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

FOREWORD

By Staff
Transportation
Research Board

A vast storehouse of information exists on nearly every subject of concern to
highway administrators and engineers. Much of this information has resulted from
both research and the successful application of solutions to the ‘problems faced by
practitioners in their daily work. Because previously there has been no systematic
means for compiling such useful information and making it available to the entire
highway community, the American Association of State Highway and Transportation
Officials has, through the mechanism of the National Cooperative Highway Research
Program, authorized the Transportation Research Board to undertake a continuing
project to search out and synthesize useful knowledge from all available sources and
to prepare documented reports on current practices in the subject areas of concern.

This synthesis series reports on various practices, making specific recommendations
where appropriate but without the detailed directions usually found in handbooks or
design manuals. Nonetheless, these documents can serve similar purposes, for each
is a compendium of the best knowledge available on those measures found to be the
most successful in resolving specific problems. The extent to which these reports are
useful will be tempered by the user’s knowledge and experience in the particular
problem area.

This synthesis will be of interest to traffic engineers, maintenance engineers, and
others responsible for managing the maintenance of traffic signal equipment and
systems. Information is presented on the management aspects of signal maintenance
including personnel, organization, costs, and controls.

Administrators, engineers, and researchers are continually faced with highway
problems on which much information exists, either in the form of reports or in terms
of undocumented experience and practice. Unfortunately, this information often is
scattered and unevaluated, and, as a consequence, in seeking solutions, full information
on what has been learned about a problem frequently is not assembled. Costly research
findings may go unused, valuable experience may be overlooked, and full consideration
may not be given to available practices for solving or alleviating the problem. In an
effort to correct this situation, a continuing NCHRP project, carried out by the
Transportation Research Board as the research agency, has the objective of reporting
on common highway problems and synthesizing available information. The synthesis
reports from this endeavor constitute an NCHRP publication series in which various
forms of relevant information are assembled into single, concise documents pertaining
to specific highway problems or sets of closely related problems.

Maintenance of traffic signal equipment and systems is a continuing and necessary
function of highway agencies. This report of the Transportation Research Board
discusses the management aspects of signal maintenance and contains information on



types of maintenance, personnel needed, equipment and facilities required, organi-
zation, costs, and controls.

To develop this synthesis in a comprehensive manner and to ensure inclusion of
significant knowledge, the Board analyzed available information assembled from nu-
merous sources, including a large number of state highway and transportation de-
partments. A topic panel of experts in the subject area was established to guide the
researcher in organizing and evaluating the collected data, and to review the final
synthesis report.

This synthesis is an immediately useful document that records practices that were
acceptable within the limitations of the knowledge available at the time of its prep-
aration. As the processes of advancement continue, new knowledge can be expected
to be added to that now at hand.
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SUMMARY

MANAGEMENT OF TRAFFIC SIGNAL
MAINTENANCE

This publication is an update of Synthesis of Highway Practice 22, which was
published in 1974. The update bears little resemblance to the original report because
so much quantitative and descriptive material has become available in the past 10
years. Specific data are now available on the estimated costs and personnel require-
ments for intersections and systems of various complexities. Readers will find more
information that will help them in formulating recommendations for staff additions,
funds for equipment-replacement programs, and so forth.

The problem of inadequate maintenance is illustrated by a recent survey in Atlanta,
which found that fully half of the signals were malfunctioning. Maintenance defi-
ciencies that result in equipment malfunction are responsible for reduced equipment
life, road-user costs of additional stops and delays, accidents, and increased energy
consumption. Particular problem areas include nonstandardization of equipment, over-
use of sophisticated control equipment and control schemes, and inadequate inspection
during installation. There is a need to increase the capability of maintenance personnel
to keep modern, sophisticated equipment in service. There are difficulties attributable
to the use of low-grade components not suited to the environment, insufficient quality
control, damage from power surges including lightning transients, and lack of funds
for equipment-replacement programs. The types of signal maintenance include work
done for preventive purposes (checking, adjusting, relamping, etc.) or work done in
response to ‘a trouble call (to restore normal operation). The failure to properly
maintain a traffic signal could result in tort liability judgments against an agency.
This risk can be managed and liability minimized through adherence to maintenance
guidelines and procedures and adequate record keeping.

A transition in the requirements for maintenance personnel has taken place as
hardware has evolved from electromechanical to solid-state design. Whereas electri-
cians were needed to maintain older hardware, modern equipment requires skills in
electronics. The newer control equipment has made traditional preventive maintenance
procedures, such as adjusting and lubricating, even less cost-effective; however, group
relamping remains cost-effective. An effective method of detecting malfunctions is
periodic checking of signals for proper detector/controller operation. Each agency
also needs to set priorities for responding to typical malfunctions.

Signal repair shops in agencies are used for acceptance testing and diagnosing
malfunctions in addition to repairing equipment. For computer-based control systems,
the shop may also be able to monitor the operation of controllers and detectors for
malfunctions. A full complement of test equipment is needed in the shop and additional



equipment is needed in service vehicles; an inventory of spare parts is needed for both.
The exact equipment and number of spares will depend on the type of signal equipment
being used.

It is important to establish the responsibility for each individual element of the
-maintenance program. Signal maintenance preferably is located in the traffic unit but
some agencies have had success with it located in a maintenance or electrical services
unit. Another alternative is contract maintenance, either with another government
agency (e.g., a city maintaining state signals) or with a private contractor or public
utility.

Costs of maintenance will vary depending on type of equipment and detectors,
stringency of purchase specifications, quality control during manufacturing and in-
stallation, environmental conditions, extent of malfunction detection capability, and
other factors. Actual annual maintenance costs have been reported from a little over
$100 per intersection to more than $1,600. However, these costs are quite small when
compared to the costs to motorists of increased fuel use and delays caused by signals
that are not properly maintained.

A number of management techniques are available to gain control over the multiple
facets of the acquisition and maintenance of signals. Regarding technical control, the
maintenance burden can be reduced by tightening procurement specifications and by
following installation guidelines designed for the long run. Administrative control
includes computer-assisted record keeping and determinations of mean time between
failures and mean time to repair. These two measures have many uses, including
computation of the number of spares that need to be stocked and the assigning of
priorities for replacement of equipment that fails frequently.

Among the conclusions of this synthesis is that there is a need to reduce the
mounting disparity between the control capability of modern, sophisticated equipment
and the capability of the maintenance personnel. The gap needs to be closed in order
that there be assurance that the maintenance personnel are in fact able to restore
malfunctioning equipment promptly to safe and efficient performance. This goal needs
to be met by efforts on two fronts: first, maintenance capabilities need to be upgraded
through training programs for existing personnel, attraction and retention of appro-
priate personnel, and the use of contract maintenance; second, the maintainability of
the controller /detector scheme needs to be improved by simplifying designs, enforcing
standardization and interchangeability, and insisting on rigorous inspection and ac-
ceptance testing. ’



CHAPTER ONE

INTRODUCTION

Headlines from Washington tell a tale of woe familiar to the
nation’s traffic engineers, signal technicians, and traveling pub-
lic: “D.C. STOPLIGHTS: HALT, LAME AND A PAIN TO
MAINTAIN” (). The Washington Post goes on to describe the
District’s old, electromechanical equipment as victims of old
age, obsolescence, and deferred maintenance. It is a story of too
few repairmen, too many makes and models to stock spares for,
and too small a chance of being able to find replacement parts
for equipment so old. The D.C. traffic engineers are planning
a new system. “The trick will be persuading people to spend
the money to keep it up,” one of them says, “but I think the
awareness is coming.” Public awareness and political support
must provide the foundation for the maintenance of traffic sig-
nals.

This report is a synthesis of available information, particularly
published material, from the United States and abroad, on the
management aspects of traffic-signal maintenance. It is an up-
date of NCHRP Synthesis of Highway Practice 22, which was
published in 1974 (2). Rather than a manual for the field trou-
bleshooter or the repairman working at a bench in a signal shop,
it is a report intended for use by management personnel re-
sponsible for staffing, budgeting, etc. Specific data are presented
on the estimated costs and manpower requirements for inter-
sections and systems of various complexities.

The introductory chapter shows the importance of proper
maintenance and points out some particular problem areas. It
goes on to define several types of maintenance. If maintenance
is deficient then equipment malfunctions will produce adverse
consequences such as additional stops and delay, more accidents,
and so on, which are described. The chapter ends with an
introduction to the elements of risk management, including the
basics of legal responsibility and liability, and the consequences
of failure to comply with maintenance standards or guidelines.

Subsequent chapters describe the maintenance effort, main-
tenance personnel, maintenance facilities and equipment, types
of maintenance organizations, maintenance costs and funding,
and administrative control.

A concluding chapter stresses the need to reduce equipment
sophistication and enforce standardization. Other ways to reduce
maintenance needs, or make required maintenance easier to
perform, are to specify components with higher reliability and
to demand modularity of components. Another conclusion is
that routine, scheduled maintenance is no longer concerned
primarily with preventive measures. Rather, the emphasis is on
inspection patrols, and self-detection methods, to discover mal-
functions and, on subsequent checking, to be certain that the
faults have been corrected. A further conclusion is that the
number of signalized intersections (including school flashers and

flashing beacons) that can be maintained by one technician varies -

widely but seems typically to be in the range of 25 to 35.
Maintenance contracts are cost-effective and practical in high-
density areas, and are necessary for computers and much of the
peripheral equipment.

The Bibliography lists documents that were not referenced in
the report but may be of interest for further reading.

The appendixes are of unusual importance, furnishing details
that the manager will find useful in setting staffing levels, hiring
qualified personnel, stocking maintenance equipment and re-
placement parts, approaching the contracting of maintenance,
keeping adequate records, testing competing brands of lamps,
and specifying that maintenance training be furnished by equip-
ment suppliers.

The appendixes do not include a glossary of terms because
of ready availability elsewhere. Interested readers may wish to
consult glossaries published by the International Municipal Sig-
nal Association (IMSA) (3), the Institute of Transportation
Engineers (ITE) (4), and the Federal Highway Administration
(FHWA) (5).

MAGNITUDE OF THE PROBLEM OF INADEQUATE
MAINTENANCE

Signal deficiencies may conveniently be divided into ‘“mal-
functions” that produce a degradation of control level and
“breakdowns” that cause a loss of signal indication. Evi-
dence abounds from U.S. sources and those abroad that signal
malfunctions and breakdowns are widespread and serious in
their consequences. The problem lies not only in the frequency
of failures but in excessive time before a failure may be
reported.

In a recent field survey in Atlanta (6) 59 intersections were
inspected by a three-man team from the city’s traffic engineering
staff. They found that nearly 50 percent of the intersections had
equipment malfunctions that significantly restricted the smooth
flow of traffic. In several cases the deficiency found was so
severe that it rendered the signal totally inoperative.

Rowe reported in 1981 (7) that, in spite of a rigorous main-

tenance program, almost 24 percent of the signals in Los Angeles

had malfunctions that would affect the efficiency of traffic flow.

In 1970, Cobbe and Ridley (8) described a British experience
of the mid-1960s. Seventy signalized intersections in West Lon-
don were checked on four separate occasions over a period of
18 months. On each occasion it was found that approximately
70 percent of the signals had faults that were serious enough
to cause delay.

In 1977, Hulscher (9) reported the composition of the primary
categories of traffic-signal malfunctions in Sydney, Australia.



The average signal had about 1.5 malfunction reports per month,
broken down as follows:

Fault Category Number per Month per Signal

Controller fault 0.40
Lamp burn-out 0.33
No fault found 0.20
Detector fault 0.19
Accident damage 0.14
Other fault 0.11
Pushbutton fault 0.09
System master fault 0.02
Total 1.48

CONSEQUENCES OF MAINTENANCE
DEFICIENCIES

Maintenance deficiencies causing equipment malfunctions
have serious impacts on equipment life, road-user costs of ad-
ditional stops and delay, safety, fuel consumption, and pollutant
emission.

Tillotson reported in 1975 (J0) that a simple failure (such as
a broken detector loop) can induce significant delay. By locking
in a call to the controller, it will cause the green signal to extend
to its maximum limit irrespective of traffic demands. If the
signal is caused to operate as a fixed-time controller with a cycle
length of the order of 120 seconds, then the extra delay amounts
to about half the normal daily delay.

Faults in signal equipment in central London were estimated
in 1970 to cause delays costing the community about £4,000
per year per intersection approach (310,000 at that time) (8).

There are safety implications as well. Hulscher (9) inferred
from New South Wales data that the overall accident rate at
blacked-out or faulty signal locations is about eight times higher
than a signal sites functioning normally.

A signal that is malfunctioning may be placed on flashing
yellow/red by the maintenance crew or by a digital master that
has recognized a problem. Nighttime data gathered at San Fran-
cisco (/1) showed that accidents almost tripled when their sig-
nals were converted to flashing operation after midnight.

Rowe of the Los Angeles D.O.T. (7) used the TRANSYT
computer program to estimate that hardware malfunctions in-
crease the fuel consumption on surface streets by 0.5 percent.
This amounts to 2.8 million extra gallons of gasoline per year
and about a $3.6 million annual loss to Los Angeles drivers.

The cost-effectiveness of good maintenance is beyond ques-
tion. Later herein it is shown that even if signal malfunctions
were to increase stops and delay by just a small percentage and
a second or two, respectively, the cost to motorists would far
exceed the cost to maintain the signals properly.

PERCEIVED IMPORTANCE OF MAINTENANCE

In 1978 McGowan and Eicher (12) reported the results of a
survey in which researchers, system designers, and manufac-
turers rated the relative importance of various traffic-control-
system objectives. The survey showed that maintenance was
clearly rated more important than any other aspect of the sys-
tem. In this context, “maintenance” was defined as follows:

Maintainability
o Staff requirements
o Failure monitoring
« Field/ office serviceability
o Degree of service disruption
Reliability
o Resistance to failure
« Provision of fallback control (to standby operation)

PARTICULAR PROBLEM AREAS

In 1982 the consulting firm of Edwards and Kelcey prepared
guidelines for traffic-signal maintenance for the Pennsylvania
D.O.T. (I3). The firm’s research and field trips to various mu-
nicipalities identified three specific problem areas: nonstandard-
ization of equipment, overuse of sophisticated control equipment
and control scheme, and inadequate inspection during instal-
lation. Several other problem areas are also addressed in this
section.

Nonstandardization of Equipment

Most agencies have in operation equipment purchased from
a number of sources over a period of decades. (For example,
almost 30 percent of the signal equipment in Atlanta is more
than 25 years old and over 60 percent is more than 15 years
old.) The wide variety of makes and models demands large
inventories of replacement units and parts. Servicing is less
efficient because of the difficulty of training personnel to main-
tain so many different designs.

Overuse of Sophisticated Control Equipment and
Control Scheme

Later in this synthesis maintenance-cost data are presented
showing that multiphase actuated controllers, with their detec-
tion loops and electronics units, are much more expensive to
maintain than the electromechanical pretimed models. (The dis-
parity is much less pronounced now that controllers and detector
units are microprocessor-based.) Although sophisticated con-
troller /detector configurations can effectively reduce delay to
motorists, any advantage disappears if the equipment is not kept
in good working order. If maintenance dollars and manpower
are spread too thin, it may not be possible, for example, to keep
all of the detectors in service. The only recourse is to set that
controller phase to “recall,” bringing the green to that approach
at every opportunity, whether a vehicle is waiting or not. Over
a period of time an expensive, sophisticated installation can be
reduced to a pretimed operation offering little of the intent of
the original design.

There is an increasing disparity between the control capability
of modern, sophisticated equipment and the maintenance ca-
pability of the personnel assigned to keep it running. The day
is approaching when a malfunctioning unit will be able to display
a message to a relatively untrained troubleshooter to remove a
certain board or card and replace it with another. Until that
day arrives, and until the agencies have been able to upgrade
their equipment to that level, there will be a pressing need to
improve maintenance capability.



Tarnoff and Parsonson reported in 1981 (74) that the cost
to maintain sophisticated control equipment and control
schemes is more than justified by the resulting benefits to mo-
torists. However, if an agency’s budget simply does not allow
adequate maintenance, then the designs should be simplified. It
is better to plan for rudimentary actuated control, perhaps using
magnetic detectors that are rugged and reliable, than to install
multiple long loops that cannot be kept in service.

Inadequate Inspection during Installation

The report for the Pennsylvania D.O.T. (13) pointed out that
maintenance problems often can be traced to installation errors
that were not corrected because of inadequate inspection. Errors
included violations of the National Electrical Code, improper
installation of hardware, and incorrect operation of the equip-
ment.

Many agencies do not use their own forces to install signals,
preferring instead to award contracts to low bidders. In the
absence of stringent prequalification procedures, the award can
go to an electrical contractor with inadequate experience. If the
inspection is also inadequate, the potential for errors and short-
cutting is great. Examples include the breaking of insulation on
wires caused by improper handling and the placement of signal
heads on corner-located poles in such a way that they are
brushed out of alignment by turning trucks. Many of these
deficiencies may not show up during the period of the contrac-
tor’s maintenance responsibility, and therefore must be corrected
by the agency’s own forces at a later date.

" In all construction work, including signal installation, there
is a need for much greater feedback from the inspectors to the
designers and specification writers. Closed-loop communications
in this area lead to improved signal plans and contracts.

Other Problem Areas

In addition to the maintenance problems pointed out by the
Pennsylvania D.O.T., there are difficulties attributable to the
use of low-grade components not suited to the environment,
insufficient quality control, damage from power surges including
lightning transients, and lack of funds for equipment-replace-
ment programs.

TYPES OF MAINTENANCE

Several categories of maintenance have been adopted by var-
ious sources over the years. For example, Carlson (/5) stated
in 1976 that maintenance can fall into three basic categories:
routine, which includes periodic checking, lubricating, and ad-
justing; preventive, including controller overhaul, relamping,
cleaning, painting, and replacement of any damaged or defective
parts; and emergency, to restore signal operation on an emer-
gency basis. Maintenance or upgrading may also be done as a
part of a reconstruction program, he noted.

The report prepared for the Pennsylvania D.O.T. (13) divided
maintenance into three categories (preventive maintenance, re-

sponse maintenance, and design modification), which are
adopted as standard throughout the remainder of this synthesis.

Preventive Maintenance

Preventive maintenance is defined as the provision of periodic
checks and procedures to ensure reliable operation of traffic
signal equipment and reduce field failures.

Preventive maintenance can be implemented at two levels, A
and B, where B is the minimum for reliable operation. For
example, level A calls for painting the cabinet every 2 to 5 years,
oiling hinges every year, replacing the filter once a year and
cleaning it at mid-year. Level B omits the painting and oiling
and services the filter only by replacing it once a year.

Response Maintenance

Response maintenance is the repair and return-to-normal-
operation of failed equipment.

Response maintenance begins, for example, with a trip to an
intersection within one hour to verify and identify a reported
problem. This could be performed by the police or others. Then,
the response by maintenance personnel can result in either final
repair or emergency repair. Final repair involves repair or re-
placement of the failed equipment to restore the intersection to
proper and safe operation in accordance with the state permit
within 24 hours. This type of repair is required for span wires
or signal heads knocked down as the result of an accident and
for equipment failures involving lamp burnout, conflict monitor,
flasher, load switch, or signal cable. For other types of failures,
emergency repair is acceptable. Emergency repair temporarily'
restores safe operation within a 24-hour period. The repairs
required to bring the equipment into conformance with the
permit must then be completed within 30 days unless prohibited
by weather conditions or availability of equipment.

The selection of time periods allowed to restore operation is
difficult because of the liability implications. The PennDOT
selections of time periods were based partly on the fact that in
Pennsylvania much of the maintenance is performed by con-
tractors who must travel quite a distance to the municipality.

Response maintenance can be implemented at three levels—
A, B and C. Level C requires just a signal mechanic to provide
complete service for electromechanical equipment only. Solid-
state equipment can be serviced by the signal mechanic only by
the swapping of units. Level B is performed by a signal tech-
nician, who is capable not only of level C work but also of
troubleshooting systems and communications. A municipality
desiring level A response capability would need to add a signal
specialist able to perform bench repair of all equipment.

Design Modification

Design modification is defined as any change to the approved
design and operation of a traffic signal that is justified because
of a recurring problem. Usually it adds or removes a phase or
a special function, or changes the signal display to correct a
problem in a new installation.



RISK MANAGEMENT

Tort liability judgments related to inadequately maintained
traffic signals cost government agencies large sums annually.
The shield of sovereign immunity has eroded considerably, lead-
ing many agencies to develop appropriate methods to handle
and monitor their exposure to loss. The logical process is known
as risk management.

Basics of Legal Responsiblility

Many articles and reports (such as Refs. 16-20) have set
forth the elements of negligence as applied to traffic-signal main-
tenance and have explained the liability of governmental agen-
cies and their personnel. The International Municipal Signal
Association ran a series of articles (including Refs. 21 and 22)
alerting the maintenance technicians to their vulnerability to
suit. Another IMSA article, by Krueper (18), emphasized that
potential liability can be reduced by keeping adequate mainte-
nance records both in the office files and in the curbside cabinet.

Lawsuits in this area are based on allegations that negligence
existed or that a hazard was a public nuisance. These lawsuits
generally raise the following principal issues:

1. Did a potentially dangerous defect or hazard exist?

2. Was there injury or property damage?

3. What was the defendant’s duty of care in this situation?

4. Was the defendant derelict in fulfilling that duty? For
example, did this technician troubleshoot this controller in ac-
cordance with the standard of the reasonably prudent technician
working in this part of the country and under these circum-
stances?

5. Did the damages or injuries result directly from the der-
eliction of duty?

6. Was the defendant aware of the hazard for some time
before the accident? In that connection, was the presence of the
defect phoned in by a motorist (“actual” notice), or would the
agency have discovered the defect in the normal course of doing
its work properly (“constructive” notice)?

7. Was there any contributory negligence (such as speeding)
on the part of the plaintiff? In many states this can bar recovery
by a plaintiff, whereas in others that have a “comparative neg-
ligence doctrine” the amount of the recovery would be reduced.

8. Could the defendant have warned the motorist of the
hazard, or made the location safe by such means as police
control, before correcting the hazard?

9. Was there reasonable time, method, and money to correct
the hazard?

Failure to Comply with Maintenance Standards or
Guidelines

A report by Thomas (23) discusses the legal implications of
a highway department’s failure to comply with design, safety,
or maintenance guidelines. Cases are discussed that hold that
guidelines applicable to maintenance and maintenance proce-
dures may be admissible as evidence of the standard of care
that the highway agency should have followed. A specified
procedure may be put into evidence to establish that the de-

partment should have had notice of an unsafe condition and
the department failed to meet its own standard of care.

Case Studies of the Failure to Maintain Traffic
Signals

The ITE has published accounts of a number of lawsuits that
demonstrate various aspects of improper signal maintenance
(24).

The Louisiana case of McDaniel v. Welsh [234 So.2d 833 (La.
1970)] exemplifies the principle that improper maintenance or
lack of maintenance, or the failure to make a timely response
to malfunctions, are among the most common ways of incurring
liability. At 11:30 a.m. on the day of the accident, the controller
was replaced after complaints of flickering signals had been
received. The exchange corrected the flickering and the tech-
nician departed without checking to see if the new controller
operated correctly in other ways at this major intersection. A
different malfunction was reported to the city police at about
5:00 p.m. on that same day. A policeman made a more-or-less
cursory check, found no disorder, and did not notify the parish,
which keeps members of the repair department on 24-hour call.
By 9:00 p.m., when the accident occurred, the signals were all
out and the intersection was so dark the signal heads themselves
were not visible. The city police then called out the parish repair
personnel, who found that the problem was of a type caused by
faulty relays or loose connections. They then corrected the prob-
lem. The court found the parish negligent in not making a proper
inspection and examination of the signal after the malfunction
was reported at 5:00 p.m., not taking adequate measures to
correct the defect, and allowing the malfunction to continue an
unreasonable length of time (4 hours) following notice thereof.
The report to the city police was considered by the court to be
equivalent to notice to the parish because of an established
arrangement for relaying trouble calls.

