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Systematic, well-designed research provides the most effective
approach to the solution of many problems facing highway ad-
ministrators and engineers. Often, highway problems are of local
interest and can best be studied by highway departments individ-
ually or in cooperation with their state universities and others.
However, the accelerating growth of highway transportation
develops increasingly complex problems of wide interest to high-
way authorities. These problems are best studied through a coor-
dinated program of cooperative research.

In recognition of these needs, the highway administrators of
the American Association of State Highway and Transportation
Officials initiated in 1962 an objective national highway research
program employing modern scientific techniques. This program
is supported on a continuing basis by funds from participating
member states of the Association and it receives the full coopera-
tion and support of the Federal Highway Administration, United
States Department of Transportation.

The Transportation Research Board of the National Research
Council was requested by the Association to administer the re-
search program because of the Board’s recognized objectivity
and understanding of modern research practices. The Board is
uniquely suited for this purpose as: it maintains an extensive
committee structure from which authorities on any highway
transportation subject may be drawn; it possesses avenues of
communications and cooperation with federal, state, and local
governmental agencies, universities, and industry; its relation-
ship to the National Research Council is an insurance of objectiv-
ity; it maintains a full-time research correlation staff of specialists
in highway transportation matters to bring the findings of re-
search directly to those who are in a position to use them.

The program is developed on the basis of research needs identi-
fied by chief administrators of the highway and transportation
departments and by committees of AASHTO. Each year, specific
areas of research needs to be included in the program are pro-
posed to the National Research Council and the Board by the
American Association of State Highway and Transportation Of-
ficials. Research projects to fulfill these needs are defined by the
Board, and qualified research agencies are selected from those
that have submitted proposals. Administration and surveillance
of research contracts are the responsibilities of the National
Research Council and the Transportation Research Board.

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

NOTE: The Transportation Research Board, the National Research Council, the
Federal Highway Administration, the American Association of State Highway and
Transportation Officials, and the individual states participating in the National
Cooperative Highway Research Program do not endorse products or manufactur-
ers. Trade or manufacturers’ names appear herein solely because they are consid-
ered essential to the object of this report.
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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 managers, sign
shop supervisors, and others interested in the maintenance of street and highway
signs. Detailed information is presented on the current practices of state and local
governments in managing the maintenance of street and highway signs within their
jurisdictions.

Administrators, engineers, and researchers are continually faced with highway prob-
lems on which much information exists, either in the form of reports or in terms of
undocumented experience and practice. Unfortunately, this information often is scat-
tered 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.

The maintenance of street and highway signs is viewed as a means for improving
the effectiveness of a signing system. This report of the Transportation Research Board
describes the maintenance practices of several state and local highway agencies along
with the rationale for these practices. It covers inspection, refurbishing, and replace-
ment practices, along with information on equipment and personnel requirements.



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 depart-
ments. 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 prepara-
tion. As the processes of advancement continue, new knowledge can be expected to be
added to that now at hand.
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SUMMARY

MAINTENANCE MANAGEMENT OF
STREET AND HIGHWAY SIGNS

The ability of public agencies to adequately maintain the estimated 58 million traffic
signs that line the 3.8 million miles of streets and highways within the United States
is dependent on a systematic approach to maintenance.

A sign maintenance program includes those activities related to the manufacture,
procurement, installation, inventory, field inspection, and repair and replacement of
traffic signs.

As reported in the 1988 Federal Highway Administration Annual Report to Con-
gress on Highway Safety Improvement Programs, traffic signing improvements have
the highest benefit-cost ratio of any highway safety improvement.

The problem of inadequate funding for sign maintenance is all too evident. For
example, a 1988 field survey of traffic signs in a major metropolitan area found that
60 percent of the locations surveyed needed to have some form of sign maintenance—
either replacement of a sign, re-erection of a sign that was missing, removal of a sign
that was unnecessary, or installation of a sign that was needed. Comparable results are
reported from other agencies that have conducted similar studies.

Deficiencies in sign maintenance can have serious impacts on the highway system
and on public agencies. Maintenance deficiencies result primarily in a reduction in
safety for the motorist and increased liability exposure for the agency.

