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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most et
fective 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 and Trans
portation 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 

port of the Federal Highway Administration, United States 
Department of Transportation. 

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 direclly 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 AASHTO. 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 and Transportation Officials. 
Research projects to fulfill these needs are defined by the 
Board, and qualified research agencies are selected from 
those that have submitted proposals. Administration and 
surveillance of research 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. 
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PREFACE 
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There exists a vast storehouse of information relating to nearly every subject of 
concern to highway administrators and engineers. Much of it resulted from research 
and much from successful application of the engineering ideas of men faced with 
problems in their day-to-day work. Because there has been a lack of systematic 
means for bringing such useful information together and making it available to the 
entire highway fraternity, the American Association of State Highway and Trans
portation Officials has, through the mechanism of the National Cooperative Highway 
Research Program, authorized the Highway Research Board to undertake a con
tinuing project to search out and synthesize the useful knowledge from all possible 
sources and to prepare documented reports on current practices in the subject 
areas of concern. 

This synthesis series attempts to report on the various practices without in fact 
making specific recommendations as would be found in handbooks or design 
manuals. Nonetheless, these documents can serve similar purposes, for each is a 
compendium of the best knowledge available concerning those measures found to 
be the most successful in resolving specific problems. The extent to which they are 
utilized in this fashion will quite logically be tempered by the breadth of the user's 
knowledge in the particular problem area. 



FOREWORD 
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Highway Research Board 

This report will be of special interest to state and local maintenance administrators, 
traffic control and operations officials, and others responsible for managing the 
maintenance of traffic signal equipment and systems. Current agency practices in 
executing the various management functions of staffing, equipping, establishing 
communications, budgeting, operating, and controlling to provide the services of 
routine maintenance, preventive maintenance, and emergency repair of traffic signal 
equipmenl and systems are reported and evaluated. 

Administrators, engineers, and researchers are faced continually with many 
highway problems on which much information already exists either in documented 
form or in terms of undocumented experience and practice. Unfortunately, this 
information is often fragmented, scattered, and unevaluated. As a consequence, 
full information on what has been learned about a problem is frequently not as
sembled in seeking a solution. Costly research findings may go unused, valuable 
experience may be overlooked, and due consideration may not be given to recom
mended practices for solving or alleviating the problem. In an effort to resolve this 
situation, a continuing NCHRP Project, carried out by the Highway Research 
Board as the research agency, has the objective of synthesizing and reporting on 
common highway prublems-synthesis being defined as a composition or combina
tion of separate parts or elements so as to form a whole greater than the sum of the 
separate parts. Reports from this endeavor constitute a special NCHRP Report 
series that collects and assembles the various forms of information into single con
cise documents pertaining to specific highway problems or sets of closely related 
problems. This is the twenty-second report in the series. 

Consequences of the breakdown or malfunctioning of traffic signal equipment 
and systems include important increases in accident potential, and disruptions of 
traffic flow that are both aggravating and costly to the highway user. The resulting 
congestion can also be cited as a contributor to air pollution. The frequency of 
failure, and the time-span of outages, are strongly related to the quality and level 
of maintenance that is provided. This is also true of equipment life. 

This report of the Highway Research Board describes the management mea
sures that are being applied by a variety of agencies representing a wide range of 
responsibility with respect to the number and complexity of the equipment units and 
systems for which they have maintenance responsibility. Individual operations that 
have been used with evident success, including handling of maintenance repairs, 
routine inspection and maintenance of parts, furnishing and stocking of repair shops, 
attraction and retention of personnel, and record keeping and documentation, are 
described and :inalyzed. 

To develop this synthesis in a comprehensive manner and to insure inclusion of 
significant knowledge, the Board analyzed available information ( e.g., current prac
tices, manuals, and research recommendations) assembled from many highway 
departments and agencies responsible for highway planning, design, construction, 
and maintenance. A topic advisory panel of experts in the subject area was estab
iished to guide the researchers in organizing and evaiuating the coiiected data and 
for reviewing the final synthesis report. 

As a follow up, the Board will attempt to evaluate the effectiveness of this 
synthesis after it has been in the hands of its users for a period of time. Meanwhile 
the search for better methods is a continuing activity and should not be diminished. 
An updating of this document is ultimately intended so as to reflect improvements 
that may be discovered through research or practice. 
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SUMMARY 

MAINTENANCE MANAGEMENT OF 
TRAFFIC SIGNAL EQUIPMENT 

AND SYSTEMS 

The variety of techniques used by agencies throughout the United States to Ql~intain 
their traffic signal equipment and systems engenders a variety of both t~chnical and 
management problems. Although the technical problems obviously are important, 
the scope of this synthesis is limited to the equally important management problems. 

Maintenance of traffic signal equipment and systems falls into several cate
gories. First is the routine maintenance to ensure that the signals continue to 
operate. This includes lubrication, adjustment, cleaning, and paintiµg. Next is 
preventive maintenance-the inspection and replacement of parts at reg\llar in
tervals. Then there are the emergency repairs that are necessary to restore signal 
operation after a service failure. Signal maintenance may also oe done as re
construction. 

Equipment malfunctions (impaired operation without any loss of display) 
and breakdowns (signal not functioning as a traffic control device) are more likely 
to occur when there is a lack of routine and preventive maintenance. Other _pos
sible effects of lack of maintenance include reduced equipmynt life, increased 
accident potential, increased fuel consumption, and environmental pollution. 

A maintenance program covers a broad range of work items, Signal heads 
and poles are visually inspected at frequent intervals-either superficially by driving 
all approaches to an intersection or, less often, in detail by checking span wire, 
mast arms, poles, heads, etc. 

Relamping procedures vary among jurisdictions. Some replace all burned 
out lamps as soon as possible; others do this only for red indications and may take 
a day or two for other lamps. Many agencies have a group relamping procedure. 
One version is group replacement of red and green indications and replacement of 
yellow only when failure occurs. Another procedure is to relamp an entire inter
section when any indication burns out. Relamping intervals range from six months 
to two years, with a mean of about twelve months. 

Signal lenses and reflectors are cleaned to ensure maximum light transmission. 
The interval between cleanings depends on mounting height, weather, air pollution, 
road conditions, etc.; about one year seems to be general practice. Cleaning, re
lamping, and signal head inspection are frequently done at the same time. 

Maintenance of detectors includes inspection to determine if they are operat
ing properly and tuning, if necessary. This is done at one- to three-month intervals. 

Control equipment is inspected to verify that it is operating as designed. For 
signal systems, the route is driven to check progression. Controller timing is usually 
checked with a stopwatch. Electromechanical equipment requires periodic lubrica
tion and adjustment. Repair of control equipment is usually done at the shop; 
many shops are equipped to perform complete overhaul of controllers. Some 
agencies report shop overhauls at intervals ranging from six months to two years. 
Special problems are associated with central computer control of traffic signal 
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systems. These include contracting for maintenance and repairs, time-sharing prob
lems, and maintr.mmce ::ind 11p,fating of the computer softwHre. 

The level of maintenance may be measured by how fast malfunctions and 
breakdowns are detected and corrected. Detection may be performed through 
regular patrolling, through employee patrolling while driving to and from work, 
and through cooperation of police and other government employees. Reports fre
quently are received from the public, although there are problems in letting the 
public know where to report. Some central control equipment has built-in self
diagnostic capability. 

Once a signal problem has been detected, a repair crew must be dispatched 
to the site. The procedures used depend on the size of the agency and may be 
simple verbal instructions or a formal written work order. Some agencies assign 
work to a crew immediately upon notification; in others the dispatcher holds work 
assignments until a crew becomes available. During off hours many agencies have 
a rotating duty roster of personnel to be called for emergency repairs. 

Signal maintenance personnel are usually trained by the agency, although they 
may possess a general background as an electrician or electronic technician. Train
ing may be on the job, through formal courses, or by a manufacturer of signal 
eq_uipment. Because the maintenance organization must compete with electrical 
contractors, utility companies, electrical manufacturers, etc., for skilled employees, 
it may be difficult to retain the trained personnel if the agency cannot pay prevailing 
wage rates. 

Equipment for signal maintenance includes vehicles (standard and specialized 
types), tools, and test equipment ( often custom-made). Spare parts for signal 
heads, detectors, controllers, etc., are carried at a level that will ensure a high 
probability of having a replacement when ne~ded. 

The signal maintenance function is most often part of a Tiaffic Bureau or 
similar unit. Sometimes, however, it may be part of a maintenance unit or an 
electrical services unit. 

A number of jurisdictions have signal maintenance performed under contract. 
The contractor may be another government organization, such as a city maintain
ing state-owned signals within the city limits, or it may be a public utility company 
or electrical contractor. 

In addition to responsibility for routine maintenance, preventive maintenance, 
and emergency repairs, the maintenance organization may also be responsible for 
traffic signal alterations, construction, and reconstruction, as well as maintenance 
of other systems such as street lighting, fire alarms, and communications. 

Because maintenance of traffic signals involves a major investment in man
power, material, and funds, it requires a high degree of management. Service 
histories of all signalized intersections, as kept by nearly all agencies, are important 
because they form the basis for planning, design, and maintenance decisions. They 
should be as complete as possible to enable easy evaluation of the maintenance 
history of an intersection or of types of equipment. Management control of in- , 
ventory is necessary to assure that material, equipment, and supplies will be avail
able when required. Administrative controls include work order completion reports 
to tell how, when, and by whom the work was done; materials reports to set and 
keep inventory levels; labor records to assure efficient use of manpower; and equip
ment records to help schedule maintenance or replacement of equipment. 

Fiscal controls include cost accounting, budgeting, and payroll control. These 
are necessary to keep costs as low as possible and to know how n1uch is being 
spent and where it is spent. Even with these controls, the cost of maintaining an 
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intersection is difficult to determine. Many costs, such as overhead, are not trace
able to a specific intersection or cannot be fairly apportioned. 

Some of the conclusions reached are: 

• Deficiencies in maintenance lead to signal malfunctions or breakdowns that 
cause delays to the traveling public, increased accident potential, increased 
fuel consumption, and air pollution. Thus, it is important to have a signal mainte
nance program that includes routine and preventive maintenance to ensure that 
problems are kept to a minimum. 

• An important factor in the maintenance management of traffic signal equip
ment and systems is location of the signal maintenance unit within an organization. 
The most logical location is within a Bureau of Traffic or equivalent unit. 

• "As built" plans and service records are essential to efficient operations 
of the traffic organization. The "as built" plans make it easier to locate all the 
component parts of a signal installation, especially underground components. 
Service records are used to make planning, design, and maintenance decisions 
and must be accurate, complete, and easily accessible. 

• Because of the financial restraints faced by many jurisdictions, requests for 
appropriations are coming under closer scrutiny. In competing for the necessary 
funds, signal maintenance officials will face a difficult task unless they can clearly 
document expenditures and the additional benefits that can accrue from increased 
appropriations. 

Traffic operations agencies throughout the United States 
use a variety of techniques in the maintenance of their 
traffic signal equipment and systems and, consequently, 
encounter a variety of maintenance problems. Two types 
of maintenance problems must be distinguished. The first 
is the technical aspects of maintenance. However, this 
synthesis concentrates on the second problem, which in
volves the management aspects of traffic signal mainte
nance, involving organizational structure, scheduling, re
source allocation, financing, and personnel management. 
Each of these directly affects the quality and level of 
maintenance. 

electrical circuits and is exposed to weather and other en
vironmental effects. The major items are lubrication, ad
justment, cleaning, and painting. 

Preventive Maintenance 

Preventive maintenance consists of those work items that 
should be done, at scheduled intervals, to minimize the 
probability of failure. It includes inspection and replace
ment or repair of component parts that are approaching 
the expiration of their rated service life. One of the larg
est single items in this category is group relamping. The 
demarcation line between routine and preventive mainte
nance is ill defined, and in practice these two types of 
maintenance are usually performed at the same time. 

TYPES OF MAINTENANCE 

Routine Maintenance 

Routine maintenance consists of those work items that must 
be done regularly to ensure that traffic signal equipment 
will continue to operate. The work is caused by the fact 
that the equipment includes moving parts and intermittent 

Emergency Repairs 

Emergency repairs include all work required to restore a 
signal installation, or system, to its original state after a 
service failure. The term "emergency" is used here to 
distingiush this type of maintenance, which is unscheduled, 
from the scheduled types previously discussed. An actual, 
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physical emergency, requmng immediate response, does 
not have to be involved in order for work items to be 
classified as emergency maintenance. 

Maintenance by Reconstruction 

Beth preventive maintenance and emergency repairs can be 
accomplished by a full or partial reconstruction of a signal 
installation. This type of maintenance is characterized by 
the fact that work is done on components that normally 
do not require preventive maintenance and that have not 
failed. It may be scheduled or unscheduled and is usually 
the result of functional inadequacy of the installed equip
ment or the necessity of making physical changes in the 
installation due to pavement reconstruction or changes in 
signalization standards. 

RESULTS OF MAINTENANCE DEFICIENCIES 

Deficiencies in implementing any of the maintenance types, 
and especially the first three, will lead to a number of 
effects. 

Equ!pmsnt t.13!function 

Lack of either routine or preventive maintenance will 
greatly increase the probability of equipment malfunction. 
In this report, equipment malfunction is any event that 
impairs the operations of a traffic signal, or a system of 
traffic signals, without losing the display and sequencing of 
signal indications to all approaching traffic. 

By this definition, equipment malfunction includes all 
instances of timing failure, short of complete controller 
hangup; loss of supervisory control; intermittent detector 
failure; and all other instances of traffic signal operation 
that exhibit timing patterns, phasing, or offsets different 
from those designed and originally installed. 

Because the timing, phasing, and offsets originally set are 
those that maximize vehicle flow and minimize delays for 
the particular location, any malfunction must result in less 
than optimum intersection operation. 

Equipment Breakdown 

There is no clear demarcation between equipment mal
function and equipment breakdown. For this report, equip
ment breakdown is defined as any event that causes a loss 
of indication to any or all phases or approaches. This may 
be due to controller failure, phase not being called or not 
being terminated, cable failure, or failure of all indications 
for a given phase or approach. Total loss of control, 
through controller failure or loss of power, is included. 

Although not part of the foregoing definition, another 
set of conditions may be considered as equipment break-

stallation that present a physical hazard to vehicular or 
pedestrian traffic. Included are such items as knocked 
down signal standards, broken glass in the roadway, ex
posed live electrical wiring, grounding failure, and open 
manhole or handhole covers. Also included are such con
ditions as badly leaning signal standards, incipient failure 
of mast arm or span wire aiiachments, and open controlier 
cabinet doors. 

As previously mentioned, the demarcation line between 
malfunction and breakdown is difficult to define. A case in 
point is presented by misalignment of signal heads. In the 
case of multiple indications, misalignment of any one head 
is considered a relatively minor malfunction. In the case 
of single indications (permitted for minor turn phasing) 
it may be a major malfunction because the motorist's re
sponse will be impaired. If the misalignment becomes so 
severe that no indication can easily be observed for the 
siuglt:-imlicaliun approach, or an indication is visible for 
an approach for which it is not intended, the misalignment 
must be classified as equipment breakdown. Lamp burn
out presents a similar case. If, after a burnout, an indica
tion is still visible for the approach, it is considered mal
function; if no indication is visible it is a case of break
down. The key word is "visible"-presence alone is not 
sufficient. Thus, if the only remaining indication is a post
mounted signal located where trucks and buses may block 
the view, this signal may not be considered as being visible. 

The consequences of equipment breakdown are similar 
to those of equipment malfunction, but far more serious. 
Loss of all signal indications to one or more approaches 
-- _t_ ____ ---~11 ..J _________ ...J_ ... 1 __ , ___ ... ~--- ___ ...:1 ___ ..J ____ ~ __ ..._ __ _ 
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section capacity. In the case of close intersection spacing, 
degradation of traffic signal operations can lead to spill
back. This is the condition where the queue for an ap
proach to a signalized intersection becomes so long as to 
block free movement of traffic at an upstream intersection. 

Reduced Equipment Life 

Traffic signal equipment generally has a long service life. 
Instances of control equipment, posts, and signal heads in 
continuous use for 30 years or more are frequent. The 
most common reason for equipment replacement is tech
nical obsolescence. 

This long service life, however, is predicated on proper 
and regular routine and preventive maintenance. As with 
any other piece of machinery, or any component exposed 
to extremes of environmental influences, lack of mainte
nance will grossly shorten service life. There is some evi
dence to indicate that modern solid-state control equip
ment has minimum routine maintenance requirements. 
Even here, regular inspection, especially of thermal and 
dt:clrical ovt:rload protection equipment, and somt: <lt:grt:t: 
of preventive maintenance are essential to assure full 
service life. 

The reduced service life caused by lack of maintenance 
will lead to higher expenditures for replacement and repair 
of equipment. These additional expenditures often will 
reduce available funds for other programs and activities. 

Highway Safety Implications 

A number of effects of signal equipment malfunction and 
breakdown on highway safety can be noted. The most 
direct effect is the potential for accidents, involving both 
vehicles and pedestrians. It also has been shown that sub
optimal signal operation will lead to increased congestion 
and an increased number of vehicular stops, thus increas
ing accident potential. 

Lack of adequate maintenance can lead to physical 
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breakdown of traffic signal installations. Rusted bolts, 
frayed span wires, or cracked signal hubs may cause 
pedestals to topple or overhead signals to fall, thereby 
causing accidents directly or as a result of sudden avoid
ance maneuvers. Similarly, missing, cracked, or tottering 
manhole and handhole covers may lead to vehicular or 
pedestrian accidents. 

Environmental Implications 

Lack of signal maintenance leads to signal malfunctions or 
breakdowns that will increase highway congestion, and the 
number of stops, thus tending to increase fuel consump-

CHAPTER TWO 

5 

tion, air pollution, and noise. Air pollution from vehicle 
emissions is most severe in congested traffic situations when 
automobiles are operating under stop-and-go conditions. 
Similarly, highway noise (especially that from commercial 
vehicles) is greater when accelerating and braking. 

Legal Implications 

There is a legal duty to maintain the lights in a traffic 
control signal. If an injury or damage occurs because the 
signals were not maintained, there may be liability. Recent 
cases have held cities liable and denied their claims of 
sovereign immunity. 

DESCRIPTION OF THE MAINTENANCE EFFORT 

WORK ITEMS 

This synthesis concentrates on the managerial and admin
istrative aspects of traffic signal maintenance and does not 
present a detailed technical discussion or performance 
specifications for the various work items. 

Traffic signal installations are a specialized subset of the 
set of electrical devices, be they electromechanical, vacuum 
tube, or solid state; therefore, standard references on elec
trical construction and maintenance (such as the National 
Electrical Code (I 6) *) include pertinent material. A good 
source of technical signal maintenance information is the 
literature distributed by signal manufacturers. 

Several specialized publications dealing with the techni
cal aspects should be in the library of every official engaged 
in traffic signal maintenance. Principal among these is the 
"Traffic Signal Manual" (14) available from the Inter
national Municipal Signal Association. The "Handbook of 
Traffic Control Devices," an adjunct to the "Manual on 
Uniform Traffic Control Devices," also includes much 
valuable technical material. The Institute of Traffic En
gineers has prepared standards for traffic signal heads, 
pedestrian heads, pre-timed controllers, traffic-actuated 
controllers, and signal lamps. (All but the last are cur
rently being revised.) Several of the larger jurisdictions, 
which let maintenance contracts for traffic signals, have 
prepared detailed technical specifications. 

The following is an expanded check list to give an indi
cation of the work items included under the heading of 
signal maintenance and of the specific maintenance re
quirements of the components of traffic signal installations 
and systems. 

• References throughout this synthesis are to entries in the selected 
bibliography (App. A). 

Signal Heads and Supports 

This section covers maintenance requirements for traffic 
signal and pedestrian heads, signal pedestals, mast arms, 
poles, pole bases and foundations, and span wire (Fig. 1). 

Inspection 

Frequent visual inspection of these components is required. 
Two levels of inspection should be distinguished. The first 
of these is superficial and can be accomplished by driving 
all approaches to the intersection. The purpose is to check 
for proper signal head alignment, plumbness of posts and 
pedestals, missing visors, cracked or dirty lenses, defective 
reflectors, lamp burnouts, and similar items. One mainte
nance contract requires this inspection to be done once a 
week, or more often at critical locations. However, it need 
not be scheduled formally if there is a reliable system of 
inspection by agency employees or by other public forces. 

The second type of inspection is more detailed. It is 
intended to reveal actual or potential failure in such items 
as anchor bolts, span wire and span wire attachment, mast 
arm attachments, signal hubs, and other structural com
ponents. It also includes checks for missing, misaligned, 
or loose pull-box covers; spalling or cracking of concrete 
bases; and condition of painted surfaces. It is desirable to 
make this inspection quarterly, although this interval may 
be varied considering the age of the system, the type of 
materials used, and the maintenance history. 