Another case indicates that an agency responsible for main-
tenance of a signal must use every means at its disposal to keep
the signal maintained. In the case of Croft v. Gulf and Western
[506 P.2d 541 (Ore. 1972)] the defendant signal manufacturer
was dismissed from the case, leaving the Oregon State Highway
Commission as sole defendant. On the morning of the accident
it was raining and had been raining all night. After two cars
collided at right-angles, the officer investigating the accident
noticed that the traffic signals were showing green simulta-
neously for two conflicting directions. At the scene, both parties
claimed to have had a green light. The officer then observed
the signal for 45 minutes and noted 12 to 14 cycles during which
the functioning was erratic. However, before he left the scene,
the signals spontaneously commenced to function properly. Re-
pair personnel arriving an hour after the accident found no
moisture in the cabinet. As a precautionary measure, the tech-
nicians replaced a relay that was slightly discolored.

(The case description mentioned that frequent straightening
of the signals was required because of high wind at the inter-
section, but there was no mention that the conflicting greens
possibly could have been caused by poor splices or skinned
insulation in the field wiring.)

The investigating officer had twice reported signal malfunc-
tions at this intersection over the previous several months, but
these malfunctions did not involve conflicting greens. Rather,
the signals were out completely on one occasion, and stuck or



hung in one indication in the other. However, on both occasions
there was rain and dampness, prompting the officer to testify
that every time it rained, or it got damp, the lights malfunc-
tioned.

The case description did not discuss the variety of independent
malfunctions that can accompany rain. The court specifically
disagreed with the defendant’s argument that there was no prior
notice of the particular malfunction preceding the accident. The
fact that two earlier malfunctions had occurred when it rained
was sufficient notice, even though the complaints were com-
pletely different. Therefore, the court held that the defendant
knew or should have known that the signal was malfunctioning
before the accident.

During all three trouble calls, two of them before the accident,
the technician changed a relay after making a visual inspection.
He did not use his multitester to make any electrical checks.
His supervisor gave additional testimony along the same line.
The court concluded that the defendant had failed to properly
repair the traffic signal after receiving these two complaints.

Suggestions for Reducing Risk

These two cases show that the maintenance manager should
provide technicians with up-to-date equipment and should en-
sure that the equipment is being used. Mere visual inspections
should not be allowed, nor should technicians be permitted to

seek a “quick fix” by removing power and then reapplying it
to restart (reinitialize) the controller. (This may allow a marginal
semiconductor to cool enough to operate satisfactorily for a
time, but the problem will reappear.) The manager should be
sure that the maintenance technicians avoid “tunnel vision” that
may cause them to repair only what they were sent out to repair.
They should look for other problems that may exist and correct
them.

Adequate maintenance records should be kept so that in the
event of litigation there will be no doubt as to what was done
and when. The following items should be included in a main-
tenance record:

Identification of the person who made the complaint.
The time the complaint was received by the dispatcher.
The time it was given to the repair crew.
The time the crew responded.
The time the repair was completed.
The trouble that was found, including that found by the
maintenance person.

7. The repairs that were made.

8. The materials that were used.

A o

Appendix C includes examples of several forms suitable for
keeping these records.

Further suggestions for reducing risk can be found in NCHRP
Synthesis 106: Practical Guidelines for Minimizing Tort Liability
(25).

CHAPTER TWO

DESCRIPTION OF THE MAINTENANCE EFFORT

Over the past 20 years there has been an evolution —perhaps
a revolution—of control-equipment design. The emphasis in
maintenance has shifted away from tasks that can be performed
by an electrician and a signal “mechanic” toward those requiring
highly developed skills in electronics. Every jurisdiction has
alternatives in the selection of the signal equipment it will pur-
chase. Each alternative has its own requirements for personnel
for operation and maintenance. Some alternatives may demand
complex maintenance tasks that are beyond the capability of
the jurisdiction’s present staff. If the community believes that
personnel with these skills cannot be attracted and retained, and
if contract services are not available, then it will be necessary
to eliminate from consideration those alternatives that cannot
be maintained. The need is for each jurisdiction to select only
that equipment it is in a position to main'tain. Stated another
way, judicious equipment selection will mold the maintenance
tasks to what is feasible for that organization.

These days, because of advances in technology, traffic-signal
equipment is becoming so sophisticated that it is easily suited
to the unsophisticated user. Self-diagnostic capabilities of new

equipment indicate that we are nearing the day when the mal-
functioning controller itself will display a message to the repair
person to throw away a certain board or card and replace it
with another. When this day comes, the selection of timing and
the checking of operation of the intersection will be more chal-
lenging than the correction of malfunctions.

IS PREVENTIVE MAINTENANCE WORTHWHILE?

Inasmuch as solid-state equipment has no moving parts, the
need for preventive maintenance of modern equipment is much
less than it was when controllers were electromechanical. Even
when equipment has moving parts, it is not at all clear that
preventive maintenance (lubricating, cleaning, and adjusting) is
effective. However, a locality that has found its preventive main-
tenance program to be cost-effective ought to continue to per-
form this work.

Scheck (26) reported a study of traffic-signal diagnostic equip-
ment and preventive maintenance procedures. He analyzed



maintenance data provided by the Ohio D.O.T. and found that
all types of components failed after random lengths of time.
None of them, not even the electromechanical relays and con-
trollers, showed failure patterns that suggested wearing out with
time. (The only exception, of course, was lamps.) He concluded
that there is no justification for a preventive-maintenance pro-
gram for controllers and components, even electromechanical
units.

Scheck pointed out that this conclusion is supported by data
from the New York State D.O.T., which has the responsibility
for signal maintenance in a number of highway districts through-
out the state. In 1976 the NYSDOT performed a study of the
impact of the preventive maintenance effort (27). An on-site
investigation of randomly selected signals in Regions 1 and 2
was made. Region 1 had a minimal preventive maintenance
(PM) effort and Region 2 had a maximum program. In each
region 25 signals were selected to give a representative mix of
two-phase semi-actuated, two-phase full-actuated, two-phase
pretimed, and flashing signals. There were no multiphase con-
trollers in the random samples. An inspection team assessed
penalties for actuated phases operating on recall and for PM-
related deficiencies, such as dirty lenses, improper face aiming,
rusty poles, inoperative auxiliary equipment, and timing settings
not responsive to traffic flow patterns. The mean score for
Region 2 was about 8 percent higher than that for Region 1.
Statistical tests accounting for the dispersions of the 25 scores
about their means showed that it was not possible to state with
95 percent confidence that Region 2 signals were operating better
than those in Region 1, despite the pronounced differences in
their PM programs. The NYSDOT concluded that preventive
maintenance is not worthwhile, especially with the newer, solid-
state controllers. As of 1984 the NYSDOT had not performed
any preventive maintenance for several years and had not no-
ticed an increase in PM-preventable failures (28).

Parsonson and Tarnoff (29) reported data from a substantial
number of electromechanical pretimed and semi-actuated con-
trollers in Cincinnati showing that the units over 20 years of
age required no more service calls per year than did the newer
models. In Tampa these same types of controllers exhibited
failure rates for the units over 20 years of age that were com-
parable to the rates for models that were approximately 10 years
old. These results tend to reinforce Scheck’s findings that elec-
tromechanical parts fail after random lengths of time.

Scheck also discovered that some “infant mortality” may be
an illusion created by certain maintenance practices.

One would expect electro-mechanical relays to show few failures
early in their lives. The frequency of failures should increase as
wear causes malfunctions. The frequency should peak with a few
units having a very long life. The data shows the opposite effect.
Early-life failures are more common than late failures.

These results may be explained in part by maintenance prac-
tices. If a technician is not sure of the cause of a malfunction,
he may replace a component. A few days later the same signal
may again be reported as malfunctioning. If the symptoms are
the same, he may replace the same component. This routine may
be followed for several repair calls until the cause is correctly
identified. Meanwhile the maintenance record will show several
failures of the same component over a short period of time (26).

Experience in London led Cobbe and Ridley to the same
conclusion; i.e., that preventive maintenance is not effective.

Again, regardless of [whether maintenance is contracted out or
not] the question of preventive maintenance by routine inspection
should be critically examined. From the high fault incidence rate
there is little to suggest that preventive maintenance [performed
quarterly], except for lamp replacement, is contributing
greatly. . . . Since the rewards to be gained by ensuring satisfac-
tory reporting, remedial work and inspection are likely to be far
greater it is a reasonable decision that preventive maintenance
should be omitted. . . . The function of inspection [ought rather
to be] the discovery of faults and the subsequent checking that
the faults have been corrected, the latter duty being particularly
important (8).

On the other hand, in the event of a lawsuit over an accident
allegedly caused by a controller failure, the court will usually
hold that the agency had a “duty to care’” to perform whatever
preventive maintenance is recommended by the manufacturer.
For example, the manual for a widely used electromechanical
pretimed controller calls for a preventive-maintenance inspection
once a year (30). Although no part of this controller requires
lubrication, and no routine cleaning of the contacts is recom-
mended, there are various gaps and tolerances that are rec-
ommended to be checked, and all screws should be tightened.
The manual of a competing electromechanical pretimed con-
troller calls for no lubrication ever, under normal atmospheric
conditions, and adjustments are recommended only after certain
parts are removed and replaced. No periodic inspections are
called for (37). These two manuals reinforce the concept that
the emphasis in “preventive” maintenance is not primarily on
lubricating, cleaning and adjusting but rather on checking the
detector / controller configuration for failures.

DETAILED TASKS FOR PREVENTIVE
MAINTENANCE

Farrell stated that “preventive maintenance is a subject dis-
cussed often but performed very little” (32). Of the many sources
of checklists of tasks (including 3, 33, and 34), the report for
PennDOT (13) is especially thorough and detailed in this regard.
That report considers that preventive maintenance can be im-
plemented at two levels, A and B, where B is the minimum for
reliable operation. The tasks are broken into mechanical and
electrical types.

Preventive Mechanical Maintenance in Field

The report for PennDOT has set forth in detail the specific
tasks required at the A and B levels, and at various time in-
tervals, to provide the needed “mechanical” maintenance on the
cabinet, signal heads, mast arms, span wires, poles, pushbuttons,
detector sensors, and underground junction boxes and hand-
holes. Each task includes an estimate of the time required (e.g.,
10 minutes to clean the lenses, signs, and reflectors of a signal
face and 2 minutes to replace the lamps). These times are trans-
lated into manpower requirements in a later chapter on main-
tenance costs and funding. See Appendix A for the complete
list of tasks at both A and B levels, including time estimates.
The report for PennDOT (/3) includes a discussion of each
item, such as the procedure for using a test lamp to check the
adequacy of the ground rod.



Experience with Aluminum and Polycarbonate
Heads

In 1971 Chamberlain (35) reported that a polycarbonate resin
plastic named Lexan had been found to be suitable for the
fabrication of signal heads and lenses. The signal body is less
than half the weight of a die-cast aluminum head, and the built-
in color eliminates costly repainting. It is resistant to the moist,
salty air found along seacoasts.

Because of their light weight, polycarbonate signals may re-
quire tether cables to keep them from blowing around excessively
in the wind. Also, certain lamps may burn polycarbonate lenses,
particularly at locations where the signal goes for long periods
without changing. In addition, a survey by Souder in 1982 (36)
revealed that some use-failures (as opposed to collisions) were
occurring near where the head is mounted on its support. These
fatigue failures are caused by wind loads and can easily be
eliminated by the use of an aluminum adapter, Souder reported.

Group Relamping Programs

Replacement of individual lamp burnouts is an expensive
approach to relamping, therefore most jurisdictions minimize
this task by group replacement of lamps at regularly scheduled
intervals. The frequency with which relamping is performed
should be dictated not only by bulb-life statistics but also by
the required frequency of those services that should be per-
formed at the same time as lamp replacement. These services
include washing the lenses, polishing the reflectors, carefully
positioning each lamp, and keeping records of the services per-
formed. The frequency of the cleaning is important, as a survey
in seven major cities showed that soil on the lenses and reflectors
was causing a loss of 45 percent of the illumination (37). The
author of that article estimated that burnouts can be reduced
to 2 or 3 percent per year by using 8,000- or 9,000-hour-rated
lamps on a one-year group replacement cycle. In the absence
of any group relamping program, outage is likely to run from
20 to 40 percent per year depending on the rated life of lamps
used and the degree to which the line voltage delivered by the
power company matches the rated voltage of the lamp (37).

In Los Angeles, signal relamp and cleaning is performed on
a yearly cycle by three one-man crews. Only 7 percent of all
signal lamps are replaced by emergency crews.

Tindale, in 1976, described the steps leading to a decision to
adopt a group relamping program in Tampa, Florida (38). Each
year Tampa was replacing about 22 percent of its lamps at
burnout, and this effort made up about 30 percent of the total
work orders. A particular worry was that between 1971 and
1974 lamp burnouts increased 55 percent, and the cost of labor
and fuel for emergency replacement rose by over 108 percent.
Inasmuch as Tampa planned to upgrade its signals by adding
a significant number of lamps, it was clear that a scheduled
lamp-replacement program was needed. Tindale made a com-
parison, reproduced here in its entirety, of the comparative costs
of replacing lamps on a burnout basis and on a scheduled basis:

To determine the cost of replacing bulbs on a burn-out basis,
the following analysis was made:

1. A statistical sample of our maintenance calls involving the
replacement of burned-out bulbs was taken. From this sample,

an average per call traveled distance and time consumed was
computed. The former was computed to be 10.03 miles, the latter
36.08 minutes.

2. A unit fuel and vehicle operating cost was determined. The
former computed to be $.076/mile traveled, the latter $.15/mile
traveled.

3. An average hourly labor cost (excluding overhead and
fringe costs) was computed, averaging the salaries of employees
used to replace lamps, at $4.02/hour.

4. A unit lamp price was calculated, based on the percentage
of various lamps in use in the field and their respective present
purchase price, at $.38/lamp.

S. A total price per bulb change was calculated: labor ($/
minute) X (average time taken) + fuel cost (3/mile) X (miles
traveled) + vehicle operating cost ($/mile) X (miles traveled)
-+ lamp cost = $/lamp replaced.

Total unit cost/lamp changed: labor (.067) X (36.08) + fuel
(.076) x (10.03) + vehicle operating (.15) X (10.03) + lamps
(.38) = $5.07 per lamp replaced.

6. A total yearly emergency lamp replacement cost was then
computed (cost/lamp changed) X (estimated total lamps
changed/year) = total cost/year:

($5.07) X (1,908) = $9,673.56/year

With the proper statistical methods used and appropriate unit
cost determined for all identifiable variables affecting the cost,
any municipality can develop a realistic estimate of the cost of
its present lamp program.

To determine the estimated cost of a scheduled lamp program,
the following analysis was used.

1. Two persons could change all the bulbs at an intersection
in one hour or, in an eight-hour workday, two persons could
change all lamps at eight intersections.

2. The average travel distance round trip would be 13 miles.

3. Approximately 8,500 lamps were in the field.

4. There are approximately 400 signalized locations.

5. The two technicians working in the program would be paid
$3.94/hour.

6. The average cost of a lamp is $.38.

7. Vehicle operating plus fuel cost is estimated to be $.226/
mile.

With the above information and assumptions, the following
calculations were made:

1. Average lamps per intersection:

. amps/ intersection

2. Lamps changed per eight hours:
eight intersections

eight hours
X 21.5 lamps/ intersection
= 172 lamps/8 hours
3. Labor cost per bulb:
8 hours $7.88

172 lamps ~ hour
4. Fuel and vehicle cost:
$.226/mile X 13 miles/day +

172 lamp
—— = $.016/1lamp.
day 3 /lamp

5. The estimated unit lamp replacement cost under a sched-

uled basis is:
labor + vehicle operation + lamp
33 + .016 + .38 = .73

6. Estimated total lamp replacement cost:

$.73/1amp (8,500 lamps) = $6,205.

7. Yearly scheduled lamp replacement cost assuming an 18-
month replacement cycle:

$6,205/year = 1.5 years = $4,136/year.

From these calculations, it was estimated that the yearly sav-
ings was $9,673 — $4,136 = $5,537.

With the more effective results to the public—fewer burn-
outs displayed, more lumens output due to cleaner lenses and
the available tower truck and equipment during the evening
shifts—a lamp program became acceptable to the policy makers
(38).

= §$.33/bulb
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After implementation of the scheduled-replacement program,
Tindale found that an average of only 131 lamps (not the as-
sumed 172) could be changed in an 8-hour shift. Also, the
calculations omitted the fact that there would still be some
replacement of burnouts (38/month compared to 159/month
before). These two corrections reduced the yearly savings from
$5,537 to $2,361. However, the increase in brightness of the
signals—owing to the clean lenses and reflectors and the new
lamps—is very noticeable. Moreover, the lamp program has
reduced the required emergency overhead work, introducing the
opportunity to use small, inexpensive vans for most of the main-
tenance work (38).

Tindale analyzed the claims of lamp manufacturers and ar-
rived at the following proposed guidelines for lamp purchase:

1. Specify correct light center length.

2. Specify number of lumens per watt consumed at a rated
voltage of 117. (The present use is 13 lumen/watt @ 117 volts.)

3. Specify rated life of the bulb.

4. Be aware of the depreciation rate of the lumens output
and purchase bulbs in which good documentation shows a slow
depreciation of lumens output.

5. Contact your State Department of Transportation if you
are not confident of the claims of a manufacturer. You may also
have the lamps tested by one of the large lamp manufacturers
(the latter was done with success in Tampa) (38).

Test programs have shown significant .differences among
brands claiming a life of 8,000 hours. By purchasing lamps that
test well, Delaware has been able to extend their relamping
period to three years. The details of the Delaware test procedure
are presented herein as Appendix G.

The North Carolina D.O.T. purchases lamps rated at 130
volts rather than the usual 122 volts. When powered with the
normal 120 volts, the 130-volt lamps last approximately 20,000
hours, which is two and a half times the rated life of the lamp.
The loss in light output amounts to 12 to 14 percent, which is
not enough to be discernible to their traffic engineers when
tested with red lenses under field conditions. Energy costs are
reduced about 5 percent. The N.C.D.O.T. has estimated that it
costs an average of $75 to dispatch a technician to change a 90-
cent lamp, so they are pleased with their use of the 130-volt
models.

Preventive Electrical Maintenance in the Fleld

Just as the PennDOT report (13) details preventive mechan-
ical field maintenance, it also thoroughly describes the electrical
maintenance for electromechanical and solid-state control equip-
ment. Appendix B includes a list of these tasks. Maintenance
intervals in months and task times in minutes are set forth for
dial assemblies, cam assemblies, relays, flashers, switches, ter-
minal connections, timing-setting checks, detector units, load
switches, conflict monitor, and interconnect equipment. Just as
for mechanical maintenance, these tasks are later converted to
manpower needs (see Chapter 6).

The check of timing settings can be performed by a signal
mechanic if all that is desired is a comparison of the settings
posted inside the cabinet with those plainly set on the equipment
by means of keys, dials, thumbwheel switches, or timing pins.
If a keyboard-entry microprocessor controller or coordination
unit is to be checked, or if it is desired to check the adequacy

and appropriateness of the timing, then a higher level of training
may be needed.

Preventive maintenance of interconnect equipment includes
the following tasks in the PennDOT report (13):

« Controller Operation: The controller shall be checked to
confirm it to be functioning in the mode selected by the super-
visory master and local mode switches.

o Check for Free or Backup Operation: The input to the
interconnect equipment shall be disconnected to check if the
intersection control returns to the backup mode. Defective equip-
ment shall be repaired or replaced and the input reconnected.

o Check special equipment: All tests recommended by the
manufacturer shall be performed at the specified intervals. In all
cases the equipment shall function properly when the inspection
is completed.

This example of the details of a task makes it clear that the
emphasis in “preventive” maintenance is to check to see that
all equipment is functioning properly and to take positive steps
to repair or replace defective equipment. The use of patrols to
detect malfunctions is discussed later in this chapter.

Communications Equipment

The systems maintenance crew is responsible for resolving
problems in the field involving adaptors, communication units,
standby interconnects, and preemption systems.

Maintenance aspects of cable and conduit, multiplexing equip-
ment, and leased telephone lines are discussed in Synthesis 22
(2) and in the Traffic Control Systems Handbook (35).

In 1980, Cimento (39) discussed maintenance aspects of hard-
ware used in digital traffic control systems. He explained the
reliability, maintainability, damage resistance, and monitoring
capability (for failures) of the various subsystems of controllers,
detectors, and so on. He concluded that communications are
the single biggest problem. The newer technologies (e.g., time-
division multiplexing, digital circuitry, microprocessors) are the
most susceptible to operating problems (line disturbances, am-
bient noise, lightning) and are the most difficult to troubleshoot.
His findings are presented in detail herein in Chapter 7.

Cables and Conduit

Underground installations of cable and conduit are very dif-
ficult to inspect because of their inaccessibility. Normally, un-
derground cable can be inspected visually only where it is
exposed, such as in handholes or pull boxes. Electrical tests,
such as a determination of resistance to ground, aid in trou-
bleshooting. Spare conductors, if present, can be used to replace
damaged ones (2).

Fall-Back Capabilities at the Intersection

The maintenance of communications at the local intersection
currently is aided by a number of design features, such as re-
dundant circuits and fall-back to time-based coordination.



Multiplexing Equipment

The FHWA (5) notes that electronic multiplexing equipment
is unfamiliar to most signal technicians. They need specialized
training and sophisticated test equipment to acquire the nec-
essary maintenance proficiency on these items. ]

Ficklin (40) described a problem in which over one-fourth
of the field communication units failed during the warranty
period. The manufacturer took two months or more to repair
and return a failed unit, so that “typically, 20 or more inter-
sections were offline at any given time during most of the war-
ranty period, resulting in poor traffic coordination and much
negative public and media reaction.” The situation was not
resolved until more spares were purchased and the expiration
of the warranty period made it unnecessary to return failed units
to the factory.

Overland Park, Kansas, implemented a communications sys-
tem that shared space on a commercial cable TV network (47).
Serious communications problems plagued the system from the
first day until they were all eventually corrected a year and a
half later. The problems were traced to two major areas: noise
on the cable and improper set-up of the modems. The noise
problems were alleviated by tightening all connections and in-
stalling special filters. The set-up procedures for the modems
were adjusted to be suitable for use outdoors on a cable shared
with TV.

Leased Telephone Lines

As part of the lease arrangement, the telephone company
normally provides the required maintenance.

Master Control Equipment

Modern digital systems include master control equipment that
may be located curbside (“on-street”) or at central locations,
such as city hall and the signal shop. Both the hardware and
software must be maintained. Bigelow (42) has published a
checklist of items that the data processing manager and legal
council should consider from a contractual point of view when
installing or expanding the system. It addresses both hardware
and software.

Hardware Maintenance

Until recently it has been a universal practice to contract out
the maintenance of the computers and peripheral devices. Cur-
rently, some manufacturers offer mail-in service for boards re-
moved from their personal computers and desk-top models.
Contracts are made with the computer manufacturer or a service
subsidiary or with an independent service firm with close ties
to the manufacturer. Usually the contract provides for both
preventive and response maintenance, including parts and labor,
for a fixed monthly fee. The FHWA adds:

Other decisions must be made concerning response time and
down time. Even though satisfactorily used by some smaller
systems, contracts which permit a next business day response
would generally be unacceptable for a real-time traffic control
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system. Such a contract provision would be critical if a break-
down occurred, for example, at the beginning of a holiday week-
end. Further, a maintenance agreement which would permit the
computer to be taken off line for routine or preventive service
during a peak traffic period would be unacceptable. These se-
lected illustrations merely emphasize that it is essential to match
the provisions of any maintenance agreement with the desired
system performance level (5).