Tort liability losses to state departments of highway and transportation have in-
creased 1900 percent in the 10-year period between 1975 and 1985. A large proportion
of those liability losses can be attributed to traffic signing. One survey found that for
states, 29 percent of the tort claims against highway departments were related to traffic
control devices. For county and city road departments, the percentages of tort claims
related to traffic control devices were 25 percent and 37 percent respectively. A study
of tort claims considering only highway accidents in which a fatality or serious injury
occurred found that signing deficiencies were cited as the primary factor in 41 percent
of the claims.

Experts in transportation and law are recommending that agencies adopt a risk
management program to minimize tort liability losses. Risk management is a process
by which an agency attempts to identify, quantify, and control exposure to tort liability
actions. Generally these risk management programs are made up of two separate
activities:

« Activities directed at managing risk by reducing traffic accidents and the potential
for incurring liability claims through the improvement of the safety of the road system.

« A litigation management program that, by providing a better defense, minimizes
the amount of loss to the agency once a liability claim has been filed.

An important element of a street and highway sign maintenance management system
is the timely detection of maintenance needs. This detection requires the cooperation
of many different agencies and groups. These could include other maintenance depart-
ments, police, postal carriers, and citizens. However, this reporting process must be
formalized to ensure that the lines of communication do not break down from the
informant to the sign crew. This includes the establishment of a policy for the dispatch



of off-shift workers for emergency repairs of traffic signs based on the degree of hazard
caused by the failure.

In addition, it is essential that inspections of traffic signs be made at night to
determine the adequacy of retro-reflection and specific visibility or signing needs that
may be more obvious at night.

When, because of long distances or congested roadways, travel time from a mainte-
nance facility to a work site is longer than approximately 1 hr, consideration should
be given to the decentralization of the maintenance organization. (This, however, is
just one of many elements that should be considered when determining the location of
a maintenance facility.) This decentralization generally includes the establishment of
a district sign shop, but the majority of the sign fabrication is done at a central
location. (Many agencies that have such a decentralized organization still have a limited
production capability at the district shop for the manufacture of unique s1gns and
emergency replacements.)

An increasing number of states and municipalities are relying on private contractors
to do routine maintenance. This trend is a result of staffing problems caused by budget
constraints or lack of specialized equipment or skills. Few agencies, however, contract
out sign maintenance extensively. Those agencies that are using contractors for sign
maintenance are generally reporting good results.

A key element in the management of street and highway signs is the availability of
accurate information about the type of sign, its condition, and its location on the road.
Such a sign inventory provides the basis for decisions relative to developing scheduling
priorities and for the defense of tort liability claims. Sign inventory methods can take
many forms. Agencies use manual file cards, strip maps, aerial photographs, notch
cards, microcomputers, and mainframe computers. The important element is that the
process should be continuous, with constant updating as signs are added, removed, or
replaced.

Some agencies are also automating their sign shop to reduce personnel requirements
by using robotics and computer-aided drafting (CAD) systems for sign legend layout
and fabrication. A major advantage of a CAD system is the easy and rapid adjustment
of spacing and letter size. In addition, some agencies are using CAD systems to reduce
the quantity of silk screens on hand by storing the sign layouts in computer files and
calling them up when needed.

Because of the high cost of testing materials, many agencies see a future trend
toward the regionalization of materials testing procedures. The 12 states that compose
the Southeastern Association of State Highway and Transportation Officials have
completed a study of the feasibility and costs of regional testing. Their analysis indicated
that the implementation of a regional test facility could provide an annual savings of
approximately $400,000.

With rapidly increasing aluminum prices, many agencies have found.it financially
advantageous to either purchase a mechanical sign stripping machine or contract out
sign stripping for purposes of reclaiming sign substrate.

A number of methods are being used to better manage maintenance costs for street
and highway signs. These include: better management of sign vandalism problems to
reduce occurrences; improvements in worker productivity; better control of overtime
work; selection of materials that provide better performance and benefits versus cost;
improved procurement specifications and determination of manufacturer compliance
with specifications; obtaining of quantity discounts through joint purchase with other
agencies or projection of material needs to allow the purchase of larger quantities; use
of sign installation techniques to reduce and expedite maintenance.