Extra inspections are performed following high winds, 
rainstorms, floods, ice storms, etc. 

Relamping 

The most common instance of traffic signal malfunction or 
breakdown is the burnout of signal lamps. Expeditious re-



6 

placement of burned out lamps is thus an essential part of 
a good traffic signal maintenance program. 

For continuous safe and efficient operation of the sig
nalized intersection, replacement of all burned out lamps as 
soon as possible following detection of the outage is the 
preferred and recommended procedure. However, due to 
budgetary or manpower limitations, a number of jurisdic
tions have been forced to depart from this procedure. For 
example, the burnout replacement procedure may consist 
of immediate replacemi.:nt uf all failt:u lamps iu 1t:u iuuica
tions or in any indication where only one signal head 
controls a certain traffic movement ( e.g., left-turn signals). 
One or two working days may elapse before other burned 
out lamps are replaced. 

Some jurisdictions are unable to furnish emergency re
pair service outside of normal working hours or on week
ends and holidays; thus, complete signal shutdown may be 
required if all red indications are lost for any one approach. 

A number of different combinations of these procedures 
are possible. Thus, different policies may be adopted, de
pending on the time the burnout report is received. Al
ternatively, a priority list of critical intersections may be 
prepared wht:n: burnouts wiil be replaced immediaiely. 

Because replacement of individual burnouts is an ex
pensive process, most jurisdictions are trying to minimize 
this task by group replacement of all lamps at regularly 
scheduled intervals. Although blanket group replacement 
is the rule, several variations thereof can be noted, the most 
common consisting of group relamping of only red and 
green indication lamps and replacement of others as failure 
occurs or at every second scheduled group relaJ11ping. An
other variaiion represeniing a compromise between burn
out replacement and group relamping consists of relamping 
an entire intersection, or the red and green indications only, 
whenever any burnout occurs at the intersection. 

The proper group relamping interval depends on the 
relative costs per lamp of group relamping and burnout 
replacement, the expected average service life of the lamps 
used, the probability distribution of failures, the burnout 
replacenu:nt policies adopted, and policy decisions concern
ing the mean number of service faiiures that can be 
accepted. 

Standard mathematical techniques are available to deter
mine the optimum group rdampiug iult:rval fur auy cum
bination of these variables and can be found in textbooks 
on operations research. These procedures are based on the 
mathematical theory of recurrent events. (For example, 
see Smith and Oppenlander (12).) 

Traffic signal lamps are available with a rated service life 
of 6,000 or 8,000 hr. Information available from lamp 
manufacturers includes output depreciation curves that 
show the percentage of rated life in operation, and lamp 
mortality curves that show the percentage of original lamps 
remaining after the expiration of various incremental por
tions of rated lamp life. 

Manufacturer's rated lamp life is expressed in terms of 
burning hours. The number of hours that a lamp is ac
tually burning depends primarily on signal phasing and 
timing; for actuated installations this can only be deter
mined approximately. In addition to burning time, manu-

facturing variations and other factors affect the probability 
of lamp failure. These include frequency of on-off cycles, 
variations in line voltage, climatic conditions, and vibra
tions due to heavy commercial traffic. Some jurisdictions, 
especially those with large numbers of signal installations, 
may establish and calibrate their own mortality tables in 
order to be able to initiate an optimum group replacement 
schedule. 

Group replacement intervals ranging from six months to 
two years are reported. The mean inlt:1 val appt:a1s tu \Jt: 
about twelve months. At least one jurisdiction reports a 
variable group relamping interval triggered by the number 
of service burnouts reported. 

In establishing a group relamping interval, the desired 
cleaning interval should be considered because the two 
tasks have many parallel features. 

Cleaning 

Traffic signal lenses and reflectors, and lamps if not re
placed at the same time, must be cleaned regularly to 
ensure maximum light transmission. A dirty signal lens 
rnh,;: !l tr!lffir" clon'.'.11 nf th,:l, ronn;T"a.rl tt:i-rrro.t u'lh10 °'~"'o,....;t:ilhr 
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if the signal is competing with advertising displays or 
subject to sun glare. 

Because a number of different materials are used for 
both signal lenses and reflectors, manufacturers' instruc
tions as to cleaning materials and methods should be fol
lowed. Washing is recommended, although under certain 
weather conditions only dry wiping will be possible. 

At each cleaning, the integrity of mechanical and electri
c::i 1 r.onnP.rtinn~ ln thP sign!ll hP!lr1 chrn1lrl 1,p r-hPr-VPrl, -::H~ 

well as proper location of the lamp. The condition and 
operation of the signal door hinges, latch, and gasketing 
should be inspected at the same time. 

The cleaning interval depends on a variety of local con
ditions. These include mounting height, weather, air pollu
tion, road and shoulder surface conditions, and type of 
visors used. A maximum cleaning interval of one year 
appears to be the general practice, although more frequent 
cleaning, especially in jurisdictions with a great number of 
adverse factors, is highly recommended. 

It is customary to combine cleaning, relamping, and sig
nal head inspection. This combined operation, which is 

'extremely cost effective, will have a bearing on the schedul
ing of the three individual operations but should not be 
used as an excuse to extend the interval between any of 
these much beyond optimum. Additional cleaning should 
be scheduled after periods of extremely adverse conditions, 
such as a severe dust storm. 

Repair 

Any component part of the traffic signals found to be de
fective during any inspection, or showing evidence of in
cipient failure, should be replaced. The most common 
repairs involve replacement of visors, lenses, reflectors, 
and sockets. This can be accomplished easily in the field. 

Other types of repairs, notably those involving damage 
to the castings or to other structural components, are best 
done in the shop. It is customary to replace a damaged 
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signal head or post in the field and to do major repair and 
reconditioning in the shop. The repaired item is then added 
to maintenance stock. Because modern traffic signal heads 
are sectional, it is a fairly easy task to disassemble the 
signal head when it is brought to the shop, repair salvage
able sections and discard those that are not, and then either 
store individual sections or assemble them into standard 
configurations. 

Repair of posts and pedestals, with minor exceptions 
such as replacement of pull-box doors, are always done in 
the shop if they are done at all. Drawn steel poles can be 
welded; however, this is more difficult with aluminum due 
to age hardening. New bases can be attached; sometimes 
it is possible to cut off the damaged section of a pole and 
reuse it where a shorter pole is required. 

Inspection of all poles should be made, even if the pole 
is not the property of the agency responsible for the traffic 
signals. Light poles and utility poles are frequently used 
for the attachment of traffic signal heads or mast arms. A 
definite procedure should be established for notification and 
prompt repair of non-owned poles. 

Painting 

Traffic signal heads and posts are painted for two reasons. 
The first is for the protection of metal surfaces, except 
aluminum. The second is for enhancement of the target 
value of the signal installation. 

The paint film deteriorates due to age, atmospheric pol
lutants, and sunlight, and is damaged by abrasion from air
borne particles, accidents, and vandalism. Most jurisdic
tions repaint signal installations on a fixed time schedule; 
a few report spot touchup painting between complete re
painting. The interval between painting varies among juris
dictions and may not be the same for an entire signal
maintaining jurisdiction, especially if it covers a fairly 
large or nonuniform geographical area. A difference in 
location of one mile or less can result in major differences 
in the amount of paint deterioration due to such factors as 
salt or atmospheric pollutants. 

Painting intervals ranging from two to five years have 
been reported, with four years as an approximate median. 

Cable and Conduit 

Multiconductor electric cable is used to connect the traffic 
signal heads and detectors to the controller, and the con
troller to a power source. Adjacent intersections, or entire 
traffic signal systems, may be interconnected by means of 
multiconductor cable, paired telephone cables ( either leased 
or owned), or radio. Cable can be directly buried, installed 
in conduit, or installed aerially on poles. Cost will usually 
determine the method of installation, although aesthetic 
considerations may take precedence in some jurisdictions. 

Inspection 

Inspection of underground installations is almost impossible 
becau e of their hidden nature. Where underground cable 
is exposed, such as in handholes or pull boxes, it can be 
inspected visually. If any malfunction is suspected, appro-
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Figure 1. Signal heads and supports. 
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priate electrical tests, such as resistance to ground, can be 
made. 

Cumiuii faiiure is rare if rhe conduit has been properiy 
installed. No inspection is customarily made except to 
open handholes to determine if cable can be moved easily 
in the conduit. 

Aerial cable should be inspected, together with messenger 
wire, if used, and accessories. Inspection can be visual and 
supplemented by electrical tests if any malfunction is 
rnspected. 

Repair 

Any cable found to be defective should be repaired or re
placed. If only a single conductor is affected, a spare con
ductor, if available, can be used in replacement. If there 
are no spare conductors, the entire cable can be replaced 
or, if there is excess room in a conduit installation, an 

additional cable may be pulled in. In replacing cable, 
standard electrical construction procedures should be used. 

Detectors 

In recent years the number of detector types has greatly 
multiplied. Detectors in use now include pressure pads. 
magnetic, inductance loops, ultrasonic, magnetometers, 
radar, and others (Fig. 2). They may be installed in, 
under, or flush with the pavement; overhead; or to the side 
of the rondwuy. 

Inspection 

The purpose of most detector inspection is to determine 
whether the equipment is operating as designed; that is, 
whether it is detecting vehicles within its design zone of 
detection. This is usually accomplished by monitoring the 
detector output, through use of h11ilt-in indicator lights or 

Figure 2. Detectors (left, ultrasonic; upper right, pressure pad; lower right, loop). 



by means of a meter, while observing traffic passing the 
detector location. 

Magnetic detectors and magnetometers, buried under the 
pavement, require no other inspection. The cable con
nections are inspected as discussed previously and the as
sociated electronics are considered part of the control in
stallation. Pressure pads must be inspected for defects in 
the casting, contact strip, or pull-box cover. 

Inductance loops, except for the associated electronics 
that are considered part of the control equipment, must be 
inspected for actual ( or potential) failure of the wire loop. 
These loops can break through external causes, or through 
creeping of the pavement surface if they are installed in 
asphalt. Under certain conditions the wire loop may also 
float up to the surface from the saw cut in which it is 
installed. 

Ultrasonic and radar detectors have electronic equip
ment associated with them that must be inspected in ac
cordance with the manufacturers' recommendations. These 
types of detectors operate by means of an aimed beam of 
ultrasound or electromagnetic emissions. Alignment of the 
emitter and receiver is critical and must be inspected along 
with the integrity of the mounting. 

Tuning 

Tuning means the adjustment of certain electronic circuits 
to achieve proper operation. Although most detector types 

Figure 3. Controllers. 

9 

on the market today are advertised as self-tuning, a num
ber of older types may require periodic adjustment. Even 
some of the newer types require adjustment if there is a 
change in the electromagnetic environment or as compo
nents degrade through aging. 

Unless the maintenance history of an intersection, or of 
a certain detector type, indicates shorter intervals, detector 
tuning should be done at one- to three-month intervals. 

Repair 

Few detector repairs are made in the field. Usually the 
entire detection unit is replaced and returned to the shop 
for repairs. Exceptions include replacement of pressure 
pad contact elements, replacement of plug-in modules in 
some detector electronics, and resetting of overload protec
tion equipment. Defective loops must be replaced in ac
cordance with standard construction practices for this type 
of installation. 

Control Equipment 

Control equipment includes the intersection timing unit 
(Fig. 3), the associated detector electronics and external 
load relays, remote master controllers and system super
visory equipment, and auxiliary equipment at both ends. 
The last group includes interconnection equipment such as 
signal coders and decoders, line amplifiers and relays, and 
radio transmitting and receiving units. Because this equip-
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ment includes a gamut of complexity ranging from a sim
ple single-dial, pre-timed electromechanical controller to a 
117-ajor digital computer, few general specifications can be 
given and only a broad outline of the maintenance task is 
presented in the following. 

maintenance jurisdiction as the control equipment, as 
would be the case with leased telephone lines or the use 
of spare conductors of a fire alarm system, care must be 
taken that the agency responsible for these items has ade
quate maintenance facilities and that close cooperation and 
communications are maintained between the two agencies. 

Inspection 

Visual inspection of the intersection operation preferably 
is done during a period of maximum demand. The ob
servation should extend through several signal cycles. The 
inspector should notice unequal loading, signal efficiency, 
and cycle failures for each approach. In the case of sig
nal systems, the route should be driven, in the direction of 
maximum demand, to check on progression. Although it 
is desirable to have this kind of inspection done at regular 
intervals, many agencies do not have a formal schedule. 
Rather, they rely on the normal driving patterns of their 
employees and on reports from the police. In traffic sig
nal systems with a self-diagnostic capability, these inspec
tions are less critical and, if scheduled, are usually done 
more for traffic engineering than for signal maintenance 
purposes. 

A more thorough inspection involves checking on the 
condition of the controiier enclosure, on any heating or 
ventilating equipment, and on the condition of the wiring 
harness, terminal-block connections, and fusing. The time 
interval between inspections of this kind depends on the 
type and age of the equipment installed. In actual practice 
it varies widely, ranging from weekly to never. A monthly 
interval appears to be adequate for control equipment 
without self-diagnostic capability. More frequent inspec
tions should be scheduled for critical intersections and for 
intersections that have been reported as malfunctioning 
intermittently but where no overt cause for the malfunction 
can be discovered. 

Check Operations and Timing 

The operation of most types of intersection controllers can 
be monitored and checked rather closely by visual observa
tion of indicator lamps or by noting the movement of 
drums, camshafts, or relays. An accurate stopwatch can be 
employed to check controller timing. The timing of each 
controller should be checked against its approved timing 
scheme (a record of which should be kept in the controiier 
cabinet). The timing checked should be the actual timing 
developed by the machine and not the dial settings. The 
latter may be quite incorrect, especially in the case of tube
type circuits subject to drifting. 

These checks of operations and timing are more difficult 
in the case of traffic-actuated equipment, especially equip
ment of the volume-density type that employs the concept 
of parallel or alternate timing circuits. Because most of 

these timing aspects are nonlinear with traffic actuations, 
no simple visual check on timing can be made. In most 
cases, the only check that can be made is operational; that 
is, a visual examination of traffic movements, noting such 
indications of possible faulty operation as unequal queue 
buildup, excessive slack time, or failure to yield the green 
to demand on the major artery. 

A somewhat different problem is presented by opera
tional and timing checks at intersections that form part of 
a system. Although offsets, intervals, and phasing can be 
checked, additional checks are required to determine if the 
local controller is operating in the mode selected by the 
system supervisory master. Except for the simplest time
of-day type of operation, this will require obtaining infor
mation on the cycle lengths, splits, and offsets currently 
being generated by the master controller, which may be at 
a considerable distance. Two-way radio or telephone com
munications are usually used for that purpose. 

All detector electronics installed in the controller en
closure should be monitored for proper operation. The 
over-all purpose of this task is to ensure that the control 
equipment is operating as designed and is generating the 
desired phasing and timing under all conditions of demand. 
A local controller that receives timing instructions from a 
master or system supervisory controller should be dis
connected from the system to check on proper "free" 
operations. This does not apply to interconnected signals 
where the interconnection is for the main purpose of fur
nishing a background cycle or offsets to assure smooth 
progression. 

Clean, Oil, Adjust 

Most modern solid-state equipment is relatively free of 
routine and preventive maintenance requirements. Electro
mechanical and vacuum-tube equipment requires lubrica
tion and adjustment. 

For all types of control equipment, however, thorough 
cleaning of the interior of the control enclosure and of the 
exterior surfaces of the equipment is required. Fan filters 
should be changed as necessary. 

Field maintenance instructions of the control equipment 
manufacturer should be followed. This will include lubri
cation of moving mechanical parts, such as camshafts and 
gears; adjustment of relays; and inspection, and replace
ment if required, of contact points and indicator lamps. 

Repair 

Field repair of control equipment, as distinguished from 
the maintenance work previously described, is seldom 
done. If repair is needed,, the unit is usually removed, an 
equivalent spare is installed, and repairs are made in the 
shop. Many types of modern equipment are modular in 
construction and it is possible to restore a failed unit to 
proper operation by simple replacement of a plug-in mod
ule. Even in older equipment, dial units, external signal 
relays, and certain other items are replaceable without 
removing the entire controller. 

Shop repair of signal control equipment involves all 
work required to restore a unit to proper operation. With 



the more sophisticated modern units, especially those of the 
multiphase actuated type, troubleshooting is often the big
gest and most complex portion of the repair operation. 

Although many manufacturers recommend that repair 
work on the phase module or circuit board level not be 
attempted by the user and that these units be returned to 
the factory for repair, a surprising number of jurisdictions, 
including some relatively small ones, report that they are 
able to do controller repairs in their own facilities. Each 
agency must decide for itself which repair policy to adopt 
and then equip itself in accordance with that decision. 

Shop Overhaul 

Many agencies report that trouble calls and outages can be 
drastically reduced by periodic shop overhaul of control 
equipment. This is especially true of the older electro
mechanical and vacuum4ube equipment. The maintenance 
history of newer types of solid-state controllers is not yet 
extensive enough to make any conclusions or recom
mendations. 

Shop overhaul starts with a complete bench test and 
disassembly of the equipment. Each part is cleaned thor
oughly, tested, and replaced as required. Where experience 
or manufacturers' recommendations indicate, certain com
ponent parts, such as vacuum tubes, other electronic com
ponents, or relay springs, may be replaced periodically, 
even in the absence of overt signs of actual or incipient 
failure. The overhauled equipment is reassembled and 
tested again, usually with the aid of specially built test 
boards that can simulate all possible modes of controller 
operations. 

Agencies that have adopted this kind of preventive main
tenance report intervals between successive shop overhauls 
ranging from six months to two years. The recommended 
average interval appears to be about twelve months, de
pending on age and type of equipment and past mainte
nance history. Some agencies only schedule shop overhaul 
as a result of repeated failures of a component or in case 
of intermittent malfunctions that cannot be precisely diag
nosed in the field. 

Central Control Equipment 

Specially built digital computers or standard process com
puters increasingly are being used as central controllers and 
system supervisors for traffic signal systems. Each such in
stallation presents its own maintenance problem and no 
generalized recommendations on maintenance can be made. 
It is doubtful whether any agency, with the possible excep
tions of the three or four largest cities in the nation, would 
find it cost-effective to do maintenance with their own 
forces on the central computer and peripheral equipment. 
Thus, it is customary to award a maintenance contract for 
this work. Most jurisdictions that have followed this pro
cedure report that the maintenance contract is awarded to 
the computer manufacturer, to a service subsidiary thereof, 
or to an independent service firm with close ties to the 
manufacturer. 

Special maintenance problems may be faced by agencies 
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that time-share a large digital computer for traffic control. 
In this case the computer is used for other city business in 
addition to its traffic control function. The non-traffic 
function may represent the largest share of available com
puting time and the computer may be under the direct 
control of a different governmental agency. A possible 
problem arises from the fact that the principal user may be 
able to operate with a lower maintenance level, in terms of 
allowable response and down time, than the traffic agency. 
A "next business day" repair policy may have serious ef
fects on a traffic control system if a computer breakdown 
occurs at the beginning of a holiday weekend. Jurisdictions 
intending to follow this procedure should be careful to 
assure themselves of a proper maintenance level before 
initiating computer signal control. 

Software Maintenance 

Digital computer control of traffic signal systems requires 
a number of computer programs. These programs initiate 
and control timing, diagnosis, data collection, and other 
functions of the system. Although the original software 
package is customarily furnished with the computer equip
ment, the various programs must be updated and altered 
as the configuration of the computer controlled system 
changes, as additional timing routines and data processing 
routines are tried out, and as different reports on system 
performance are required. 

These procedures, known as software maintenance, are 
especially important in the first few years of computer sig
nal operations. With two or three exceptions, all existing 
installations are still in this initial stage. Furthermore, re
search now being carried out under the auspices of the 
Federal Highway Administration promises an improvement 
in the state-of-the-art of signal timing algorithms within the 
next few years. Use of such an improvement may require 
reprogramming. 

Most jurisdictions require that the original software sup
plier furnish software maintenance for a given period 
following initial programming ( one year appears to be 
customary). After the expiration of that period several 
different procedures are used. 

Nearly all jurisdictions have at least one person with 
sufficient computer programming experience to make mi
nor changes in individual intersection phasing, override 
instructions, and output format. The training for these 
individuals is often included in the original installation 
contract. Programming requirements of a more complex 
nature may be carried out by agency forces or by con
sultants. The degree to which a jurisdiction's own forces 
are used is usually dependent on the size and complexity 
of the system being controlled and the consequent extent 
of the programming needs. Competent computer program
mers are often available, on a shared-time basis, from other 
agencies of the government. Before making a decision on 
this point, however, the traffic agency should carefully 
examine the qualifications of the available personnel. A 
programmer, although well versed in scientific or business 
programs, may not have the real-time programming com
petence required for the signal control task. 
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MALFUNCTONS AND BREAKDOWNS 

A measure of the level of maintenance is how fast and how 
well malfunctions and breakdowns are detected and cor
rected. It is a function of detection, response procedures, 
c.nrrr,divr, mr,~~nrr,~ ~ncl fnllnw-11n_ -------- - ------------~ ----- ----- . --r· 

Detection 

A number of methods are used, singly or in combination, 
to detect traffic signal malfunctions. 