One solution to the problem of response time and down time
is to purchase two of everything—two computers, two disk
drives, and so on. Atlanta, for example, uses its second computer
for off-line tasks, normally, but it is ready to take over real-
time traffic control if the first computer fails or is taken off line
for maintenance.

Maintenance of central communications modules and the map
display usually is performed by the operating agency. The use
of systems managers for this purpose is discussed in Chapter 5.

Cimento (39) noted that computerized systems require a rea-
sonable commitment in maintenance and operating support.
This includes adequate spares and an equipment servicing rou-
tine. Good record-keeping procedures are more important now,
ke adds, for systematic troubleshooting and effective system
upkeep.

Tarnoff (43) reported the results of a group discussion aimed
at identifying features of simpler, lower-cost traffic-control sys-
tems for smaller communities. It was agreed that a user-friendly
system would have the following maintenance characteristics:

o Self-diagnostic capability including system exercisers to
support diagnosis.

o Ease of component changeout including fewer boards, in-
creased use of plugs.

« Elimination of preventive maintenance activities.

» Elimination of special environmental and power require-
ments.

o Availability of self-training courses.

o Use of standardized documentation symbols.

Software Maintenance

The computer programs are usually provided at the time of
system installation as a complete, operating, tested, and de-
bugged package. However, complex programs will reveal ad-
ditional flaws, or bugs, during their first few years of operation
because of the multitude of different computational combina-
tions of circumstances that will arise over time. Software “main-
tenance” is the altering of the program to fix each bug as it
develops. Other maintenance tasks are described by the FHWA
(5) to be required when:

e The configuration of the computer-controlled system
changes.

+ Additional control algorithms, timing plans, and data-pro-
cessing routines are developed and tested.

¢ Different statistical reports on system performance are re-
quired.

This will require the services of a programmer highly profi-
cient in real-time systems and in the specific software used in
the system. Synthesis 22 (2) noted that it is customary for the
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original software firm to furnish software maintenance for a
period of typically one year. After that period the operating
agency must make a decision as to how this programming ca-
pability will be provided; by in-house personnel, by contract
with the original vendor, or by a software consultant. However,
software maintenance by other than the original supplier could
only be accomplished if all of the following conditions are met:

1. The original program is very well documented.

2. It is also well designed and in modules.

3. The new programmer is highly proficient in the language
and the computer used in the system.

Changes in system configuration and the addition of control
algorithms can be accomplished via the operator’s interface in
most newer systems, without software changes. The computer
can usually be programmed to provide different or additional
statistical reports on system performance by someone reasonably
proficient in programming.

Software maintenance requires detailed documentation, in-
cluding logic flowcharts, program listings with explanatory com-
ments, and a user’s manual (3).

DETECTION OF MALFUNCTIONS

Faults in signal operation are discovered and reported in a
number of ways. Many agencies carry out routine inspections
periodically, and in recent years computer-based detection of
malfunctions has increased in use. Complaints by the public to
the police and the traffic engineering department remain primary
means of detection.

Based on London experience around 1970, Cobbe and Ridley
(8) believed that the main problem of signal maintenance may
well be not the “mean time between failures” but the “excessive
time before reporting.”

Patrols

Cobbe and Ridley (8) also believe that preventive mainte-
nance should be omitted. The function of inspection, then, would
be to discover faults and to perform the follow-up checks to
ensure that the remedial work is done properly.

Periodically, Atlanta conducts a Maintenance Day, on which
six two-man teams of skilled engineers and technicians are dis-
patched to all areas of the city to check traffic signals, street
lights, signs, and markings. Several hundred job orders are gen-
erated and are prioritized for the attention of the work crews.

In Los Angeles, when the emergency one-man signal-main-
tenance crews are not responding to trouble calls, they are
assigned to a routine signal-inspection program. One complete
cycle of the routine inspection program is completed every 45
days (44). Rowe goes on to explain:

A far more extensive inspection and preventive maintenance
program is carried out by four two-man crews on an 18-month
cycle. This program covers inspection of the controller, signal
heads and standards, and pull boxes. All interconnected systems
are inspected separately for proper operation of communications
equipment by six one-man crews. Master controllers are checked
on a weekly basis and local controllers on a 60-day cycle. Field

maintenance work which is too extensive to be accomplished
during routine inspections is handled by special two-man “work
order” crews (44).

Public Complaints

Educational programs seem to be needed to make the public
more aware of their role in reporting malfunctions. Assistance
from the news media is needed to enlist public participation.
Other aids to reporting by the public include lectures in driver
training programs, and an easy reporting procedure that is
widely publicized. The cooperation of fleet operators is partic-
ularly desirable (2); transit buses in Atlanta are equipped with
two-way radios, enabling the drivers to call in malfunctions.

Self-detection

Computerized traffic control systems may automatically de-
tect serious malfunctions long before a complaint is received
from the public. The computer can institute degraded operation,
such as pretimed, recall of a phase, flashing, or isolated control.
Computer control also enables remote diagnosis and confir-
mation of malfunction reports by citizens, police, etc. before
dispatching a repair crew.

London Experience

As of 1979 about half of the 2,000 signalized intersections in
the Greater London area were directly controlled by two com-
puters (45). Failures are categorized either as an “alarm” or as
a “warning” by the computer. An ‘“‘alarm” is a serious mal-
function of equipment, such as signal stuck, wrong phase in-
dication, data corruption, communication-line failure, or four
other categories. In these cases the intersection is dropped from
control and allowed to function as an isolated site; however, a
monitoring facility is retained, which often permits diagnosis as
to whether the fault is located in the basic signal equipment or
in the computer control devices. It is normal to drop all inter-
sections in that control section when one intersection enters the
“alarm” state, thereby allowing a local master control (if pres-
ent) to take over the coordination within that section.

A “warning” is a less serious signal condition that does not
justify termination of either computer control or local-controller
operation. Typical warnings are intermittent data-transmission
errors, minor timing faults, and nine other categories.

The real-time software in the Greater London system includes
a number of available commands aimed primarily at fault
diagnosis and maintenance.

These include the ability to drop individual [intersections] from
computer control, and if necessary prevent them from being
taken over by the computer automatically if a malfunction per-
sists. {Intersections] may be monitored while test equipment is
connected by a technician at the street location; in this case the
operator [at central] is able to verify the effectiveness of any
remedial action taken on site to cure a fault (45).



U.S. Experience Since the 1970s

The Traffic Control Systems Handbook (5) summarizes the
practices since the 1970s in performing continuous, automatic
testing of system components for failures or substandard per-
formance. The components monitored include detectors, local
controllers, variable-message signs, computer system, and com-
munications system.

A failure of a detector electronics unit, or of the detector-
communications electronics, is indicated if a call persists too
long (e.g., over 12 minutes), or has been absent for too long, or
is producing a count higher or lower than historically has been
observed at that location at that time of day. Some detector
electronics units have a remote reset feature that allows the
central computer to attempt to clear a persistent actuation and
restore normal operation without a trouble call to the site by
maintenance personnel.

A local controller sends back to the central computer infor-
mation on how it is cycling through its prescribed intervals.
Often only main-street green is monitored, but additional in-
tervals can be communicated back for a more positive check on
what the controller is doing. If the computer determines that
the controller has stopped cycling, or in some other way is not
responding to computer commands to go to a certain interval,
it reports that the controller has failed and alerts maintenance
personnel.

The sign-control unit (SCU) in a variable-message sign stores
the message received from the computer. If the SCU is unable
to correctly echo the intended message, then an SCU failure is
indicated. Each sign is continuously monitored by its SCU,
which immediately reports failures to the computer. Power fail-
ures affecting the entire sign or individual components are re-
ported, and battery backup continues to operate the sign until
power is restored (5).

The computer’s program includes a set of diagnostic routines
that seek out malfunctions in the following components of the
computer system (J): the computer memory, the internal in-
struction performance, the digital traffic input-output interface,
the interrupt system, and the peripheral equipment.

Communications are monitored for errors by means of a
parity-check scheme. When a transmission error is detected in
a message, the receiver requests a retransmission of the message

)

Current Advances in Self-detection

The malfunction diagnostics just described were implemented
in the larger central-computer systems in the 1970s. Currently,
the same concepts are being extended to systems with on-street
remote-master controllers. Known as ““closed-loop systems,” the
on-street master detects and identifies errors or malfunctions
and transmits reports back to a manned central office (46). An
installation turned on in early 1984 in Atlanta has a master
that continually monitors sampling sensor data for proper op-
eration. Each sensor is checked for constant calls, absence of
calls, and erratic outputs. A failed detector is automatically
deleted from volume and occupancy calculations, but is restored
if proper operation resumes. A designated number of sensors
on each computational channel must operate properly for the
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master to remain in the traffic responsive mode. Otherwise, the
system is automatically placed in the backup time-of-day mode.

Another important function of the master is to receive failure
and status messages from the local intersections. These messages,
along with the time and place of their occurrence, are always
stored in the master for up to 48 hours. Any event may also
be programmed for immediate report to the central office upon
occurrence. The entire log of messages for the last 24-hour period
can be requested for printout at the central office on demand,
or programmed for automatic transmission at a specific time.

At each intersection there is a unit Atlanta calls a local system
supervisor (LSS). It interfaces with a NEMA (National Elec-
trical Manufacturers Association) actuated controller. Timing
patterns are implemented by commands from the LSS to the
controller to “hold” and “force off.” The LSS also performs
numerous supervisory functions by continually monitoring the
operation of the local controller, the conflict monitor, and other
selected cabinet functions. Appropriate fault messages are im-
mediately transmitted to the central office computer when im-
proper operation is detected.

For instance, the LSS continually monitors the local controller
operation to ensure that the controller is in step with master
commands and is responding properly to side-street calls. If the
controller does not stay in step with the master, it is automat-
ically disconnected from system control and placed in “free”
operation. If the controller hangs up, the intersection is placed
in flashing operation.

The LSS also monitors other aspects of the local cabinet
operation. Six inputs are provided on the unit to monitor vir-
tually any cabinet condition. These inputs are normally used to
monitor such functions as conflict flash, manual flash, time clock
flash, pre-emption active, and manual control active.

The LSS transmits a message to the master when the initial
failure or monitored condition begins, and also another message
when normal operation resumes. Any monitoring channel can
be programmed to report a failure immediately to the central
office, or the messages can be stored at the master for summary
printout at the end of the day.

At the central-office facility, the operator has the option of
having automatic failure or status messages dislayed on the CRT
only or printed. Messages designate the intersection name, the
mode of failure or status, and the time of occurrence. “Resumed
normal” messages include the same information.

Some digital systems are designed so that the manufacturer,
at the factory or main office, can diagnose malfunctions in any
of the systems sold to recommend appropriate corrective action.
The key to this capability is for all of a manufacturer’s systems
to have a standardized master that includes a dial-up function
for the diagnostics. The manufacturer maintains a disc file on
all systems and always has at least one master in-house. The
remote dial-up function allows the manufacturer to connect with
any of the masters world-wide. By long-distance telephone the
manufacturer can go through any master to the intersections
and bring back and display all timings from the locals, as well
as the current operational plan utilized by the master. The
manufacturer can also display on the remote CRT as well as
the local CRT, UART' errors, log of disc errors, and on-line

' Universal Asynchronous Receiver and Transmitter (UART) is a
chip that handles transmission and reception in a communications mo-
dem.
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parity checks. The customer service department can dial up a
master, put the designated disc pack in service on the in-house
master, and duplicate the remote master’s operation. This de-
partment can determine a hardware, software, or operational
error. The success of this operation is attributable to the stan-
dardized master for all systems sold by a particular manufac-
turer.

RESPONSE PROCEDURE

The management of the response procedure includes the pro-
vision of a dispatching routine, the setting of response priorities,
the assurance of adequate off-hours emergency response, and
the enforcement of written policies and procedures for the actual
repair. Areas of particular emphasis are the keeping of good
records and the follow-up to ensure the quality of the work.

Dispatching

Synthesis 22 noted that a jurisdiction that does its own signal-
installation work may wish to instruct its dispatcher to make
an effort to see that all maintenance and repair work is done
by the installing personnel (2).

The dispatching procedure tends to be more formal in those
arrangements where maintenance is performed by a separate
governmental agency, or by a public utility or by a private
maintenance contractor. More than one agency may be involved
in the dispatching if specialized equipment (such as cranes) is
shared by several agencies (2).

Response Priorities

Australian traffic engineers have used large-scale public-opin-
ion surveys to determine subjective hazard ratings of various
malfunctions. By a great margin the most hazardous fault was
considered to be a turn arrow conflicting with a green signal
displayed to the opposite (oncoming) approach (9, 47). The
surveys found the public to be remarkably aware of the levels
of risk associated with traffic-signal failures, and to be concerned
not only about the occurrence of such failures but also that they
be repaired promptly. Hulscher arrived at a comprehensive set
of priorities, shown in Table 1. The top seven are dangerous
hazards and receive priority no matter what the importance of
the particular intersection. Nine.lesser hazards are then listed,
with the priority dependent on the level of importance of the
intersection. Eight comparatively minor faults complete his
scale.

Factors in scheduling response priorities also include mini-
mizing travel time, expected time to be spent at each location,
and known traffic patterns (2).

Time from Breakdown to Restoration of Service

Failures may not be reported as soon as they occur, or they
may be of a nature that cannot be detected by the computer.
Therefore it has become common in the United Kingdom to

TABLE 1

PRIORITIES FOR RESPONSE TO VARIOUS TRAFFIC-
SIGNAL MALFUNCTIONS (9)

Category Priority DescriptionEl

Dangerous 11 Green signal display to two or more

Hazard intersecting streets (green all round)

12 Signals at intersections of two priority
roads blacked out

13 Conflicting green signals (left-turn green
arrow with WALK)

14 Twisted lantern - dangerous

15 Accident damage creating traffic hazard
(e.g., post protruding into traffic lane)

16 Exposed live wires from damaged
post/gantry/controller housing or
severed underground cables

17 Housing door open

Major 21 Timing fault causing serious congestion

Status or delay

Intersection 22 Right-turn red or green arrow not
operating

23 Signals not changing (stuck) or not oper-
ating (blacked out)

24 Red or DON'T WALK lamp out (including
left-turn arrow)

25 Erratic timing or skipping of amber or
inter-green

26 Faulty detector

27 Faulty or missing pushbutton

28 Skipping pedestrian feature

29 Accident damage - not dangerous

Priority 31 Timing fault causing serious congestion

Road or delay

Intersection 32 Right-turn red or green arrow not
operating

33 Signals not changing (stuck) or not oper-
ating (blacked out)

34 Red or DON'T WALK lamp out (including
left-turn arrow)

35 Erratic timing or skipping of amber or
inter-green

36 Faulty detector

37 Faulty or missing pushbutton

38 Skipping pedestrian feature

39 Accident damage - not dangerous

Other 41 Timing fault causing serious congestion
Intersection or delay

42 Right-turn red or green arrow not oper-
ating

43 Signals not changing (stuck) or not oper-
ating (blacked out)

44 Red or DON'T WALK lamp out (including
left-turn arrow)

45 Erratic timing or skipping of amber or
inter-green

46 Faulty detector

47 Faulty or missing pushbutton

48 Skipping pedestrian feature

49 Accident damage - not dangerous

Other 51 Amber or green lamps out (including

left-turn arrows and walk lamps)

52 Two or more conflicting lamps simultan-
eously (e.g., red/green, red/amber, and
green/amber together)

53 Faulty illuminated sign (NO RIGHT
TURN, ete.)

54 Missing finial cover

35 Twisted lantern or target board - not
dangerous

56 Pneumatic detector tread leaving channel

57 WAIT or bollard lamp out

58 Any other fault

8In the United States, the references to right turn should read
teft turn and vice versa.



speak of the “mean time of existence” (MTOE) when dealing
with signal failures (45, 47).

MTOE = time the failure exists before reported + MTTR

where MTTR is the mean time to repair after the report is
received.

Blase described an interesting approach to the difficult task
of estimating how long a failure may go unreported (45). First,
he determined from a sample of London signal failures that the
MTTR was 6.3 hours. Then he determined that, of the 15,786
failures reported in a recent year, about 2,000 were duplicate
reports of the same fault.

Since a large number of agencies may report the same failure,
it is not unreasonable to assume that, once a failure has been
reported, there are no constraints preventing it from being re-
ported again.

Blase concluded that there is a probability of 2,000 in 15,786
that a fault will be reported again within the 6.3-hour MTTR.
The expected time that the failure has been in existence is the
time it takes to achieve a probability of 1 that the fault is reported
once. This time is calculated as

15,786
—_— .3 = 49.7 h
7 X 6.3 9.7 hours

Therefore the MTOE of a failure is
49.7 + 6.3 = 56.0 hours

This approach gives an estimate of the upper limit of the MTOE.

Off-Hours Emergency Response

Emergency repairs made outside of regular working hours
are a concern because of the expense of overtime pay. Admin-
istrators will consider costs heavily in determining the procedure
to be followed in handling off-hours trouble calls. These costs
are affected by overtime pay practices, which may be controlled
by rules of the civil service or unions. For instance, some con-
tracts require pay for a minimum number of hours (as high as
three or four) for every call-out after normal working hours,
regardless of the time actually taken. Abuses of overtime pre-
mium pay have been reported, including unnecessary prolonging
of after-hour repair work and deliberate postponement of reg-
ular-shift work until the overtime period (2).

In some localities the prevalence of crime during nighttime
hours is a factor in the decision of whether or not to dispatch
repair personnel.

Fulton County, Georgia (Atlanta) recently analyzed seven
months of overtime paid in 1983. The Electronics Division man-
ager concluded that overtime pay resulting from emergencies
could be reduced by 90 percent if their four crews would work
overlapping split shifts, the first beginning before the morning
rush hour and the second ending after the evening rush hour
each day (48).

Corrective Measures

An earlier section explained the system developed for
PennDOT to establish three levels of response-maintenance ca-
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pability (13). The International Municipal Signal Association
(IMSA) (3) offers Trouble Report forms and suggestions ori-
ented primarily to safety measures that should be taken while
on a call.

The importance of good documentation on the equipment
cannot be overemphasized. Atlanta uses a Keysort System (the
McBee Keysort is a manual method of sorting inventory cards)
for inventory information. A second repair record inside the
controller cabinet is essential so that the first-line repairman
can take into account the complaints and repairwork preceding
his call.

One critical consideration in response maintenance is the ease
of setting the timing on a controller or coordination unit that
has replaced a faulty one. Some keyboard-programmed micro-
processor units may be difficult for a trouble electrician to time
in the field. Robinson, Sanderlin and Associates (49) in 1981
devised a Traffic Signal Controller Evaluation Form that looks
closely at such characteristics that determine maintainability.
Their form allows the agency to rate a controller unit on the
following items on a yes/no basis:

Controlier Replacement

Field Serviceable by Trouble Electrician
Match Existing Timing (Copy Dial Settings)
Timing Reprogrammed Via Copy PROM
Timing Reprogrammed Via Keyboard
Custom Signal Program Reprogrammed

Via PROM Replacement
Standard Signal Program Common to

All Controllers

Other

Bench Serviceable by City Technician
Regional Service Centers

The measures that can be taken to correct malfunctions or
breakdowns include repair, downgrading, flashing operation,
and signal shutdown. If it is determined that complete repair
cannot be accomplished at the site, then one of the other three
alternatives will be chosen.

Downgraded operation retains the green-yellow-red indica-
tions, but at a less efficient level than afforded by the signal
after complete repair. For example, downgraded operation can
result if a replacement controller does not have all of the features
of the replaced unit. Downgrading can also be the result of
setting the controller to “recall” to a phase that has experienced
a detector failure. Other examples include loss of a protect turn
phase, of pedestrian indications, or of interconnection circuits
(2).

Maintenance policies vary from agency to agency as to the
decision whether to downgrade or to repair. Some jurisdictions
instruct their emergency-repair crews to spend as little time as
possible at any one location. A crew performs only the minimum
amount of work necessary to restore some kind of signal control;
later, a regular maintenance or construction crew completes the
repair. This procedure frees the emergency-repair crew to answer
another trouble call as quickly as possible; however, the effi-
ciency of intersection operation suffers until the regular crew
completes its work some time later. Other jurisdictions follow
this “minimum work” procedure only for off-hours trouble calls,
or calls made during relatively heavy traffic conditions, or during
bad weather, or under some other predetermined conditions.
Other agencies attempt to minimize downgrading by specifying
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that the emergency-repair crew take the time needed to complete
the repair during the first visit (2).

Placing the intersection on flashing operation allows the con-
troller to be worked on or swapped out for another. If the signals
are turned off completely, it will be necessary to control traffic
by police or flagmen, or by STOP signs.

Follow-up includes all work scheduled at intersections where
the first-line technicians were not able to complete the repairs.
After completion of the emergency repairs, or the follow-up
work that may have been required, it is particularly important
to consider additional inspection to ensure that proper operation
has in fact been obtained.

CHAPTER THREE

MAINTENANCE PERSONNEL

The evolution from electromechanical to solid-state designs
has caused a corresponding transition in the requirements for
maintenance personnel. Appendix C includes example sets of
detailed qualifications for the various skills needed to maintain
modern equipment. Chapter 6 presents extensive data on ratios
of numbers of signals per maintenance staff member.

The maintenance of the 3,669 signals in the City of Los
Angeles is accomplished by a staff of 76, of which 61 are jour-
neyman traffic signal electricians and 4 are transportation en-
gineers (44). The personnel are organized according to the
following specialized functions:

Function Personnel

[

bW WWAAOAN N

Emergency Signal Repair & Routine Signal Inspection
Preventive Maintenance
Inteconnected Systems Inspection
Maintenance Work Orders
Wreck Repair

Loop Replacement

Relamp Program

Signal Shop Controller Repair
Signal Head Repair

Signal Timing (Engineering)
Supervision (Direct Full Time)
Total

—

=

It is interesting to note that the 22 persons assigned to emergency
signal repair operate as one-man crews. Other cities may prefer
two-man crews where personnel are exposed to moving traffic,
or where crime is prevalent, or where union rules call for two.
Moreover, two-man crews are safer than one-man crews when
aerial equipment is operated. Often, one crewman is needed to
observe the signals while another performs checks on the con-
troller.

An example of a smaller jurisdiction is DeKalb County, Geor-
gia, in the Atlanta area. With 680 signals, including flashers,
DeKalb County has a signal maintenance staff of 27, of whom
25 work on the day shift and 2 are assigned to the evening shift
(on one trouble truck). In addition to the Signal Shop Foreman,
there are two Electronics Technicians, one of whom is a bench

repairman and the other is assigned to do field work. The re-
mainder of the staff includes two senior electricians, 10 elec-
tricians, and 13 senior crew workers. They work in crews of
four, usually, including one Loop Crew; three Line Crews that
perform inspection, preventive maintenance, and installation;
and two trouble trucks each manned by a single technician. As
in the evenings, the one trouble truck used on weekends has
two crewmen.

A jurisdiction that is smaller than DeKalb County is the city
of Macon, Georgia. Macon has 174 stop-and-go signals, 39
school flashers, and 26 flashing beacons. Signal maintenance is
performed by the Traffic Signals, Signs and Markings Division
of the Electrical Department, which is separate from the Traffic
Engineering Department. The signal shop has a supervisor and
eight workers, and shares a secretary with the sign shop. The
workers include a (working) foreman and an electronics tech-
nician who is the bench repairman. The work is generally per-
formed by crews of two, each made up of a Technician III
assisted by a lower-category technician. The crews: rotate in
assigned duties so that each technician receives broad experience,
including installation work. All of the workers are assigned to
the day shift. After-hours trouble calls are taken by one worker
who is given that duty for a week at a time and receives extra
compensation of 10 hours for the week at a time-and-a-half
whether called out or not.