Further research needs to be completed on a number of issues before the implementa-
tion of retro-reflectivity guidelines or standards. For instance, the economic impact of
retro-reflectivity standards on sign maintenance budgets is still undetermined; a low-
cost, rapid process must be developed to evaluate the retro-reflectivity of signs.



CHAPTER ONE

INTRODUCTION

PURPOSE AND SCOPE OF SYNTHESIS

For the 157 million U.S. motorists, who spend an average of
two years of their lives on some part of the 3,853,000 miles of
public roads, traffic signs are a major form of governance. The
Federal Highway Administration (FHWA) estimates that there
are more than 58 million traffic signs worth $6 billion on the
nation’s roadsides, or an average of 15 signs per highway mile.
On an annual basis, one estimate claims that more than $250
million is spent on the fabrication and erection of street and
highway signs (/). With this large nationwide inventory, effective
public-agency management of street and highway signs to main-
tain high levels of safety and service is dependent on a systematic
approach to sign maintenance.

Sign maintenance can be defined as those activities related
to the manufacture, procurement, installation, inventory, field
inspection, repair, and replacement of traffic control signs. There
are a wide variety of techniques used by public agencies through-
out the United States and Canada in the maintenance manage-
ment of their traffic signs. This report is a synthesis of these
techniques and is intended for use by management personnel
in the review of their agencies’ maintenance activities. When
available, specific costs, personnel needs, productivity, etc., are
provided for assistance in evaluating an agency’s staffing, bud-
geting, and equipment requirements.

HISTORY OF SIGNS

Possibly the earliest roadway sign was the milestone. Thou-
sands were erected by the Romans as early as 250 B.C. to show
the distances from Rome. In addition to milestones, the Romans
used some type of directional signing on their roads. They also
instituted a one-way street system (2).

In the United States, the first organized roadway signing has
been attributed to the Buffalo Automobile Club of Buffalo, New
York. As early as 1905, it erected guide signs to provide direc-
tions to touring ‘“horseless carriages” (2). In 1918, Wisconsin
was the first state to assume the responsibility for the erection
of route signs as a regular maintenance activity (2).

In 1925, the Joint Board on Interstate Highways held its first
meetings to develop a uniform scheme for signing, including
distinctive shapes and colors and wording that made the intent
of the signs clear to the motorists. Its recommendations were
accepted by the Secretary of Agriculture, and the nation had its
first system of uniform signs and markings to be used by state
highway departments to guide and protect motorists.

Using the guidelines developed by the Joint Board, the Ameri-
can Association of State Highway Officials (AASHO) published

in January 1927 its Manual and Specifications for the Manufac-
ture, Display, and Erection of U.S. Standard Road Markers and
Signs (3). This was the first manual on uniform traffic control
devices. In April 1929, AASHO published a second edition of
the manual with a supplement on the “Use of Luminous or
Reflecting Elements with Standard Signs and Markers” included
in the appendix.
Other developments in traffic signing included:

1930—First manual for urban streets.

1935—First Manual on Uniform Traffic Control Devices for
Streets and Highways MUTCD) (4).

1939—Retro-reflection required for certain types of signs.

1955—STOP sign changed from black on yellow to white on
red, and YIELD sign added to the MUTCD.

1966—Passage of Highway Safety Act, which emphasized
uniform traffic control devices as a safety measure.

Highway Safety Act of 1966

The Highway Safety Act of 1966 was the catalyst for many of
the safety improvements in signing that are found today. Seven-
teen highway safety program standards were developed to assure
the orderly implementation of the act (5).

What was then known as Highway Safety Standard 4.4.13,
“Traffic Engineering Services,” was one of these standards. The
purpose of “Standard 13” was: “to assure the full and proper
application of modern traffic engineering principles and uniform
standards for traffic control to reduce the likelihood and severity
of traffic accidents” (5). One of the goals of the standard was an
orderly analysis of all traffic control devices.

Highway Safety Standard 4.4.10, “Traffic Records,” also re-
lated directly to traffic signs. The purpose of “Standard 10" was
to promote the implementation of record-keeping systems that
would include data on drivers, vehicles, accidents, and highways.
The highway data had to include records pertaining to traffic
control devices.