Patrol 

Although regular patrolling of all signalized intersections is 
desirable, 1t is not usually done because of budget and 
manpower limitations. However, critical portions of the 
signal system may be patrolled daily or even more fre
quentiy. These may be expressway controi and ramp 
metering systems, individual arterial systems, or control 
systems incorporating reversible-lane operations. 

Informal, and less ihan complete, patrolling of signal 

Employees of the traffic agency driving to work, or driving 
as a result of their other duties, may be requested or re
quired to take certain routes, or to vary the routes they 
take, and to report any actual or suspected signal mal
function encountered. 

The cooperation of the police department may be en
listed. Although police on patrol will generally report all 
overt instances of signal breakdown, they may not report 

made to elicit such reports. This effort must include an 
explanation of the importance of such reports, an explana
tion of how to detect common malfunctions and, possibly 
the most important, an explanation of how malfunction 
reports are to be worded so as to transmit the maximum 
amount of correct information. Many jurisdictions have 
established close working relationships between the traffic 
and police authorities in this respect. Many furnish written 
m~tPri!l] fnr fljQfrih11t-inn tri pnl-i~pmpn, flr fnr pneo!t-ing -in 

stationhouses. Some traffic agencies are assigned a definite 
function in the police training program. This includes both 
recruit training and periodic refresher training, For in
stance, one jurisdiction reports that a 4-hour session during 
the formal recruit training program is devoted to traffic 
signal operations and maintenance, with lecturers and in
structional material furnished by the traffic department. 

Other public employees, especially those who normally 
drive publicly owned vehicles equipped with two-way radio, 
can be enlisted in the patrolling effort on a formal or 
informal basis. 

Public Complaints 

Highway users, especially those who drive the same route 
daily, are usually extremely sensitive to any change in sig
nal control that may be the result of signal malfunction. 
They represent a potential patrolling force with complete 
and continuous coverage. However, although many juris
dictions report receiving a substantial number of com-

plaints of malfunctions from the public, little organized 
r,ffnrt in this clirPr.tion h~s hPPn rPnnrtPrl ------ --- ----- -·--------- ----- ----- --r------

To use the public in this inspection and patrolling effort 
there must be widespread knowledge of three items: what 
to report, how to report, and where to report. Especially 
in locations w·ith n1ultiple juiisdictions, such as overlapping 
city, county, and state signal maintenance responsibility, 
the last point may become extremely important. Some 
jurisdictions label the controller cabinet with the name of 
the owning agency; a few also stencil a telephone number 
for trouble reporting. Special telephone numbers for re
porting may also be listed in local telephone directories. 

Efforts to enlist the public include an educational pro
gram with the help of the media, lectures in driver train
ing programs, and a widely disseminated, easy reporting 
procedure. A special effort should be made to obtain the 
cooperation of fleet operators, especially those whose ve
hicles are equipped with two-way radio. 

Rush-hour aircraft traffic surveillance, operated as a pub
lic service by radio stations, often can be a source of 
indications of traffic signal malfunctions. 

Self-Detection 

The built-in diagnostic capability of centrally controlled 
and interconnected traffic signal systems is becoming an 
important source of malfunction detection for these 
systems. 

These diagnostic features may indicate ( via CRT dis
play, hard copy output, or indicator lights) the integrity of 
the communications circuit, the availability of power at the 
local intersection, and the status of local timing, as com
pared to the instructions transmitted by central control. 
Self-diagnostics can determine whether the local controller 
is sending the proper commands to the signal heads; they 
cannot determine whether the appropriate indication is 
actually being displayed. Self-diagnostics may be able to 
discover complete detector outages; they cannot, except 
possibly by inference, recognize intermittent missing of 
vehicles. 

Other indications are available in those systems that em
ploy detectors as traffic sampling devices and where de
tector impulses are transmitted to central control. With 
appropriate programming, the computer can make inferen
tial judgments, on the basis of detector information, as to 
the probability of a signal malfunction. 

In most cases, diagnostic messages received from a cen
tral computer are inadequate to initiate remedial action and 
usually must be followed up by a physical inspection of the 
affected location. 

Other Detection Methods 

Most agencies use a combination of the foregoing methods 
for malfunction detection. Although exact records on call 
origin are not always kept, a number of agencies indicate 
that either their own forces or the police constitute the 
biggest source of malfunction and breakdown reports. If 
contract signal maintenance is used, a portion of the pa
trolling and malfunction detection burden is assumed by 
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the maintenance contractor. Where frequent patrolling of 
street lighting is a common practice, this can be combined 
with a partial patrol of the traffic signal system. 

Communications 

Reports of signal malfunction or breakdown are received 
from the agency's own forces, from the police, or from the 
public. 

Reports from an agency's own forces are usually re
ceived by radio, telephone, or in person. Larger traffic 
agencies usually have their own radio system. Smaller 
agencies may share a radio system with other public agen
cies. In one agency with limited radio capacity, the traffic 
forces have been instructed not to report minor signal mal
functions over the air during periods of heavy communica
tions traffic. These reports are deferred for light traffic 
periods, made via telephone, or made in person when the 
employee returns to his office. 

Reports from the police generally are first received by 
the police radio dispatcher. They are then transmitted to 
the traffic department communications center. This may 
be by regular telephone, dedicated hot-line telephone, or 
radio. Where the physical location of these two agencies 
permits, reports may be hand carried. 

Reports from the public are usually made by telephone, 
frequently by letter, and occasionally in person. Because 
most locations in the United States have multiple govern
mental jurisdictions (state, county, township, and city) the 
report may not be received by the proper government. 
Moreover, the report may be received at any agency within 
the government and at any office therein. 

Calls to City Hall operators concerning state- or county
maintained traffic signals within the municipal limits are a 
fairly frequent occurrence. The manner of handling these 
misdirected calls varies between jurisdictions and may vary 
even within different offices of the same jurisdiction. The 
employee handling the call may take down the pertinent 
information and route the report, via internal governmental 
channels, to the proper office. Alternatively, he may refer 
the caller to the proper office. Each method has its advan
tages. If the complaint is handled by the first person 
reached, the inconvenience to the caller is minimized, thus 
encouraging further reporting and enhancing the public 
image of government. On the other hand, the person tak
ing the report is not likely to be acquainted with the tech
nical aspects of signal maintenance, or with aspects of over
lapping signal jurisdictions, and may not be able to obtain 
the maximum amount of pertinent information from the 
caller. However, he may be able to obtain the caller's name 
for callback by the appropriate official. If the caller is re
ferred to another number ( considering the size of govern
ment and the ignorance of its specific functioning on the 
part of some employees, there may be a number of succes
sive referrals), he is put to a great deal of trouble and may 
easily give up in disgust. However, if the call can be 
routed internally to the proper party with little loss of time, 
these objections can be overcome. Redirecting of calls has 
the advantage of placing the caller in touch with an indi-
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vidual who can obtain all essential information expe
ditiously. 

To maximize the public as a reporting source, it appears 
advisable that all government employees in contact with 
the public, and especially central telephone operators, be 
trained in the proper method of receiving, recording, and 
relaying information concerning signal malfunctions. A 
checklist type of report form (Fig. 4) can be of consider
able help in this. 

Response Procedure 

The response procedure covers dispatching of repair forces 
in response to a malfunction or breakdown report. 

Dispatching 

After a report of a malfunction has been received, the 
traffic communications center transmits the information 
directly to a maintenance dispatcher or superintendent. 
These two functions-traffic communications center and 
maintenance dispatcher-may be combined into one. In 
most cases, however, the signal maintenance function 
(shop, garage, warehouse) is physically separate from the 
traffic department offices. The communications link may 
consist of regular or hot-line telephone or radio. At least 
one jurisdiction with contract maintenance has established 
a teletype link between the main offices of the traffic de
partment and the control center of the contractor. 

The maintenance dispatcher or supervisor mobilizes the 
forces necessary for corrective action. This may be on a 
verbal or written basis to a work crew present at the shop 
or by radio to a crew in the field. 

If more than one man or crew is available, selection may 
be based on geographic location, work load, or the type of 
work to be done. One jurisdiction, which also does its own 
signal installation work, makes a great effort to have all 
maintenance and repair work done by the installing 
personnel. 

Repair is usually on a first-come-first-served basis; there 
may be formal or informal priority schemes, however, de
pending on the importance of the affected intersection and 
the severity of the indicated problem. Major signal break
downs are invariably given priority. For malfunctions the 
individual repairman or crew is usually given some discre
tion in scheduling the work. Factors in scheduling include 
minimizing travel time, expected time to be spent at each 
location, and known traffic patterns. 

The dispatching procedure may be extremely informal if 
only a few repairmen handle all calls. It may be quite 
formal for large systems having a number of supervisory 
levels and crews. The procedure also tends to be more 
formal if the maintenance function rests with another gov
ernmental agency, with a public utility, or with a private 
maintenance contractor. More than one agency may be 
involved where specialized equipment (such as cranes) is 
shared by a number of agencies. 

The one exception to this dispatching routine occurs 
where a malfunction is repaired immediately by a repair
man or crew on patrol or en route to another assignment. 
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DEPARTMENT OF PU!L!C WORKS - TRAFFIC AND PLANNING DIVISION 

Traffic Signal Section 

Trouble Report 

Intersection No. ___ _ 
l{eported by ________________ Ti111l:! Call Received ____ _ Date _____ ~ 

Maintenance Division-------~ Truck No ·------ Time Technician Notified ______ ~ 

Time Arrived _______ _ Time Completed _______ _ Total Travel Time ________ _ 

Red Yellow Green Signal Don't Walk Walk Not Op- Power Check 
Out Out Out Out · Out Out erating Failure Timing 

Trouble 
Reported 

Trouble 
Found 

Description of Work Performed ______________________________ _ 

Materials Used on this Call 

Revised 
Timing 

q,A 

q,B 

Technician(sl--------------------------- Date _______ ~ 
Approved by ___________________________ Date _______ _ 

Figure 4. Malfunction report. 

-. 



Time from Breakdown to Repair 

The time until repair ( that is, the downtime of the traffic 
signal installation) is an index of maintenance level. This 
time can be broken into three segments. 

Breakdown to Detection.-It is difficult to obtain data on 
the time between breakdown and detection. The time of 
breakdown, or beginning of malfunction, cannot be deter
mined unless the equipment has self-diagnostic and re
cording functions or physical damage is observed when it 
occurs. In general, detection rapidity is a function of pub
lic awareness, patrolling frequency, severity of the malfunc
tion or breakdown, and traffic volumes. 

Detection to Dispatch.-Two time intervals are involved 
between detection and dispatch. The first is the time be
tween detection and notification of the dispatcher. This 
time may be only a few minutes if the breakdown or mal
function is detected by a highway employee with a radio
equipped vehicle, or by the police. It may be delayed con
siderably when a citizen makes a report to the wrong 
government or agency. The second time interval occurs be
tween receipt of the notification by the dispatcher and the 
actual dispatching action. Frequently a repair crew can be 
dispatched immediately. However, the dispatching some
times is delayed, as the dispatcher may be overloaded and 
not able to attend to the notification report immediately, 
particularly if several reports are received in a short period 
of time. Delays also will be encountered if the signal main
tenance dispatcher is assigned other duties and, especially, 
if the other duties are assigned higher priorities. Delays are 
more probable where a police or fire dispatcher also acts 
as the maintenance dispatcher. Delays will occur if the 
dispatcher has no available open radio or telephone chan
nels. Another delay occurs if all available crews are busy 
or out of communications contact. 

Many agencies dispatch immediately upon notification 
of a breakdown or malfunction. The work is assigned to 
a crew and the backlog, if any, is theirs. This means that 
the crew has been dispatched to a number of different 
locations to do work according to some prearranged pri
ority order. Other agencies keep the backlog with the dis
patcher for greater flexibility; the dispatcher sets the pri
orities and informs maintenance crews of their next assign
ment only upon completion of the current one. 

Various combinations of these dispatch methods are 
possible. The dispatcher may not begin to hold assignments 
until each crew has a certain maximum number of un
completed ones; this number may be fixed or may be a 
function of expected total time of assignments or time re
maining on shift. The dispatcher may assign a minor mal
function to a crew, to be attended to when feasible; a 
breakdown will be held for priority dispatching of the first 
crew to complete its current assignment. Or, a priority 
assignment may be given to a crew to be attended to next, 
whereas a relatively minor report may be held until some 
crew, as the result of other assignments, is in the neighbor
hood of the malfunction. 

Adoption of any of these policies depends on the num
ber of available crews, geographical distribution of crews 
and signal installations, experience and degree of responsi
bility of the dispatcher and of the work crew, and other 
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factors. However, the specific policy adopted should have 
little effect on total time to repair. For instance, a policy 
where the backlog is with the dispatcher will increase the 
time between notification and dispatch. This, however, will 
be offset by a corresponding decrease in the interval from 
dispatch to completion of repairs . 

Dispatch to Completion of Repair.-There are three 
time intervals from dispatch to completion of repair. The 
first is the time necessary for a crew to assemble or to 
complete previous assigned work. This time depends on the 
dispatch policy previously discussed and the total number 
of crews available. 

The second interval is the time necessary for the assigned 
crew to reach the site. The travel time will depend on local 
traffic conditions and distance. However, the distance to be 
traveled depends on the number of crews available, the 
total area of the maintenance jurisdiction, the geographical 
crew assignment plan, and location of maintenance yards. 

The third interval is the time needed to make repairs. 
This time will depend primarily on the cause of the mal
function or breakdown and the type of equipment. The 
rapidity of diagnosis may depend on the kind of routine 
and preventive maintenance the equipment received. Other 
factors affecting the speed of repair include the training of 
the maintenance crew, their equipment, and the spares and 
parts carried. 

Off-Hours Emergency Response 

Different methods are used to cover emergency repairs oc
curring outside of regular working hours. A few agencies 
keep full operations on a 24-hour basis. These are usually 
the largest cities or those that employ maintenance con
tractors. Others reduce their level of operations during off
hours, keeping a minimum number of crews to react to 
serious breakdowns. Many smaller agencies have mainte
nance personnel on a rotating duty roster to be called at 
home for emergency repairs. These agencies may keep a 
traffic maintenance dispatcher on 24-hour duty. However, 
a more common practice is to transfer these dispatching 
duties during off-hours to a police dispatcher, who calls the 
designated repair crew or duty foreman. A few jurisdic
tions have no planned response procedure for off-duty 
hours or for parts thereof (such as from midnight to 
6 :00 AM). In those jurisdictions, police are usually in
structed in signal shut-down procedures and are provided 
with STOP signs for use where signals cannot be put on a 
flashing basis. Emergency repairs that cannot be delayed 
( such as signal knockdowns) are handled on an ad hoc 
basis. 

The decision as to which procedure is to be followed is 
usually made on the administrative level, with cost con
siderations playing a major role . Civil service and union 
rules, and overtime pay practices, are factors in evaluating 
the costs. For instance, some contracts require pay for a 
minimum number of hours (as high as three or four hours) 
for every call-out after normal working hours, irrespective 
of the time actually taken. Abuses of overtime premium 
pay have been reported, including unnecessary extension of 
after-hour repair work and deliberate delaying of regular 
shift work until the overtime period. 
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The ideal maintenance program would consist of full 

zation of maintenance equipment and minimum inconve
nience, delay, and hazard to the motoring public. It has 
the added advantage that certain maintenance and repair 
operations, especiaiiy those requiring temporary signal 
shutdown or occupation of the traveled way, can be ac
complished more conveniently and rapidly during lightly 
traveled nighttime hours. This procedure is, admittedly, 
more costly and may not be economically feasible in those 
jurisdictions with a relatively small number of signals. 

Corrective Measures 

Several measures c,in b,. taken to correct malfunctions or 
breakdowns. The measure used is that which is appropriate 
for the type of trouble encountered. 

Repair 

Repair involves performing all work necessary to com
pletely correct the malfunction or breakdown. In nearly 
every case it is the preferred procedure. 

Obviously, complete repairs cannot be accomplished in 
all instances. For example, proper spares, parts, or equip
ment may not be available, or physical damage may require 
replacement of concrete or other work that cannot be done 
immediately. In these cases the signal operation may be 
downgraded, changed to flashing, or shut off. 

Downgrading 

Downgrading includes all those repairs in which a traffic 
signal installation is made operative, but in a manner dif
ferent from the design operation. In nearly every case this 
means a loss in phasing, timing, or offset flexibility; loss of 
one of multiple indications; or recall instead of actuation 
for one or more phases. 

Downgrading, in many cases, is the result of installing 
spare control equipment while repair work is performed on 
the controller. This spare equipment may not have all the 
features of that originally insta!!ed. Downgrading can also 
be the result of detector failure, with the control set to 
recall for the applicable phases. Other examples include 
loss of a protected turn phase, of pedestrian indications, 
or of interconnection circuits. 

An intersection may have to be downgraded because ap
propriate spare equipment is not available or because the 
repair crew is unable to repair the defective equipment in 
the field. This depends on the skill and experience of the 
crew, the type of equipment and spare components carried, 
and the sophistication and maintainability of the control 
equipment. 

The decision to downgrade or to repair a signal installa
tion depends on the maintenance policy followed. For in
stance, some jurisdictions instruct their emergency repair 
crews to spend as little time as possible at any one location. 
The minimum amount of work necessary to restore some 
kind of signal control is done, and permanent repair work 
is left to a follow-up visit by a regular maintenance or con
struction crew. This frees emergency repair crews for other 

calls in the shortest time possible; however, the intersection 
operates m:.dei les:s G1au upiimum conirol for a ionger 
period of time. Other jurisdictions follow this "minimum 
work" procedure only for calls made outside of normal 
working hours, during relatively heavy traffic conditions, 
during periods of adverse weather, or under some other 
predefined set of conditions. Others try to minimize down
grading by requiring that the responding crew spend as 
much time as necessAry ;it the lo,ation and, if possible, 
repair the signal installation without a follow-up visit. 

Flashing Operations 

An intersection with defective control equipment can be 
placed on flashing operations if power is available and in
dications for all approaches remain operative. This pro
cedure allows work to be done on the control equipment 
and other portions of the signal installation while retaining 
a more effective degree of control than that afforded by 
STOP signs. 

Flashing operation is usually actuated by means of a 
flasher permanently installed in the controller cabinet and 
wired to give the proper indications. This is the recom
mended procedure, although flasher units can be carried 
by the maintenance crew and installed upon arrival. When 
flashers are permanently installed, the control switch to 
shift operations to flashing is usually installed in a separate 
panel accessible to the police. Flashing signal operation 
can bt supplemented by police control during periods of 
heavy traffic. 

Signal Shutdown 

Signals must be turned off if work on the controller is 
necessary and external flashing capability is not provided, 
or if the work to be done would be hazardous because 
of live electrical circuits. Selective shutdown should be 
avoided and at no time should all indications to one 
approach be turned off while other approaches remain 
under signal control. However, it is possible to disconnect 
individual signal heads, if multiple indications are provided, 
or individual detectors, if the controller has a recall 
capability. 

If signals are turned off completely, for howt:ver short 
a time period, alternate traffic control methods must be 
employed. These fall into two general classes: police or 
flagman control, or control with STOP signs. The type of 
control depends on the time of day, the traffic flow, and 
the expected duration of the signal shutdown. 

Flagman control is rare and is used only for very short 
intervals while the maintenance crew is occupying the site. 
At busy intersections traffic control is usually left to trained 
members of the police department. 

Police traffic control is often initiated well before the 
arrival of the maintenance crew. This is especially the case 
if the outage is first detected by the police or first reported 
to the police. In those cases, police control will usually 
continue until the signals are made operative again. For 
long outages, the police traffic control may be replaced by 
STOP-sign control. 

The decision on whether police or STOP-sign control 

. .. 
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should be used in cases of signal shutdown, or whether 
the STOP-sign control should be two-way or four-way, is 
critical to the flow of traffic. This decision is made by 
responsible officials of the traffic department who can take 
all pertinent factors into account. In case of extended shut
down, STOP-sign control may be supplemented by police 
control during peak traffic or school crossing periods. 
Traffic engineering considerations may indicate the need 
for advance warning signs or the retiming of adjacent inter
sections to minimize the effect of an extensive shutdown. 
Many jurisdictions have established contingency plans that 
indicate clearly, for every signalized intersection in the sys
tem, the type of alternate control to be used as a function 
of time of occurrence and expected duration of the outage. 