FOUR CATEGORIES OF MAINTENANCE SKILL

In 1977, Stout et al. (50) identified four categories of main-
tenance skill required for traffic control systems. The categories
were described in terms of the equipment: ‘

Electromechanical devices, such as pretimed controllers
o Electromechanical/electronic devices with vacuum tubes
Solid-state devices with linear circuitry

Solid-state devices with digital circuitry

Table 2 describes these categories in more detail.



TABLE 2
CATEGORIES OF MAINTENANCE SKILL (50)

Maintenance
Skill
Category Equipment Description
1 Electromechanical devices, such as pretimed

controllers, synchronizers, coordination units,
and other devices operating by mechanical and
electromagnetic principles. (An example is the
Eagle Model EF-20 pretimed controller.)

2 Devices operated by using electronic principles
accomplished by means of vacuum tubes in
conjunction with electromechanical devices.
(An example is the Automatie Signal Model
1826 actuated controller.)

3 Devices operated by means of solid-state linear
circuitry. These are analog devices. (The
Automatie Signal Model ST 827 controller is an
example.)

4 Devices operated by means of solid-state
digital circuitry. These generally employ LSI
and TTL techniques. (The Econolite D-8000
controller or microprocessor controllers are
examples.)

TRAINING

Stout et al. (50) described the maintenance personnel qual-
ifications and training for each category as follows:

o Entry-level requirements

o Familiarization-training time needed

o Training time for each specific device

o Minimum experience to be considered a skilled technician

Table 3 details the qualifications and training for each of the
four maintenance-skill categories. Stout et al. also described the
training needed for a technician to advance from one category
to another.

Gibson (57) described the training required for maintenance
technicians who are to work on the Model 170 controllers jointly
developed by the California D.O.T. and the NYSDOT (52,53).
The suggested background includes either the Heathkit 6300
course or the Motorola 6800 course, plus a basic course in
microcomputer programming, and a follow-up course entitled
“Advanced Signal Repair” as offered to west coast repair-facility
technicians. Figure 1 shows the Model 170 and its cabinet (54).

Scheck (26) observed the maintenance activities at the Ohio
D.O.T. signal shop and studied the reference manuals provided
by equipment manufacturers. He then prepared a manual of
detailed procedures that represent good practice consistent with
the available tools and instruments. The manual covers many
models of electromechanical and solid-state controllers, various
load relays, and a number of loop-detector electronics units. A
formal training program was presented to 30 participants rep-
resenting all districts and the central office, to familiarize main-
tenance personnel with microprocessor-based controller and
diagnostic equipment.

Short courses or training seminars are presented by the IMSA
in connection with their annual meetings in August. Other
courses aimed specifically at maintenance technicians are pre-
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sented by certain manufacturers at various locations around the
country.

As a practical matter, in-service training is often the most
available way to upgrade skills. One way to fund such training,
practiced by the North Carolina D.O.T., is to specify in equip-
ment-acquisition contracts that the supplier furnish training
along with the hardware. (See Appendix H for the N.C.D.O.T.
specification for such training.) Maryland has a practice of
furnishing training, at its expense, to its cities. In North Car-
olina, training programs are planned and arranged by the North
Carolina division of the Southern Section of the ITE, funded
by the Governor’s Highway Safety Program, and presented by
technical experts from the N.C.D.O.T.

A key point is that training materials need to be attractive
and easy to read. Vest-pocket summaries liberally laced with
cartoon-style sketches make a readable format that is much
more likely to find its target (55).

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 contracts. A survey
taken in connection with the preparation of Synthesis 22 (in
1974) found various procedures on staffing multi-shift opera-
tions. One jurisdiction has a normal complement of personnel
for the first shift, half that number for the second shift, and a
skeleton crew for the third shift. Other jurisdictions staff the
first two shifts fully and rely on standby arrangements for the
third shift. Some have complex duty rosters for rotating per-
sonnel among the various shifts.

Standby procedures to be followed outside of regular working
hours vary widely. The standby crew may be the only main-
tenance force available; alternatively, a skeleton crew may be
kept on duty, reinforced by the standby crew only when the
workload requires. Another scheme calls for all regular main-
tenance workers to be assigned responsibility for a number of
installations near their homes. A third plan is for a foreman to
be on call and responsible for making the necessary arrange-
ments for the required repair work. Still another procedure has
the dispatcher telephone individuals from a priority call list that
is rotated at regular intervals. Procedures may change at a
certain time of day (such as at midnight) or they may differ
between weekday nights and weekends (2).

License and Union Requirements

A journeyman electrician’s license is required by some agen-
cies to be held by all maintenance personnel, whereas other
jurisdictions may require this only of foremen or of some senior
personnel. Licensing may be required for hiring or for pro-
motion, depending on local practices and applicable state laws.

Licenses issued by the Federal Communications Commission
(FCC) are required for personnel involved with the operation
and maintenance of some types of control, detection, and in-
terconnection equipment. Some agencies reimburse their per-
sonnel for the cost to obtain and renew FCC licenses.

Those jurisdictions that are unionized may have electrical
craft unions, general industrial unions, or unions of public em-
ployees. Where unions exist, the signal maintenance manager
should see that the union contract provides adequately for this
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TABLE 3
MAINTENANCE PERSONNEL QUALIFICATIONS AND TRAINING (50)

Benchmark

Description

Maintenance Category 1

Entry Level Requirements

Familiarization Training
Specific Device Training

Minimum Experience to Be
Considered Skilled Technician

Maintenance Category 2

Entry Level Requirements

Familiarization Training
Specific Device Training

Minimum Experience to Be
Considered Skilled Technician

Maintenance Category 3

Entry Level Requirements

Familiarization Training
Specific Device Training

Minimum Experience to Be
Considered Skilled Technician

Maintenance Category 4

Entry Level Requirements

Familiarization Training
Specific Device Training

Minimum Experience to Be
Considered Skilled Technician

Knowledge of eleetricity and mechanical theory equivalent to that obtained in a one-year
technical school or related training on similar equipment, such as company-provided
training in typewriter repair, cash registers, ‘etc., and one to two years experience. Must
know basic electricity, have the ability to read wiring diagrams, check ecircuit continuity,
and understand rotating parts.

One month
One week intensive training on each type of device.

Three months plus two weeks per device serviced.

Military electronies school or a nationally recognized electronics school with emphasis on
electronic component maintenance including concentrated training in vacuum-tube tech-
nology and two years experience in maintaining similar types of equipment. In lieu of
formal training and experience stated above, four years of maintenance experience on
similar types of equipment will qualify the applicant.

Three weeks
One week intensive training on each type of device.

Four to six months plus one month per device serviced.

military electronics school or a nationally recognized electronies school with emphasis on
electronic component maintenance including concentrated training in transistor technology
and linear circuits and two years experience in maintaining similar types of equipment. In
lieu of formal training and experience stated above, four to five years of maintenance
experience on similar types of equipment will qualify the applicant.

Two weeks
One to two weeks intensive training on each type of device.
Three to six months plus one month per device serviced.

Military electronics school or a nationally recognized electronics school with emphasis on
electronic component maintenance including concentrated training in digital logic and in
the manual skills necessary to service equipment. In addition, experience in the
maintenance of similar types of equipment for two years or five years of maintenance
experience on similar types of equipment in lieu of formal training.

One month
One to two weeks intensive training on each type of device.
Three to six months plus one month per device serviced.

A state or local maintenance organization may find it difficult

work. Otherwise, signal maintenance may be hampered or made
unduly costly by citywide union contracts that do not account
properly for these requirements (2).

PERSONNEL RECRUITMENT AND RETENTION

A perennial problem is the inability of many governmental
agencies to compete in the labor market because they cannot
pay prevailing wage rates. Proper maintenance of sophisticated
traffic-signal systems requires salary schedules higher than nor-
mal maintenance or electrician rates. Signal-maintenance or-
ganizations compete with electrical contractors, utility
companies, and electrical and electronic manufacturers. In some
areas with large industrial plants or a great deal of construction
under way, certain skills may be completely unavailable.

to compete for personnel with another governmental agency
offering higher pay. A state highway agency using a wage scale
that is uniform statewide may be able to compete satisfactorily
in the rural areas, but may fail to retain trained personnel in
the larger urban areas where local governments have a higher
pay scale.

Substandard wage scales may force an agency into hiring
inexperienced personnel, who then must be trained at some
expense. Once they are trained it is vital to retain them by
providing an attractive package of salary scale, working con-
ditions, and fringe benefits. Otherwise the training program
becomes an expense with little or no return to the agency pro-
viding it (2).
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CHAPTER FOUR

MAINTENANCE FACILITIES AND EQUIPMENT

This portion of the synthesis describes signal repair shops,
field equipment, communications from person to person, and
the management of spares and supplies. The most noteworthy
changes in the past decade have been the development of CRT
(terminal) monitoring of malfunctions from the signal-repair
shop, and the use of microprocessor-based diagnostic equipment
in both the field and shop.

SIGNAL REPAIR SHOPS

Acceptance testing, major reconditioning, overhaul, repair,
and bench testing of traffic-signal equipment are done at a signal
repair shop. Most agencies have only one. Figures 2—8, and the
others in this chapter, show good examples of the facilities at
a modern signal shop.

Three types of testing are performed at a shop:

» Acceptance testing at time of purchase
« Diagnostic testing for malfunctions
e Acceptance testing after repair

Chapter 6 has a section entitled Call Rates that reports the
results of the stringent acceptance-test programs carried out by

several states at the time of purchase. The importance of these
programs in reducing the frequency of trouble calls can hardly
be emphasized enough.

CRT Monitoring of Malfunctions

One of the principal advantages of computer-based traffic
control systems is their ability to monitor the controllers and
detectors for malfunctions. An alarm message can be transmitted
from the computer to both the traffic engineer’s office and the
signal shop, where an appropriate input/output device such as
a CRT unit can be located.

Tools and Conventional Test Equipment

The IMSA Manual (3) presents a detailed list of the exact
tools required to outfit a signal shop. Conventional test equip-
ment for traffic-signal work consists of custom-made equipment
for signal testing and also such standard items as digital mul-
timeters, oscilloscopes, and substitution boxes. At each of the
several work stations at the signal shop will be found test panels

FIGURE 2 Technician testing a loop-detector unit in Macon, Georgia.
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FIGURE 3 Technician using NEMA test board with a controller in Macon.

and meters to test and troubleshoot a specific type, or family
of types, of control equipment. Test boards may be fabricated
by shop personnel or purchased. The number of work stations
required for each type of control equipment depends on the
number of units in operation, the shop-overhaul frequency, the
expected failure rate, the average time spent on each overhaul
or repair, and the utilization (number of shifts) of each station.
Additional stations will be required if acceptance testing of new
equipment is to be done (2).

Equipment for Microprocessor-Based Controllers

Gibson (51) listed the equipment required for a shop to test
the Model 170 controller. The list would apply equally well to
other microprocessor-based controllers, such as those meeting
the NEMA standards.

» Good controller of same type + cabinet fully loaded
e Oscilloscope

FIGURE 4 Controller repair bench at the West Virginia Department of Highways.
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FIGURE 5 Another controller repair bench at West Virginia.

Ohmeter Magnetic tester

Frequency tester (for modem) Loop detector tester

Good DC power supply, variable 0-32 volt Loop tester

Test panels « PROM programmer with eraser (for copying, verifying,
Conflict monitor tester and erasing UV EPROMS)
Cabinet wiring tester « Environmental test chamber
Load switch tester » 6800/6809 microcomputer—Smoke Signal, Gimix, Hazel-
Magnetometer tester wood, Motorola

FIGURE 6 Electromechanical dial units are cleaned every 9 to 12 months at the City
of Milwaukee signal shop.



23

FIGURE 7 Area for construction and minor testing of electromechanical equipment in

Milwaukee.

Figures 9 and 10 are photos of environmental test chambers.
Comparably stringent environmental test procedures are spec-
ified for both Model 170 and NEMA-standard controllers. Fig-
ure 11 shows a typical test diagram for carrying out the
environmental checks specified by NEMA (56).

The environmental test chamber is used to heat controllers

to 160°F (71°C) and to cool them to —30°F (—34°C). At each
of these temperatures the units are made to cycle for about 24
hours, after which they are tested while still in the chamber at
temperature. A CRT reports the test results to the operator.
A high-quality variable power supply is also needed, to test
the range of line voltage over which a controller will operate.

FIGURE 8 Area for construction and maintenance of solid-state equipment in Milwau-

kee.
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The power supply is connected to the power leads of a controller
under test and the voltage is slowly raised from zero to 130
VAC and then lowered.

Figures 12 and 13 show controllers awaiting testing and re-
pair.,

Diagnostic Equipment for Both Shop and Field

Some microprocessor-based controllers can be analyzed to
isolate a malfunction through the use of a special diagnostic
programmable read only memory (PROM) module. These con-
trollers were designed to allow nonengineering personnel work-
ing in the shop or under difficult conditions in the field to isolate
malfunctions to particular modules or printed circuit cards. For
this purpose the normal PROM module (with the program for
that intersection) is replaced by the diagnostic PROM module,
which contains troubleshooting routines provided by the state
to enable the automatic isolation of a defective circuit or function
within the printed circuit module. The technician simply acti-
vates a switch that advances the diagnostic PROM from one
test to the next. Indicator lights show whether each test was
passed or failed.

Another microprocessor controller has available a mainte-
nance kit based on a diagnostic PROM module. The test soft-
ware includes both an automatic and manual mode of operation.

A number of features permit sophisticated testing utilizing sim-
ple manual operations.

Still another microprocessor-based controller can be used with
diagnostic PROMs that eliminate most of the guesswork and
tedious, systematic switching of components and modules re-
quired by normal troubleshooting procedures. The diagnostic
PROM is applicable to either bench or field testing, but is most
effectively used in the shop to track malfunctions down to the
component level after the defective module has been located
and exchanged in the field. One of the PROMs cycles the con-
troller through all the tests again and again, for hours or days,
until an intermittent failure reappears and the bad component
is located.

Scheck (26) developed a controller exerciser/diagnostic unit
that has a built-in test procedure to check the timing, the ability
to skip phases, the response to calls, conflicts in signal displays,
and missing overlap signals. The units are designed for either
field or shop use. For field use the controller can be left in
service, but the actuations from traffic will be intercepted and
the controller will respond to actuations generated by the in-
strument,

Scheck reported that the exerciser/diagnostic unit has the
following potential benefits (26):

Speeds up the process of checking timing in the field.
Documents that the controller was functioning in a normal man-

FIGURE 9 Environmental test chamber at New York

State D.O.T. facility.



FIGURE 10 THERMOTRON environmental test chamber at City of Los Angeles holds three Model 170 controllers.

ner during routine inspection of the signal installation. This
documentation should assist the agency in defending against
liability suits alleging negligence.

Monitors and documents the results of shop burn-in tests of
repaired or new controllers. This application uses the repetitive
or long-term test capability of the unit.

Figures 14 and 15 show controller test units.

Storage Requirements

The signal shop will have storage facilities for tools, equip-
ment, parts, supplies, and equipment awaiting repair. Additional
storage space may be needed at a separate warehouse.

Agencies responsible for a large geographical area may es-
tablish branch warehouses that stock items in frequent demand.
The main warehouse is the central receiving point and principal
depository. In addition to keeping the satellite facilities stocked,
the central facility inspects all incoming material.

Inasmuch as maintenance trucks cannot carry a complete
inventory, access to the storage facilities must be available
around the clock (2).

Figures 16-20 show equipment stocked at several signal
shops.

FIELD EQUIPMENT

Field equipment includes vehicles and aerial equipment, tools,
test equipment, and miscellaneous items such as hard hats and
safety vests.

Vehicles and Aerial Equipment

The manual published by the IMSA in 1981 (3) includes an
entire section to assist the reader in the selection of utility-type
trucks, bodies, aerial lifts, and related equipment used in the
installation and maintenance of traffic signals. The IMSA points
out that there are three basic determinations that should be
made before purchase:

Adequate work performance
Sufficient gross vehicle weight (GVW) rating
Aerial lift capacity
Platform work area
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FIGURE 11 Typical diagram for the performance of NEMA environmental test (36).

Proven product
Certify number of units in service
Reliability of design
Safety features

Service available
Service contract
Parts and replacements
Warranty or guarantee

The IMSA (3) provides suggested specifications for the fol-
lowing types of aerial equipment:

« Hydraulic aerial tower lift with revolving platform

o Aerial basket equipment articulating over center, two-man
operation

o Aerial basket equipment, telescope type, one-man operation

« Revolving aerial ladder equipment

o Hydraulic rotating derrick and digger

» Combination aerial beam with derrick and digger operation

o Aerial hydraulic section mast platform—all purpose

The OSHA rules and regulations pertaining to aerial lifts are
reproduced in that section. It goes on to describe the details of
add-on compartments for pick-up bodies, utility service bodies,
maintenance bodies (utility service bodies with and without a
superstructure), and crew-compartment bodies. The section con-
cludes with a listing of various types of related equipment, such
as trenchers, air compressors, augers, cable-handling equipment,
etc., and an offer to provide details of each upon request to the
national IMSA office in Fort Worth, Texas.

Shreveport, Louisiana has developed a repair van prompted
by the need for an indoor soldering area at the intersection (Fig.
21) (57). The development of the unit was prompted by the
home-service television-repair vans in use around the city. The
van carries about $2000 worth of “off the shelf” test equipment
and a staff-built intersection simulator. Shreveport has found
that the van eliminates the need for a second technician when
on-site repairs are needed. Also, the time required to locate and
correct the problem has been greatly reduced, cutting costs of
field service by 25 percent.

Field Diagnostic Equipment

Scheck has pointed out that “the most serious and costly
maintenance problems are long-term intermittent failures. A
system to monitor such installations would be a great help in
field maintenance” (26). The equipment he describes seems to
be a step in that direction.

Staunton has developed signal controller operation recording
equipment (SCORE) that monitors controllers in the field 59).
It was developed for research investigations but could also be
used for maintenance and acceptance testing. The SCORE unit
is intended to be located in a van or car trunk, with lead wires
running to optical couplers at the controller. There is no inter-
ference with controller circuits. The unit provides a time-related
paper record of activity on as many as 20 controller circuits.
SCORE checks out timing functions but does not attempt to
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FIGURE 12 Solid-state pretimed and actuated controllers in City of Milwaukee cabinets.

diagnose malfunctions to be caused by a certain board or com-
ponent. The actual connection of SCORE requires from 10
minutes to an hour, depending on controller model. In an eight-
hour working day useful data can be recorded at four average
intersections.

Staunton has also developed a side tone unit (STU) that
attaches optically to the call light of a loop-detector electronics
unit (59). When the light goes on, the STU emits a high-pitched
tone, allowing the technician to concentrate visual attention
solely on the traffic.

The Model 170 controller developed by California and New
York has diagnostic capabilities as noted before. These units
can recognize and correct detector malfunctions and internally
created (hardware) conflicts (60). The 170 microcomputer con-
tinuously tests itself for faults (soft failures) of the detectors and
communications interface (67). Isolation of a malfunction (hard
failure) is accomplished through the use of a special diagnostic
PROM module that replaces the normal (street) PROM for
purposes of troubleshooting. The diagnostic PROM contains
troubleshooting routines to enable the automatic isolation of a

FIGURE 13 Model 170 controllers awaiting repair and testing at New York State

D.O.T. facility.
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FIGURE 14 Controller test unit in Macon, Georgia.

defective circuit or function within a printed circuit module.
The diagnostic PROM has 4K bytes (4096 characters) of mem-
ory, and has front-panel indicator lights to show any voltage
deviations from the controller’s power supply (54). Other in-
dicators show the results of tests that time the intervals.
Similar features are also available with NEMA controllers.
In Chapter 2 there was described a “closed-loop system” de-
signed for use specifically with NEMA controllers. During
working hours the on-street master detects and identifies errors
or malfunctions and transmits reports back to a manned central
office. During off-hours the system can activate the “beeper”
carried by the technician on call. The technician can use a remote
console to dial up the system from a telephone at home and
take remedial action such as placing an actuated phase on recall.

COMMUNICATIONS

This section pertains to communication from person to per-
son, as by the two-way radios used by nearly every jurisdiction.
Communications are required to dispatch maintenance person-
nel, keep responsible officials informed, and coordinate per-
sonnel and materials.

Two-way radios may be supplemented by conventional and
hot-line telephones. Teletypewriters and facsimile have been
used occasionally between a central control facility and a main-
tenance contractor, or to interconnect area control centers. State

highway agencies have used microwave transmission between
area headquarters.

Maintenance of signal systems may be expedited by hand-
held walkie-talkies or citizens-band transceivers. Almost all
computerized systems have telephone terminals in the cur Lside
cabinets to facilitate communication with the signal shop or the
traffic engineer’s office.

Warchouses and shops are usually provided with pubhc ad-
dress systems, paging systems or other methods of internal com-
munications (2).

SPARES AND SUPPLIES

The number of spares is set so as tn ensure a fairly high
probability of having a replacement unit available when needed.
They will be available for immediate replacement if they are
carried on the maintenance truck.

The required number of spares can be reduced if equipment
is standardized. Loop-detector units have long been inter-
changeable among the various manufacturers. In the past, most
jurisdictions attempted to standardize on a single make and
model of controller, but low-bid regulations forced most main-
tenance organizations to purchase, and stock spares and parts
for, several different types of equipment. Some agencies were
able to fabricate adapter cables or connecting harnesses that
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FIGURE 15 Another example of a controller test unit in
Macon.
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FIGURE 16 Spares stacked at a signal shop in Macon, Georgia.

permitted interchange of some types of controllers. In 1976 the
National Electrical Manufacturers Association (NEMA) pub-
lished controller standards spelling out input/output connec-
tions to promote interchangeability. At the same time, the states
of California and New York followed a parallel course in de-
veloping the Model 170 controller. All 170s are interchangeable
at the unit (not board) level, but as of 1984 they do not inter-
change with controllers produced to NEMA standards.

The IMSA (3) has determined national averages for the num-
ber of spare units required for the number of units installed,
and for the ratios of dollars spent on spare parts, as follows:

Electromechanical pretimed—one for ten
Electronic (vacuum tubes)—one for ten
Solid state—one for fifteen

In-transit spares and replacement equipment need secure stor-
age. Agencies will want to have policies on shock-absorbing
carriers, tie-down methods, and so on, to ensnre that damage
does not occur during transit.

Equipment records and inventories are discussed in Chapter
7, Management Control, inder the heading Administrative Con-
trol.

SAFETY EQUIPMENT FOR WORK IN THE
ROADWAY

Whenever traffic must be moved through or around traffic-
signal maintenance operations, the traffic control devices must
conform to the Manual on Uniform Traffic Control Devices,
Part VI, “Traffic Controls for Street and Highway Construction
and Maintenance Operations” (62). This Part sets forth basic
principles and prescribes standards for the design, application,
installation, and maintenance of the various types of traffic
control devices required for maintenance operations. The
MUTCD provides details on the deployment of the worker sign,
cones, barricades, and other devices.

The IMSA Manual of 1981 (3) presents a number of specific
guidelines for protection of the worker, the traffic, and the
pedestrian. It emphasizes the importance of (a) wearing safety
vests, (b) avoiding blocking a larger portion of a lane than is
needed at that time, and (c) closing truck doors, tool lockers,

FIGURE 17 Storage for repaired parts at the West Virginia
Department of Highways.
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FIGURE 18 Electromechanical supply rack in Milwaukee containing dials, relays, and
other devices. Units to the left are to be cleaned; those to the right have already been

cleaned.

