercury lamps without series mercury transformers.
If the power dips or if the mercury lamps in the circuit are
extinguished, this equipment ensures that the circuit is de-
energized long enough that the lamps cool and the arcs can

1

SECONDARY

S

120/240 VOLTS

N4

1

N T

-

MULTIPLE
RELAY
(TWO
POLE)

BALLAST

é LAMP LAMP

' |
L___4

PHOTOELECTRIC
CONTROL

LAMP é LAMP

9

2
1

N

Figure D-5. Multiple lighting circuit, mercury lamps, common secondary circuit.



be restruck normally. Otherwise, the automatic attempt to
restrike the arc would fail, and the film cutout would be
burned out.

MULTIPLE CIRCUITS

In recent years, the majority of newly installed roadway
lighting systems have used multiple distribution circuits.
Lower equipment costs and the advantage of being able to
utilize existing multiple circuits that supply power to homes
and businesses have contributed to the increased use of
these systems.

In multiple circuits, the voltage rather than the current

is held constant. Lamps can be supplied from a secondary ' -

circuit set up for the lamps or directly from the secondaries

which supply other loads. When a separate secondary cir- -

cuit is used to supply power to the lights, a photocontrol
operating a primary oil switch is used to turn the circuit

on and off. Figures D-4 and D-5 show typical multiple

circuits for mercury lamps.

- series circuit.

to the transformer.
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The primary advantage of a multiple circuit is that the
relatively low voltages required at the luminaire permit the
use of less expensive equipment; less control equnpment is
required than for a series circuit. The primary dlsadvantage
of a multiple circuit is that for long runs or large loads the

. cable size for 120/240 v is large; for a 480-v multxple sys-

tem, however, a smaller cable can be used.
The following equipment is used in a multiple circuit:

1. Distribution transformer. These 120/240- or 240/
480-v transformers step.down voltage from a:primary line
to the secondary circuit that supplies power to the lamps.
" 2. Multiple relay. This relay is similar to the protective
relay used in series circuits; it is used to control a multiple
circuit, either from-another multiple circuit or from a
It also is used to control the lighting circuit
when the distribution transformer serves other loads.

*3.. Remote-control oil switch. Controls flow of current
It permits deenergization ‘of the trans-
former when the lighting circuit is turned off.

APPENDIX E

FORMULA DERIVATIONS AND PROCEDURES

DERIVATION OF MAXIMUM NUMBER OF
SPANS PER CIRCUIT

A multiple circuit consisting of a number of equally spaced
lamps, each drawing the same current, can be regarded as
being an arithmetic progression in which

a = first number = current flowing in last span;

d = common difference = difference in current be-
tween any two consecutive spans = current in
last span;

s = sum of series = sum of lamp-current spans;
n = number of terms in series = number of spans and
! = last term in series. :

It is desired to solve for n.
For an arithmetic progression

=7 (a+1 (E-1)
I=a+ (n—1)d (E-2)
Substituting Eq. 2 in Eq. 1 gives
s:% [a+a+ (n—1d] = %[Za-{— (n—1)d] - (E-3)
But d = a; therefore,
= g‘[za + (n—1)a] = %(a +na) . (E-4) -
and
28 = n(a + na) = na + n%a (E-5)

or
a4+ na—285=0 (E-6)
Solving for n, _ A
— 7T — — \
n——a* Va2 — 4a(—25) _—a=*x Va2 + 8aS (B-T)
2a 2a

In the example of Circuit 1 (Chapter Two), a = 2.06 amp,
d = 2.06 amp, s = 464 lamp-current spans, and

—2.06 4 V(2.06)2 + 8 (2.06) (464)

n=—
2(2.06)

= 20.75 spans.

LINE LOSS

In examples of Circuits 1 through 4 (Chapter Two), a 10
percent line loss was assumed. Line loss can be determined
more accurately for a given circuit by the following pro-
cedure:

1. Multiply the length of the circuit by the resistance of
the cable per foot to find cable resistance per circuit.

2. Find W = I? R = watts lost per circuit

= (current/circuit)? X cable resistance/ cir-
cuit. .

3. Sum power for all circuits for total line loss.

4. Determine transformer loss (approximately 1.8 to 2.0
percent of transformer kva), and add this figure to the line
loss to obtain total losses.
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APPENDIX F

ORGANIZATIONS AND AGENCIES CONTRIBUTING DATA TO THIS STUDY

LIGHTING EQUIPMENT MANUFACTURERS -

Equipment

Manufacturer(s)*

Poles

Bracket arms

Amer. Concrete, Joslyn, Kerrigan, Koppers, Line Mat., P & K,
Thompson, Union Metal ;

Amer. Elec., G.E., Joslyn, Line Mat., Phila. E & M, P & K, Union
Metal, West.. ‘ _

Amer. Elec. G.E., Joslyn, Line Mat., Phila. E & M, West

‘Amer. Elec. G.E., Joslyn, Line Mat., Phila. E & M, West
Advance, G. E., Joslyn, Line Mat., Philadelphia. E & M, West.