Follow-Up Procedures 

Follow-up includes all work scheduled at locations where 
emergency repairs did not completely restore service. 
Maintenance work will only be considered as follow-up if 
it does not occur in the same shift as the emergency re
pairs or if it is done by a different maintenance crew. 
Follow-up work can be scheduled, the resources necessary 
to complete the work are known, there is a good indication 
of how long the work will take, and the time pressure to 
commence and complete the work may be somewhat 
decreased. 

Scheduling of follow-up may include formal work order 
issuance by a foreman or superintendent or an informal 
knowledge on the part of a specific crew that they must 
return to a given location as soon as possible. Where 
maintenance is done under contract, a work order to a 
maintenance contractor may be required or a special con
tract may be awarded. 

Work orders for follow-up work should be reviewed by 
the responsible official to determine if other work can be 
done at the same time ( e.g., upgrading, alteration, normal 
maintenance) . 

A few jurisdictions have a policy to keep the same piece 
of control equipment at the same loi:;ation. In those juris
dictions a complete repair using substitute equipment will 
require a follow-up, as the original equipment must be 
returned to the site after shop repair has been completed. 
Such exchanges are usually scheduled on an opportunity 
basis whose urgency depends on the total number of avail
able spare units of a given type. Most jurisdictions, how
ever, do not follow this policy. 

After completion of permanent repairs, additional pa
trolling and inspections may be required to ensure proper 
operation. Adjustments may also have to be made to 
inspection schedules, especially if those schedules are 
developed as a function of equipment age. 

RESOURCES REQUIRED 

The type and quantity of manpower, equipment, supplies, 
and parts required will depend on a number of local fac
tors. The following discussion gives a general appreciation 
of these factors and lists those considerations common to 
all jurisdictions. 
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Manpower 

By far the most important resource is the manpower de
voted to the maintenance effort. 

Skills and Number 

Several different skills are needed for accomplishment of 
the maintenance effort. Although job titles and job descrip
tions vary from one jurisdiction to another, the distinctive 
skills required are implicit in the description of the main
tenance effort. Examples of formal job descriptions are 
included in Appendix B. Agencies with a considerable 
amount of solid-state equipment may want to place addi
tional emphasis on experience with solid-state technology. 

The basic maintenance tasks are site inspection; repair 
and installation of signal equipment; and bench repair of 
electromechanical, vacuum-tube, and solid-state electronic 
equipment. Thus, the primary skills required are elec
trician, lineman, and electronic technician (Fig. 5), supple
mented by other skills as required. In some areas, indi
vidual members of the maintenance crew may possess more 
than one of these skills. Some skills, such as operators of 
specialized equipment, can be borrowed from other 
agencies. 

Administrative and clerical workers may be a part of the 
maintenance organization or they may be shared with other 
sections of the agency. 

The number of personnel assigned to traffic signal main
tenance depends on the number of installations maintained, 
the installation density, the type and age distribution of the 

Figure 5. Signal technician. 
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signal installations, and the level of maintenance. No cor-
relation bct\vccn the number cf !nst~H~ticns ~nd the num.-
ber of personnel could be determined. Ratios from one 
man for every ten installations to one man for almost one 
hundred have been noted. Many jurisdictions were unable 
to indicate the number of man-years used annuaiiy for 
traffic signal maintenance because their maintenance per
sonnel were also engaged in new construction and recon
stmction or in maintenance other than traffic signals. 

Training 

Signal maintenance personnel require the skills specifically 
applicable to traffic signal installation and maintenance, as 
well as the skiiis of iheir particuiar trade. Bel:ause traffic 
signal installation and maintenance is almost exclusively a 
governmental function, no extensive pool of the necessary 
skills exists in private industry. Although there is some hir
ing of trained personnel from other agencies, most of those 
engaged in traffic signal maintenance receive their training 
within the maintenance organization. 

trance requirements and hiring policies. Thus, some juris
dictions will hire only experienced electricians or electronic 
technicians. Industry and the armed forces are the primary 
sources. At least one jurisdiction requires some formal 
technical training beyond the high school level, but not 
actual experience. Another jurisdiction has no entrance 
requirements other than high school graduation, but has 
instituted a formal apprenticeship program, including both 
academic and practical training. 

Informal training consists substantially of learning on the 
job from more experienced personnel. This may be supple
mented by financial assistance and/ or time off for attend
ance at technical training courses. 

Formal training of signal maintenance personnel can 
take many forms. It can range from short lectures by ex
perienced personnel within the department to extensive 
schooling. Training in signal maintenance is available from 
a number of sources. The courses may be devoted solely 
to signal maintenance or may include signal maintenance 
in a program designed to train traffic signal technicians. 

Training may be organized by schools and universities 
either as short courses or as part of a regular curriculum 
that may even lead to a degree. Training courses also may 
be offered by unions or by local sections of technical or
ganizations, notably the International Municipal Signal As
sociation. In some instances, state highway departments 
have organized and conducted formal signal maintenance 
training sessions for employees of municipalities and coun
ties within the state, as well as for the state's own forces. 

Another source of formal maintenance training is the 
various manufacturers of traffic signal equipment. Al
though most of the major suppliers claim to provide such 
instructions, actual practices vary widely. For instance, one 
manufacturer has regularly scheduled courses of about a 
week duration at his facilities. Three separate courses are 
offered covering three distinct classes of signal control 
equipment. The manufacturer bears all costs of the train
ing, including living expenses, but not transportation. 

Another manufacturer has irregularly scheduled, regional 
fr'.l1n1ng cpccinnc- f"'l"HTP'f"ing m,;:i,1ntt:ton'.lnf"P !:IC'pPf"fc nf 'hlc Pq11ip-

ment. A third conducts training sessions at the customer's 
facility when requested to do so and if a minimum attend
ance is guaranteed. Manufacturers are also a prime source 
of signal mainienance iiieraiure for use in iraining courses. 
Because the practices of the various manufacturers in this 
regard change fairly frequently and may differ from one 
region of the country to another or among various cus
tomers, interested traffic maintenance officials should obtain 
current information directly from specific suppliers. 

Several signal maintenance agencies have been able to 
convince local technical colleges and trade schools to 
schedule courses and have assisted these institutions in 
developing course material. State highway departments 
have also been successful, in some instances, in having 
state universities develop and offer short courses ( e.g., 
Georgia Institute of Technology). Signal maintenance of
ficials should be aware of the training opportunities avail
able in their geographical areas and should encourage their 
personnel, as much as possible, to take advantage of these. 

Overtime and Standby Procedures 

Overtime procedures involve compensatory time, straight 
pay, or premium pay. These procedures depend on local 
laws and regulations, civil service rules, and union con
tracts. Some jurisdictions can require overtime work, 
others may only request. 

Procedures on staffing multi-shift operations vary. One 
jurisdiction has a normal complement for the first shift, 
half that number for the second shift, and a skeleton crew 
for the third shift. Other jurisdictions keep two shifts 
manned fully and rely on standby arrangements for the 
third shift; some have complex duty rosters for rotating 
personnel among the various shifts. 

Formal standby procedures to be used outside of regular 
working hours can take a number of forms. The standby 
crew may be the only maintenance force available; it may 
be called only if the amount of work required is too much 
for the skeleion crew on duty. In one jurisdiction, every 
regular maintenance man is assigned responsibility for a 
number of installations near his home. In another jurisdic
tion, a foreman is on call and is responsible for making the 
necessary arrangements for the required repair work. In 
still another jurisdiction, the dispatcher calls names from 
a priority call list, which is changed at regular intervals. 
Different procedures may be followed at different times 
( such as before or after midnight) or they may differ 
between weekday nights and weekends. 

Whichever procedure is used, the personnel must be fully 
aware of what is expected and under what conditions they 
may be called. Furthermore, the dispatcher must know 
exactly whom to call under which conditions and what 
steps to take if the primary respondent cannot be reached. 
Because it is desirable for the person on standby to proceed 
directly to the location of the outage when called, it will be 
necessary for him to have tools, equipment, parts, and 
spares on hand or readily available. 

The possibility always exists that some natural or man
made disaster or some particular combination of circum-
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stances will overtax all facilities of the maintenance or
ganization. Standby procedures for this possibility have not 
received sufficient attention in most signal maintenance or
ganizations. These procedures would not depend on the 
use of skilled personnel borrowed from other agencies 
(because it is likely that the circumstances will also affect 
the normal functions of those other agencies) but may 
include standby arrangements with local contractors. 

License and Union Requirements 

Some jurisdictions require all maintenance men to be li
censed as journeymen electricians; others require this only 
of foremen or of some senior personnel. Licensing may 
be a hiring requirement or a promotion prerequisite. Local 
practices and applicable state laws will play a major role 
in the decision as to the procedure used. 

Some types of control, detection, and interconnection 
equipment require that personnel directly involved with 
operation and maintenance hold appropriate FCC licenses. 
It is the policy of some jurisdictions to reimburse their 
personnel for the cost of obtaining and renewing these 
licenses, including, in some cases, the costs of the neces
sary training. Agencies engaged in traffic signal mainte
nance would be well advised to procure copies of all perti
nent FCC regulations and to keep these up to date. 

Some jurisdictions have unions, others do not. These 
may be electrical craft unions, general industrial unions, or 
unions of public employees. In those jurisdictions that have 
unions, responsible officials of the traffic signal maintenance 
agency must make sure that the union contract reflects the 
particular requirements of the signal maintenance function. 
Some jurisdictions report that their operations have been 
hampered or made unduly costly by requirements of city
wide union contracts that did not account for signal main
tenance requirements. 

Foremen, Supervisors, Technicians 

The need for supervisory personnel depends on the size of 
the signal system to be maintained, the level of mainte
nance involved, other functions assigned to the signal 
maintenance forces, and other factors. 

In most jurisdictions, one person is in charge of signal 
maintenance. A number of intermediate levels of super
vision may be provided, depending on the size and com
plexity of the system to be maintained. These intermediate 
supervisors may be in charge of defined geographical areas 
or functional units. Thus, one may be in charge of emer
gency crews, another in charge of follow~up work, a third 
in charge of central shop and warehouse facilities, and 
so on. 

The actual maintenance work is under the direct con
trol of a foreman, although there is some supervision by 
journeymen over apprentices, aides, or laborers. Foremen 
assist with the work, depending on local practices, union 
contracts, and crew sizes. 

In most jurisdictions, foremen are promoted from the 
ranks of signal maintenance workers. The same may apply 
to other supervisory levels, although the higher levels, es-
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pecially in the larger jurisdictions, are usually filled by 
engineers. 

Two types of technicians are involved in traffic signal 
maintenance work. The first are highly skilled persons 
capable of working on complex electronic equipment, in
dividual components, and circuit boards. These technicians 
usually have one to two years of formal trade school or 
technical college training. Military veterans with experi
ence and training in electronics and radar have been a 
major source of technicians. 

The second type of technician is the one capable of per
forming such items as timing, inspection, and patrolling of 
installations to ensure functional adequacy. Field evalua
tion of new equipment may also fall into this classification. 
Persons engaged in these activities usually have some for
mal traffic engineering and general technical training. How
ever, it is not unusual for signal maintenance workers, 
through experience and on-the-job training, to acquire the 
necessary skills to be promoted into this technician 
classification. 

Personnel Recruitment and Retention 

Recruitment of signal maintenance personnel follows the 
prevailing practices for other local public employment. 
Thus, there may be open hiring and firing, or a civil service 
system with or without competitive examinations. A hiring 
system using a recognized labor union hiring hall may be 
used. 

Few jurisdictions reported any difficulty in filling au
thorized and budgeted positions. Exceptions to this oc
curred in positions requiring a high degree of skill, such 
as solid0 state repair technician. However, this generally 
favorable picture is distorted by the serious financial crisis 
that prevents most public agencies from expanding their 
signal maintenance forces, even when such expansion is 
needed by an increase in signal system size, complexity, 
or age. These budget pressures have led to total or partial 
hiring freezes that prevent vacancies from being filled. 

If a maintenance organization cannot pay prevailing 
wage rates it will be unable to compete in the labor market. 
Unrealistic salary schedules are caused by failure to appre
ciate fully the types of skills required for proper mainte
nance of sophisticated traffic signal systems and the con
sequent necessity to pay higher than normal maintenance 
or electrician rates. Maintenance organizations compete 
with electrical contractors, utility companies, and electrical 
and electronic manufacturers. In some areas with large 
industrial plants or considerable construction activity, cer
tain skills may be completely unavailable. 

Signal maintenance organizations sometimes compete 
with each other, especially in areas where maintenance 
jurisdictions overlap. This may occur because of different 
pay scales between governments. Many state highway 
agencies have statewide wage scales for their signal main
tenance personnel. One agency found that the statewide 
rates were satisfactory and competitive in the rural areas, 
but encountered problems in retaining trained personnel in 
the larger urban areas where municipal governments had 
a higher pay scale. 

Maintenance jurisdictions that follow a policy of train-
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ing their own personnel, rather than hiring experienced 

employees once their training is complete. In extreme 
cases, these organizations may act as nothing more than 
a training ground for other users of the same skills. A 
training program of this kind can be seif-defeating unless 
it is coupled with a salary scale, working conditions, and 
fringe benefits sufficiently attractive to retain the trained 
personnel. 

Use of temporary employees is not common in traffic 
signal maintenance work. The few instances of temporary 
personnel reported were mostly for such purposes as sup
plementary inspections,, inventory, signal painting, etc. 

Field Equipment 

The type and quantity of field equipment required depends 
on the characteristics of the system to he m11intained. 

Automotive Equipment 

Automotive equipment is required for patrolling and for 
transporting maintenance crews and equipment to the job 
site. In some jurisdictions, employees use their private 
vehicles on a mileage reimbursement basis; however, the 
use of publicly owned vehicles is more common. Vehicles 
are usually assigned to individuals, but some agencies use 
a central motor pool. Types of vehicles include passenger 
cars, pickup trucks, vans, and other trucks with special 
utility bodies. 

Specialized vehicles include heavier trucks, often 
equipped with power tailgates, used for transporting heavy 

Figure 6. Cherry picker for siR1ial 111ai11te11a11ce. 

equipment and parts to the job location. These are often 
equipped with 5pecial rack~ dc:~ig11c:J lu .:any lung mast 
arms and mast arm poles. Every jurisdiction has special 
equipment to enable the work crew to safely reach high
mounted signal heads. These may include platform trucks, 
cherry pickers (Fig. 6) , or truck-mounted aerial ladders. 

Other equipment that is usually available to the mainte
nance organization includes air compressors, concrete saws, 
and possibly cranes ;rnd cnncrnte: mixe:r.~ For each type of 
equipment required, a decision is made to buy, share, or 
rent it. Standard procedures are available to make this 
determination on a least-cost basis. It is important to in
clude a factor for the varying times required to mobilize 
the equipment. 

Tools 

Small hand-tools may be furnished by either the mainte
nance organization or the individual employee. Larger 
tools, such as portable power-tools, and special alignment 
tools for the control equipment, are almost always furnished 
by the maintenance organization. 

When tools are furnished by the maintenance organiza
tion some type of control is required to prevent abuses. 
One jurisdiction has adopted a policy of making an initial 
distribution of tools to each employee. Tools failing or 
wearing out in service are replaced. However, tools lost 
due to negligence on the part of the employee must be 
replaced by him. If a control scheme is not used, the 
purchase of small replacement tools can become a major 
expense. 
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Test Equipment 

Test equipment used includes both standard electrical test 
equipment (such as voltmeters) and specialized equipment, 
often custom-made, designed to check specific controller 
and detector functions. Test equipment is usually fur
nished by the maintenance organization, although it is not 
unusual for experienced electricians to use their own. 

Miscellaneous 

Hard hats and high-visibility vests are furnished by the 
maintenance organization and are required whenever work 
is done in and near the roadway. Foul-weather gear and 
special shoes may be furnished by the organization, or may 
be furnished by the individual employee with or without a 
financial allowance by the employer. 

A number of jurisdictions issue uniforms or standard 
work clothes, with organization identification, to all their 
employees. In most cases, these are rented from an indus
trial uniform service that furnishes clean replacements at 
stated intervals. Many jurisdictions, from a public rela
tions point of view, require neat, uniform work clothes for 
employees that are in contact with the public. 

Because field maintenance personnel may be required to 
enter upon private property or deal with utility companies, 
the police, or other public agencies, they should be pro
vided with official identification and required to carry this 
with them at all times when on duty. 

All maintenance crews should be trained in the proper 
use of portable barricades, cones, flashers, and appropriate 
warning signs required for protection of the work site. 

Signal Repair Shop 

Major reconditioning, overhaul, repair, and bench testing 
of traffic signal equipment are done at a signal repair shop 
(Fig. 7). 

Number and Location 

Only the largest jurisdictions have more than one signal 
shop, because of the relatively large investment required 
for equipment. It is possible to have the shop work split 
between two locations on a functional basis, such as 
electromechanical and solid state, but this is rare. 

Ideally, the signal repair shop should be located to mini
mize travel time from all points of the system, especially 
because the shop is usually combined with the parts and 
spares warehouse. In practice, however, only a few juris
dictions have signal systems large enough to warrant a 
separate building and the signal shop is usually located in 
any available publicly owned building. In many jurisdic
tions it is combined with the sign shop. 

Adequate space, power, and ventilation, and ease of 
access for truck loading and unloading, are necessary. The 
shop usually serves as headquarters for the maintenance 
crews and thus should have such facilities as personal lock
ers and washrooms. Offices may be provided for super
visory personnel. 
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Tools 

The tools required in a signal repair shop are the basic 
hand-tools, as well as certain special alignment tools and 
wrenches required for working on specific pieces of signal 
equipment. If damaged signal heads and posts are re
conditioned, pipefitters' tools, spray-painting equipment, 
and metal cutting and welding equipment are required. 
Most shop tools and equipment are furnished by the 
agency. 

Test Equipment 

Test equipment for traffic signal work consists of such 
standard items as VTVMs, oscilloscopes, and substitution 
boxes, and custom-made equipment for signal testing. It is 
customary for the signal shop to contain a number of work 
stations. At each station, test panels and meters are in
stalled to test and troubleshoot a specific type, or family of 
types, of control equipment. Test boards may be purchased 
or they may be made by the shop personnel. The number 
of stations required for each type of equipment depends 
on the number in operation, the shop overhaul frequency, 
the expected breakdown rate, the average time spent on 
each overhaul or breakdown repair, and the utilization 
(number of shifts) of each station. If acceptance testing 
of new equipment is also done at the same location, this 
must be taken into account when determining the number 
of stations needed. 

Some larger jurisdiGtions have recording meters, envi
ronmental test facilities, and other specialized equipment 
to perform elaborate tests on new equipment. Special 
equipment is required to repair, adjust, and calibrate items 
subject to FCC regulations. 

Storage Requirements 

Storage facilities at the shop are required for tools, equip
ment, parts, supplies, and equipment awaiting repair (Fig. 
8). In conjunction with the signal shop, most jurisdictions 
operate warehousing facilities where additional parts, equip
ment, and supplies are stored. 

Several agencies, with large geographical areas to cover, 
have established a system of smaller satellite warehouses 
where a stock of items in frequent demand is kept avail
able for the maintenance forces. In those cases, the main 
warehouse acts as a central depository and receiving point, 
with the responsibility of keeping the smaller facilities 
stocked. Incoming material inspection is done at the 
central facility. 

The size of the storage facilities depends on the normal 
inventory level for each item and the prevailing reorder 
policies. The storage facilities should be arranged on a 
functional basis and good inventory and security procedures 
should be followed. 

Because some stored items may be required at any time, 
24-hour access is essential. Although the frequency of 
emergency withdrawals can be minimized by adequate 
stocking of maintenance trucks, they can never be com
pletely eliminated. 
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Figure 7. Signal repair shop. 



Figure 8 . Storage facilities. 

Communications 

Communications are required to initiate and coordinate the 
maintenance action, keep responsible officials informed, 
and coordinate personnel and materials. 

Two-Way Radio 

In nearly every jurisdiction, primary communications are 
by two-way radio. The number of frequencies used and 
the power of the transmitter are a function of the area to 
be covered, the radio traffic, and the availability of fre
quencies. Because frequencies in the land mobile, public 
service portion of the radio spectrum are in great demand, 
some jurisdictions have had difficulty in obtaining sufficient 
frequencies or permission to increase transmitting power. 
In those cases, every effort is made to control radio use 
and to create a clear channel when required for emergency 
communications. 

Fixed remote radios may be installed at various signal 
maintenance offices and shops, or at the homes of super
visory personnel who may be called in off-duty hours. 
Mobile radios are installed in maintenance vehicles and 
in cars assigned to supervisory personnel. All employees 
using radio in the course of their duties should be well 
versed in correct radio communications procedure, and be 
instructed in the most efficient methods of originating and 
acknowledging messages. 