FIGURE 19 Inventory cabinet of controllers in West Virginia.

cabinet doors, hand holes, etc., to minimize hazard to the passing
public. When working on any electrical apparatus that has power
on, the technician should wcar rubber gloves and take other
appropriate measures to prevent electrical shock (63). Where a
traffic signal has been knocked down, the technician should be
pusilive that all the power 15 removed before attempting repair.
Where poles are used jointly by the power company and the
traffic department, it is often the case that very high voltage is
involved. Before any repair work is started, it will be necessary
to contact the power company for assistance or to disconnect
the power source.

The technician should make a check with a voltmeter if there
is any question of the power source. There have been instances
of inadvertent connection of a signal to a street light circuit,
the high leg of a threc-phase four-wire system, and a 480-volt
single-phase circuit, for example (3).



FIGURE 21 Shreveport’s maintenance van carries testing devices, work benches, and
spare parts (57).
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CHAPTER FIVE

TYPES OF MAINTENANCE ORGANIZATIONS

After discussing the importance of fixing maintenance re-
sponsibility, this chapter explores the various potential locations
for the signal-maintenance function. Contract maintenance is
covered, including its use with computerized signal systems.

FIXING MAINTENANCE RESPONSIBILITY

The FHWA'’s Traffic Control Systems Handbook (5) empha-
sizes that “a leading rule in the management of maintenance

activities is that responsibility must be fixed for each individual -

element of the maintenance program.” Computerized signal sys-
tems, in particular, may involve a number of agencies and ven-
dors in the acquisition and maintenance of the computer and
its peripherals, the communications modules and lines, detec-
tors, controllers, etc. When a failure occurs it is important that
“finger-pointing” be avoided by having unquestionably fixed in
advance the responsibility for each element of the maintenance
program.

LOCATION OF SIGNAL-MAINTENANCE FUNCTION

The maintenance function should be located within the traffic
unit, but there are some agencies that locate it within the main-
tenance unit, within the electrical services unit, or contract it
to outside agencies. Although there may be examples of success
with these latter arrangements, it is definitely desirable that
there be a close interrelationship between signal-maintenance
management on the one hand and signal design/operation on
the other. Preferably, one manager in the traffic unit should
have management and control of both functions. The location
of the maintenance function in another unit of the city orga-
nization, separate from the traffic engineering office, may create
a situation in which the efficiency and safety of traffic flow are
not adequately emphasized.

Occasionally the signal-maintenance function is assigned to
a maintenance unit. The justification for this is that the non-
electrical work in maintaining signals is similar in duties and
equipment to the other work performed by the maintenance
unit. Such an assignment is somewhat more common with state
highway agencies than with local governments. The responsi-
bility for signal maintenance may rest at the state level with a
Bureau of Traffic, whereas at the district level the maintenance
work may be assigned to a Bureau of Maintenance. This division
of responsibility is more common where there are only a few
signal installations in the district or when the district does not
have a full-time traffic engineer. In those circumstances a num-
ber of operating economies may be realized because of more

efficient utilization of manpower and equipment. However, lo-
cation of the maintenance function within a Bureau of Main-
tenance may impair the overall coordination and control of the
signal maintenance effort and may lead to delays if there are
competing demands for the same maintenance resources. More-
over, the quality of the electrical work may not always be
adequate. Synthesis 22 noted that “several jurisdictions, recog-
nizing this problem as well as the traffic engineering effects of
the highway maintenance work, have combined the traffic and
maintenance functions into a Bureau of Highway Operations,
which also may be assigned other related functions” (2).

Another alternative is to place the signal-maintenance func-
tion within an “electrical services unit.” Such a unit may be
organized along functional lines (emergency repair, preventive
maintenance, follow-up work, etc.), or it may be divided ac-
cording to type of system (signals, lighting, etc.), or the ar-
rangement may be a combination of the two (2). In the smaller
jurisdictions an electrical services unit may be responsible for
the electrical maintenance of elevators, pumps at sewage lift
stations, etc. Individual members of the maintenance force may
find themselves “jacks of all trades” within the electrical field,
lacking the high degree of skill and experience required for the
maintenance of traffic signals.

CONTRACT MAINTENANCE

Currently, the need for contract maintenance is greatest where
high-technology hardware, such as computers and communi-
cations modules, are involved (and, of course, leased telephone
lines must be maintained by the public utility). However, there
are situations involving noncomputer-based equipment where
contracting is advantageous. The responsibility for overseeing
the work of the contractor and enforcing the specified response
times, etc., remains with the traffic unit.

Regarding general maintenance (as contrasted with special-
ized work on computer equipment), two types of contracts can
be considered. In the first, the contract is between two separate
governmental organizations with overlapping jurisdictions. Un-
der this arrangement a city may maintain the signals installed
by a state highway agency within its corporate limits, or the
state may maintain signals installed by a municipality (2). Pay-
ment is usually a flat annual amount, although it is feasible as
an alternative to pay reimbursement of time and material. The
owning agency retains control of the design of the phasing, and
the maintaining agency is authorized to adjust the timing.

The Montgomery County, Maryland, Division of Traffic En-
gineering maintains all traffic signals on state roads in the county



for the state. The details of the cost items comprising the annual
charge to the state are given in Chapter 6.

In a related arrangement, a small local government may per-
form routine inspection and straightforward field maintenance,
and contract with another jurisdiction for technical assistance.
Synthesis 22 noted that “in one state, small municipalities and
rural counties may take advantage of the state highway de-
partment’s central signal shop for any bench work required or
for help in diagnosing signal malfunctions” (2). This service
may be free of charge, or paid for as a flat amount, or reimbursed
on the basis of time and materials.

The second type of maintenance contract is with a public
utility or an electrical contractor. Maintenance by a public utility
is much more common for lighting than for signals. A main-
tenance contract can be limited to include only those tasks that
are well defined, such as group relamping, painting, and bench
repair. Where new installations are constructed by outside con-
tractors, a period of contract maintenance may be a part of the
installation contract (2).

The author of the present synthesis report has testified as an
expert witness in several accident cases in which the signals
were maintained by public utilities through long-term contracts
that had been in effect for many years. Based on this experience
he believes that a local government contemplating entering into
such a contract, or renewing an existing contract, should look
closely into the utility’s attitude toward the signal work. If the
utility’s mission is the provision and distribution of power, will
its administrative and technical personnel feel much motivation
to maintain signals as a sideline? Or will the signals be a “step-
child” that the utility just does not care much about? As in
other endeavors in life, attitude can make the difference between
success and failure.

Noncomputer-Based Equipment

The report for PennDOT (/3) assists the small municipality
in deciding whether contract maintenance of conventional equip-
ment is cheaper than hiring one’s own forces. It is derived in
Chapter 6 that one signal mechanic can maintain 34 intersections
under the assumptions considered appropriate for Pennsylvania.
If that mechanic earns $22,400 per year, including fringe ben-
efits, and requires $50,000 of initial equipment cost (which can
be spread over 5 years), then the yearly expense to maintain 34
intersections is $32,400. This is the required annual maintenance
budget for a small local government considering performing its
own maintenance.

If this work were contracted out, at an assumed contractor
rate of $30 per hour, then the $32,400 budget would buy 1,080
hours of service. The report for PennDOT (73) concluded that
preventive and response maintenance will total 48 hours per
intersection per year, so the budget will allow 1080 = 48 =
22 intersections to be serviced by the contractor. The report
concludes that if the number of intersections is greater than 22
it may be to a municipality’s advantage to maintain these signals.

The Indiana Department of Highways places primary em-
phasis on using state personnel to maintain all traffic control
devices on the state system (64). Where state personnel are not
available, the second choice is that the work be done by cities
under a negotiated agreement that establishes the work to be
done and the unit prices. The third method available is to use
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private contractors; this has been done in varying degrees for
many years, originally because unions promoted the use of
unionized labor to work on public electrical equipment. Indiana
has found maintenance contracts on both lighting and signals
to be the most cost-effective and practical method in high-
density areas.

Indiana contracts call for both routine and emergency main-
tenance, and have been priced by competitive bidding since the
mid-1970s.

These contracts had a relatively small number of bid items, such
as labor, equipment, and routine maintenance, and did not re-
quire or receive positive on-site inspection and documentation.
The auditors, therefore, suggested modifications of future con-
tracts to permit the use of work items which would be measurable
and identifiable and would permit positive inspection and veri-
fication of units of work having been done. This reworking of
the contract bid items has been used on the large maintenance
contracts in Indianapolis and Marion County.

The level of preventive maintenance and inspections was also
decreased to what is considered to be an acceptable and practical
level, and which appears to be more economical. This has resulted
in a lowering of the contract bid price by 31 percent. The change
of items also resulted in a large increase in the number of items
required to pay for the major work items involved in the main-
tenance of traffic signals, and the need to establish prices re-
flecting work done during overtime and double time hours, as
well as regular working hours (64).

Indiana has found the average cost per intersection per year to
be approximately $1,000 for traffic signals and $550 for flashing
beacons.

The New York State DOT, also, has concluded that contract
maintenance is cost-effective in high-density areas. In 1981 an
average cost of $1,000 per intersection covered everything except
knockdowns and the cost of electric power. However, in high-
density areas where competition among contractors is intense,
and a contractor is already established nearby, the bid prices
recently have been $720 for straight maintenance plus $110 to
relamp each signal once per year, for a total of $830 (D. Russo,
personal communication, 1982).

Maryland has three area-wide construction contracts that are
bid annually for the eastern, central, and western portions of
the state. Three different contractors are involved and merely
through the issuance of a work order they can be instructed to
respond immediately in the performance of maintenance and
construction activities at existing traffic signals. These contracts
are not intended for new construction; however, they could be.
They are intended for providing maintenance at existing traffic
signals because of the lack of adequate manpower within the
state agency and because of the need for quick emergency
response.

Three different levels of work urgency are set forth in Mary-
land contracts. The routine work is required to be done within
30 days of the issuance of the work order. High priority work
is required to be accomplished within 7 days, and emergency
work is required to be accomplished within 48 hours. The three
types of work are paid for at the rates of 100%, 125%, and
150%, respectively, of the unit prices bid by the contractor for
the various types of work set forth in the special provisions.
Maryland has found these contracts to be extremely helpful in
providing needed traffic-signal maintenance work in a minimum
amount of time and at a relatively low cost.

Similar to the annual area-wide maintenance and construction
contracts, Maryland also has an area-wide contract for system
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engineering review and analysis. This latter contract involves
traffic engineering review and analysis of existing traffic signal
systems for (a) ensuring that the systems are operating as in-
tended and as timed, and (b) recommending new timing and
operational strategies. The contractor involved in this work is
not responsible for equipment repair. However, the contract
does call for the contractor’s identification of malfunctioning
traffic signal components, and the reporting of these in a timely
fashion for repair by State Highway Administration staff (T.
Hicks, personal communication, 1984).

Computer-Based Systems

As a minimum, contractor support is required for computer
maintenance because of the spares and skills required. Often,
maintenance of the peripheral devices and the software is con-
tracted out as well. Another type of maintenance that can be
performed by non-city forces is the repair of electronic multi-
plexing modules used for sophisticated communications.

The FHWA’s Traffic Control Systems Handbook (J) explains
very well the difficulties of coordinating the maintenance func-
tion, and the choice between coordination by the city versus
coordination by a systems manager:

Computer systems, in particular, have introduced the traffic
control field to the case where multiple agencies are involved in
the system maintenance program, thus requiring endless coor-
dination. Computers are maintained by vendor contract; com-

munications systems may involve leased facilities and telephone
company maintenance policies; while field hardware may involve
multiple contractors or varying levels of in-house skills. All of
these factors demand a high level of coordination. At best, the
maintenance situation represents a challenge to teamwork and
management ability. At worst, extreme frustration and unsat-
isfactory system operation can be the result.

The procedure utilized by the UTCS project in Washington,
D.C,, illustrates the complexity of factors to be considered and
the interrelationship of agencies involved in the maintenance
program. As indicated by [Figure 22] a systems manager has
been retained, by contract, to be the agent primarily responsible
for total maintenance. Individual maintenance elements have
then been further assigned to the computer manufacturer, tele-
phone company, D.C. Department of Traffic, area transit au-
thority, and other subcontractors. For cities choosing to
coordinate their own maintenance program, substituting the ap-
propriate city department’s name in those blocks labelled as
systems manager on [Figure 22] would represent a typical
organization (5).

The FHWA’s Management of Traffic Control Systems note-
book (65) cites Omaha’s approach, where the initial system bid
included an item for system maintenance specified as follows:

o Bench repair of field equipment (detectors, communica-
tions, and controller interface units).

» Spares inventory.

o Scheduled and emergency maintenance of central equip-
ment.
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FIGURE 22 Diagram of UTCS maintenance responsibilities, Washington, D.C. (5).




The contract was for a five-year period with the initial year’s
price bid as a lump sum. The price for the four subsequent years
is to be the initial bid price adjusted by the Consumer Price
Index (CPI). In this way the City established a long-term com-
mitment with the system supplier at a fixed price. They further
feel that they have realized subtle benefits in system reliability
by this approach to maintenance.
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Chapter 2 contained a section on the maintenance of central
control equipment, including both hardware and software. That
section supplied some information on contractor support for
computer-based systems. For example, it referenced Bigelow’s
Guide to Negotiating a Computer Contract (42).

CHAPTER SIX

MAINTENANCE COSTS AND FUNDING

The frequency and cost of the maintenance of various con-
troller /detector configurations depend on many factors, in-
cluding the following:

o Type of equipment and detection
Electromechanical, discrete solid state, microprocessor,
etc.
Magnetic detectors, long quadruple loops, etc.
o Degree of stringency of the purchaser’s specifications
o Quality of components
e Quality control during assembly of component by the man-
ufacturer
" e Quality control during the installation work
o Degree of stringency of the purchaser’s acceptance-testing
program
o Severity of the environmental conditions in which the
equipment and loops must operate
o Extent to which the agency is aware of malfunctions,
through inspection programs, self detection, etc.
o Quality of the repair work once a malfunction is discovered

Inasmuch as these factors vary widely from jurisdiction to ju-
risdiction, it is not surprising that the call rates and dollar costs,
for example (cited in this chapter from various sources), exhibit
a range of values. It is apparent that each agency has the op-
portunity to influence many of these factors—particularly spec-
ifications, inspection, and acceptance testing—in an effort to
reduce the maintenance burden.

ESTIMATES OF CALL RATES, WORK UNITS, AND
PERSON-HOURS
Data are now available on annual call rates for preventive

and response maintenance, work units required to maintain
various devices, and person-hours needed.

Call Rates

Table 4 shows data provided by JHK & Associates (B. S.
Marrus, personal communication, 1983) on rates of trouble calls

TABLE 4

COMPARISON OF MAINTENANCE-CALL RATES IN NINE
WESTERN JURISDICTIONS (B. S. Marrus, personal
communication, 1983)

No.of  Avg. Annual Avg. 'I‘rou%le

City Signals  Call Rate®  Call Rate
Tempe, Arizona 85 18.50 11.83
Boise, Idaho 168 10.52 8.95
Reno, Nevada 155 9.52 8.52
Scottsdale, Arizona 93 5.10 5.10
Springfield, Oregon 31 8.74 4.77
Lane County, Oregon 25 10.36 4.60
OSHD 14 7.55 4.50
Eugene, Oregon 150 8.38 4.44
Salt Lake City, Utah 136 5.25 2.21

Average 95 9.32 6.10

aAverage number of total maintenance calls per signal per year.
bAvemge number of nonscheduled maintenance calls.

and total calls for eight cities and one state highway department.
A simple, unweighted average shows about nine calls per signal
per year for all maintenance purposes, two-thirds of which are
in response to a malfunction. These calls would be for any and
all equipment in the cabinet or in the signal heads, presumably.

Data on call rates for controllers only was gathered by the
New York State DOT, for the first six months of 1982, in the
most densely populated countries of the Albany region (29).
The results, shown in Table 5, indicate that modern, digital
controllers require about one service call per year. The NYS-
DOT commented that, although the comparison sample between
the Model 170 and the solid-state/digital-timed controllers is
small, they are not surprised that the call rates are similar.
“Since the worst solid-state units are replaced with 170s as the
former fail, it is only natural that the best-performing solid state
units would still be left” (D. J. Russo, personal communication,
1982). ‘

The NYSDOT estimates that their 170s each require about
six calls per year for all causes except relamping. Of the six,
one is for the controller, one for the load switches, and four are
for detectors. This rate of detector calls is higher than the
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TABLE 5

CONTROLLER-ONLY MAINTENANCE CALLS IN SIX
MONTHS IN 1982 IN AN AREA OF NEW YORK STATE (29)

Calls/Type
Controller Type Signals Calls (6 months)
Electro-mechanical
Semi-actuated 58 32 0.55
Full actuated 9 9 1.00
Volume-density 9 7 0.78
Solid State/Analog Timing
(Semi-actuated)
2 phase 10 1 0.10
Solid State/Digital Timing
(Full actuated)
2 to 4 phase 84 35 0.42
5 to 8 phase 14 7 0.50
Model 170 Microprocessor
All 59 29 0.49
Total 243 120 0.49

average in that jurisidiction, and is due to the fact that detector
failures are well monitored in the 170 design. If a detector fails
by not calling, or constant calling, over a specified period of
time, a light on the top of the cabinet is automatically illumi-
nated, alerting passing police and traffic-engineering personnel.
The data in Table 5 show a marked improvement over the
NYSDOT call rates reported by Parsonson and Tarnoff (29)
for a one-year period in 1976 and 1977, before any 170s had
- been installed. The comparable data from that one-year period
are shown in Table 6.
Parsonson and Tarnoff also reported call rates experienced
by the Ohio DOT, the Minneapolis District of the Minnesota
Department of Highways, Cincinnati (Ohio), Tampa (Florida),

TABLE 6

PORTION OF NYSDOT CONTROLLER FIELD-
MAINTENANCE DATA FOR A ONE-YEAR PERIOD
BETWEEN 1976 AND 1977 (29)

Calls/Type

Controller Type Signals Calls (1 year)
Electro-mechanical

Semi-actuated 583 1520 2.61

Full actuated 251 994 3.96

Volume-density 24 115 4.79
Solid State/Analog Timing
(Semi-actuated)

2 phase 28 27 0.96
Solid State/Digital Timing
(Full actuated)

2 to 4 phase 37 54 1.46

5 to 8 phase 14 58 4.14
Model 170 Microprocessor

All None - -

Total 937 2768 2.95

Charlotte (North Carolina), Springfield (Illinois), and Winston-
Salem (North Carolina). The 67 microprocessor controllers in
Charlotte were reported to require 0.99 calls per signal per year.
This rate is almost identical to that reported in Table 5 for New
York’s Model 170 controllers, which of course are also micro-
processor-based.

Caltrans Districts 3 and 5 have recently conducted a study
(K. McDaniel, personal communication, 1983) of the reliability
of their Model 170 controllers. Excluding load switches and
detectors from their data, they determined a mean time between
failures of seven years, corresponding to 0.14 calls per year.
They believe that this excellent record is due to their stringent
acceptance-testing program. California and New York (and also
Oregon) currently perform acceptance tests on all Model 170
controllers on arrival from the factories, at a cost of $500 to
$600 per unit. They experienced a rejection rate of 50 percent
during the late 1970s. During the period from 1981 to 1983 the
rejection rate gradually dropped to about 20 percent.

In a similar program, Oregon tested equipment built to
NEMA standards at a cost ranging from $800 to $1,100. The
rejection rate was 90 percent. California also tested non-170
controllers and rejected 98 percent of them (37).

Call-rate data for electromechanical pretimed controllers ap-
pear to be close to 1.8 per year, according to data from NYSDOT
and the City of Cincinnati, as reported by Parsonson and Tarnoff
(29).

A total of 497 loop detectors were installed as a part of the
Urban Traffic Control System Research Project sponsored by
the Federal Highway Administration. The installations were
made (around 1970) only after a thorough study by the con-
tractor of the available (crystal) electronics units and the pro-
cedures and materials for installing the loop wire and lead-in.
In the first year there were 33 failures of the electronics units,
for an annual rate of 0.07 failures /detector. During that period
26 loops failed because of utility excavations; if these failures
are added the total annual rate becomes 0.13 failures /detector
(29). (See Chapter 7 for calculations of mean time between
failures for the various components of a central digital system.)

Maintenance Work Units

In 1977, Stout et al. (50) presented guideline maintenance
work units for the range of equipment that would normally be
encountered in a traffic-control system. Their guideline is re-
produced herein as Table 7. They explained that these units are
a relative indicator of the difficulty and time required to main-
tain various items of equipment.

The guideline is to be used by first summing the work unit
values for an existing system that is being considered for im-
provement. If the existing system has a summed work unit value
of 1000, for example, and is known to require two maintenance
personnel, then an alternative with a work unit value of ap-
proximately 2000 would be expected to require four maintenance
personnel.

Person-Hours

Parsonson and Tarnoff (29) reported the work hours required
for the field maintenance (only) for selected NYSDOT con-



TABLE 7

GUIDELINE EQUIPMENT MAINTENANCE WORK UNITS
0

Maintenance

Device Units
Fixed-Time Controllers

Single Dial 5

Three Dial 8
Actuated Controllers

Two-Phase (all) 11

Three-Phase (all) 13

Four-Phase (solid state) 17

Five-Phase (solid state) 21

Six-Phase (solid state) 27

Eight-Phase (solid state) 31

Five-Phase (electromechanical) 27

Eight-Phase (electromechanical) 41
Electromechanical Coordination Device 7
Electronic Coordination Device 10
Controller Modification and Communication Device

FDM 5

TDM or FSK 7
Fixed-Time Master 11
Analog Master - Simple 24
Analog Master - Complex (or any digital master) 48
Vehicle Detector 7
Cable - up to 12 pair (or conductor) per mile 5

Add for each 12 pair per mile 1

Leased Telephone Line (per line) 5
Computer Facility (with maintenance contract) 100-300
Microprocessor 25
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TABLE 8

ESTIMATED FIELD-MAINTENANCE DATA FOR SELECTED
NYSDOT CONTROLLERS AND DETECTORS FOR A ONE-
YEAR PERIOD BETWEEN 1976 AND 1977 (29)

Work
Total Hours
Work per
Controller Type Signals Calls Hours Signal
Electromechanical
Pretimed 84 154 646 7.69
Semi-actuated 583 2,874 10,781 18.49
Fully actuated 251 2,385 9,504 37.86
Volume-density 24 245 914 38.08
Mixed Electromechanical
and Solid State
Semi-actuated 473 2,132 9,626 20.35
Fully actuated 194 1,820 7,461 38.46
Solid State, Analog Timing
Semi-actuated 28 95 491 17.54
Fully actuated
2-4 phase 72 687 2,829 39.29
5-8 phase 22 366 1,411 64.14
Solid State, Digital Timing
Fully actuated
2-4 phase 37 259 1,141 30.84
5-8 phase 14 188 829 59.21
Total 1,782 11,190 45,633 25.61

8 Maintenance work units are a relative indicator of the
difficulty and the time required to maintain various items of
equipment. No direct conversion to person-hours or dollars
are provided.

trollers and detectors for a one-year period from 1976 to 1977.
Their data are reproduced herein as Table 8.

Their data can be compared with that prepared for PennDOT
in 1982 (13). That report determined for various intersection
complexities the annual hours of working time needed for pre-
ventive maintenance. They assumed maintenance level A (rather
than the minimum of B, as explained earlier) but omitted the
time-consuming tasks of repainting cabinet, signal heads, mast
arms, and poles every two to five years. Also, they added travel
time at a rate of 1 hour for every 6.5 hours of working time.
Table 9 shows that the results vary from 18 to 68 hours. How-
ever, cases I, IV, and V are the most common and average 36
hours, a level recommended in the report to be used as typical.