Luminaires
Refractors
Ballasts
Lamps Champion, G.E. Lamp, Sylvania Lamp, West. Lamp
Prewired Conduit Reynolds, Triangle
Conduit Clifton, J & L, Line Mat., Triangle
Cable Consolidated, Graybar, Triangle, U.S. Steel

Time controls

Transformers
Group-Control
Equipment

Amer. Elec., G.E., Joslyn, Line Mat., Phila. E & M, P & K, Pre-
cision, Tork, West.
Amer. Elec., Fed. Pac., G.E., Joslyn, Line Mat., Phila. E & M, West.

Amer. Elec., G.E., Joslyn, Line Mat., West.

STATES AND MUNICIPALITIES

Montana, State Highway Commission
Nevada, Department of Highways

New Jersey, Turnpike Authority

North Dakota, State Highway Department
Oklahoma, Department of Highways
Oregon, State Highway Department '
Pennsylvania, Department of Highways
Texas, State Highway Department
Wisconsin, State Highway Commission
Wyoming, State Highway Commission

States

Alabama, State Highway Department

Arizona, State Highway Department

Arkansas, State Highway Department

California, Department of Public Works, Division of
Highways

Colorado, Department of Highways

Connecticut, State Highway Department

Florida, State Road Department

Idaho, Department of Highways

Hlinois, Department of Public Works and Buildings,

Division of Highways
Kentucky, Department of Highways
Louisiana, Department of Highways
Maryland, State Roads Commission

* Advance—Advance Transformer Co.

Amer. Concrete—American Concrete Division, Union

Metal Manufacturing Co.

Amer. Elec.—American Electric Manufacturing Co.

Champion—Champion Lamp Works

Clifton—Clifton Conduit Co., General Cable Corp.

Consolidated—Consolidated Wire & Associated Corp.

Fed. Pac.—Federal Pacific Electric Co.

G.E.—Outdoor Lighting Department,
tric Co.

G.E. Lamp—Large Lamp Department, General Elec-
tric Co.

Graybar—Graybar Electric Co. (Dist.)

Joslyn—Joslyn Manufacturing & Supply Corp.

J & L—Jones & Laughlin Steel Co.

Kerrigan—Kerrigan Iron Works Co., Rockwell Stand-
ard Co.

Koppers—Koppers Manufacturing Co.

General Elec-

Municipalities

New York, Department of Water Supply, Gas, and‘

Electricity

Philadelphia, Department of Streets

Line Mat.—Line Material Industries, McGraw Edison
Co.

Phila. E & M—Philadelphia Electrical & Manufactur-
ing Co.

P & K—Pfaff & Kendall

Precision—Precision Multiple Controls

Reynolds—Reynolds Metals Co.

Sylvania Lamp—Lighting Products Division, Sylvania
General Telephone & Electronics

Thompson—Thompson Electrical Co.

Tork—Tork Time Controls

Triangle—Triangle Conduit & Cable Co.

Union Metal—Union Metal Manufacturing Co.

U. S. Steel—United States Steel Corp.

West.—Electric Company of Westinghouse

West. Lamp—Lamp Division, Westinghouse Electric
Corp. e



POWER COMPANIES RESPONDING TO QUESTIONNAIRE

Alabama Power Company

Alaska Electric Light and Power Company
Anchorage Municipal Light and Power Department
Arizona Public Service Company

Arkansas Power and Light Company

Baltimore Gas and Electric Company

Carolina Power and Light Company

Central Illinois Public Service Company
Central Vermont Public Service Corporation
Commonwealth Edison Company
Consolidated Edison Company of New York

Delaware Power and Light Company
Detroit Edison Company

Electric Power Board of Chattanooga

Georgia Power Company
Gulf States Utilities Company

Hawaiian Electric Company

Illinois Power Company
Indianapolis Power and Light Company

Jersey Central Power and Light Company
Kansas Power and Light Company

Monongahela Power Company
Montana Power Company

New England Power Service Company
New Jersey Power and Light Company

New York State Electric and Gas Corporation

Niagara Mohawk Power Corporation
Northwestern Public Service Company

Oklahoma Gas and Electric Company
Omaha Public Power District

Pacific Gas and Electric Company
Pennsylvania Electric Company

- Pennsylvania Power and Light Company

Philadelphia Electric Company

Potomac Electric Power Company

Public Service Company of New Mexico
Public Service Electric and Gas Company

Southwestern Electric Power Company
Texas Power and Light Company

Union Electric Company
Utah Power and Light Company

Wisconsin Power and Light Company



Published reports of the

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

NCHRP
Report No.