Some jurisdictions also have battery-powered portable 
transceivers. These are used ::it locations where a tempo
rary communications capability is required or may be used 
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at job sites where personnel must work at some distance 
from their vehicles. All pieces of radio equipment should 
undergo a thorough preventive maintenance check at pe
riodic intervals as recommended by the manufacturer and 
required by FCC regulations. 

Other Communications Systems 

In addition to conventional and hot-line telephones, tele
typewriter is used occasionally between a central control 
facility and a maintenance contractor or to interconnect 
area control centers. Facsimile is sometimes used for these 
purposes. Jurisdictions covering large geographic areas, 
such as state highway agencies, may use microwave trans
mission between area headquarters. 

Some jurisdictions report the use of citizens'-band equip
ment, or of walkie-talkie transceivers, during maintenance 
activities that require coordination. At least one jurisdic
tion has installed telephones in the cabinets of local con
trollers to facilitate coordination of the master-controlled 
system. 

Warehouses and shops are usually provided with public 
address systems, paging systems, or other methods of inter-
nal communications. ' 

Spares and Supplies 

Many items are purchased and stored by the signal main
tenance organization. The list of items depends on pur
chasing policies, delivery lead times, storage facilities, and 
the extent, type, and diversity of the signal system. 
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Furniture, Major Tools, and Equipment 

iviaju1 puwi.:r luuis, furniiure, and equipment used in the 
signal shop are permanent inventory items and their pro
curement or replacement must be individually justified and 
budgeted. The number of these items depends on the size 
of the system being maintained and the level of mainte
nance performed in-house. 

Some jurisdictions have reported difficulties in convinc
ing budgeting authorities of the need for procurement und 
replacement of these items. Although there are instances 
of quality homemade equipment, or equipment made to 
serve beyond the expiration of its normal service life, there 
are other instances where equipment deficiencies have led 
to less than optimum maintenance. 

Signal Equipment and Parts 

Signal equipment and parts include signal heads and sec
tions; signal head parts, such as doors, gaskets, lenses, re
flectors, and visors; complete controllers and parts thereof, 
such as phase modules, relays, and detector electronics; 
traffic signal posts, pedestals, and mast arms; detectors; 
and such miscellaneous items as handhole castings, cabinets, 
and cabinet parts (Fig. 9). 

The number of items, and the quantity of each, depends 
on the size and diversity of the system being maintained, 
the replacement lead time for each item, and the average 
downtime for repairable items. The number of spares is 

Figure 9. Spare par/s. 

set so as to ensure a fairly high probability of having a 
repl~cemcnt unit available "then needed. ivfa1i)' jurisUi<.;
tions try to have spares available for immediate replace
ment. This means that they are usually carried on the 
maintenance truck. The sum of the spares so dispersed 
can, therefore, easiiy exceed the total number required for 
the entire system. 

Another factor affecting number of spares is the diver
sity and interchangeability of control and detection r.qnip
ment. Although most jurisdictions like to standardize on 
a given make and type of controller, procurement regula
tions do not always permit this. With a considerable num
ber of competing manufacturers, each having approxi
mately the same basic functional types of equipment, it 
is not unusual for rr maintenance organization to stock 
spares and parts for several different makes of equipment. 

Some maintenance organizations have heen successful in 
constructing connecting cords and harnesses that permit 
interchange of some types of control equipment. Coopera
tion by manufacturers in standardizing control equipment, 
as is presently underway by the NEMA Traffic Signal Sec
tion, will greatly facilitate the maintenance task. 

To a lesser extent, the problem also exists with traffic 
signal heads. Doors, lenses, reflectors, sockets, and gaskets 
are not always interchangeable between the products of 
different manufacturers. However, these items are less 
costly and take less storage space, so that the number of 
different replacement parts represents less of a problem. 



Electrical and Mechanical Parts 

Electrical and mechanical parts include all small electrical 
parts and components, hardware, cable, connecting wire, 
splicing material, conduit, and conduit couplings. Juris
dictions with a variety of signal types (including electro
mechanical, vacuum-tube, and solid-state types) keep a 
much greater number of parts than those that have a 
predominant type of control. 

Because the number of different hardware items and 
electric components is so great (including all sizes and 
types of screws, bolts, washers, nuts, resistors, capacitors, 
transistors, and tubes), many jurisdictions do not even try 
to keep a complete inventory. Items that are difficult to 
procure or are in constant demand are stocked. Items that 
are readily available locally are purchased as needed. 
Maintenance experience, local availability, and purchasing 
policies will decide which items are stocked. 

Maintenance Supplies 

Maintenance supplies include cleaning materials, lubricants, 
paints, solvents, and similar items. Different signal head 
suppliers may make different recommendations concerning 
cleaning materials, although most maintenance organiza
tions standardize on a cleaning procedure and material. 
The need for lubricants has correspondingly lessened with 
the decreasing use of electromechanical equipment. 

Various types and colors of paint and primer are re-
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quired for signal heads and posts, controller cabinets, and 
other equipment. A number of specialized solvents are 
needed for internal and external cleaning of control equip
ment. The recommendations of the equipment manufac
turer and good maintenance practice should be followed. 

Inventory 

Inventory management requires that a determination be 
made of the desired level of each item, the point to which 
this level must sink before additional quantities are or
dered, and the size of each of these orders. Proper choice 
of these levels will ensure an extremely low probability of 
ever running out of an item while minimizing inventory 
and procurement costs. 

The prime determinant of inventory level is the ex
pected use rate. Although some estimates of use can be 
made, the use rate for most items can only be determined 
on the basis of experience. 

Printed Material 

A complete up-to-date file must be kept of all printed ma
terial pertinent to the maintenance task, including reference 
books, codes, laws, manuals, standards, specifications, and 
catalogs. Some agencies provide repairmen with sche
matics, equipment data, and other material, and require 
them to maintain this information in a workbook. 

TYPES OF MAINTENANCE ORGANIZATIONS 

LOCATION OF SIGNAL MAINTENANCE FUNCTION 

The responsibility for traffic signal maintenance work, and 
the administrative control over the personnel engaged 
therein, is located in different places within different agen
cies. Specific maintenance functions may also be assigned 
to different parts of an organization. 

Within Traffic Unit 

The most common location of the signal maintenance func
tion is within a Bureau of Traffic or equivalent unit. It is 
customary for one engineer to have over-all responsibility 
for all traffic engineering functions, including planning, 
design, and operations. The signal maintenance function 
is usually found under operations. 

Even where the actual maintenance is done by others, 
the traffic unit should retain over-all coordination and con
trol. This is because the design of new installations and 
major reconstructions reflects maintenance experience so as 

to minimize future maintenance problems. To mm1m1ze 
adverse effects of signal malfunctions or breakdowns, the 
maintenance status of the signal system should be known. 
The traffic unit needs the maintenance history of indi
vidual installations as an input into the planning and 
programming of signal reconstruction work. 

Within Maintenance Unit 

Occasionally, the signal maintenance function is assigned 
to a maintenance unit. The primary reason for this assign
ment is similarity of duties and equipment used, especially 
in the nonelectrical work. This is somewhat more common 
with state highway agencies than with municipalities. Al
though the responsibility for signal maintenance at the state 
level may rest with a Bureau of Traffic, it is not uncommon 
to have maintenance work at a district level assigned to a 
Bureau of Maintenance, especially when there are only a 
few signal installations in the district or when the district 
does not have a full4ime traffic engineer. 
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Location of the signal maintenance function within a 
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the over-all coordination an<l control of the signal main
tenance effort and may lead to difficulties if competing 
demands for the same maintenance resources exist. Several 
jurisdictions, recognizing this problem as well as the traffic 
engineering effects of highway maintenance work, have 
combined the traffic and maintenance functions into a 
Bureau of Highway Operations, which also may be assigned 
other related functions. 

Within Electrical Services Unit 

In recent years, municipalities and others have seen a con
siderable increase in the amount and types of electrical 
maintenance and construction. This includes traffic signals, 
street and highway lighting, pumping installations, fire 
alarm systems, communications systems, drawbridges, and 
electrical devices and distribution systems in publicly 
owned facilities. Because there are considerable similari
ties in requisite skills, materials, and equipment needed for 
the maintenance of these various systems, some jurisdic
tions have assigned over-all responsibility for some or all 
of these to an electrical services department or unit. 

The organization of such a department may be arranged 
on functional lines (such as emergency repair, preventive 
maintenance, follow-up work), or it may be organized on 
system lines (such as signals, lighting) , or it rriay have some 
combination of the two. The smaller the total systems to 
be maintained, the greater is the likelihood that individual 
members of the maintenance force will work on more than 
one of these systems. Although this may appear to be a 
maximally efficient utilization of manpower, it has the 
disadvantage that persons working on traffic signal main
tenance may not have the high degree of skill and experi
ence required for this task. 

By Contract 

Sometimes the maintenance function is performed by an 
outside agency under contract. Two types of contract have 
been identified. In the first, the contract is between two 
separate governmental organizations with overlapping ju
risdictions. Thus, a city may maintain the signals installed 
by a state highway agency within its corporate limits or, 
alternatively, a state highway agency may maintain signals 
installed by a municipality. Reimbursement for this type 
of maintenance is usually on the basis of a flat annual rate, 
although time and material reimbursement contracts are 
aiso possible. With this arrangement, routine operating 
aspects of the signals, such as timing, are also performed 
by the agency having maintenance responsibility while the 
owning agency retains over-all control of signal phasing. 
In a somewhat similar arrangement, a small municipality 
may do routine inspection and field maintenance of its sig
nal installations while depending on another jurisdiction 
for technical assistance and support. In one state, small 
municipalities and rural counties may take advantage of the 

facilities of the state highway department's central signal 
shop for any bench \1.rcrk required or fer help in diagnosing 
signal malfunctions. This service may be free, or it may 
be charged for at a flat rate or on a time and material used 
basis. 

Tht: sewnd type of mainienance contract is with a pub
lic utility or an electrical contractor. Although mainte
nance by a public utility is much more common for street 
and highway lighting, it has also been used for traffic si2-
nals in some jurisdictions, including at least one major city. 
A maintenance contract may cover all aspects of signal 
maintenance or only some parts thereof. Group relamping, 
painting, and bench repair of control equipment represent 
subsets of the maintenance task that lend themselves to 
performance under contract. \X/here ne\V installations are 
constructed by outside contractors, a period of contract 
maintenance may be a part of the installation contract. 

Other Arrangements 

A number of other arrangements have been noted. In one 
jurisdiction, traffic signal maintenance work is the respon
sibility of the fire department because it is combined with 
maintenance of the fire alarm system. In another, signal 
maintenance work is done by a public corporation whose 
primary function is the installation, operation, and main
tenance of a street and highway lighting system. In some 
small towns and villages with only a small number of sig
nal installations, repair work may be done by the village 
electrician, who may be only a part-time employee. 

Many different signal maintenance arrangements are pos
sible. Some functions may be performed by one depart
ment, others by a different department, and still others by 
a department of a different governmental jurisdiction. Any 
arrangement can be supplemented by contract maintenance 
on a regular or standby basis. 

RESPONSIBILITIES OF SIGNAL 
MAINTENANCE ORGANIZATION 

The various work items that make up the signal mainte-. 
nance task can be assigned to different parts of the 
organization. 

Routine Inspection 

Routine inspection of signal installations is usually done by 
the maintenance forces. However, many jurisdictions, be
cause of lack of funds or manpower, make only sketchy 
inspections or no regularly scheduled inspection at all. 
Jurisdictions with a force that works only on traffic signals 
are usually in better position to schedule routine inspec
tions. However, if this force is inadequate to handle 
emergency repairs and follow-up, or if it also has responsi
bility for a heavy program of signal reconstruction or new 
construction, the routine inspection task is usually the first 
to be neglected. 

Where traffic signal maintenance is done under an all
inclusive maintenance contract, inspection becomes the 
responsibility of the contractor. The inspection interval 
and the type of inspection to be performed must be clearly 
spelled out in the contract. A great deal of trust must be 
placed in the maintenance contractor because verification 
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of his inspection schedule is almost impossible. When the 
maintenance contract calls for immediate response at any 
time of day or night for any type of malfunction, without 
extra payment therefor, frequent and thorough inspections 
of all component parts of the signal system will be advan
tageous for the maintenance contractor. 

Malfunction Detection 

Malfunction reports are received from the police, from the 
maintenance force itself, from other agency employees, and 
from the public. Although the reporting of signal malfunc
tions should be the duty of every agency employee, the 
likelihood of a malfunction being detected and reported 
increases considerably as the degree of involvement with 
the signal maintenance function increases. An employee 
who works full time on signal maintenance is much more 
likely to detect a minor malfunction (such as intermittent 
detector failure, loss of coordination, or controller timing 
deficiencies), than one who has only limited or no involve
ment with traffic signals. 

Traffic Signal Maintenance 

The four major subdivisions of traffic signal maintenance 
(routine and preventive maintenance, emergency repairs, 
and follow-up work) are the responsibility of the primary 
maintenance organization. These four tasks may be as
signed to different organizations or some may be done in
house while others are done by contract. Thus, emergency 
repairs may be done by a maintenance force and follow-up 
work assigned to a construction crew that may not be in 
the same governmental agency. 

The amount of routine and preventive maintenance be
ing done varies widely from one jurisdiction to another. 
For instance, one jurisdiction reports that all control equip
ment is brought to the signal shop for checking and over
hauling at intervals ranging from six months to one year. 
Another jurisdiction reports that no preventive or routine 
maintenance is ever done on control equipment and that 
this equipment is only brought to the shop upon actual 
failure. In the first jurisdiction the signal maintenance 
force is directly responsible to the Bureau of Traffic. In 
the second, signal maintenance is done by an outside 
agency. From this and other indications, it appears that 
the quality of signal maintenance improves as the signal 
maintenance forces are more closely related to the re
sponsible traffic organization. Apparently, an appreciation 
of the operational implications of signal maintenance de
ficiencies could be translated into a sense of urgency when 
the same agency was responsible for both maintenance and 
operational aspects. 

Traffic Signal Alterations and Construction 

Traffic signal alterations, reconstruction, and construction 
may be done by the signal maintenance forces, by a sepa
rate construction division, or under contract. The proce
dure varies, depending on the kind and amount of work 
involved. For example, a contractor may install all con
duit, handholes, foundations, and those detectors requiring 
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paving work. On completion of this, the signal mainte
nance crew will install pedestals, heads, controller cabinets, 
and control equipment, and will wire up the intersection to 
make it operational. 

Small jurisdictions are likely to have the maintenance 
forces responsible for signal alterations and reconstruction. 
Large jurisdictions are more likely to go to contract or to 
have a separate work force, which may report to the same 
department. 

If this work is the responsibility of the signal mainte
nance forces, the scheduling of work and the setting of the 
proper priorities become essential. Although it is advan
tageous to do a signal reconstruction project as speedily as 
possible in order to minimize inconvenience to traffic, this 
must be balanced against the need to have crews available 
for normal and emergency maintenance work. This may 
require additional staff. 

Jurisdictions with signal maintenance contracts may have 
minor signal alterations done by the maintenance contrac
tor on a force account basis. One jurisdiction has recently 
changed its signal maintenance contract so that the con
tractor bids unit prices for common alteration and re
construction items such as erection of temporary signals, 
changing of detectors, or adding of heads. The work is 
then done, at the agreed-upon price, as requested. Where 
this procedure is followed, the maintenance contractor is 
expected to have sufficient forces available so that normal 
maintenance work does not suffer when signal alterations 
or reconstruction work is being done. 

The signal maintenance forces may play a major role in 
new construction, even when it is done under contract. In 
a number of jurisdictions it is their responsibility to pro
cure, store, and test all equipment and components going 
into the new installation. They also may be charged with 
the responsibility of construction inspection, verification of 
quantities, and acceptance inspection and testing. 

Other Maintenance 

The signal maintenance forces may also have full or partial 
responsibility for maintenance of other systems. 

Street, Highway, and Sign Lighting 

The most common maintenance responsibility in addition 
to traffic signals is street and highway lighting systems. 
Except for control equipment, the work items involved in 
maintaining these two systems are quite similar. The equip
ment used for lighting maintenance can also be used for 
signal maintenance. 

Fire Alarm Systems 

Many signal maintenance forces also maintain fire alarm 
systems. In at least one jurisdiction, the fire alarm main
tenance forces maintain the traffic signal system. In many 
jurisdictions cables in fire alarm ducts, or even spare con
ductors of multi-conductor fire alarm cables, are used to 
carry signal interconnection or system supervision com
munications. 
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Communication Systems 

Except for leased telephone lines, all types of communica
tions equipment may be maintained by the signal mainte
nance forces. If this capability exists, it is possible for the 

responsibility for other publicly operated communications 
systems. In a few jurisdictions this encompasses all com
munications equipment; in others, only that assigned to the 
traflic unit. 

Pumping Installations 

Maintenance of pumping installation power and control 
equipment is sometimes assigned to the signal maintenance 
forces. This may include the whole gamut of maintenance 
operations or only some parts thereof, such as inspection 
or routine maintenance. In some instances, the signal main
tenance forces may be called upon to perform emergency 
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SIGNAL MAINTENANCE MANAGEMENT 

Adequate maintenance of traffic signals represents a major 
expenditure of manpower, material, and funds. This re
quires a high degree of management control. 

TECHNICAL CONTROL 

Technical control of the maintenance work relates directly 
to proper operation of signal installations. It is, thus, of 
special importance that this control rests directly with that 
part of the organization responsible for signal operations. 

Signal Timing and Phasing 

Traffic signal maintenance is intended to assure that phas
ing, timing, and offsets are kept as close as possible to the 
values initially set by the traffic engineer. These data are 
kept in the files of the traffic department, in the files of the 
maintenance organization, and inside the controller cabinet. 

It is not the function of the signal maintenance unit to 
make unauthorized changes to phasing, timing, or offsets. 
Therefore, it is advisable to develop a set of contingency 
timing and phasing plans covering potential malfunctions 
and breakdowns. These contingency plans should be de
veloped by the traffic engineer and considered part of the 
permanent phasing and timing plans for the intersection. 
Furthermore, the traffic engineer responsible for operations 
should be informed whenever one of these contingency 
plans is activated. 

repair work necessary to prevent imminent flooding 
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\..VUU1UU11~. 

Buildings 

Lights, power distribution, heating and ventilating, and 
other electrical equipment in public buildings are some
times fully or partly the maintenance responsibility of the 
signal maintenance forces. It is common practice for the 
5ignal maintenance forces to maintain thei1 ow11 IaL:ililit::s, 
including shops, garages, and test equipment. Maintenance 
of other traffic unit facilities is also a fairly common 
procedure. 

Other 

Drawbridges, bridge navigation lights, airport runway and 
taxiway lighting, shop equipment, and many other items 
may be assigned to the signal maintenance forces in some 
jurisdictions. 

Replacement of Control Equipment 

Certain types of malfunctions and breakdowns require tem
porary replacement of the intersection control equipment. 
Replacement in kind (that is, with the same make and 
model) is the preferred and recommended procedure. 
However, this is not always possible. In jurisdictions with 
a great variety of control equipment, differing in both 
manufacture and function, it becomes a practical impossi
bility to stock sufficient spares to assure replacement in 
kind on a system-wide basis, let alone on every mainte
nance vehicle. Therefore, the traffic engineer must decide 
what type of replacement controller is to be used, consider
ing the inventory of replacement controllers likely to be 
available. Some jurisdictions have developed for critical 
intersections contingency plans that call for borrowing an 
identical-type controller from a less critical location. 

Inspection Frequency and Depth 

Inspection frequency and depth should be based on the age 
and complexity of the equipment, the criticality of the 
intersection, and the past maintenance and operational his
tory. In practice, however, the prime determinant of in
spection frequency and depth is the availability of adequate 
manpower. 

Some agencies have a checklist of the items to be cov-



ered during regularly scheduled inspections and keep a 
permanent record of the date of the inspection and the 
results (Fig. 10). 

Maintenance and Repair Procedures 

Detailed, formalized maintenance and repair procedures 
are developed and updated by the organization having 
responsibility for the actual maintenance work. These pro
cedures cover preventive maintenance, troubleshooting, and 
emergency repairs. 

Because maintenance is considered in the original choice 
of equipment, the design of the installation, and the de
velopment of specifications, maintenance and repair pro
cedures should reflect these considerations. 

"As Built" Plans 

A record of the actual physical location of all component 
parts of a traffic signal installation, especially underground 
components, is essential for proper operation and mainte
nance of the installation. Although most jurisdictions re
tain the original construction drawings, relatively few try 
to keep these updated to reflect all field changes. 

Changes often occur during construction, especially if 
detailed surveys of the location were not made prior to 
design. Changes also may occur after construction because 
of (a) relocation of service by the power company; 
(b) work at the site by private contractors, public utilities 
or others; and (c) as a result of maintenance work. The 
last may include replacement and relocation of conduit 
runs, use of spare conductors, and similar items. 