The PennDOT report cited data obtained from a maintenance
questionnaire to conclude that, on the average, the total time
per intersection for preventive and response maintenance com-
bined is 48 hours per year. This estimate appears reasonable
when compared with the average of 26 hours for field main-
tenance only shown in Table 8 for NYSDOT intersections.

NUMBER OF PERSONNEL NEEDED

The report for PennDOT estimated that the annual productive
work hours amounts to 1,627 (assuming a 40-hour week and
deducting 3 weeks for vacation, 2 for sick leave, 1 for training
courses, 13 legal holidays and 30 minutes per day for coffee

breaks). Dividing the annual 48 hours to maintain an intersec-
tion into the 1,627 annual productive work hours resulted in
an estimate of 34 intersections that can be maintained by one
mechanic.

This estimated ratio of 34 intersections/mechanic can be
compared with known ratios in a number of cities. Table 10
shows staffing data gathered by JHK & Associates in 25 cities
across the United States. The average ratio is 39 signals/me-
chanic. There is no information as to whether the maintenance

_ levels are adequate in these cities; that is, for all we know some

TABLE 9

TIME ESTIMATES FOR PREVENTIVE MAINTENANCE OF
INTERSECTIONS OF VARIOUS COMPLEXITIES (13)

Annual

Intersection Type Person-Hours

Case I: Two-phase, semi-actuated, 41
electromechanical, 12 signal heads

Case II: Two-phase, pretimed, 18
electromechanical, one signal head in
center of intersection (not
conforming to the MUTCD)

Case NI: Eight-phase, fully actuated, 68
solid state, volume-density, 28 signal
heads (incl. 8 for pedestrians)

Case 1V: Two-phase, pretimed, 31
electromechanical, 12 signal heads

Case V: Two-phase, semi-actuated, 34
solid state, 12 signal heads
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TABLE 10

MAINTENANCE STAFFING IN 25 U.S. CITIES (B. S. Marrus,
personal communication, 1983)

Signals
Total Controlled
No. of by Maintenance Staff
City Signals Computer No. Ratio®
Columbus, Ohio 746 94 10 74.6
Scottsdale, Arizona 93 27 7 13.3
San Diego, Calif. 760 250 14 54.3
Reno, Nevada 155 103 5 31.0
Seattle, Washington 704 - 25 28.2
Fort Worth, Texas 407 85 13 31.3
Kansas City, Mo. 595 - 15 39.7
Chattanooga, Tenn. 179 79 8 22.4
Indianapolis, Ind. 650 - 8 81.3
Boise, Idaho 168 104 5 33.6
Mesa, Arizona 133 - 7 19.0
Tempe, Arizona 85 - 2 42.5
Portland, Oregon 856 227 13 65.8
Salt Lake City, Utah 179 168 5 35.8
Greensboro, N. C. 240 208 10 24.0
Phoenix, Arizona 535 320 11 48.6
Amarillo, Texas 220 136 7 31.4
St. Louis, Missouri 560 0 10 56.0
Minneapolis, Minn. 737 665 14 52.6
Milwaukee, Wisconsin 720 b 27 26.7
Atlanta, Georgia 800 b 16 50.0
Cincinnati, Ohio 687 b 24 28.6
Arlington, Virginia 214 b 10 21.4
Tueson, Arizona 220 125 8 27.5
Alexandria, Virginia 220 b 5 44.0
Average ratio 39.0

@Number of signals per staff member.
bData not available.

of these cities could be significantly understaffed. Furthermore,

.there may be some error in the data; Atlanta, for example,
actually is known to have 32 maintenance staff, not the 16
shown, therefore the correct ratio is 25 signals/mechanic. Fi-
nally, there needs to be an accounting of whether the mainte-
nance staff also installs new signals. (In Atlanta the 32 do not
perform construction duties.)

Fulton County, in the Atlanta area, recently (in 1983) per-
formed calculations similar to those of PennDOT to arrive at
an estimate of a desirable staffing level (C. F. Conway, personal
communication, 1983). The complexity of the average Fulton
County intersection indicates 44 hours per year for preventive

TABLE 11

MAINTENANCE STAFFING IN THREE LOCAL
GOVERNMENTS IN THE ATLANTA AREA (E. F. Conway,
personal communication, 1983)

Total

No. of Maintenance Staff
Local Government Signals No. Ratio
City of Atlanta 800 32 25.0
DeKalb County 680 27 25.2
Clayton County 87 3 29.0

maintenance. Increasing this by one-third to consider response
maintenance gives a total of 58 hours per year. The annual
productive time of an employee is only 1540 hours (because of
a 37.5-hour work week); therefore, only 26 intersections can be
maintained by one employee.

Fulton County made a survey of three other local govern-
ments in the Atlanta area and found that the number of signals
per nonclerical employee is about 25, as shown in Table 11.

The City of Los Angeles has a staff of 61 electricians to
service 3,669 signals, for a ratio of 60 signals per electrician
(44).

MAINTENANCE COSTS

An earlier section entitled Contract Maintenance quoted some
maintenance costs reported by the Indiana Department of High-
ways and the New York State DOT.

When the maintenance is performed by the NYSDOT’s own
forces, the overall costs have recently (1982) been determined
as follows:

Using personal-service costs (regular plus overtime) and main-
tenance material costs, our average cost to maintain each signal,
which can range in complexity from warning sign beacons to
eight-phase interaction control, is $479, not including energy (D.
J. Russo, personal communication, 1982).

Parsonson and Tarnoff (29) merged data from the Caltrans
Maintenance Management System and NYSDOT files to de-
termine the total annual cost to maintain various types of traffic
signals in 1977. The results are shown in Table 12. These costs
include field and bench work, parts, and travel for all of the
scheduled and unscheduled maintenance of all electrical equip-

TABLE 12

PROJECT-STAFF CONCLUSIONS FOR THE TOTAL ANNUAL
COST TO MAINTAIN VARIOUS TYPES OF TRAFFIC
SIGNALS (29)

Cost per Signal for Various Phasings ($)

Controller Type 2 phase 3-4 phase 5-8 phase All
Electromechanical
Pretimed - - - 115(D)®
Semi-actuated 291(D) - - -
Full actuated 508(D) 753(C)  1209(C) -
Volume-density 613(D)  1162(C) 1506(C) -
Solid State, Analog
Timing
Semi-actuated 258(D) - - -
Full actuated 532(D) 657(C)  1610(C) -
Solid State, Digital
Timing
Full actuated 575(C) 661(C)  1091(C) -
Microprocessor b b
Full actuated - 421(C)”  757(C) -

8(c) = Cost taken from Caltrans maintenance management
system data. (D) = derived.

t)'I‘hese data are for a few controllers from a single

manufacturer. Other microprocessor controllers may have dif-
ferent maintenance requirements.



ment at the location, including lampouts, detector malfunctions,
and knockdowns. (Lampouts should be negligible in these sta-
tistics because of a group relamping program.)

In June of 1983 the California DOT completed a six-month
pilot study of the cost to repair Model 170 microprocessor-based
controllers at their central repair facility in Los Angeles. Over
six months the total of 1,757 controller units in service required
$52,476 in repair costs, for an average of $30 per unit. This
amounts to $60 per year (K. McDaniel, personal communica-
tion, 1983). Table 13 summarizes the six-month study.

In 1977 Stanford and Parker (66) reported the cost to operate
and maintain the 112 signals of the South Bay computer-con-
trolled system in Los Angeles County. The monthly cost to
maintain the field equipment amounted to $4,000, and the com-
puter and peripherals were maintained by contract at a cost of
$2,100 per month. Stanford and Parker commented as follows:

In-house capability for repair of field hardware had to be de-
veloped within the constraints of existing staffing. An extensive
period of time was required for traffic signal technicians to be-
come competent in repairing the new and unfamiliar equipment.
Circuit board repair was frequently a bottleneck. Experience
revealed the necessity for a large inventory of spares and a well
equipped repair facility. Two full-time maintenance technicians
are needed to support a system of this size. With increased
productivity from increased expertise, some reduction in staffing
in this area may be possible.

The City of Los Angeles maintains 3,669 signalized intersec-
tions, about half of which have fixed-time controllers; the other
half have semi-actuated controllers. Most are interconnected in
hard-wired systems. In 1981-1982 their expenditures on signal
maintenance were as follows (44):

Labor $1,731,000  (direct labor only, no overhead)
Materials 1,486,000
Equipment 249,000
Total $3,466,000
Electricity 2,575,000
Telephone Line Lease 107,600

TABLE 13
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Total maintenance costs were about $945/yr/signal with elec-
tricity adding another $702/yr/signal.

In Maryland, the Montgomery County Division of Traffic
Engineering maintains all traffic signals on state roads in the
county for the state. The county itemizes its costs and makes
an annual charge to the state for this maintenance (R. C. Welke,
personal communication, 1983). For fiscal year 1984 the charge
for the 412 signals maintained by the county is estimated to be
$1,100/yr/traffic signal. This does not include energy costs or
engineering costs that are incurred in the process. (The electrical
energy cost for the typical traffic signal in FY 1982 was more
than $1000.) The estimated maintenance charge for FY 1984
was itemized as shown in Figure 23.

COST-EFFECTIVENESS OF ADEQUATE
MAINTENANCE

Table 12 shows that the annual cost to maintain various types
of traffic signals can range from $115 to $1610. This should be
compared with the dollar penalty to motorists when malfunc-
tioning signals increase their stops and delay.

For example, for an intersection with a combined volume of
10,000 vehicles per day and approach speeds of 35 mph, it can
be shown from various sources in the literature that the cost of
stopping a typical mix of cars and trucks is $44.50 per 1000
stops as of 1983. Similarly, it can be derived that the value of
motorist time for this mix is $6.65 per hour, and the cost of
fuel consumed while idling the vehicle is close to $1.00 per hour.
Thus, the total delay cost is $7.75 per hour.

Using these traffic volumes and costs of stops and delay, the
annual benefits that would accrue for each percent reduction in
stops and each second of reduction in average delay can be
calculated to be $1,624 and $7,855, respectively.

These figures illustrate how signal malfunctions that increase
stops and delay by just a small amount can cause costs to
motorists that far exceed the costs to maintain the signals prop-
erly.

SUMMARY OF COST TO REPAIR MODEL 170 CONTROLLERS IN CALIFORNIA BY MANUFACTURER (K. McDaniel, personal

communication, 1983)

Total Total Total Average Maximum Total Average

Manufacturer Failures Units Hours Hours/Repair Hours Cost Cost/Repair
A 316 703 1,498.50 4.75 61.00 20,951.18 66.31
B 15 48 76.50 5.10 15.00 938.05 62.54
c-1 3 6 9.00 3.00 4.00 111.46 37.16
D 17 22 55.00 3.24 7.00 800.39 47.09
E 241 480 873.50 3.63 24.00 12,295.75 51.02
F 174 322 755.50 4.35 48.00 11,127.33 63.96
G 6 9 77.50 12.92 56.00 1,079.91 179.99
Cc-2 47 126 204.50 4.36 20.00 2,936.56 62.48
Cc-3 30 41 158.50 5.29 12.00 2,235.24 74.51
Totals 849 1,757 3,708.50 52,475.87




SALARIES
Regular Pay
Annual Persons Maintenance -
Title Salary X in Position X Time (%) - Subtotal
Supervisor, $ 35,540 1 50 $ 17,740
Signal Unit
Sig. Tech. I 29,474 1 100 29,474
Sig. Tech. II 29,474 1 40 11,789
Sig. Tech. I 23,247 6 100 139,482
Sig. Tech. I 23,247 2 40 18,597
Equip. Oper. I 20,255 1 60 12,153
Pub. Ser. Work. I 16,440 1 40 6,576
235,811
Fringe benefits at 27.5% of regular salary = 64,848
Total regular salary = $ 300,659
Overtime Pay
Overtime rate for Signal Tech. I:
$23,247/yr + 2080 hr/yr = $11.17/hr regular rate
$11.17 + 50% = $16.75 overtime rate
Average overtime per week for emergency signal maintenance
by Traffic Signal Technician I is 13 hours.
Total overtime:
13 hr/wk X 52 wk/yr X $16.75/hr = 11,323
Total Salaries = $ 311,982

VEHICLE COSTS
Flat Rate Charges:

4 vans X $140/mo/vehicle X 12 mo = $ 6,720
1 bucket truck X $1,570/mo X 12 mo = 18,840
Mileage Charges:
4 vans X 13,764 mile/vehicle X $0.24/mile = 13,213
Total vehicle costs = $ 38,773
MATERIALS
Traffic Signal Parts = $ 86,770
Supplies and Maintenance Materials = 14,670
Total material costs = $ 101,440
SUMMARY
Salaries $311,982
Vehicle Charges 38,773
Materials 101,440
Total $452,195

PER INTERSECTION COSTS
Assume that 15 signals are added per year.
In FY '84 there will be 382 + 30 = 412 signals maintained by the county.
$452,195 + 412 = $1,097 average cost per intersection.
Thus the FY '84 estimated cost per intersection will be $1,100/yr.

FIGURE 23 Estimated maintenance cost per traffic signal for fiscal year 1984 (Montgomery County, Maryland).




CHAPTER SEVEN

MANAGEMENT CONTROL

Adequate maintenance of traffic signals requires a major ex-
penditure of manpower, material, and funds. This requires a
high degree of management control, which can be broken down
into the components of technical control, material control, ad-
ministrative control, fiscal controls, contract maintenance man-
agement, and the administration of equipment replacement
programs.

TECHNICAL CONTROL

The FHWA's Management of Traffic Control Systems Note-
book (65) points out that maintenance ought to be considered
early in system design. Using Figure 24 the Notebook illustrates
that trade-off analyses can lead to a proper balance between
first cost on the one hand and recurring maintenance expense
on the other. “Two factors which can enhance system main-
tainability are standardization of components and modularity”

(65).

Equipment-Evaluation Considerations Affecting
Maintenance

The characteristics that should be considered in the selection
of an equipment alternative were set forth by Cimento in 1980
(39). Fully half of these characteristics pertain directly to main-
tenance, as follows:

o Reliability: This is a function of the equipment-engineering
design. It describes the designed-in ability of the equipment to
maintain its functional integrity and continue to perform without
failure or degradation.

e Maintainability: An equipment requiring simple mainte-
nance procedures would receive a higher score for this attribute
than one that requires specially trained personnel, special test
equipment, or frequent preventive maintenance.

$I *1x
JAN

FIGURE 24 Graphic representation of design
consideration (65).
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TABLE 14
RATINGS OF CONTROLLER SUBSYSTEMS®

Controller Type

Solid Solid Electro- Micro-
State State  mechanical processor
Criterion Actuated Pretimed Pretimed (170 type)
Reliability P G F G
Maintainability F F G F
Damage Nss® NSS G NSS
Resistance .
Monitoring G G F G
Capability

aAdapted from Reference 39.

bI-‘ = fair; G = good.

®Noise and surge susceptible.

o Damage Resistance: This is the equipment’s ability to avoid
malfunction from causes not related to design; examples are
vandalism, hostile physical environment, or rough handling.

o Monitoring Capability: This is a measure of how well an
equipment can be kept under surveillance for malfunction in
performance.

Cimento rated the currently used alternative equipment for
each of the major subsystems according to these criteria, as
shown in Tables 14 to 17.

TABLE 15

RATINGS OF DETECTION AND SURVEILLANCE
SUBSYSTEMS*

Detection Type

Criterion Inductive Loop Magnetometer
Reliability ' c® F
Maintainability G F
Damage Resistance -G G
Monitoring Capability G F

aAdapted from Reference 39.
bF = fair; G = good.
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TABLE 16

RATINGS OF COMMUNICATIONS SUBSYSTEMS
(MULTIPAIR CABLE)*

Communications Type
TD Mb

Criterion FDM® DC Relay
Reliability cd G G
Maintainability F G G
Damage Resistance G G G
Monitoring Capability G F P

aAdapted from Reference 39.

DTime division multiplexing.

cFrequency division multiplexing.
c]G = good; F = fair; P = poor.

Controller Subsystems

The four principal controller designs were rated according to
the four characteristics that pertain to maintenance (Table 14).
Electromechanical pretimed controllers are low in cost, simple
to maintain, and easy to adapt to an existing system. However,
they are rated fair in reliability because parts-wear requires
regular maintenance. Solid-state actuated controllers have the
advantage that NEMA standards have made maintenance and
interchangeability easy. On the other hand, they are higher in
cost and maintenance requires a moderate level of skill. Solid-
state pretimed controllers offer solid-state reliability, but they
cost more than their electromechanical equivalent and require
a higher level of maintenance skill.

Detection and Surveillance Subsystems

Ratings of the two kinds of vehicle detectors used in modern
computerized systems are given in Table 15. The inductive-loop
detector (ILD) offers good performance and is reliable where
street condition is good. Where pavement is deteriorating, loop
wire can be protected from grounding and breakage by sheathing
it with polyethylene tubing (67). Also, it can be used in various
configurations. On the other hand, the ILD requires street in-
stallation, and loops are difficult to repair. Magnetometers offer

TABLE 17
RATINGS OF COMPUTER SUBSYSTEMS*

Computer Type

Criterion Central Hierarchical Distributed
Reliability P G G
Maintainability G G F
Damage Resistance G G P
Monitoring Capability G G F

aAdapted from Reference 39.
bG = good; F = fair; P = poor.

lower installation cost and can be used with long lead-in. How-
ever, their detection zone is not well defined, so their monitoring
capability is limited to vehicle counts rather than determinations
of presence time and occupancy.

Scheck (26) made a telephone survey of maintenance person-
nel in some states and a few municipalities. “The general con-
cerns among state traffic engineers is that detector circuits are
the most common maintenance problem. Since cities have few
installations that require detection, they have other maintenance
problems.”

Communications Subsystems

Table 16 gives a comparison of the three kinds of commu-
nications used in digital systems. Time-division multiplexing is
more complex to service than the other two types, but offers
more flexibility for monitoring special functions. The failure of
master control equipment causes entire groups of intersections
to fail, whereas frequency division multiplexing minimizes the
number of intersections lost. DC relays are reliable and easy to
maintain but are poor in monitoring capability.

A recent survey by the Institute of Transportation Engineers
identified communications as the single most troublesome ele-
ment of the system. The problems related not only to hardware
but also to difficulties with leased lines and the telephone com-
panies.

Computer Subsystems

Table 17 was prepared for three different types of computer
architecture. It shows the central-computer configuration rated
only fair for reliability because the loss of the central computer
requires standby control for all intersections. Distributed sys-
tems, by contrast, are insensitive to central-computer failure,
but their arrangement in a number of curbside cabinets reduces
their maintainability and makes them more susceptible to dam-
age. They are not as well adapted to sending monitoring data
to a central facility.

Summary

Several of Cimento’s conclusions were presented in Chapter
2. He also found that the major sources of equipment problems
seem to be the use of low-grade components (not suitable to the
environment) and insufficient quality control.

Design Features to Minimize Maintenance

Waight (68) explained a number of technical details showing
how Caltrans “designs with maintenance in mind.” California
has an Electrical Specification Committee that spans a broad
range of disciplines, resulting in what Waight feels are some of
the best electrical specifications in the country.

Scheck (26) found in Ohio that one of the principal causes
of failure of solid-state units appears to be power surges, such
as those resulting from lightning striking close to the signal
installation. The designer can attempt to minimize damage from
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FIGURE 25 Schematic of typical intersection in Tampa (70).
voltage transients by specifying that controllers, detectors, and After trying and rejecting several ideas, our search brought us

other equipment meet NEMA specifications for environmental to the TII 3-Electrode Gas Tube Surge and Lightning Arrester.
By installing these arresters at every wire pair that enters the

requirements (36). Manufacturers use a variety of techniques to controller [Figure 25], surges were trapped and junction damage

provide the required transient resistance. For example, one prevented. The first-arriving surge spike ionizes the three-elec-
model of detector unit offers four different defenses to transients: trode gas tube and instantly grounds both wires, maintaining 20-
volt maximum differential across the equipment until the surge
is removed from both lines. In this manner, the first out-of-phase
surge arrives at the three-electrode gas tube and ionizes the entire
tube. This instantly grounds the surge and provides a path to
ground for any currents in the second wire. As the second wire’s
surge arrives at the gas tube, it finds the electrode already
grounded, effectively stopping the surge from flowing through
the equipment [Figure 26).

Differential lightning protection is afforded by the four-element
protective circuit composed of the input resistors, the neon tube,
the transformer leakage inductance and the diode path across
the secondary.

Differential lightning-induced currents are also potentially
damaging. These currents are shunted through the neon bulbs,
limiting the voltage across the transformer. . . (69).

Infurchia (77) provided details of stringent grounding and
Tindale (70) found in the early 1970s that more than half the bonding to ensure a positive, low-resistance path for transients

service calls were results of electrical surges. see Figure 27).
g 8
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FIGURE 26 Diagram illustrating that surge does not flow through equipment (70).
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The Arizona DOT no longer uses pedestal-mounted signals
in medians because they concluded that pedestals, and poles on
islands, are a safety problem. Many knock-downs in the middle
of the night were causing injuries and damage as well as ex-
pensive overtime trips by repair crews. ADOT now uses mast
arms 40 to 50 ft (12 to 15 m) long to mount their signals (72).
They have also found that maintenance of pedestrian signals
can become routine rather than “emergency” if the display is
neon rather than incandescent. The latter type fails suddenly
and completely, whereas neon fails by flickering for a long period
before going out totally (72).

Reduced Maintenance through Tighter
Procurement Specifications

Tighter procurement specifications obviously are important
to reduced maintenance. The FHWA’s Traffic Control Systems
Handbook (5) emphasizes that “specifying components with
higher reliability and demanding modularity of components are
two ways either to reduce maintenance needs, or to make re-
quired maintenance easier to perform.”

Stringent acceptance testing must go hand in hand with tight
specifications. Waight (68) explained five purposes of the Cal-
ifornia DOT acceptance tests as follows:

CALTRANS Standard Specifications require five days of suc-
cessful functioning before a traffic signal is accepted. However,
in addition, District 4 has an operational test performed on every
controller assembly by our technicians in the district maintenance
shop. This serves a number of purposes:

a) It gives maintenance personnel the opportunity to become
familiar with and to try out new traffic signal equipment in the
friendly atmosphere of the shop rather than the unfriendly en-
virons of an intersection.
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b) It permits the vendors to make repairs or corrections in
the clean, dry conditions of a shop rather than outside.

¢) It eliminates the need for the public being the testing device
for the five day test.

d) It gives us the chance to correct defects that might have
occurred in transit from our Materials and Research Labora-
tory—it’s over 400 miles from Los Angeles to our shop.

¢) Finally, it gives the designer, who observes the operational
test, an opportunity to look for design errors. Again, we find
the shop a far better place than the intesection to discover and
correct these design oversights (68).

Procurement specifications ought to include the requirement
of good documentation of all aspects of the hardware and soft-
ware.

Cost-Saving Strategies in Initlal Procurements

Montgomery County, Maryland obtains spare parts for con-
trollers and other control-cabinet equipment at lowest cost by
buying on competitive bid all fully equipped eight-phase cabinets
for new projects and setting aside the unused modules, load
switches, and so on, as spares (W. S. Wainwright, personal
communication, 1982).

Maryland has developed cost-saving strategies to reduce the
bureaucratic processing of construction contracts, equipment
procurement, personnel deployment, and the like (T. Hicks,
personal communication, 1984). Through competitive bidding
Maryland is able to secure long-term contracts for various com-
ponents of traffic signal systems including equipment and ma-
terial as well as engineering and construction services. This
enables the state to go through the bidding process just one time
and results in a contract from which equipment can be secured
very quickly by a phone call and at an established price that



holds throughout the life of the contract. These contracts can
also run for a greater length of time (two years, three years, or
longer). The contracts do have a tendency to lock the agency
into one or two specific manufacturers. Such contracts may
involve signal controllers, signal heads, signal poles and mast
arms, vehicle detectors, etc.