Although the “Highway Safety Standards” have been revised
extensively (being changed to Highway Safety Guides) with the
passage of subsequent Surface Transportation Acts, the mandate
for properly installed and maintained traffic control devices has
not been lessened.

COST-EFFECTIVENESS OF TRAFFIC SIGN
IMPROVEMENTS

In The 1988 Annual Report on Highway Safety Improvement
Programs (6), a report on the highway environment as it relates



TABLE 1
TOP 20 HIGHWAY SAFETY IMPROVEMENTS (6)

Rank improvement Type B/C Ratio
1 Traffic Signs 20.9
2 lllumination 10.3
3 Upgraded Guardrail 8.1
4 Upgraded Median Barrier 7.0
5 Upgraded Bridge Rail 6.5
6 Obstacle Removal 6.4
7 Bridge-Guardrail Transition 6.3
8 New Median Barrier 54
9 New Traffic Signals 5.1
10 Minor Structure Improvements 45
1 Impact Attenuators 4.0
12 Upgrade Traffic Signals 40
13 Pavement Grooving 38
14 Sight Distance Improvements 3.6
15 Median Strip 33
16 RR Crossing New Gates . 28
17 Channelization 28
18 Shoulder Widening/Improvements 26
19 RR Crossing New Lights 22

20 RR Crossing New Lights and Gates 21

to safety, improvements in traffic signing are reported as having
the highest benefit-cost ratio of any highway safety improve-
ment. As described in the executive summary of this report,
these results are based on data submitted by the 50 states, the
District of Columbia, and other U.S. territories. The report con-
tains current, detailed information on accident data and trends,
and the analysis examines the effectiveness of completed highway
safety improvement projects in reducing the number and severity
of highway accidents. Table 1 lists the top 20 highway safety
improvements and their associated benefit-cost ratios as listed in
this FHWA report to Congress.

MAGNITUDE OF THE SIGN MAINTENANCE
PROBLEM

With more than 58 million traffic signs on our nation’s high-
ways, the periodic review and maintenance of these safety devices
is a monumental task.

In 1980, the Maryland Department of Transportation con-
ducted a night field inspection to evaluate the sign retro-reflec-
tion of regulatory and warning signs on its 10,000 miles of state
highways. Out of a total of approximately 50,000 signs surveyed,
it found that approximately 6,000 signs (12 percent), were defi-
cient in terms of retro-reflection and another 2,400 signs (4.8
percent) were missing from the roadway (F. Gottemoeller from
T. Hicks, personal communication, May 27, 1980; D. Wolfe,
personal communication, 1988). '

Table 2 shows the results of a 1988 field inventory of 37,211
traffic signs on 1,626 miles of roadway in the Pennsylvania De-
partment of Transportation’s (PennDOT’S) urban district sur-
rounding Pittsburgh (7). Sixty percent of the signs examined had
problems that were in need of some type of action.

A study of approximately 45,200 signs on 3,075 roadway miles
by consultants for the state of Tennessee found that routine

maintenance was needed at 36 percent of the locations (16,270
signs), signs needed to be removed at 18 percent of the locations
(8,130 signs), and new signs needed to be installed at 11 percent
of the existing sign locations (4,970 signs) (Joe Holt, personal
communication, March 3, 1989).

PRINCIPLES OF RETRO-REFLECTIVITY

As they navigate streets and highways in varying levels of
light and changing weather conditions, motorists depend on
traffic control devices that are easy to see and recognize. For
that purpose, many traffic signs use retro-reflective materials for
backgrounds or legends.

Reflection of light occurs when the light illuminating an object
is reflected from the object. The brightness of the reflected light
is directly related to the intensity of the light source and the type
of material from which the object is made. There are three types
of reflection: diffuse, mirror, and retro-reflection (8).

Diffuse reflection results when light strikes an object that has
a microscopically rough surface, such as pavement, vehicles,
painted signs, etc. The light scatters in all directions, and only a
small amount of light is reflected back to the light source (Figure
1). Because only a very small amount of light is returned along
the path of the incident (incoming) light beam, diffuse reflecting
materials have very poor nighttime visibility to drivers.