"As built" plans are also required when major signal re
construction or modernization is contemplated. Lack of 
these plans may lead to redesigns that are either difficult 
to execute or less than optimal in taking advantage of 
existing facilities. 

Service Histories 

Service histories of individual installations, signal systems, 
and types of equipment form the basis for planning, design, 
and maintenance decisions. It is therefore important that 
these be accurate, complete, and easily accessible. A ser
vice history ( a record of maintenance work performed at 
a given location) is kept by nearly every organization per
forming traffic signal maintenance work (Fig. 11). How
ever, vast differences exist among various jurisdictions in 
the completeness and accessibility of service histories. 

The prime input into every service history is the records 
of individual maintenance actions. Some jurisdictions keep 
full documentation on every maintenance call, including 
routine inspections, preventive maintenance, and emer
gency work. These documents include the date, start and 
finishing time, any dispatching delay, a full diagnosis of the 
reported trouble, details of the work done, and the reason 
why it was done. Others keep only rudimentary records 
that often include no more information than the fact that 
a maintenance man was dispatched to a given location. 
The majority of service histories fall somewhere between 
these extremes. 

Many jurisdictions keep fairly complete records for each 
intersection. These may consist of folders in which copies 
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of all pertinent forms are kept, or they may be ledgers in 
which the information is entered for each location. Some 
agencies keep two files or ledgers so that maintenance his
tories are available on both an intersection basis and an 
equipment basis. This enables easy evaluation of the main
tenance history of a certain class or type of equipment, or 
a specific model, and can be of considerable help in speci
fying new equipment or developing inspection or mainte
nance procedures. 

Some jurisdictions do no more than file the reports on 
a chronological basis. This makes access to the records of 
a specific location almost impossible. 

A few jurisdictions have computerized their service his
tory procedures. All dispatching records, work orders, 
work order completion reports, trouble call reports, and 
inspection check lists are coded, keypunched, and entered 
into computer storage. They can be recalled in a con
venient format when required. The number of jurisdic
tions using this procedure appears to be growing. 

Policies on access to documentation by individuals out
side the agency vary widely. The maintenance histories, 
or information on the maintenance and operational status 
of a given installation at a particular moment, are often 
requested by attorneys in connection with motor vehicle 
accident cases. Some jurisdictions make the records avail
able as a matter of course, sometimes upon payment of a 
nominal fee; others will not relinquish them except under 
subpoena. A common practice is that the records are not 
made available but that responsible officials of the agency 
may be subpoenaed to appear and testify on the contents 
of the records. At least one jurisdiction has deliberately 
limited the amounts of information kept in the files so as 
to minimize the time spent in court by its employees. 

MATERIAL CONTROL 

Effective management requires that close control be exer
cised over purchasing, storage, and distribution of the many 
items used for traffic signal maintenance. 

Inventory Control 

Inventory control is necessary to assure that material, 
equipment, and supplies will be available when required 
and that material use is proper. The manner in which in
ventory control is exercised depends on the size of the sys
tem being maintained and on the administrative structure 
and policies of the maintenance organization. 

Inventory control, especially in the larger organizations, 
is increasingly being computerized. When this is the case, 
it is often combined with reorder procedures (Fig. 12). 

Two methods of inventory control can be identified, al
though both make additions to inventory as received. Sub
tractions from inventory are made on the basis of with
drawal records in one method and on the basis of use 
records in the other. In the withdrawal method, the in
ventory level is reduced whenever an item is physically 
withdrawn from stock, regardless of whether it is to be used 
for a specific job, added to the inventory carried on a main
tenance truck, or available at a work site. This method has 
a tendency to understate total inventory, but is capable of 
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ANNUA.L TRAFFIC SIGHA.L INSPECTION REPORT 

lncerseccion Locacion-------- ---------Co. _______ Rouce _____ s ection ____ _ 
Power CompanY---------------------------Dace _______________ _ 
Terminal Volcage ---------------- Time ____ __ AM ______ _ PM 
Bulb Counc - - ------60W _______ 100W _______ 150W Changed _ ___________ _ 
CONTROLLER: Type _______ Serial No. ________ eT No.---- --- ---------
lncerconneccion Unit ------ -----Box Type _______ Dececcor Circuic Volcage ___________ _ 

Accessory Concrols: DR5 SR4 MC3 MM2 MM3 S·4 S-3 
RADAR UNITS PRESSURE DETECTOR 
Serial Nos. 
Sensitivity Voltage Oucput 
Sensitivity Opposite Direction Voltage 
Resistance Open Ci.Icuit Ohms 
Choke Coil or Condenser 
Resistance Closed Circuit Ohms 
Roadway Heigh! 
Size 
Type 
SIGNAL HEADS: 
Type 
Quantity 
Size 
Make 

ACTUATED qJNTROLLER: 
Timing Dials Check 
Relay Operation _ _ _ ___ Line Switch Operation Detector Relay Filter Operation ___ _ 
Manual Cord Fumed Properly ___ Chattering Relays ___ Replaced------------------

FLASHER: 
Mocoi Disc Torque ---------- Contact Condition Bearing Adjustmenc - - --------
Fused Properly Filter Operation Replaced - ----------- --
SIGNAL RELAY: 
Chauering Relays - --------- Concacc Adjuscment Contacc Screws Tighe -------
FIXED TIME: 
Timing Dial Operation ----- Key Pin Operation ----- Reset Cirucit ----- Manual Coid --------
Cam Shafi & Bearings Cam Moior & Brake Con1ac1 Adj. Cam Lobe Adj. - -----
PRESSURE DETECTORS: 
De1ec1or Frame - ----- -- Hand Hole Cover------- - - Pressure Pad ---------
SIGNAL HEADS: 
Painting --·----- Clean Lense --------- Clean Reflecior ------- Head Adjus tmenl ---
Head Line Up Upper & Lower Bracker Tighcened Door Lock -------
Door Hinge Door Gaskecs Angle Hoods Head & Hanger Lead Washer ---
Signal Head Repair 
GUY WIRE: c. Condicion - - --- - Guy Clamp• --------
INSULATORS: -----Quanci1y Service Sleeves------ Eye Bolts -----

Guy Clamps ----

Utility Clearance_ 
Service Sleeves - - - - --ANCHORS: Quantity Down Guy Condition ----

Insulacois Eye Bolts -----
CLEVIS & INSULATORS: _____ Quanti1y Thru Bolls -----

POLES: Wood Steel Rake Angle ----- Utility Clearance --------
Anchoring Deterioration-Split1ing Painting Grouting -----
Pole Caps Hand Hole Covers Bole Covers -----

WIRE: Roadway Clearance Condition----- Splice Loops-----
Insulation Resiatance -----

CONTROL BOX: 

Taped Joints --- ---

Tighten Wire Terminals --- Proper Grounding ---- Concrol Cable Condition - -----
Police Panel Swicches ---- Air Venc Door Lock & Gasket-----
801: Mounting Bracket ------
S - Satisfactory 
R - Bad But Repaired 
X - Dad But Not Repaired 
cc: Discrict E11gineer 

Resident Engineer 
Original to Eleccrical Engineer 

Conscan1 Voltage Regulator-----

SIGNED: 
FOREMAN LEADMAN 

Figure 10. Inspection check list and record. 
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r- No. DT 151 (Rot.I 

DIPAllTMIMT OF TRAFFIC TIMER RECORD CARD DEPT. SER. NO.·-··------····--·--·-·· City of L.09 An1alea 

TYPE TIMER _____________________________ _____ J N SERVICE DATE _______ _____ ____ _____________ MFG: SER. NO·- - - -------·-·- ···-·-· 

Date Date Date Date 
Issued Installed INTERSECTION Removed TROUBLE REPAIRS MADE By Repaired 

Figure 11 . Service history. 

fairly easy verification by physical checks at a limited 
number of sites. 

With the use records method, subtractions from inven
tory are made on the basis of the bill of materials included 
with work order completion reports. This method gives a 
more accurate picture of the inventory on hand, but re
quires complicated procedures for verification. The prepa
ration of detailed bills of materials, especially if these have 
to include a great number of small expendable items, places 
an extra burden on the maintenance personnel in the field 
and usually gives rise to inaccuracies. It is, however, a 
tighter control against pilferage and waste. 

Reorder Procedures 

Control over reorder procedures consists of assuring that 
approved policies are followed, that funds are available, 
and that type, quantity, and delivery conform to require
ments. 

With the long lead times required for delivery of some 
types of items, it is not unusual that orders have to be 
placed before the previous order for the same item has been 
delivered. This requires close control so that the correct 
quantity is ordered at the correct time. 

Purchasing Requirements 

In many jurisdictions, adequate control of purchasing rep
resents one of the most difficult problems in traffic signal 

maintenance management. The problem is one of finding 
a suitable trade off between technical adequacy, maintain
ability, quality, reliability, and delivery schedules on one 
hand and cost on the other. 

Some jurisdictions have found an equitable solution to 
this problem in which all pertinent factors are considered. 
In others, however, one or the other side is dominant, with 
adverse effects on the maintenance task. The most com
mon case is where purchases must be made only on a low 
bid price basis. The maintenance organization may not 
have sufficient input to assure optimal purchasing. This is 
especially true in those jurisdictions that do not consider 
maintainability or compatibility of spares and test equip
ment in the purchasing process. 

Development of optimally cost-effective purchasing re
quirements depends on close and sincere cooperation 
between those responsible for signal operations, signal 
maintenance, purchasing, and budgeting with a full under
standing by each of the problems and constraints faced by 
the others. 

ADMINISTRATIVE CONTROLS 

Good traffic signal maintenance practice requires that tight 
control be exercised over all work resources. The need for 
tight controls is even more important where the mainte
nance function is separate from the operating unit. 
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Work Order Completion Reports 

In order tc exercise full coutrol ove1 the 1nai1Ji.t::uan<.;e 

effort, the maintenance organization must have complete 
information on how the work was actually done; when it 
was done; by whom; and the resources used. This infor
mation, in the form of work order completion reports 
(Fig. 13), serves as input data for the preparation of "as 
built" plans and service histories. The reports confirm 
completion of work and restoration of servic.r., 11nd may 
be critical when officials are required to give testimony m 
court. 

Detailed analysis of work order completion reports in 
conjunction with service histories can yield much valuable 
information. The analysis will help to determine the total 
impact of malfunctions and breakdo\\-·ns and to 1nake eco
nomically valid decisions concerning equipment replace
ment, intersection reconstruction, or changes in design, 
construction, or maintenance practices. Analysis of work 
order completion reports, in conjunction with analysis of 
reports on routine maintenance operations, serves as a 

check and guide for optimal maintenance resource 
:i llrn;:itione. 

The work order completion reports are usually prepared 
by field maintenance crews, checked by a foreman or other 
supervisory personnel, and transmitted to the headquarters 
of the organization having maintenance responsibility. Be
cause the information contained in these reports will have 
a bearing on current and future operational aspects of the 
signal system, it is important that copies of these reports 
also be routed to the signal operations unit. 

Material Reports 

Jt is important to keep track of the material used on spe
cific maintenance a signments. One reason i the possi
bility o ' relating material use to maintenance levels. Thi 
type of correlation assists in seLCing opt imum inventory 
quantities and ndjustLng these as maintenance levels, sy -
tern size, or system age changes. The amount of materials 
used on similar projects by different crews can serve as a 
check on crew efficiency. 
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Figure 12. Computer inventory printout. 
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DTJ4D 

CITY OF LOS ANGELES SUPPLEMENTAL REPORT BY FIELD CREW [iJ REPORT NO. 
DIPAlTMINT OF TRAFFIC 

(l] LOCATION (ii DATE: 

[j TYPE REPORT: 
ill TIME CALL RECEIVED TI ME ARRIVED TIME CLEARED 

D ACCIDENT 
(!] CONDITION: D DARK D STRUCK D FLASHING D OPERATING D NON-ACCIDENT 

IT) POLICE: DON SCENE IUNIT NO. ID CALLED D DID NOT ARRIVE D CONTRACTOR DAMAGE 

Ii) NOTIFIEO: D CONTROL 1 D FOREMAN 0 RAILROAD O OTHER .•..... . . .... . 1TIME: D INFORMATION 

l!1 CAUSE OF DAMAGE [QI 
Nam· TSR No .. ___ Truck No. ___ Hou,• 

Addres-
Signed Hour·111: 

Other• License No. (pe,son submitting report) 

[i) § CHECK LOCATION Ii] MATERIALS NEEDED FOR REPAIRS 

EQUIPMENT DAMAGED DOWN TYPE __S!1 ~ lo~ 
CABLE 

CONDUIT =al [a= 

CONTROLLER °l J°l F FOUNDATION 

HEAD(S) ~ LEFT SCENE, 
INTERSECTION WAS: D OPERATING D ON FLASH D OFF 

MAST ARM 

PED HEAD 
[fil ADDITIONAL INFORMATION: 

SIGN(S) 

STANDARD 

ST. LIGHT 

~ SALVAGE TO: D CENTRAL D VALLEY Q WLA D SP 

10 I IT!! DATE OF REPAIRS: 
REPAIR SECTION f ~ WORK DONE: D ASSISTED D REPAIRED D REPLACED D PICKED UP 

l[g WORK DONE BY: D TSR D CONST. D SIGNAL SHOP D SIGN CREW D WRECK CREW D CEMENT CREW D PICKED UP CREW 

[i] CREW NAMES TITLE CREW NO. HOURS ~ MATERIALS USED STOCK NO. 

~ TRUCK AND/OR EQUIPMENT NUMBERS HOURS 

~ WORK STILL REQUIRED BY: o· CONST. D SHOP D SIGNS D CEMENT DST. LIGHT D PICK UP D OTHER_ •..••••••.•••••.••.. 

~ ALL REPAIRS COMPLETE DYES ONO ~ 
SIGNED: 

(person making repair section report) 

e] D WRECK TRUCK D CONSTRUCTION D SHOP D SIGNS D OTHER ••••••••••••• •• 
INFORMATION OR dote dote date date date 
COPIES TO 

name name name nome nome 

Figure 13. Work order completion report. 
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UT Sll (2k 6/71) HS 
City of Los Angeles 
1.>epartment of Traffic 

DAILY WORK SL"HHAJ<Y 
TRAFFIC SIGNAL 

PROGRAMMED MAINTl::I\Al<CE 

Hours '.lo rked 

End Miles 
Start ~i les _______ _ 

Date Name Total Milt's 
Units ::.ill,l>AL ABOVE GROUND KAINTE!<;ANC t. (2345) Uniu 
-- Heads, install or remove ---- - ~ tiffeners,insta i"l or remove· 
,___,_Heads, replace Stiffeners, replace - ·---·--+-- -1 

Heads, repair or adjust (2876) Stiffeneri:;,repair or adjust 
t----+-Backplate, install or remove Thru bolts, inst al 1 or remo~-e- ----1------1 

Backplate, replace Visor or louvre, install or remove 
---- --+----t .,__.....,.._liackplate, repair or adjust Visor or louvre, replace ______ --;....---1 

Ped heads, install or remove Visor or louvre, repair or adjust __ +-- --t 

~--Ped heads, replace Overhead, repair or adjust 
Ped heads, repair or adjust (2876) Standard, repair or adjus-t------1----1 

t----+- PuSh buttons, install or remove 
t----+-Push buttons, replace 
1----+- Push buttono reoair or ad1ust 
Units SIGNAL MAINTENANC~ INSPECTION (2157) 

_______ work by contractor 
Mark out ----t-~-t--Prepare conduit run diagram 

t-----t-Inspe~~,. -~~c~: t rou~le _.5hoot when 
UU WV&.I\. ~O t'GGU.L':'2'-' 

i----t-Meet engineer, contractor, etc. 
1-----t-Fill out Completion Notice, Update 
t----+-Check intersection for Accounting 

Others exolain 
Units CONTROLLER FIELD MAINTENANCE (2356) 

Form 

SIGNAL UNDERGROUND MAINTENANCE (2301) Units 

Repair cable------------ -t---t 
Replace pull box lid _______ ·---+-- -1 

Replace pull box-----------~---! 
Replace detector pad- --------t----1 , n' \ Pull cable (each 

J.V '---------1-----1 
Other, explain·------------ r---i 

Units 
Install or remove: Replace: 

_____ Decoder Decoder ______________ --t-_ _ 
1 

____ _, __ Synchronizer SynchroDizer,__ ______ _ ~----;----, 
_____ Encoder Encoder _______ _______ -+-- --, 
_______ Sensor Sensor----------------t----, 
1-----1--Relay Relay ________ _______ -+----"1 

Fan Fan·------- - ---------t--"'1 t-----1--Clock Clock. ____________ ___ -+---1 

t------1,---Timer Timer----------------+---1 
t-----11---Dial Dial ________________ -t-- --1 

En tire controller Entire controller _________ -1-----1 

~====:;::~o~t:!h!!e:.:r:.!s~...:e:.:x::.i:Pc.:l::.:a,:.,i,:,:n:,.__ ____________ +-_....:::O~th!!e~r!!s.t•.....:::e~x=ol:!ac!:i!!n'------------+--
Repai r, Adjust, Tone: 

Decoder 1----....--
1---- 1---S y n ch r on i z er 

Encoder 
>-----<--

Sensor t----1--_ __ ,__R el a y 

Fan 
l------i--

t-----1--T i mer 
t-----1.---D,i al 

Others. exolain 
PREVENTIVE MAINTENANCE: 

Connect interconnect ________ +---1 
Connect telephone interconnect __ --1---1 
Connect fire alarm interconnect _ _ -+----! 
Disconnect interconnect _ _ ____ --i---, 
Change timing_....,..- -----~ 
Prepare timing charts _______ --t----i 
Put back charts-plans-card-etc. __ -+ __ ..., 

·- +----1 

Hook up loops ___________ -+---1 
Oth@rs. exnlain 

(3681) 
(3694) 
(3983) 

Electrician Check List---N1D11ber of hours worked thie day __ Number of I/S Completed_ 
Electrical Helper Check List-Number of hours worked this day I of I/S Completed~ 
Perform Operational Check on Signal System: Completed: No. of I/S 
Name of System Yes No Checked:_ 

Relamp Burnout: 8" (2746) 12" (2810) Other (2835) -
Sunervision (0135) (hrs) Clerical. General (0429) (hrs) --~--

(8261) 
(8276) 
~8293) 
(8463) 
(8491) 

OVERHEAD TIME (Explain): 
Inclement Weather _______________ _____________ ____ _ 
Delay, Field _______________________________ _ 

Delay, Yard or Shop Tool and Vehicle Ha~i-n~t-e_n_a_n_c_• __________________________ _ 

TraininR 

Figure 14. Labor record - work summary. 

Hours 

-
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Another important material control is the assurance that 

specifications are being met. This may be done by an 
acceptance testing program and/ or by a review of the 
supplier's quality control. 

An indication of quality can be obtained from reports 
of premature or unusual material or equipment failure. 

Labor Records 

Many jurisdictions report that they are short of manpower. 
Therefore, it is essential that the available manpower be 
utilized as effectively as possible. Detailed analysis of labor 
records (Fig. 14) can indicate the portions of time spent 
on work, travel, and standby. This may indicate that in
creases in efficiency could be obtained by rearranging 
shifts, area assignments, routings, dispatching procedures, 
and other aspects of personnel assignment. Comparison 
and analysis of the time spent on individual maintenance 
assignments may indicate that changes in procedures, 
changes in equipment assignment, or changes in crew size 
or composition may lead to an increase in efficiency. 

Equipment Records 

An accurate record should be kept on total use of any 
piece of equipment so that normal preventive maintenance 
operations, as well as replacement, can be optimally 
scheduled. 

Analysis of equipment records permits a rational de
cision to be made as to the number and type of each class 
of equipment needed and whether to buy or lease. This 
analysis will also reveal whether shared-use arrangements 
with other governmental units serve the best interests of 
the maintenance organization. 

Detailed equipment records facilitate the task of justify
ing purchase of major pieces of equipment. 

FISCAL CONTROLS 

Fiscal controls are an integral part of good management 
practice. More than any other type of control, they are 
usually mandated and fairly narrowly prescribed by 
government-wide administrative regulations. In many juris
dictions they are even prescribed by laws and ordinances. 

Cost Accounting 

Cost accounting assigns monetary terms to the manpower, 
equipment, materials, and supplies. The result is a total 
cost figure for each maintenance operation. These cost 
figures represent an extremely valuable management tool 
in optimizing maintenance operations. 

Cost accounting procedures can also support service his
tories to determine when installations should be scheduled 
for reconstruction or when certain classes of control equip
ment should be withdrawn from service. 

Cost accounting is required in those jurisdictions that 
receive reimbursement from outside sources for part of 
their signal maintenance activities. This is the case where 
one governmental unit maintains all or part of a traffic 
signal installation belonging to another. Reimbursement 
for this work may be on an actual cost basis, which man
dates accurate cost accounting, or on a flat-rate basis. In 
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the latter case, cost accounting is necessary so that equi
table rates can be developed and adjusted as necessary. 