Local jurisdictions in Maryland may buy from the state high-
way agency contracts and thus are able to secure needed equip-
ment immediately and at an already established cost.

Other Strategies for Saving of Costs and Other
Resources

States and counties, and perhaps some cities, may find it to
their advantage to utilize the traffic engineering expertise and
capabilities that are provided by other jurisdictions. This is
particularly helpful to states where great distances are involved,
wherein state-owned traffic signals may be maintained by the
local jurisdiction’s forces, who are readily at hand and are able
to respond more quickly. Certainly, there are also efficiencies
to be gained in allowing local jurisdictions to absorb certain
state-owned traffic signal installations into local systems so that
all signals operate in a compatible way to the benefit of the
motoring public. The reverse might also be true—that is, adding
local signals to state systems to provide efficient traffic flow (T.
Hicks, personal communication, 1984).

Installation Procedures to Reduce and Expedite
Maintenance

There are many examples of installation techniques and ma-
terials that can minimize maintenance and make it easier.

Waight noted that the Caltrans standards for controller cab-
inet location include six factors that relate directly to the tech-
nician, as follows:

a) It should not be vulnerable to traffic—this protects the
technician as well as the equipment.

b) Traffic movements should be visible from the controller
timing position.

c) The cabinet door should be on the side away from traffic.

d) It should not be placed on islands nor where the approach
is not paved.

e) It should not be located in an area subject to flooding.

f) It should be possible to park the maintenance truck close
to the cabinet.

In addition, we provide a concrete pad in front of the cabinet
where the surrounding area is unpaved or landscaped.

Our controller cabinets are provided with numerous other
features dedicated to the technician. These include: signal test
switches and pushbuttons, work lights, outlets, door holders,
limitation of number of wires on a terminal, fade-proof wiring
diagrams, interior “‘flash” switch that permits controller unit to
remain in operation in flash position, and mercury-displacement
lighting contactors with test switch.

Another controller cabinet feature is the standardization of
solid state load switches, flash relays and detector sensor con-
nectors. This simplifies maintenance replacement by permitting
interchangeability among manufacturers (68).

McDonnell (73) has pointed out that “good preventive main-
tenance” begins with and depends on proper installation.” His
suggestions included the following:
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¢ Poles should be properly tamped and guyed.

¢ Provide drainage for conduit runs at handholes or at lowest
point of run if other than handhole.

» Positively ground the controller cabinet and neutral side
of the service and the pole (if it is metal) by means of a suitable
rod. Some sandy locations will require the use of a grounding
grid of three or more rods properly spaced and tied in.

o Install cable with sufficient spares, make waterproof splices
that are accessible, and make neat and firm connections inside
the cabinet.

o Prepare a complete wiring diagram for the entire intersec-
tion, locating every cable run, splice, and handhole location.

o Where natural gas is in use and there are underground
cable runs entering the cabinet, vent both the top and bottom
of the cabinet to promote circulation of air.

The Federal Highway Administration has published Traffic
Control Devices Handbook (74) in which best current practices
in traffic signal installation and maintenance are described.

Traffic engineers often complain that their detection loops
fail after only six months to a year, forcing either expensive
replacement or else operating that phase in a non-traffic-re-
sponsive manner. Installation techniques and materials that will
prolong loop life are fully described in recent literature. The
best single improvement seems to be the encasement of the loop
wire in plastic tubing before installation. A blowtorch is used
to seal the tubing to the wire at each end. The original paper
by Burmeister and Parsonson (67) has been supplemented by
a report by Bikowitz and Ross of the New York State D.O.T.
(75) and by a detailed and thorough Traffic Detector Handbook
prepared for the Federal Highway Administration by Diaz,
Seckinger & Associates (76). Evidence reported in these pub-
lications suggests that encasement allows the wire to withstand
the stresses of cracks opening as much as 1 in. (25 mm) in
width.

Signal Timing and Phase

Technical control of the maintenance work should rest di-
rectly with that part of the organization responsible for signal
operations. With regard to signal phasing and timing, certain
malfunctions and breakdowns have the potential to cause the
maintenance personnel to operate the signals at a downgraded
level. At the same time, it is not the function of the signal
maintenance unit to make unauthorized changes to phasing,
timing, or offsets. The traffic department can keep control over
this problem by developing a set of contingency timing and
phasing plans covering potential malfunctions and breakdowns.
These records become part of the permanent plans for the in-
tersection. Maintenance personnel should be responsible for
informing the traffic engineer whenever a contingency plan is
used (2).

Inspection Frequency and Depth

The inspection problem is one of providing an adequate num-
ber of acceptably well-trained inspectors so that traffic signals
and signal systems designed at the correct level of sophistication
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can be used to provide for the safe and efficient movement of
traffic (T. Hicks, personal communication, 1984).

Inspection frequency and depth ought to be based on the
history of required service at the location, and on the criticality
of the intersection. In practice, however, the prime determinant
of inspection frequency and depth seems to be the availability
of pesonnel (2).

Appendix A includes a checklist and field completion form
for regularly scheduled inspections.

The following material on inspection was prepared for this
report by Thomas Hicks of the Maryland DOT (T. Hicks,
personal communication, 1984). The organization of most state
highway agencies, and perhaps that of many counties and larger
cities, requires the inspection to deal with many kinds of projects.
Most of these involve the construction of highways and bridges;
the amount of work in the traffic signal and electrical area is
relatively small.

This situation has become a problem, particularly with the
great advances that have occurred in electronic technology,
because the inspection force has very limited experience and,
therefore, practically no capability or competency in dealing
with sophisticated traffic signal work. There are several ways
to overcome this, such as through the use of a smaller group
of inspectors trained and assigned to handle this type of work,
or the use of staff from the traffic engineering unit who serve
as inspectors on traffic-signal projects. The Maryland DOT has
chosen a combination of the two, with emphasis on the latter.
They have traffic-signal inspectors in the Office of Traffic who
serve statewide but handle only the electrical and electronic
parts of the project. The regular district inspection staff handles
the construction-related work. At the same time, Maryland does
provide training in the electrical /electronic area for certain of
the regular inspection staff.

A second way that Maryland has attempted to overcome the
problem of adequate inspection is through division of the in-
spection work load between the regular inspection staff and the
inspectors in the Office of Traffic. The inspection for the major
and more formally advertised projects follows the normal State
Highway Administration inspection procedures and policies. In
this work the Office of Traffic inspectors assists as just explained.
The inspection for the relatively minor and informally processed
traffic-signal work is handled entirely by the Traffic inspectors.
In these latter instances the field districts have no responsibility
and the entire construction procedure is handled by the Office
of Traffic.

Another method of overcoming the problem of an insufficient
number of trained inspectors for traffic-signal work is through
the use of contract inspection services. Maryland is not as yet
doing this but is preparing to undertake a one-year contract
with an engineering firm to provide manpower for traffic-signal
inspection purposes. The State Highway Administration cur-
rently uses contract inspectors on other types of construction.

Traffic-signal inspection includes the preparation of a “punch
list,” which is a listing of the things that the inspector finds
that need to be corrected or redone by the contractor in order
for the signal installation to pass inspection. The traffic inspector
must be thoroughly familiar with the many fine details of traffic-
signal components, installation, and operation. The punch list
is one part of the essential communication process between the
contractor and the governmental agency’s units of design, con-
struction, inspection, and operation.

Inspector training is especially critical in the traffic-signal
area because of the rapid technological changes that have taken
place and because of the unfamiliarity of most construction
inspectors with traffic-signal equipment. In Maryland, training
sessions on traffic-signal inspection are held annually, usually
during the winter months when construction activities are at a
low point.

Problems of design and operation often will not become ap-
parent until a traffic signal or signal system is constructed. At
that time the inspectors realize that what has been specified is
not appropriate or perhaps,not even possible. There needs to
be feedback to the designer at this point so that needed im-
provements can be made in the preparation of plans, special
provisions, and specifications. However, this feedback is often
slow or missing entirely. The communications chain fails to
form a closed loop. It is essential that some regular process of
cooperative review be established involving the construction
inspectors and the original designers.

Finally, the chief Engineer should develop and issue a good
procedure establishing the rules of communication as well as
the requirements for preliminary reviews, final reviews, precon-
struction meetings, ongoing construction meetings, and final
inspection meetings. A good communications procedure nearly
eliminates problems of miscommunications or misunderstand-
ings (T. Hicks, personal communication, 1984).

“As-Bulit” Plans and Documentation of Later
Changes

Construction drawings ought to depict accurately the inter-
section as actually built and should be kept updated as changes
are made. The location of underground components is especially
important. Most agencies retain the original construction draw-
ings, but relatively few try to update them to reflect all field
changes.

Changes are likely to occur during construction, particularly
if the design was not prepared using detailed surveys of the
location. Changes may also occur after construction if (a) the
power company relocates the service; (b) work is performed by
private contractors, public utilities, etc.; and (c) maintenance is
performed, such as relocation of conduit runs, use of spare
conductors, relocation of splice boxes, etc.

When major signal reconstruction or modernization is
planned, the redesigns need to be based on “as-built” plans that
have been kept current. If these are not available the redesigns
may be difficult to carry out or may not make full use of existing
facilities (2).

Service Histories

Virtually every organization performing traffic-signal main-
tenance keeps records of work performed at the various loca-
tions. Policies and practices vary widely from agency to agency.
Many attorneys representing plaintiffs in automobile accident
cases are aware of record-keeping standards and guidelines, such
as those published by the IMSA (25). It is important that office
records be supplemented by a card in each curbside cabinet, so
that a technician making a trouble call can be aware of the
service history over the past few hours, days, and weeks.



Summary of Policies and Practices

The variety of approaches to service-history record keeping
can be summarized into a few general types. Many agencies
keep good records of each intersection, either as a collection of
filled-out forms in a file folder or as a ledger in which a new
line of information is added for each trouble call to that location.
(Sample forms and ledgers are found in the appendixes.) “Some
agencies keep two files or ledgers so that maintenance histories
are available on both an intersection basis and an equipment
basis. This enables easy evaluation of the maintenance history
of a certain class or type of equipment or a specific model, and
can be of considerable help in specifying new equipment or
developing inspection or maintenance procedures” (2).

In the past, some jurisdictions did no more than file the reports
on a chronological basis. This makes access to the records of a
specific location almost impossible, except that it is easy to locate
the records in connection with an accident that took place on
a certain date.

Policies on access to documentation by individuals outside
the agency seem to vary widely.
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An increasing number of agencies have computerized their
service-history records. All dispatching records, work orders,
work-order-completion reports, trouble-call reports, and in-
spection check lists are entered into computer storage, to be
recalled in a convenient format when required (2).

Examples of Computerized Service Histories

Two examples of computerized maintenance-history files are
presented next. One is from the New York State D.O.T. and
the other from the city of Cincinnati, Ohio.

The New York State D.O.T. prepares a quarterly Traffic
Signal Inventory System and Maintenance History on its more
than 2500 stop-and-go signals, flashers, and beacons (D. Russo,
personal communication, 1982). Figure 28 is a sample page from
the signal-by-signal accounting of the work performed. Figure
29 summarizes all of these pages, showing the number of signals
by frequency of calls for various types of controllers.

Cincinnati has used a computerized traffic control equipment
maintenance summary since the early 1970s (29). After five

PAGE

PROGRAM B/TRAFSIM/NG31170 TRAFFIC SIGNAL INVENTORY SYSTEM - MAINTENANCE HISTORY DATE OF REPORT 3/00/84
FROM:  JANUARY 1981  TO: DECEMBER 1981 INV LOC: 66 R/C: 61
PERS CALL ARR® SIGL LEFT «++++¢REASONsvece seesapgCTIVITYsooooe testesscerrescscaces sEQUIPMENT tesvssccsscavececcesca
DATE HOURS CODE RECO SIGL OPER SIGL REPAIR REMOVE REPLACE ADUUST
crreeaes SIGNAL NUMBER: INSP-CONTR  ROUTE: XXXX CLASS: NSCS OETECTOR: SIGNAL HAS NO DETECTOR RECORDS
SIGNAL NUMBER: INSP-CONTR HAD O EMERGENCY REPAIR CALLS REPORTED
#seveces SIGNAL NUMBER: 6 ROUTE: 19 CLASS: SSNS DETECTOR: PRESSURE SENSITIVE - DIRECTIONAL
2/04/81 1 R 0Ot 0000 1040 1109 SCHEOULED REPAIR PED PUSH BUT
2/27/81 2 R 0Of 0000 1030 1110 INSPECT/RELAMP BULBS
CONTROLLER
12/24/81 6 R 02 0930 0930 1130 SCHEDULED REPAIR OTHER AUX
SIGNAL NUMBER: 6 HAD O EMERGENCY REPAIR CALLS REPORTED
veeevees SIGNAL NUMBER: " |ouUTE: 305 CLASS: SANS DETECTOR: SONIC MOTION
1/13/81 1t R 01 0000 1100 1135 SCHEDULED REPAIR BULBS DETECTORS
1/30/81 1 R 04 0000 1015 1045 SCHEDULED REPAIR BULBS
BULB FAILURE
2/26/81 2 R 0! 0000 0930 1025 INSPECT/RELAMP BULBS
11/10/81 1 R Of 1235 1235 1300 SCHECULED REPAIR OTHER AUX
12/19/81 4 0 04 0415 0530 0615 0630 ACCIDENT PLACED ON RECALL EXT WIRE
12/23/81 24 R 02 0000 SCHEDULED REPAER OTHER auXx
EXT WIRE
CABNT STRUCT
SIGMNAL NUMNTER: tt HAD 2 EMERGENCY REPAIR CALLS REPORTED
¢everacs SIGNAL NUMBER: 12 ROUT=: 417 CLASS: S5NS DETECTOR: LOOP DETECTOR - SOLIO STATE
\2/25/81 2 R 04 0000 0915 1045 INSPECT/RInAMP BULBS
2/25 = 2 R 04 000! t10C 1200 INSFECT/RELAMP BULBS
3/04. 1t 1t R 0! 00CO 1030 1109 SCHEQULED REPAIR SIGNS
4/05/91 2 0 04 2200 2330 2400 2403 SIGMNAL STUCK DETECTORS
Note: The classification code is S for state maintained, A for actuated, N for normal three color operation including

any arrows, and F for fully traffic responsive.

FIGURE 28 Example page from New York State D.O.T. quarterly maintenance history.
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NEW YORK STATE

DEPARTMENT OF TRANSFORTATION

FROGRAM B/TRAFSN/N691180 TRAFFIC SIGNAL JMVENTORY SYSTEM - MAINTERANCE SUMMARY DATE OF REPORT 3/10/82
NUMBER OF SIGMALS BY FREQUENCY OF CALLS FROM:  JANUARY 1 1981 TO: DFJFMFER 31 1981 1NV 10C: 66 SIGNAL-TYPE : STATE
Careaeses FULL ACTUATED s>~ +=~ .. saeseenesSEMI ACTUATED - -+ - teer s ePRLIIMED & FLASHER+sesvee 10TAL
REASON 1+ 2 3 4 S 5 AVG. 12 3 4 5  »% AVG. 12 3 4 5 >5 AVG. cALLS
INSPECT CONTRACT o 0 0o o o ] 0.0 o o o o0 o [} 0.0 o 0 o0 0 o [ 0.0 o
PREVENTIVE MAINT 0 0 o0 o0 ©° o 1.0 3 o 0 o0 © ° 1.0 2 0 o o0 o [ 1.0 15
RELAMPING s 0 0 0 © o 1.0 2 0o o0 0 © o 1.0 c o o o0 o (] 0.0 7
MODIFiCATION s 0 o0 o0 © o 1.0 o o o o o o 0.0 o 0o o o0 o o 0.0 s
SCHEDULED REPAIR a a4 5 11 1 6 3.8 3 8 2 t 1 2 2.7 s 2 2 0 O ¢} 1.7 180
UNKNDWN o o o o o o 0.0 o o o o o o 0.0 o o o o o o 0.0 [
ACCIDENT s o 0 2 © o 1.8 i 0 o o0 © o 1.0 1+ 0o 0o o o o 1.0 15
LIGHTNING 3 0o o o o o 1.0 o o o o o o 0.0 o o o0 o o 3} 0.0 3
POWER FATLURE 1 0-0 O © o 1.0 t o o o © o 1.0 o o o © o <} 0.0 2
SIGNAL STUCK 8 0 1+ O © o 1.2 s 1 1 0 O o 1.4 t+ o 0o o o (] 1.0 22
SKIP PHASE 1 0o o o o o 1.0 o o o o © (<] 0.0 o o o o o o 0.0 1
STORM DAMAGE 1+ 0o o0 o o o 1.0 3 0o 0o 0 o o 1.0 o o o o o o 0.0 a
TIMING PROBLEM w0 3 0 0 © o 1.2 4 0o 0 o0 o o 1.0 o o o o0 o o 0.0 20
TUNING PROBLEM 3 1+ 0 0 © o 1.2 o o o o o o 0.0 o o o o0 o o 0.0 5
VANDALISM 2 o0 o 0 o o 1.0 2 o o o0 © o 1.0 i1 0 0 o0 o [¢} 1.0 ]
DN FLASH-MONITOR 3 3 1 1 o0 ] 2.0 1 0o 0 0 © o 1.0 o o o0 0 o ] 0.0 17
ON FLASH-OTHER 1 1+ o o o o 1.5 2 0o 0o 0 © o 1.0 0o 0o o0 o o <} 0.0 S
FALSE CALL o 1 o o0 © o 2.0 o o o o o 0 0.0 o o o o o o 0.0 2
BULB FAILURE s 3 0 0 © o 1.3 s 2 0 0 © o 1.2 o 0 o0 o0 o o 0.0 20
IMPROPER INDJCAT 2 1+ 1+ 0 © o 1.7 i1 0o o0 1 o o 2.5 a o0 o o0 o [ 1.0 16
INSPECT/RELAMP 30 0o o o0 o© o 1.0 9 1 0 0 © o 1.0 25 0 0 ©0 o o 1.0 76
107AL 420

FIGURE 29 Example page from New York State D.O.T. quarterly

years of use of these summaries Cincinnati was able to reduce
the number of chronically malfunctioning intersection controls
from 17 in 1973 to only 2 in 1977. The city has more than 700
traffic signals. See Appendix I for more details of their com-
puterized reporting.

A description of Cincinnati’s maintenance summary begins
with the radio dispatcher’s log (B. McKay, personal commu-
nication, 1984). When receiving a call and dispatching a crew
the dispatcher fills out a form with the following entries:

Who phoned in complaint or radioed it in

Date, time, intersection code number

Location and direction or corner

Description of complaint or trouble

Code number of maintenance technician

Time of day when referred to maintenance

Initials of repairer

Time of day when repair completed

Code numbers for complaint reported and that actually found

Some of these items cannot be completed until the crew calls
back with its findings and repair activity. Once a week the
dispatcher sends all completed logs to the engineering office,
where a clerk codes the remaining items for computer input
and sends the completed logs to the Electronic Data Processing
(EDP) Division.

On a quarterly basis EDP sends back several reports. These
reports contain the malfunctions from the previous four calendar
quarters. The report that contains one complete calendar year
is filled permanently for historical and legal purposes.

[Figure 30} is the standard report. Larger cities will generate

maintenance summary.

a bulky report and it is helpful to develop a chronic problem
list to help pinpoint trouble spots. This is [Figure 31]. This report
is generated by listing all intersections which have had more
than twenty complaints in the last four calendar quarters and
three or more complaints in the last reported month. This report
is distributed to the maintenance section with instructions to
place special maintenance attention on these locations. On oc-
casion they find that the problem is caused by inadequate design
and it is referred to the design section for attention.

Using a computerized intersection equipment inventory, and
cross referencing it with the data which compiled [Figure 31],
we can readily compile a component failure list as shown in
[Figure 32] (B. McKay, personal communication, 1984).

At the end of each component list in Figure 32 there is a
“Failure Ratio,” the formula for which is as follows:

No. of failures of
a specific model
Total no. of failures
for all controllers

Failure Ratio =

Total no. of controllers
or detectors
Total no. of a
specific model

where for a typical report period the following data might apply:

Total no. of controllers 639
Total no. of controller failures 1301
Total no. of detectors 290
Total no. of detector failures 130
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FIGURE 30 Example of Cincinnati’s standard report of traffic-signal malfunctions.
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FIGURE 31 Example of Cincinnati’s report of locations with chronic problems.
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TRAFF]IC SI1 6N AL N ALFUNCTION REPORT
REPORT DATE 03721784

CONMNPONENT LISTING

COMPONENT MAKER MODEL [41])] 2 ACTION TAKEN LOCATION OATE
VEN SIGNAL VIRENG REPAIRED GRAND & MESTNOOO 04/05/703
JEH SIGNAL WIRING REPAIRED KENPER ¢ NCHILLAN 01721783
YEH SIGNAL SCHOOL CLOCK RESET QUEEN CITY ¢ ST FRANCIS MOSP 01/07/783
JEH SIGNAL o00R GRACELY & RIVER RD 11729783
VEN SIGNAL DOOR RED ERKENBRECHER ¢t VINE 01/03/83
VEH SIGNAL 6 REPLACED CENTRAL & NINTH 07700/83
VEN SIGNAL 6 RED REPLACED MCNILLAN & VINE 06/16/83
VEH SEGNAL SHITCH RESET HARTHELL & SHAOVERCOK & VINE 07716483
CONTROLLER ALL NER ALL 802 REPLACED ELBERONSSTATE & MARSAM 09702783
CONTRCLLER ALL FLASHER 802 GREEN RESET GLENWAY ¢ CARSON SCH 12/05/83
CONTAOLLER AL FLASHER 802 CIRCUIT 6R. RESET LINN ¢t POPLAR 12716783
CONTROLLER ALL FLASHER 802 RELAY REPLACED LINN & WASHBURN SCH 01719783
CONTROLLER ALL FLASHRER 802 TINKER DUAL REPLACED LINN & MASHBURN SCH 01719783

FAILURE RATIO = 0.08

TOTAL MODELS = 95

TOTAL FAILURES = 5
CONTROLLER KENTRON PRETINE a61 REPLACED SLENSAY & QUEBEC,SETONsNARSAN 03702783
CONTROLLER KENTRON PRETIME 061 NORMAL CYCLE GLENNAY & QUEBEC,SETON,WARSAN 01/26483
CONTROLLER KENTRON PRETINE 061 DEAL UNIT MOTOR REPLACED GLENMAY & QUEBEC,SETON,NARS AN oL/s13/83
CONTROLLER © KENTRON PRETINE 061t DIAL UNIT NOTOR REPAIRED GLENNAY 3 QUEBEC,SETON,KARS AM 12724783

FAILURE RATEQ = 2.01
TOTAL MODELS = 3

TOTAL FAILURES = 4
CONTROLLER GEN ELEC TYPE F oel REPLACED LINCOLN & READINGUNIVERSITY 06709783
CONTROLLER GEN ELEC TYPE F o8t REPLACED LINCOLN & READINGAUNIVERSITY 11725783
CONTRCOLLER GEN ELEC TYPE F 061 NORMAL CVCLE ERIE g PAXTON 05705783
CONTROLLER GEN ELEC TYPE OBl RAVCHET ASS. CLEANED TAFT & NOODBURMN 02/70r/83
CONTROLLER GEM ELEC TYPE F 081 CAM SHAFY CHASE & KIRBY 12724483
CONTROLLER GEN ELEC GEF 081 CAN SHAFT CLEANED NAY & TafFy 12730783
CONTROLLER GEN ELEC TYPE F o6l MASTER OTHER BURKREY & UNIVERSETY 09/20/83

FAILURE RATIO = 0. 46

TOTAL MODELS = 23

TOTAL FAILURES = 7
CONTROLLER KENTRON PRETIME 0G1 COKTACTS ADJUSTED JEFFERSON § UNIVERSEITY 01/26/23

FIGURE 32 Example of Cincinnati’s report of component failures.