*

10

11
12

13

14

15

16

17

18
19

20

are available from:

Highway Research Board
National Academy of Sciences
2101 Constitution Avenue
Washington, D.C. 20418

Title

A Critical Review of Literature Treating Methods of Identifying Aggregates Subject to Destructive
Volume Change When Frozen in Concrete and a Proposed Program of Research—Intermediate
Report (Project 4-3(2)) 81 pp. $1.80

Evaluation of Methods of Replacement of Deteriorated Concrete in Structures (Project 6-8)
56 pp. $2.80

An Introduction to Guidelines for Satellite Studies of Pavement Performance (Project 1-1)
19 pp. $1.80

Guidelines for Satellite Studies of Pavement Performance 85 pp.+ 9 figs., 26 tables, 4 app. $3.00

Improved Criteria for Traffic Signals at Individual Intersections—Interim Report (Project 3-5)
36 pp. $1.60

Non-Chemical Methods of Snow and Ice Control on Highway Structures (Project 6-2) 74 pp.
$3.20

Effects of Different Methods of Stockpiling Aggregates—Interim Report (Project 10-3) 48 pp.
$2.00

‘Means of Locating and Communicating with- Disabled. :‘Vehicles—Interim. Report (Project 3-4)

56 pp. $3.20
Comparison of Different Methods of Measuring Pavement Condition—Interim Report (Project 1-2)

29 pp. $1.80
Synthetic Aggregates for Highway Construction (Project 4-4) 13 pp. $1.00

Traffic Surveillance and Means of Communicating with Drivers—Interim Report (Project 3-2)
28 pp-. $1.60 '

Theoretical Analysis of Structural Behavior of Road Test Flexible Pavements (Project 1-4) 31 pp.
$2.80

Effect of Control Devices on Traffic Operations—Interim Report (Project 3-6) 107 pp. $5.80

Identification of Aggregates Causing Poor Concrete Performance When Frozen—Interim Report
(Project 4-3(1)) 47 pp. $3.00

Running Cost of Motor Vehicles as Affected by Highway Design—Interim Report (Project 2-5)
43 pp. $2.80

Density and Moisture Content Measurements by Nuclear Methods—Interim Report (Project 10-5)
32 pp. $3.00

Identification of Concrete Aggregates Exhibiting Frost Susceptibility—Interim Report (Project
4-3(2)) 66 pp. $4.00

Protective Coatings to Prevent Deterioration of Concrete by Deicing Chemicals (Project 6-3)
21 pp. $1.60

Development of Guidelines for Practical and Realistic Construction Specifications (Project 10-1)
109 pp. $6.00 :

Community Consequences of Highway Improvement (Project 2-2) 37 pp. $2.80

Economical and Effective Deicing Agents for Use on Highway Structures (Project 6-1) 19 pp.
$1.20 )

Economic Study of Roadway Lighting (Project 5-4) 77 pp. $3.20

* Highway Research Board Special Report 80.



THE NATIONAL ACADEMY OF SCIENCES is a private, honorary organiza-
tion of more than 700 scientists and engineers elected on the basis of outstanding
contributions to knowledge. Established by a Congressional Act of Incorporation
signed by President Abraham Lincoln on March 3, 1863, and supported by private
and public funds, the Academy works to further science and its use for the general
welfare by bringing together the most qualified individuals to deal with scientific and
technological problems of broad significance.

Under the terms of its Congressional charter, the Academy is also called upon
to act as an official—yet independent—adviser to the Federal Government in any
matter of science and technology. This provision accounts for the close ties that
have always existed between the Academy and the Government, although the Academy
is not a governmental agency and its activities are not limited to those on behalf of
the Government.

THE NATIONAL ACADEMY OF ENGINEERING was established on December
5, 1964, On that date the Council of the National Academy of Sciences, under the

authority of its Act of Incorporation, adopted Articles of Organization bringing
the National Academy of Engineering into being, independent and autonomous
in its organization and the election of its members, and closely coordinated with
the National Academy of Sciences in its advisory activities. The two Academies
join in the furtherance of science and engineering and share the responsibility of
advising the Federal Government, upon request, on any subject of science or
technology.

THE NATIONAL RESEARCH COUNCIL was organized as an agency of the
National Academy of Sciences in 1916, at the request of President Wilson, to

enable the broad community of U. S. scientists and engineers to associate their
efforts with the limited membership of the Academy in service to science and the
nation. Its members, who receive their appointments from the President of the
National Academy of Sciences, are drawn from academic, industrial and government
organizations throughout the country. The National Research Council serves both
Academies in the discharge of their responsibilities.

Supported by private and public contributions, grants, and contracts, and volun-
tary contributions of time and effort by several thousand of the nation’s leading
scientists and engineers, the Academies and their Research Council thus work to
serve the national interest, to foster the sound development of science and engineering,
and to promote their effective application for the benefit of society.

THE DIVISION OF ENGINEERING RESEARCH is one of the eight major

Divisions into which the National Research Council is organized for the conduct
of its work. Its membership includes representatives of the nation’s leading technical
societies as well as a numbcr of members-at-large. Its Chairman is appointed by
the Council of the Academy of Sciences upon nomination by the Council of the
Academy of Engineering.

THE HIGHWAY RESEARCH BOARD, organized November 11, 1920, as an

agency of the Division of Engineering Research, is a cooperative organization of the
highway technologists of America operating under the auspices of the National Research
Council and with the support of the several highway departments, the Bureau of
Public Roads, and many other organizations interested in the development of highway
transportation. The purposes of the Board are to encourage research and to provide
a national clearinghouse and correlation service for research activities and information
on highway administration and technology.