Budgeting 

Budgeting procedures for the signal maintenance function 
are no different from those of other governmental units. 
Preparation of preliminary budget estimates follows a simi
lar pattern: the previous period's budget figure for each 
line item is adjusted on the basis of the most recent ex
perience. The records discussed in previous sections are 
essential to this task. 

Many jurisdictions continue to report that their existing 
budgets are insufficient for adequate signal maintenance. 
This requires trade offs and usually leaves some needed 
work undone. The budgeting process is thus complicated 
by the necessity of committing funds to make up for past 
inadequacies, knowing that this, in turn, will create future 
inadequacies. 

Another factor may complicate the budgeting process. 
In some cases, the budgeting function remains with the 
traffic signal operating agency although the physical main
tenance work is delegated to another governmental unit. 
Close cooperation is required between the two agencies to 
prepare a realistic budget. 

Invoices 

Procedures for verification and approval of invoices are 
usually fairly well set and are a part of the general admin
istrative procedures. A problem may arise from separation 
between the operating and maintenance agencies. If this 
condition exists, a viable system of double approval may 
have to be developed. 

Emergency purchase orders are extremely useful and 
may be considered almost essential for effective accom
plishment of the maintenance task. However, unless ex
tremely tight control is exercised this procedure can easily 
be abused. Excessive use of emergency purchase orders to 
bypass the normal purchasing process can exhaust emer
gency funds. 

Payroll 

Field maintenance men, by the nature of their duties, gen
erally work on their own, away from a definite assigned 
place, and without regular and constant supervision. 
Abuses can easily arise under these circumstances unless 
firmly checked. 

There also have been reports of abuses of overtime. This 
is especially hard to police in the case of nighttime call-outs 
where the maintenance man leaves from and returns to his 
home. Spot checks by supervisory personnel, as well as 
close correlation of time sheets, work order completion 
reports, and radio logs, can minimize this abuse. 

Because labor represents the single largest component 
of total costs, tight controls can be extremely productive. 
They are absolutely essential if operating under funding 
restrictions. It must be kept in mind, however, that it is 
easy to overcontrol the work force, thus leading to in
efficient use of supervisory personnel and resulting in a loss 
of employee morale, efficiency, and initiative. 
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CHAPTER FIVE 

FINANCES 

The financial aspects of traffic signal maintenance can be 
divided into three broad areas: the unit costs of the indi
vidual maintenance tasks; the total cost of maintaining a 
signal system; and the sources of the funds. 

UNIT COSTS 

1t would appear to be a simple assignment to attach a cost, 
or at least a range of costs, to each of the resources re
quired for signal maintenance. If this could be done, cal
culation of unit costs ( cost per intersection) wouid be easy 
and determination of total maintenance costs would be 
reduced to a simple exercise. In practice, however, the 
problem is far more difficult. This is primarily due to an 
almost universal lack of proper cost uccounting procedures, 
complicated by an almost equally widespread failure to 
keep adequate records. 

This failure extends even to such cases as material 
equipment, and supplies with known unit prices. For "bi~ 
ticket" items, such as signal controllers or major pieces of 
shop equipment, the original purchase cost usually is 
known. However, from an accounting point of view, many 
problems exist even for these items. For instance, it is 
common accounting practice to depreciate capital goods 
according to some rule that will spread the net cost of an 
item (purchase price less salvage) over its useful life. 

For traffic signal controllers, however, the useful life is 
not known. This is only partially due to a lack of records. 
Signal control technology is changing so rap.idly that many 
types have not been in service long enough for a life de
termination to be made; as a matter of fact, most signal 
controllers become functionally obsolete before they are 
worn out mechanically. Such obsolete equipment is usually 
retained as spares, installed at less critical locations or 
cannibalized for parts. None of these procedures ailow 
for a definite determination of either service life or salvage 
value. · 

The situation is even more critical for less costly small 
parts and supplies. These are usually purchased in bulk, 
warehoused, and withdrawn from stock as needed. Some 
jurisdictions attempt to control material of this kind by 
assigning each withdrawal to a particular location. Few 
agencies account, on an intersection basis, for bulk sup
plies such as cable and wire, electrical tape, paint, etc. At 
best, the total costs of these items are determined on a 
system-wide basis for an entire year and spread evenly over 
the system. This procedure ignores the fact that some 
intersections have greater maintenance needs than others. 

Even worse, from an accounting point of view, is the 
fairly common practice of lumping inventories for signal 
work with other electrical work that may be the responsi
bility of the signal maintenance organization. 

Shop, field, and communications equipment costs are 

usually assigned system-wide and charged to overhead. The 
basic difficulty with this procedure is that, unless accurate 
records are kept for a considerable time and carefully 
analyzed, it becomes impossible to relate these overhead 
costs to the size, composition, and age of the signal sys
tem, or to the level of maintenance. If any sharing oc
curs-and this is the rule rather than the exception, es
pecially in smaller jurisdictions-the allocation of costs is 
more difficult. 

Another problem is the accounting of labor costs. The 
cost that should properly be charged to a specific mainte
nance assignment is the true hourly rate of the person 
engaged in the maintenance task multiplied by the time 
actually charged to the job. To this must be added a pro
portionate amount of the total travel and other nonproduc
tive time of the employee. Another problem involves the 
time allocation of supervisory personnel, working foremen, 
technicians, and engineers, who may switch from signal 
maintenance to signal operations to signal design to other 
traffic engineering or administrative functions with no clear 
idea of how much time is spent on each function. 

The unit costs of signal maintenance can be clearly as
sessed where the entire maintenance task is done by con
tract, because the contracts are usually bid on the basis of 
monthly or annual charges for each signal head, detector, 
controller, etc., actually maintained. There is some in
accuracy involved in this process because the cost of main
taining underground and overhead facilities cable and 
conduit is included in the maintenance costs' of the' com
ponents. This is not as critical as proper allocation of the 
time of administrative and technical personnel assigned to 
supervision of the maintenance contract. 

The data collection effort for NCHRP Project 3-20, 
"Signal Warrants," included nationwide mailing of a com
prehensive questionnaire dealing with all aspects of current 
signalization practices. Une of the questions dealt with 
construction, operations, and maintenance costs. 

Of the 215 replies received, only 92 of the respondents 
tried to answer all or part of the question dealing with 
maintenance costs. Many of the respondents who did not 
answer this question added notes to the effect that deter
mination of these costs was either impossible because of 
lack of the proper records, or would represent such a 
time-consuming task that it could not be attempted. The 
responses for average annual maintenance cost per inter
section ranged from $10.50 to $2,100, with most less than 
$200. Costs in cities were generally lower than those of 
states and counties. 

One eastern suburban county that has all its maintenance 
done by contract paid a total of $587,000 in a two-year 
period for complete maintenance of a system consisting of 
1,200 signalized intersections, 100 floodlights, 100 parking 



meters, and 50 miscellaneous electrical devices. New York 
City has in excess of 9,000 signalized intersections main
tained under a number of contracts that total $4,500,000 
annually. 

TOTAL COSTS 

The total cost of maintaining a signal system includes the 
sum of the intersection unit costs (mentioned previously) 
plus other direct costs and expenditures for overhead and 
capital. 

Direct Costs 

The direct costs of signal maintenance include the labor, 
parts, and supplies required to do the actual maintenance 
work. This also includes those items of direct costs (such 
as shop work) that cannot be charged to a specific inter
section. When signal reconstruction work is performed by 
the signal maintenance forces, at least part of the costs will 
be direct maintenance costs; the rest will be a separate 
budget item. 

Overhead Costs 

Overhead includes all costs that cannot be assigned directly 
to the maintenance of specific components of the traffic 
signal system. In determining the true maintenance costs 
of individual installations these overhead items must be 
spread through the system by some consistent method, 
usually as a percentage of direct costs. 

Overhead costs cover a number of different items. Some 
of these, such as clerical and administrative help, are al
most independent of system size; others, such as cleaning 
and lubricating material, are sensitive to changes in system 
size. Furthermore, some of these component parts will 
change linearly with system size, others may change as a 
step function. Other important factors that may affect the 
magnitude of overhead costs include age and composition 
of the system and changes in levels of maintenance. 

Other overhead costs include patrolling and routine in
spections where the time spent at any one location is not 
enough to allocate; operation of the signal shop, ware
houses, offices, and other physical plant of the mainte
nance organization; costs of supervision and administra
tion; training; and vacation and sick pay. In some 
agencies, fringe benefits (retirement, health insurance, etc.) 
are charged to overhead. 

The best accounting and budgetary control is achieved 
when overhead costs are kept to an irreducible minimum; 
that is, when as much as possible of the total budget can 
be allotted to specific intersections or to system-wide direct 
costs. This is not as much a function of how the funds are 
expended as it is of how the records are kept. 

Determination of overhead costs may be more difficult 
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where services are shared by various governmental depart
ments or where administrative functions are centralized. 

Capital Items 

Many agencies make no distinction between expendable 
supplies and capital items. This may seriously distort the 
true cost of maintenance in a year when a major item 
(e.g., a $30,000 platform truck) is purchased. 

Although true depreciation accounting is rarely em
ployed by government agencies, several other mechanisms 
have been developed. The simplest of these is separate 
expense and capital budgets. Although this is a fairly com
mon practice, a number of jurisdictions reserve the term 
"capital" for buildings and other construction items. Even 
if this is not the case, this separate budget procedure has 
the tendency of suppressing de facto increases in true main
tenance costs attributable to an increase in the size and 
replacement costs of the physical plant. 

Some jurisdictions have established sinking or revolving 
funds . These consist of annual appropriations to a fund 
that is used to replace equipment as needed. This proce
dure seems to work out fairly well unless there are abrupt 
changes in the size of the equipment inventory. 

Several jurisdictions lease major equipment instead of 
buying it. This may be a true lease with a commercial 
supplier, or it may be a paper transaction with another 
government agency acting as lessor. The exact procedure 
used is less important than the recognition that deprecia
tion of capital equipment is a proper part of signal 
maintenance costs. 

SOURCES OF FUNDS 

Funding for traffic signal maintenance is usually by appro
priation from general revenue. In a number of jurisdic
tions income from motor fuel taxes, driver licenses, regis
tration fees, etc., is dedicated to highway use, including 
signal maintenance. Except for rare natural disasters, 
agencies do not use borrowed funds for signal maintenance. 
Although federal-aid funds cannot be used directly for 
maintenance, there is a derivative effect because use of 
these funds for construction may make local revenues, 
which would otherwise have been used for construction, 
available for maintenance. 

State aid to local governmental units is common, and in 
many cases represents the biggest single source of signal 
maintenance funds. These aid funds may come from gen
eral revenue, but much more often are a legally mandated 
portion of dedicated funds ( usually motor fuel tax re
ceipts) , apportioned to cities and counties according to a 
prescribed formula. State aid for signal maintenance may 
also take the form of direct assumption by the state of the 
maintenance responsibility for locally owned signal in
stallations. 
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CHAPTER SIX 

CONCLUSIONS 

The management of traffic signal maintenance has a major 
effect on public safety and convenience. Deficit:tH.:it:s i11 
maintenance lead to signal malfunctions or breakdowns 
that cause delays to the traveling public, increased accident 
potential, increased fuel consumption, and increased air 
pollution. Thus, il is important to have a signal mainte
nance program that includes not only a procedure for quick 
response to emergencies, but also routine and preventive 
maintenance to ensure that lamp burnouts, detector mal
functions, controller problems, etc., are kept lo a minimum. 

An important factor in the maintenance management of 
traffic signal equipment and systems is location of the sig
nal maintenance unit within an organization. The most 
logical location is within a Bureau of Traffic or equivalent 
unit. Thus, the same organization that has responsibility 
for operations also is responsible for maintenance, and 
close coordination and cooperation is possible. Where 
maintenance is not within the traffic unit, regular inspection 
of traffic signal installations is rare. This is also true where 
maintenance is performed under contract. 

The ideal maintenance program provides full 24-hour 
service. However, this usually is not feasible and some 
system for standby or on-call crews is used. Because sig
nal maintenance is a function affecting public safety, each 
person engaged in it should consider himself on call at all 
times, similar to policemen or firemen. 
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TYPICAL JOB DESCRIPTION FOR TRAFFIC SIGNAL MAINTENANCE 

Traffic Signal Trainee 

Definition 

Class Code 2038 

Under immediate supervision, is responsible for learning 
to assemble, install, and repair electromechanical and elec
tronic traffic signaling mechanisms; performs related duties 
as required. 

Typical Tasks (illustrative only) 

Learns to test and service signal master controllers; 
learns to repair and service traffic signaling equipment. 

Learns to test circuits, tubes, and other components using 
various testing meters and devices; isolates defects and cor
rects or replaces defective parts. 

Learns to adjust traffic signaling devices and equipment 
for the most efficient operation; learns how to perform 
preventive maintenance on traffic signaling equipment in 
the field. 

Learns to prepare required reports and maintain neces
~ary records. 

Distinguishing Characteristics 

This is a learner classification. Traffic Signal Technician 
is a "journeyman" or fully skilled level. Trades Helpers 
(Electrical) assist Traffic Signal Technicians and Linemen 
in their work. Persons appointed as Trainees may be em
ployed in that capacity for a limited period not to exceed 
three years. 

Employment Standards (at time of filing application) 

Any combination of training and experience equivalent 
to completion of the eighth school grade and four years of 
experience in the electrical and/ or electronic maintenance 

field; or two years as a Trades Helper (Electrical) in the 
Traffic Engineering and Parking Division of the City of 
------ · Two years of formal classroom training in 
electricity or electronics may be substituted for two years 
of the required experience. 

Possession of a valid State of Ohio motor vehicle op
erator's license. 

Some knowledge of the basic principles of electricity and 
electronics; some knowledge of the techniques, tools, meth
ods, and materials used in the lineman trade; some knowl
edge of the hazards and safety precautions of the trade; 
willingness and ability to climb poles and work at heights 
of 30 feet above ground; ability to develop and maintain 
effective working relationships with associates. 

Class established • • . . . . . • . . , .• 3-4-70 
Current specs .................. 2-10-71 
Distributed . . ...... ., ... . , . , 5-15-71 

Traffic Signal Technician 

Definition 

Class Code 3660 

Under general supervision, is responsible for assembling, 
installing, and repairing electromechanical and electronic 
traffic signaling mechanisms; performs related tasks as 
required. 

Typical Tasks (illustrative only) 

Tests and services signal master controllers; repairs and 
services traffic signaling equipment. 

Tests circuits, tubes, and other components using vari
ous testing meters and devices; isolates defects and corrects 
or replaces defective parts. 

Adjusts traffic signaling devices and equipment for the 
most efficient operation; makes major field repairs and 
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tests on traffic signaling equipment; does preventive main
tenance in the field on traffic signaling equipment. 

Assists traffic signal technician classes in assembling and 
installing, repairing and testing traffic signaling devices and 
signal control devices. 

P1cpc11c~ 1cpu1us uf wu1k. dune. 

Distinguishing Characteristics 

This is the "journeyman" level of the series. A Traffic 
Signal Foreman I is a "leadman" or "straw boss." A 
Trades Helper (Electrical) assists technicians in the work. 

Required General Experience and Training 
(at time of filing application) 

Completion of the eighth school grade and five years of 
experience in the electrical or electronic maintenance field, 
including two years as a Traffic Signal Trainee with the 
City of or comparable experience elsewhere. 
Substitutions: Two years of formal classroom training in 
electricity or electronics may be substituted for two years 
of the required general experience, but no substitution may 
be made for the Traffic Signal Trainee experience. No 
substitution may be made for the required education. 

Possession of a valid State of Ohio motor vehicle opera
tor's license. 

Desirable Knowledge, Skills, and Abilities 

General knowledge of tools, equipment, practices, and 
methods of installing, assembling, repairing, and maintain
ing electronic traffic signaling devices and accessory equip
ment; general knowledge of the construction and operation 
of traffic signaling devices and necessary equipment; ability 
to diagnose defects in traffic signaling equipment and to do 
skilled field work in the repair of electromechanical and 
electronic traffic signaling devices; ability to read blue
prints, schematic drawings, and technical manuals; ability 
to maintain records and prepare reports. 

Class established ...... . ........ .4-8-63 
Current spec , • 6-30-72 
Distribu led , , 8-15-72 

Signal Maintenance Man 

Definition 

Under general supervision, to do semi-skilled and un
skilled work in the installation, maintenance, and repair of 
traffic control devices; and to do related work as required. 

Typical Tasks 

Cleans, paints, and installs new gaskets in old traffic sig
nal units; assists in making the simpler repairs to traffic 
signal units; installs new bulbs in traffic signals; erects poles 
and rigs span-wires to support traffic signals and radar 
units; drives a truck; maintains the signal shop in orderly 
condition. 

Employment Standards 

Any combination of education and experience equiva
lent to graduation from high school and one year of ex
perience in the installation and maintenance of traffic 
control devices. 

Knowledge of the materials, methods, and equipment 
used in the installation of traffic signals and their control 
devices ; ability to follow oral and written instructions. 

Senior Signal Technician 

Definition 

Under direction, to supervise and work with a small crew 
in the maintenance and repair of traffic :rnd fire alarm sig
nals and related systems and equipment; and to do related 
work as required. 

Typical Tasks 

Confers with supervisor on work programs and assigns, 
supervises, and checks work of subordinates; secures re
quired supplies a11d i:quip,m:nt fur jobs; does major testing 
and overhauling of equipment in shop; installs, repairs, and 
maintains electronic and electrical equipment and circuits 
in the field; maintains testing and repair equipment in good 
condition for use at all times; keeps traffic intersection 
plans and circuit diagrams on all equipment serviced; 
maintains job and personnel records. 

Employment Standards 

Any combination of education and experience equivalent 
to graduation from high school and three years of experi
ence in traffic control and related equipment repair and 
maintenance. 

Knowledge of the methods, materials, and equipment 
used in the maintenance and repair of electrical and elec
tronic signal and control equipment; skill in testing, repair
ing, and overhauling such equipment; ability to interpret 
and work from wiring diagrams and technical manuals; 
ability to supervise and work with a small crew; ability to 
maintain records and prepare reports. 

Traffic Control Superintendent 

Definition 

Under direction, to plan, coordinate, and supervise the 
installation and maintenance of traffic signs and markings, 
traffic signals, and parking meters; and to do related work 
as required. 