IS
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The formula is such that a failure ratio of 1.0 indicates average
performance and a ratio of 2.0 indicates twice as many mal--
functions as an average component.

MATERIAL CONTROL

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

Inventory-Control Summary

Inventory control in larger organizations is computerized and
includes reorder procedures (Figure 33).

Both of the common methods of inventory control make
additions to inventory as items are received, but they differ in
their handling of subtractions. In one method subtractions from
inventory are made on the basis of “withdrawal records,”
whereas the other method is based on “use records.” In the
withdrawal method, the inventory 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 maintenance truck, or available at a work site. This method

has a tendency to understate total inventory, but is capable of
fairly easy verification by physical checks at a limited number
of sites.

With the use records method, subtractions from inventory
are made on the basis of the bill of materials included with
work-order-completion reports. This method gives a more ac-
curate picture of the inventory on hand, but requires complicated
procedures for verification. The preparation of detailed bills of
materials, especially if these have to include a great number of
small expendable items, places an extra burden on the main-
tenance personnel in the field and usually gives rise to inac-
curacies. It is, however, a tighter control against pilferage and
waste (2).

Baltimore’s Microcomputer-Based Inventory
System

The City of Baltimore’s Department of Transit and Traffic
has installed a microcomputer-based traffic signal inventory sys-
tem (77). It is designed to manage the record-keeping functions
of Baltimore’s electronics division, which is responsible for the
city’s 1,100 signalized intersections. At present, Baltimore has
approximately 22 different types of devices, totaling over 5,000
pieces of equipment that are in use, in repair, or in stock.
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FIGURE 33 Computer inventory printout (2).



Inventory Package
The inventory package includes the following files:

Location Record (in use, in repair, or in stock)
Device Record

History Location Record

History Device Record

Electronic Parts Inventory

Personnel File

Vendors File

Radios

Vandalism File

Trouble-Incident Summary

Electronic Specification Reference Manual
Shipping /Receiving Records of Electronic Parts and Devices

Information Entry

The system provides entry routines for the following infor-
mation: (a) additions (the input of basic information about a
new item), (b) receipts (input of purchase order numbers, date
of receipt, number received, and price per item), (c) withdrawals
(input of the “use code” to indicate what the item was used for,
date of withdrawal, and number withdrawn), and (d) physical
count adjustments (input of adjustments to physical counts).

Reports

The Baltimore system provides the following reports on com-
mand:

o Inventory—A printout of all items in inventory showing
all information about each item. The program has the option
of producing this report on a sorted or selected basis as follows:
Item Number (sorted by item number or for selected item num-
bers only), Location Code (sorted by location number or for
selected location numbers only), or Vendor Report (sorted by
vendor or for selected vendors only).

o Receipts Journal —The system prints a journal showing all
receipts during a given period.

+ Withdrawal Journal—Journal of all withdrawals.

o Adjustment Journal—All items that were adjusting during
the given period.

o Reorder Report—A report printed at any time that shows
all items that are at or below their reorder level.

Inquiries
The system is capable of providing complete and current

information on the screen about any item in the inventory with
a minimum number of commands.

Data Base Manager

The software manages the data base to allow the entry of
information in the form of records. Each record is allowed at
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least 100 fields of up to 256 characters each. Multiple-level sorts
are performed in a single pass and require less than 8 minutes
per 1000 records.

Word Processing

The Baltimore system also includes a function-key oriented
word processor with a file-merging option and spelling
dictionary.

Special Reports

The system is designed to respond to special requests for data,
as shown in the following examples:

Suppose that a communications control terminal (the CCT
or controller) arrives in the shop for repair. The previous day
there was communication-line trouble that affected a series of
intersections. It is important to know whether this particular
CCT was affected by that com-line problem. The solution is to
call up that intersection and check to see if it was included with
the list of intersections affected by that problem. If so, it will
save the technician several hours of unnecessary tests to effect
the repair. By keeping a record of the location of these devices,
technicians are able to determine more readily if the problem
is with the device or at the intersection.

Suppose that a communications center trouble ticket comes
in indicating unauthorized entry to the cabinet and both the
controller and green conflict monitor are missing. What were
the serial numbers of the missing devices? The solution is to
call up the intersection and check the serial numbers of the
devices that were last reported to be at that intersection. These
records will pinpoint serial numbers on equipment stolen. Not
only does this keep intersection records accurate, but it also
supports other files maintained for the department, such as
inventory, budget requests, and so on.

Problem Intersections

Intersections that have an excessive number of change-outs
of equipment over a designated period of time are flagged to
the operator’s attention.

Baltimore’s Examples

Figures 34 through 37 show examples of the inventories and
reports. The history of a device is shown tracked in Figure 37,
and includes where and when the device has been deployed up
to and including the current location. On the average, a device
may complete the change-out cycle a minimum of 10 times
during its life of 5 to 20 years. For 2000 devices, for example,
this file could become extremely large.

The Device History has a subcategory named Device Repair
History that pertains only to the controller units and their six
printed circuit boards. This history may become massive if each
board had to be repaired once a year; 1,200 controllers times 6
boards times 20 years equals 144,000 entries.



TRAFFIC CONTROL EQUIPMENT DEVICE RECORD / INVENTORY

DEVICE DEVICE LOCATION DATE DATE
SERIAL,_NUMBER | DEVICE NAME | MODEL NUMBER | MFG. CODE. CODE LOCATION INSTALLED | REMOVED
A 2345 CCT 20 123 1234 Lombard & Greene 01/22/82
I8 3345 ceT 3V 123 1100 MX4 Electronics 01/23/82
fC 2346 GCM 20 233 1111 Shop - Repair 01/24/82
1] 5347 GCM 30 233 1110 Shop - Stock 01/24/82

1234 RADAH RDIA 300

123156 DETECTOR Proximeter 301

123456 DETECTOR usnp 302

., 1234567 DETECTOR sop 303 | )
I8 55%q00 DETECTOR SPDR-1 301 DATA TO BE ENTERED SAME AS A - D ABOVE

123456 DETECTOR TSVDM 305

1234 DETECTOR SVDM 306

123 DETECTOR M-110 307

123 DETECTOR M-210 308

CONTROLLER 110 RC 400
CONTROLLER 110-2 RC 401
CONTROLLER MM=-2 102
CONTROLLER MM-3 103
CONTROLLER H05 404 DATA TO BE ENTERED SAME AS A - D ABOVE
CONTROLLE 804 405

123456 CONTROLLER 877 406

123156 CONTROLLER 1022 407

123456 CONTROLLET 1033 408

123156789 CONTROLLER 1826 409

123450789 CONTROLLEH HMP-20 410

FIGURE 34 Baltimore’s device record/inventory.

ADMINISTRATIVE CONTROL Determination of MTBF

This section focuses on the determination of failure rates and
repair times in order to stock spares appropriately and to assign
priorities for equipment replacement programs. The reader will
find more data on failure rates, maintenance work units, and
costs in Chapter 6.

The mean time between failures (MTBF) is calculated from
the following equation:

Number of Units X Observation Period

MTBF =
Number of Failures

TRAFFIC CONTROI. EQUIPMENT DEVICE RECORD TNVENTORY REPORT

DEVICE DEVICE MIG. LOC. DATE
SERIAI NUMBER DEVICE NAME MODEL NUMBER CODE CODE LOCATION INSTALLED
2345 CcCT 20 123 1234 lLombard & Greene 01/22/82
2346 CCT 20 123 0598 Baltimore & Light 04/08/80
20347 CCT 20 123 0299 Hlanover & Heath 05/10/81
20097 GCM 20 233 1234 Lombard & Greene 03/03/82
2008 GCM 20 233 1028 Franklin' & Franklintown 03/10/79
2999 GCM 20 233 1510 Pratt & Light 04/23/81
3000 GCM ’ 30 233 1508 Eastern & Ponca 05/09/80

. FIGURE 35 Baltimore’s device-inventory report.
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TRAFFIC CONTROL EQUIPMENT INTERSECTION INVENTORY REPORT

1OC. DEVICE DEVICE DATE DEVICE DEVICE DATE

CODE I.OCATION NAME S/N INSTALLED NAME S/N INSTALLED
1234 Pratt & Light CCT 3345 01/02/81 GCM 3789 03/05/82
1235 Fleet & Broadway CCT 2102 09/11/82 GCM 2065 11/11/81
1236 Aliceanna & Ann CCT 2111 05/09/82 GCM 2118 12/25/78

FIGURE 36 Baltimore’s.intersection-inventory report.

For example, 52 old PR controllers were observed in Atlanta
for 6 months (4,380 hours) and 285 failures occurred.

52 X 4,380

MTBF = 385

= 800 hr = 33 days

This means that each of the 52 controllers could be expected
to fail once every 33 days, or about 11 times a year. The failure
might occur in the controller itself or in an auxiliary unit such
as a minor movement controller or advance green timers, or in
a load switch. Few of the controllers were solid-state, so not
many conflict monitors were involved. Failures of detectors or
signal heads were not included.

A system MTBF is calculated as 800/52 = 15 hr, meaning
that the system as a whole could expect a failure of one controller
or another every 15 hours.

Figure 38 shows the two types of MTBF determinations for
the Urban Traffic Control System (UTCS) project carried out
in Washington, D.C. (65). The system MTBF is labeled UTCS
MTBEF in the top box of the figure. The lower boxes show the
failure tabulations from which the MTBF values were derived.
For the vehicle detectors, for example,

497 23,328
Subsystem (unit) MTBF = TT = 104,600 hr
104,600
System (UTCS-wide) MTBF = 07 = 210 hr

The concept of mean time between failures (MTBF) as a
measure of reliability is in widespread use. Cimento (39) noted
that it is a valid measure when a large sample of units is con-
sidered and when failures are random in occurrence rather than
attributable to a design defect.

Cimento researched the failure history of elements of the
UTCS in Washington, D.C. and derived a generalized historical
profile of failures for typical traffic control system hardware

(Figure 39).

Typically, the failure rate during factory acceptance testing de-
creases as deficiencies are corrected and units delivered. As in-
stallation begins, the quantity of units in operation increases at
the same time that field environment conditions are encountered,
resulting in the gradual increase in failures. As the “infant mor-
tality” failures decrease again, finally stabilizing at a level in-
dicative of the random failure performance of the particular
equipment as designed. . . the peak failure period is often likely
to occur during the system acceptance test and evaluation period.
Also, a bona fide MTBF calculation cannot be made until a year
or more following the normal test and evaluation period (39).

Early in Chapter 2 the reader will find supporting evidence
from Scheck (26) that all types of components fail after random
lengths of time, rather than wearing out with age.

Use of MTBF or MTTR to Stock Spares

The stocking of a sufficient supply of spares can be managed
best when there is a knowledge of the mean time between failures

TRAFFIC CONTRO!._EQUIPMENT DEVICE RECORD REPORT (HISTORY OF DEVICE)

DEVICE DEVICE MFG.  LOC.
SERTAL NUMBER DEVICE NAME MODEI. NUMBER _ CODE __ CODE LOCATION INSTALLED _REMOVE:

2345 ccT 20 123 1234 Lombard & Greene 01/22/82 03/23/5:

2315 cct 20 123 i1l SHOD - REPAIR 03/23/82 03/25/8:

2345 ceT 20 123 1110 SHOP - STOCK 03/25/82 03/27/8

2345 ccr 20 123 1222 Baltmore & Pratt 03/27/82

3456 GCM 30 233 1234 Lombard & Greene 01/10/82 02/10/8%

3156 GCM 30 233 1000  THEFT 02/10/82

3155 GCM 30 234 1001~ SHOP ~ REPAIR 02/10/82 02/11/8%

3455 GCM 30 234 1002  SCRAPPED 02/11/82

FIGURE 37 Baltimore’s device-record report (history of device).
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Subsystem No. of UTCS
Subsystem MTBF Units MTBF
Vehicle Detector 104,600 hrs. 497 210 hrs.
Controller 57,500 111 518
Power Supply (field) 1,295,000 111 11,700
Central Communications 472 1 472
Computer 157 1 157
Display 501 1 501
Telephone Lines 303 1 303
Overall System 49
DETECTION SYSTEM FAILURES CONTROLLER SYSTEM
FAILURES
4 - Loops
66 - Detector 15 - Controller
41 - Communications 13 - Adapter Unit
111 Failures in 17 - Communications
23,328 hrs. "45 Failures in
23,328 hrs.
CENTRAL COMMUNICATIONS COMPUTER FAILURES
FAILURES
6 - CPU
1 - Dual Amplifier 12 - Disk
10 - 2FS Receliver 2 - Interface Unit
3 - 3FS Transmitter 17 - Magnetic Tape
__3 - Power Supply 8 - Line Printer
17 Failures in 5 - Card Reader
8,016 hrs. 1 - TTY
“51 Failures in
8,016 hrs.

FIGURE 38 Values of MTBF for the UTCS project in Washington, D.C.
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FIGURE 39 Generalized historical profile of failures of system hardware.

(MTBF) and the mean time to repair (MTTR). The FHWA’s
Computerized Signal System notebook (78) provides an example:

If an item of equipment has an MTBF of 10,000 hours and there
are 100 of these items installed in the system, the MTBF of the
entire set of equipment will be 100 hours:

Unit MTBF _ 10,000
No. of Units 100

System MTBF = = 100 hr

Even conservatively dividing this number by two produces an
MTBF of 50 hours which would appear to justify only one or
two spare parts. If, however, repair of the item requires two
weeks because it is being returned to the factory for repairs,
more spare parts should be kept on hand. Note that the 50 hours
of operation refers to seven-day weeks with 24-hour days. Thus
an MTBF of 50 hours refers to only two days of operation
between failures. During a two-week repair period, seven com-
ponents could fail.

Intersection Availability as a Measure of Rellability

Cimento defines the availability of an intersection as the per-
centage of the time that an intersection is able to operate in its
intended mode (rather than a back-up mode). It is calculated
from component failure rates and equipment repair time. He
points out that this measure is useful because it

1. Describes reliability in terms perceived by the system user
(the motorist);

2. Normalizes the system as to size, that is, a 25-intersection
system can be compared to a 200-intersection system; and

3. Allows systems with different architectures and equip-
ment approaches to be readily compared.

Table 18 gives in terms of intersection availability some of the
results of a communication trade-off study reported by Cimento.
The table points up one of the major assets of a distributed
system over a centralized architecture.

Other Measures of Reliability

The concept of Mean Time of Existence (MTOE) of fail-
ure is used in the United Kingdom and was discussed in
Chapter 2.

FISCAL CONTROLS

The subject of fiscal controls includes, in addition to routine
considerations of cost accounting, budgeting, invoices, and pay-
roll, some interesting points regarding equipment-replacement
programs.

‘Robinson, Sanderlin & Associates pointed out (49) that op-
erational obsolescence occurs when the equipment reaches an
age (of about 12 years) when significant maintenance and op-
erational difficulties may reasonably be expected. Technological

TABLE 18
COMPARISON OF INTERSECTION AVAILABILITY*

b Distributed
Central Computer Processing
rpM®  TDM® TDM
Intersection 0.997 0.997 0.999
Availability
(fraction
of time)
Intersection 23.1 23.0 2.3
Down Time/Year
(hours)

aAc]apl:ed from Reference 40.

bBased on electromechanijcal controllers and owned cable.
®Based on microprocessor controllers and owned cable.
dFx-equency division multiplexing.

©Time division multiplexing.
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obsolescence occurs sooner, typically within 2 to 10 years, when
major technological advances have caused equipment in use to
be significantly less flexible than the new models on the market.
Because of the advances, it may be difficult to purchase re-
placement parts, including chips. Determinations of MTBF and
MTTR can be used to assign priorities for replacement of equip-
ment that fails frequently.

Every traffic unit needs to be in a position to budget funds
to replace operationally and technologically obsolete traffic sig-
nals. These funds for modernization cannot come in a sudden
burst of zeal, because manpower limitations prevent absorption
of a brief influx of such funds. Instead, the program must be
steady, on a planned basis, to replace a certain percentage of
the equipment each year.

CHAPTER EIGHT

CONCLUSIONS

The key conclusions to be drawn from this synthesis are
as follows:

« Evidence abounds from U.S. sources and those abroad that
signal malfunctions are widespread and serious in their conse-
quences. The problem lies not only in the frequency of failures
but also in excessive time before a failure may be reported.
There are serious impacts on equipment life, road-user costs of
additional stops and delay, safety, fuel consumption, and pol-
lutant emission.

o Maintenance personnel and their supervisors should be
aware of their legal responsibility and liability.

o The cost-effectiveness of good maintenance is beyond ques-
tion. Even if signal malfunctions were to increase stops and
delay by just a small percentage and a second or two, respec-
tively, the cost to motorists would far exceed the costs reported
herein to maintain the signals properly.

« Specific problem areas include nonstandardization of equip-
ment, use of sophisticated equipment beyond the capability of
maintenance personnel, over use of sophisticated detector/con-
troller schemes, inadequate inspection during installation, the
use of low-grade components not suitable to the environment,
insufficient quality control, damage from power surges including
lightning transients, and lack of funds for equipment-replace-
ment programs.

¢ Ways to reduce maintenance needs or to make required
maintenance easier to perform include the drafting of tighter
specifications, which should include requiring components with
higher reliability and demanding modularity of components.
Stringent acceptance testing should go hand in hand with tight
specifications.

o Technical control of the maintenance work should rest
directly with that part of the organization responsible for signal
operations.

« Routine, scheduled maintenance no longer is concerned
primarily with preventive measures. Rather, the emphasis is on
inspection patrols, and self-detection methods, to discover mal-
functions, and on the subsequent checking to be certain that
the faults have been corrected.

o Group relamping is cost-effective, and many agencies use
a one-year replacement cycle.

_» The evolution from electromechanical to solid-state designs
has caused a corresponding transition in the requirements for
maintenance personnel. Electronics technicians are replacing
electricians.

» Microprocessor-based diagnostic equipment is now avail-
able for use in both field and shop.

« Maintenance contracts may be cost-effective and practical
in high-density areas, and may be necessary for computers and
much of the peripheral equipment.

¢ Maintenance-call rates, person-hours, and dollar costs are
now quite well known. Microprocessor-based equipment is more
reliable than earlier technologies because of fewer components
and connection points.

o The number of signalized intersections (including school
flashers and flashing beacons) that can be maintained by one
technician varies widely but seems typically to be in the range
of 25 to 35.

« Agencies that have stringent acceptance testing report an
excellent record of mean time between failures of their accepted
controllers.

o Maintenance capabilities need to be upgraded through
training programs for existing personnel, attraction and reten-
tion of appropriate personnel, and the use of contract mainte-
nance.

+ The maintainability of the controller/detector scheme
needs to be improved by simplifying designs, enforcing stan-
dardization and interchangeability, and insisting on rigorous
inspection and acceptance testing.
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APPENDIX A

PREVENTIVE MAINTENANCE CHECKLISTS AND MANPOWER
REQUIREMENTS FOR TYPICAL INTERSECTIONS

This appendix includes sample forms for recording preventive-maintenance work. See Appendix B for

other types of maintenance forms.

The material from Pennsylvania was obtained from the Edwards and Kelcey report for the Pennsylvania
DOT (13). The times shown in the right margin are labeled M for minutes and H for hours. They are times per
unit or per channel of detection. Users may wish to clip off the time estimates before using the form.

The forms from Atlanta are used in the city's signal inventory and preventive-maintenance program. The
first two forms are McBee Keysort forms. The next two are for inspection and preventive maintenance of
controller and other components. The last form is used in the cleaning/relamping and painting program.

The maintenance form and sample entries from Virginia Beach were provided by John W. Herzke, Traffic
Engineer for the city.



PENNSYLVANIA
PREVENTIVE MAINTENANCE RECORD MAIHTENANCE PERFORMED _ |
ul r_m NTERVAL MAINTENANCE PERFORMED
FOR THE INTERSECTION OF & s = IN _MONTHS wl RECOMMENDED INTERVAL |
» 3 6 9 112]3 6 9|12 ls z IN MONTHS
= Z
MECHANICAL ClE o3 819 12130 619 12
s P9 Wk
CABINET /PER UNIT s NS
° paint A 3H MAST ARMS AND POLES /PER UNIT
o _ oil hinges and lock A o paint A 8
. M
° clean filter A inspect for rust and spot paint A - 8n
) replace filter 8 2M as required
o check weatherproof seal (gasket) A 2M o inspect the joints for rust and cracks A
o __check anchor boits A M - at arm/upright location M
) check for gas, water accumulation. 6 - - __at base plate
duct sealant o inspect anchor bolts for rust and A
: ” tightness SH
o __check ground rod clamp o inspect the horizontal and vertical A
wiring schematics and report A " angle of the arm 2M
available and signed SPAN WIRE AND POLES/PER UNIT
. 2M
° check operation of fan and heater A o refer to applicable pole section
SIGNAL HEADS /PER UNIT o _ check span wire A oM
o paint exterior of signal A H ° check clamps, hardware A SH
o  clean lenses, signs and reflectors 10M © _check guy wire and the anchor A 5m
) replace lamps 8 2M PUSH BUTTONS /PER INIT
° check alignment - b M ° check push button on each end of
o check for wear on the span wire and actuated crosswalks and visually
. . . verify pedestrian signal operation;
the signal wire; check the mechanical A M ve rifz tpi ming g pe ’ 8 5M
hardware (clevis pin, clamps) ° check push button lamp (if exists) 8 -
o check mast arms: free swinging signals - A M for operation
. } . ° check push button signs and clean 8 5M
check clevis and the chain if necessary
° check for cracks or rust in the A M o check push button signs alignment 8 -
hardware DETECTOR SENSORS /PER_SENSOR
) . . A 2M .
o check bent hoods, wing nuts, hinges ° make a visual inspection of the roadway along A SM
[ replace any parts not up to standard A . M the saw cut for exposed wires, cracks,
o potholes, etc. )
— " ° check alignment for sonic, magnetic A SM
o  check locking ring (surface); xr.\stau A ) 5M and radar type detectors
proper locking devices as required Y check anchorage for pressure detector A ™
o perform a nighttime check for visibility /per appria 10M frame
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MAINTENANCE PERFORMED MAINTENANCE PERFORMED

] RECOMMENDED TNTERVAL | RECOMHEN NTERVAL
ng IN_MONTHS F IN_MONTHS
2 g ~T
_,43691236912 _,-._3691236312
UNDERGROUND w 3 w B3
UNDERGROUND ¥ B2 £ Pz
JUNCTION BOXES AND HANDHOLES /PER UNIT a a
check the integrity of the splices A ° check spring tension on contacts B
° ggrewﬁle(ctzr;gn%r::g %;:gi:gdo?ca;muits A o _ check for any loose wiring contacts 8
check the insulation check for operation of advancing
check for abnormal amount of water mechanism to conform with manufacturer's B
.check lid for abnormal condition and fit A requirement
o check if all connections are secure 8
ELECTRICAL and tight
- A ° visually inspect wires for wear, rubbing, B

[} check radio interference filter and lightning arrestor
ELECTROMECHANICAL CONTROL EQUIPMENT

deterioration of insulation

Dial Assembly

check for wear on key follower

8 Relays

° check for burned and pitted contacts and

-] check for burned or pitted contacts
and service contacts per manufacturer service contacts per manufacturer's
maintenance recommendations 8 maintenance recommendations
° check for key positions 8 check for tight and secure fit into the sockets
. 