Typical Tasks 

Plans, organizes, schedules, directs, and coordinates the 
construction, installation, and maintenance of traffic signs 
and street markings, the installation and maintenance of 
traffic signals, and parking meter installation, repair, and 
collection; confers with traffic engineer relative to priorities 
and operating policies; inspects work in progress, reviews 
daily activity reports, and keeps the traffic engineer in-
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Rep. 
No. Title 

105 Dynamic Pavement Loads of Heavy Highway Vehi-
cles (Proj. 15-5), 94 p., $5.00 

106 Revibration of Retarded Concrete for Continuous 
Bridge Decks (Proj. 18-1), 67 p., $3.40 

107 New Approaches to Compensation for Residential 
Takings (Proj. 11-1(10)), 27 p., $2.40 

108 Tentative Design Procedure for Riprap-Lined Chan-
nels (Proj. 15-2), 75 p., $4.00 

109 Elastomeric Bearing Research (Proj. 12-9), 53 p., 
$3.00 

110 Optimizing Street Operations Through Traffic Regu-
lations and Control (Proj. 3-11), 100 p., $4.40 

111 Running Costs of Motor Vehicles as Affected by 
Road Design and Traffic (Proj. 2-5A and 2-7), 
97 p., $5.20 

112 Junkyard Valuation-Salvage Industry Appraisal 
Principles Applicable to Highway Beautification 
(Proj. 11-3 (2)), 41 p., $2.60 

113 Optimizing Flow on Existing Street Networks (Proj. 
3-14), 414 p., $15.60 

114 Effects of Proposed Highway Improvements on Prop-
erty Values (Proj.11-1(1)), 42p., $2.60 

115 Guardrail Performance and Design (Proj. 15-1 (2)), 
70 p., $3.60 

116 Structural Analysis and Design of Pipe Culverts 
(Proj. 15-3), 155 p., $6.40 

117 Highway Noise-A Design Guide for Highway En-
gineers (Proj. 3-7), 79 p., $4.60 

118 Location, Selection, and Maintenance of Highway 
Traffic Barriers (Proj. 15-1 (2)), 96 p., $5.20 

119 Control of Highway Advertising Signs-Some Legal 
Problems (Proj. 11-3(1) ), 72 p., $3.60 

120 Data Requirements for Metropolitan Transportation 
Planning (Proj. 8-7), 90 p., $4.80 

121 Protection of Highway Utility (Proj. 8-5), 115 p., 
$5.60 

122 Summary and Evaluation of Economic Consequences 

123 

124 

125 

126 

127 

128 

129 

130 

131 

132 

of Highway Improvements (Proj. 2-11), 324 p., 
$13.60 
Development of Information Requirements and 
Transmission Techniques for Highway Users (Proj. 
3-12), 239 p., $9.60 
Improved Criteria for Traffic Signal Systems in 
Urban Networks (Proj. 3-5), 86 p., $4.80 
Optimization of Density and Moisture Content Mea
surements by Nuclear Methods (Proj. 10-5A), 
86 p., $4.40 
Divergencies in Right-of-Way Valuation (Proj. 11-
4), 57 p., $3.00 
Snow Removal and Ice Control Techniques at Inter-
changes (Proj. 6-10), 90 p., $5.20 
Evaluation of AASHO Interim Guides for Design 
of Pavement Structures (Proj. 1-11), 111 p., 
$5.60 
Guardrail Crash Test Evaluation-New Concepts 
and End Designs (Proj. 15-1(2)), 89 p., 
$4.80 
Roadway Delineation Systems (Proj. 5-7), 349 p., 
$14.00 
Performance Budgeting System for Highway Main
tenance Management (Proj. 19-2(4) ), 213 p., 
$8.40 
Relationships Between Physiographic Units and 
Highway Design Factors (Proj. 1-3(1)), 161 p., 
$7.20 

Rep. 
No. Title 

133 Procedures for Estimating Highway User Costs, Air 
Pollution, and Noise Effects (Proj. 7-8), 127 p., 
$5.60 

134 Damages Due to Drainage, Runoff, Blasting, and 
Slides (Proj. 11-1(8) ), 23 p., $2.80 

135 Promising Replacements for Conventional Aggregates 
for Highway Use (Proj. 4-10), 53 p., $3.60 

136 Estimating Peak Runoff Rates from Ungaged Small 
Rural Watersheds (Proj. 15-4), 85 p., $4.60 

137 Roadside Development-Evaluation of Research 
(Proj. 16-2), 78 p., $4.20 

138 Instrumentation for Measurement of Moisture
Literature Review and Recommended Research 
(Proj. 21-1), 60 p., $4.00 

139 Flexible Pavement Design and Management-Sys-
tems Formulation (Proj. 1-10), 64 p., $4.40 

140 Flexible Pavement Design and Management-Ma-
terials Characterization (Proj. 1-10), 118 p., 
$5.60 

141 Changes in Legal Vehicle Weights and Dimensions
Some Economic Effects on Highways (Proj. 19-3), 
184p., $8.40 

142 Valuation of Air Space (Proj. 11-5), 48 p., 
$4.00 

143 Bus Use of Highways-State of the Art (Proj. 8-10), 
406 p., $16.00 

144 Highway Noise-A Field Evaluation of Traffic Noise 
Reduction Measures (Proj. 3-7), 80 p., $4.40 

145 Improving Traffic Operations and Safety at Exit Gore 
Areas (Proj. 3-17) 120 p., $6.00 

146 Alternative Multimodal Passenger Transportation 
Systems-Comparative Economic Analysis (Proj. 
8-9), 68 p., $4.00 



Synthesis of Highway Practice 

No: Title 

1 Tratfic Control for Freeway Maintenance (Proj. 20-5, 
Topic 1), 47 p., $2.20 

2 Bridge Approach Design and Construction Practices 
'Proj. 20-5, T~pin 2) , 30 p., $2.00 

3 Traffic-Safe and Hydraulically Efficient Drainage 
Practice (Proj. 20-5, Topic 4), 38 p., $2.20 

4 oncrete Bridge Deck Durability (Proj. 20-5, Topic 
3), 28 p., $2.20 

5 Scour at Bridge Waterways (Proj. 20-5, Topic 5), 
37 p., $2.40 

6 Principles of Project Scheduling and Monitoring 
(Proj. 20-5, Topic 6) , 4 p., $2.40 

7 Motorist Aid Syslems (Proj. 20-5, Topic 3-01), 
28 p., $2.40 

8 Construction of Embankments (Proj. 20-5, Topic 9), 
38 p., $2.40 

9 Pavement Rehabilitation- Materials and Techniques 
(Proj. 20-5, Topic 8), 41 p.. $2.80 

10 Recruiting, Training, ancl Retaining Mqintcnance and 
Equipment Personnel (Proj. 20-5, Topic 10), 35 p., 
$2.80 

11 Development of Management Capability {Proj. 20=5, 
Topic 12), 50 p., $3.20 

12 Telecommuni al i ns Systems for Highwny Admin
istration and Operations (Proj. 20-5, Topic 3-03), 
29 p., $2.80 

13 Radio Spectrum Frequency Management (Proj. 20-5, 
Topic 3-03) 32 p. , $2.80 

14 Skid Rcsi tance (Proj. 20-5, Topic 7), 66 p., 
$4.00 

15 Statewide Transportalion Planning- Needs and Re-
quirements (Proj . 20-5 Topic 3-02), 41 p., 
$3.60 

16 Continuously Reinforced Concrete Pavement (Proj. 
20-5 Topic 3-08) , 23 p. $2.80 

17 Pavement Traffic Marking-Materials and Applica
tion Affecting Serviceabi lity (Proj. 20-5, Topic 3-
05) , 44 p. $3.60 

18 Erosion Control on Highway Construction (Proj. 
20-5, Topic 4-01), 52 p., $4.00 

19 Design, Construction, and Maintenance of PCC 
Pavement Joints (Proj . 20-5, Topic 3-04), 40 p., 
$3.60 

20 Rest Areas (Proj. 20-5, Topic 4-04), 38 p., 
$3.60 

21 Highway Lm:aliun Reference Methods (Proj. 20-5, 
Topic 4-06), 30 p., $3.20 

22 Maintenance Management of Traffic Signal Equip-
ment and Systems (Proj. 20-5, Topic 4-03) 41 p., 
$4.00 



Published reports of the 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

are available from: 

Rep. 

Highway Research Board 
National Academy of Sciences 

2101 Constitution Avenue 
Washington, D.C. 20418 

No. 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 (Proj. 
4-3(2) ) , 81 p., $1.80 

1 Evaluation of Methods of Replacement of Deterio-
rated Concrete in Structures (Proj. 6-8), 56 p., 
$2.80 

2 An Introduction to Guidelines for Satellite Studies of 
Pavement Performance (Proj. 1-1) , 19 p., $1.80 

2A Guidelines for Satellite Studies of Pavement Per
formance, 85 p. + 9 figs., 26 tables, 4 app., $3.00 

3 Improved Criteria for Traffic Signals at Individual 
Intersections-Interim Report (Proj. 3-5), 36 p., 
$1.60 

4 Non-Chemical Methods of Snow and Ice Control on 
Highway Structures (Proj . 6-2), 74 p., $3 .20 

5 Effects of Different Methods of Stockpiling Aggre
gates-Interim Report (Proj. 10-3), 48 p., $2.00 

6 Means of Locating and Communicating with Dis
abled Vehicles-Interim Report (Proj. 3-4), 56 p. 
$3.20 

7 Comparison of Different Methods of Measuring 
Pavement Condition-Interim Report (Proj. 1-2), 
29 p., $1.80 

8 Synthetic Aggregates for Highway Construction 
(Proj. 4-4), 13 p., $1.00 

9 Traffic Surveillance and Means of Communicating 
with Driver - Interim Report (Proj. 3-2), 28 p., 
$1.60 

10 Theoretical Analysis of Structural Behavior of Road 
Test F lexible Pavements (Proj. 1-4), 31 p., $2.80 

11 Effect of Control Devices on Traffic Operations-
Interim Report (Proj. 3-6), 107 p., $5.80 

12 Identification of Aggregates Causing Poor Concrete 
Performance When Frozen-Interim Report (Proj. 
4-3 (1)), 47 p., $3.00 

13 Running Cost of Motor Vehicles as Affected by High-
way Design-Interim Report (Proj. 2-5), 43 p., 
$2.80 

14 Density and Moisture Content Measurements by 
Nuclear Methods- Interim Report (Proj. 10-5), 
32 p., $3.00 

15 Identification of Concrete Aggregates Exhibiting 
Frost Susceptibility- Interim Report (Proj. 4-3(2)), 
66 p. , $4.00 

16 Protective Coatings to Prevent Deterioration of Con-
crete by Deicing Chemicals (Proj. 6-3), 21 p., 
$1.60 

17 Development of Guidelines for Practical and Realis
tic Construction Specifications (Proj. 10-1), 109 p., 
$6.00 

18 Community Consequences of Highway Improvement 
(Proj. 2-2), 37 p., $2.80 

19 Economical and Effective Deicing Agents for Use on 
Highway Structures (Proj. 6-1), 19 p., $1.20 

• Highway Research Board Special Report 80. 

Rep. 
No. Title 

20 Economic Study of Roadway Lighting (Proj. 5-4), 
77 p., $3.20 

21 Detecting Variations in Load-Carrying Capacity of 
Flexible Pavements (Proj. 1-5), 30 p., $1.40 

22 Factors Influencing Flexible Pavement Performance 
(Proj. 1-3 (2)), 69 p., $2.60 

23 Methods for Reducing Corrosion of Reinforcing 
Steel (Proj. 6-4), 22 p., $1.40 

24 Urban Travel Patterns for Airports, Shopping Cen-
ters, and Industrial Plants (Proj. 7-1), 116 p., 
$5.20 

25 Potential Uses of Sonic and Ultrasonic Devices in 
Highway Construction (Proj. 10-7), 48 p., $2.00 

26 Cevelopment of Uniform Procedures for Establishing 
Construction Equipment Rental Rates (Proj . 13-1), 
33p., $1.60 

27 Physical Factors Influencing Resistance of Concrete 
to Deicing Agents (Proj. 6-5), 41 p., $2.00 

28 Surveillance Methods and Ways and Means of Com
municating with Drivers (Proj. 3-2), 66 p., $2.60 

29 Digital-Computer-Controlled Traffic Signal System 
for a Small City (Proj. 3-2), 82 p., $4.00 

30 Extension of AASHO Road Test Performance Con-
cepts (Proj. 1-4(2) ), 33 p., $1.60 

31 A Review of Transportation Aspects of Land-Use 
Control (Proj. 8-5), 41 p., $2.00 

32 Improved Criteria for Traffic Signals at Individual 
Intersections (Proj. 3-5), 134 p., $5.00 

33 Values of Time Savings of Commercial Vehicles 
(Proj. 2-4), 74 p., $3.60 

34 Evaluation of Construction Control Procedures-
Interim Report (Proj. 10-2), 117 p., $5.00 

35 Prediction of Flexible Pavement Deflections from 
Laboratory Repeated-Load Tests (Proj. 1-3 (3)), 
117 p., $5.00 

36 Highway Guardrails-A Review of Current Practice 
(Proj. 15-1), 33 p., $1.60 

37 Tentative Skid-Resistance Requirements for Main 
Rural Highways (Proj. 1-7), 80 p., $3.60 

38 Evaluation of Pavement Joint and Crack Sealing Ma-
terials and Practices (Proj. 9-3), 40 p., $2.00 

39 Factors Involved in the Design of Asphaltic Pave-
ment Surfaces (Proj. 1-8), 112 p., $5.00 

40 Means of Locating Disabled or Stopped Vehicles 
(Proj. 3-4(1)) , 40 p., $2.00 

41 Effect of Control Devices on Traffic Operations 
(Proj. 3-6), 83 p., $3.60 

42 Interstate Highway Maintenance Requirements and 
Unit Maintenance Expenditure Index (Proj. 14-1), 
144 p., $5.60 

43 Density and Moisture Content Measurements by 
Nuclear Methods (Proj. 10-5), 38 p., $2.00 

44 Traffic Attraction of Rural Outdoor Recreational 
Areas (Proj. 7-2), 28 p. , $1.40 

45 Development of Improved Pavement Marking Ma-
terials-Laboratory Phase (Proj. 5-5), 24 p., 
$1.40 

46 Effects of Different Methods of Stockpiling and 
Handling Aggregates (Proj. 10-3), 102 p., 
$4.60 

47 Accident Rates as Related to Design Elements of 
Rural Highways (Proj. 2-3), 173 p., $6.40 

48 Factors and Trends in Trip Lengths (Proj. 7-4), 
70 p., $3 .20 

49 National Survey of Transportation Attitudes and 
Behavior-Phase I Summary Report (Proj. 20-4), 
71 p., $3.20 



Rep. 
No. Title 
50 Factors Influencin,g Safety at Highway-Rail Grade 

Crossings (Proj. 3-8), 113 p., $5.20 
51 Sensing and Communication Between Vehicles (Proj. 

:,-:>J, 1v:, p., $5.00 
52 Measurement of Pavement Thickness by Rapid and 

Nondestructive Methods (Proj. 10-6), 82 p., 
$3.80 

53 ~"1:ultiplc Use of Lands \~lithin Highway Rights-of-
Way (Proj. 7-6), 68 p., $3.20 

54 Location, Selection, and Maintenance of Highway 
Guardrails and Median Barriers (Proj. 15-1 (2)), 
63 p., $2.60 

55 Research Needs in Highway Transportation (Proj. 
20-2), 66 p., $2.80 

56 Scenic Easements-Legal, Administrative, and Valua
tion Problems and Procedures (Proj. 11-3), 174 p., 
$6.40 

57 F:ic,tors Tnfln,.nc,ing Mn,l,,J Trip A~~ignmPnt (Proj. 
8-2), 78 p., $3 .20 

58 Comparative Analysis of Traffic Assignment Tech
niques with Actual Highway Use (Proj. 7-5), 85 p., 
$3.60 

59 Standard Measurements for Satellite Road Test Pro-
gram (Proj. 1-6), 78 p., $3.20 

60 Effects of Illumination on Operating Characteristics 
of Freeways (Proj. 5-2) 148 p., $6.00 

61 Evaluation of Studded Tires-Performance Data and 
Pavement Wear Measurement (Proj. 1-9), 66 p., 
$3.00 

62 Urban Travel Patterns for Hospitals, Universities, 
Office Buildings, and Capitols (Proj. 7-1), 144 p., 
$5.60 

63 Economics of Design Standards for Low-Volume 
Rural Roads (Proj. 2-6), 93 p., $4.00 

64 Motorists' Needs and Services on Interstate Highways 
(Proj . 7-7); 88 p., $3.60 

65 One-Cycle Slow-Freeze Test for Evaluating Aggre
gate Performance in Frozen Concrete (Proj. 4-3 ( 1)), 
21 p., $1.40 

66 Identification of Frost-Susceptible Particles in Con-
crete Aggregates (Proj. 4-3 (2)), 62 p., $2.80 

67 Relation of Asphalt Rheological Properties to Pave-
ment Durability (Proj. 9-1), 45 p., $2.20 

68 Application of Vehicle Operating Characteristics to 
Geometric Design and Traffic Operations (Proj. 3-
10) , 38 p., $2.00 

69 Evaluation of Construction Control Procedures
Aggregate Gradation Variations and Effects (Proj. 
10-2A), 58 p., $2.80 

70 Social and Economic Factors Affecting Intercity 
Travel (Proj. 8-1), 68 p., $3.00 

71 Analytical Study of Weighing Methods for Highway 
Vehicles in Motion (Proj. 7-3), 63 p., $2.80 

72 Theory and Practice in Inverse Condemnation for 
Five Representative States (Proj. 11-2), 44 p., 
$2.20 

73 Improved Criteria for Traffic Signal Systems on 
Urban Arterials (Proj. 3-5/ 1), 55 p., $2.80 

74 Protective Coatings for Highway Structural Steel 
(Proj. 4-6), 64 p., $2.80 

74A Protective Coatings for Highway Structural Steel-
Literature Survey (Proj. 4-6), 275 p., $8.00 

74B Protective Coatings for Highway Structural Steel-
Current Highway Practices (Proj. 4-6), 102 p., 
$4.00 

75 Effect of Highway Landscape Development on 
Nearby Property (Proj. 2-9), 82 p., $3.60 

Rep. 
No. Title 
76 Detecting Seasonal Changes in Load-Carrying Ca

pabilities of Flexible Pavements (Proj. 1-5(2)), 
37 p., $2.00 

77 Deveiopment of Design Criteria for Safer Luminaire 
Supports (Proj. 15-6), 82 p., $3.80 

78 Highway Noise-Me·asurement, Simulation, and 
Mixed Reactions (Proj. 3-7), 78 p., $3.20 

79 Development of Improved Methods for Reduction oi 
Traffic Accidents (Proj. 17-1), 163 p., $6.40 

80 Oversize-Overweight Permit Operation on State High-
ways (Proj. 2-10), 120 p., $5.20 

81 Moving Behavior and Residential Choice-A Na-
tional Survey (Proj. 8-6), 129 p., $5.60 

82 National Survey of Transportation Attitudes and 
Behavior-Phase II Analysis Report (Proj. 20-4), 
89 p., $4.00 

83 Distribution of Wheel Loads on Highway Bridges 
(Proj. 12-2), 56 p., $2.80 

84 Analysis and Projection of Research on Traffic 
Surveillance, Communication, and Control (Proj. 
3-9), 48 p., $2.40 

85 Development of Formed-in-Place Wet Reflective 
Markers (Proj. 5-5), 28 p., $1.80 

86 Tentative Service Requirements for Bridge Rail Sys-
tems (Proj. 12-8), 62 p., $3.20 

87 Rules of Discovery and Disclosure in Hil!:hwav Con-
demnation Proceedings (Proj. 11-1(5))~ ·28 p., 
$2.00 

88 Recognition of Benefits to Remainder Property in 
Highway Valuation Cases (Proj. 11-1 (2)), 24 p., 
$2.00 

89 Factors, Trends, and Guidelines Related to Trip 
Length (Proj. 7-4), 59 p., $3.20 

90 Protection of Steel in Prestressed Concrete Bridges 
(Proj. 12-5), 86 p., $4.00 

91 Effects of Deicing Salts on Water Quality and Biota 
-Literature Review and Recommended Research 
(Proj. 16-1), 70 p., $3.20 

92 Valuation and Condemnation of Special Purpose 
Properties (Proj. 11-1(6)), 47 p., $2.60 

93 Guidelines for Medial and Marginal Access Control 
on Major Roadways (Proj. 3-13), 147 p., 
$6.20 

94 Valuation and Condemnation Problems Involving 
Trade Fixtures (Proj. 11-1(9)), 22 p., $1.80 

95 Highway Fog (Proj. 5-6), 48 p., $2.40 
96 Strategies for the Evaluation of Alternative Trans-

portation Plans (Proj. 8-4), 111 p., $5.40 
97 Analysis of Structural Behavior of AASHO Road 

Test Rigid Pavements (Proj. 1-4 (1) A), 35 p., 
$2.60 

98 Tests for Evaluating Degradation of Base Course 
Aggregates (Proj. 4-2), 98 p. $5.00 

99 Visual Requirements in Night Driving (Proj. 5-3), 
38 p., $2.60 

100 Research Needs Relating to Performance of Aggre-
gates in Highway Construction (Proj. 4-8), 68 p., 
$3.40 

101 Effect of Stress on Freeze-Thaw Durability of Con-
crete Bridge Decks (Proj. 6-9), 70 p., $3.60 

102 Effect of Weldments on the Fatigue Strength of Steel 
Beams (Proj. 12-7), 114 p., $5.40 

103 Rapid Test Methods for Field Control of Highway 
Construction (Proj. 10-4), 89 p., $5.00 

104 Rules of Compensability and Valuation Evidence 
for Highway Land Acquisition (Proj. 11-1), 
77 p., $4.40 

-. 
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formed of special problems and status of work; assists in 
design of signal installations; diagrams signal controls; con
ducts in-service training for personnel in technical aspects 
of signal operation, maintenance, construction, and sign 
painting; directs and advises subordinate employees in the 
construction and installation of new meter layouts, collec
tion schedules, and maintenance of parking meter records; 
receives and investigates complaints and evaluates sugges
tions from the public; encourages safe working conditions 
and procedures; maintains records and prepares reports. 

Employment Standards 

Any combination of education and experience equivalent 
to graduation from high school and three years of experi-

41 

ence in supervising construction, installation, and mainte
nance of traffic control signals and related devices. 

Knowledge of materials, methods, and equipment used 
in installation, operation, and maintenance of traffic signals 
and of electronic and electromechanical traffic controllers 
and allied equipment; knowledge of fire alarm systems; 
knowledge of the principles and practices of traffic engi
neering as applied to the operation of traffic control de
vices; knowledge of street sign and marking methods, 
materials, and equipment; ability to interpret working dia
grams and layouts of electronic equipment; ability to plan, 
lay out, and coordinate a work program; ability to analyze 
work operations and to prepare reports; ability to conduct 
in-service training of subordinates; ability to establish and 
maintain effective relationships with others. 