Mirror (specular) reflection results when light strikes a micro-
scopically smooth surface. The light is reflected from the surface
at an equal, but opposite, angle from that of the incident light
beam. Light is returned directly to the source only when the
light beam is exactly perpendicular to the surface.

Retro-reflection takes place when light strikes an object and
is reflected directly back to the light source. Because a relatively
large amount of light is returned, retro-reflective materials ap-
pear brightest to an observer located near the light source. It is



TABLE 2

RESULTS OF A PENNDOT FIELD INVENTORY OF TRAFFIC SIGNS IN THE

PITTSBURGH DISTRICT (1988)

Percentage
Sign Status Number of Signs of Total
Signs to be left unchanged 14,889 40
Signs requiring a new sign 6,016 16
face of the same type
Locations where signs were
missing or required a new sign 11,461 31
installation
Signs to be permanently removed 4,445 12
Signs to be relocated 400 1

this type of reflection that is used in traffic signs and other traffic
control devices. .

Traffic Sign Retro-reflectivity

Although there are a number of variations, there are two
common types of retro-reflectors: a spherical lens and a cube-
corner reflector (Figure 2).

A spherical lens reflector uses a spherical lens element (a glass
bead) and a reflecting surface placed at the focal point to return
light to its source. An incident light beam is refracted (bent) as
it passes through the surface and is directed inside toward the
back of the bead. The light beam is reflected from the reflector
coat at the back surface of the bead and rebounds back through
the bead. The light beam is refracted again as it leaves the bead
and returns to the light source.

The back surface of a cube-corner reflector looks like a series
of cubes that have been positioned point first. Light enters
through the front surface, is reflected successively from the three
back faces of the cube at the plastic/air interface, and is returned
through the face to the source. It is not necessary that the faces
of the cube have a reflective coating, because light striking a
surface at less than a certain angle (called the critical angle) is
reflected.

Figure 3 shows the physical makeup of enclosed lens sign
sheet material (or “sheeting”) (Type II-engineering-grade), en-
capsulated lens sheeting (Type III-high-performance), and cube-
corner sheeting (Type III and IV-high-performance).

The enclosed lens sheeting consists of a layer of transparent
plastic of the appropriate color in which microscopic glass beads
are embedded, with a metallic retro-reflector coat behind the
bead layer.

The encapsulated lens sheeting consists of exposed glass lenses
embedded in a plastic resin and protected by a transparent film
supported above the beads by walls constructed in a hexagonal
or similar pattern. .,

The cube-corner retro-reflective sheeting consists of micro-
cube-corners enclosed in a transparent plastic film with an air
cushion behind the cubes.

Several ongoing research projects should provide better guides
and methods for measuring sign retro-reflectivity. These include:

¢ “Measuring Retroreflectivity of Pavement Markings,” Ad-
vanced Retrotechnology, Inc., Small Business Innovative Re-
search Contract, Final Report (June 1990).

o “Service Life of Retroreflective Traffic Signs,” Bellomo-
McGee, Inc., FHWA Contract, Final Report (August 1990).

¢ “A Mobile System for Measuring Retroreflectance of Traf-
fic Signs,” Ektron, Inc., NCHRP Contract, Final Report (Au-
gust 1990).

¢ “Data Presentation and Format Requirements for the Pave-
ment Laser Retroreflectometer,” N.N. Associates, FHWA Con-
tract, Final Report (November 1990).

o Minimum Visibility Requirements for Traffic Control De-
vices,“ Ketron, Inc., FHWA Contract, Final Report (December
1990).

o “Implementation Strategies for Sign Retroreflectivity Stan-
dards,” Bellomo-McGee, Inc., NCHRP Contract, Final Report
(June 1991).

SIGN DURABILITY

An important consideration in the selection of the sign mate-
rial used for traffic signs is the service life of the sign sheeting.
For instance, a sign manufacturer may guarantee that the retro-
reflectivity of an engineering-grade material will not deteriorate
more than 50 percent for a period of 7 years, whereas a more
expensive high-performance-grade product may have a similar
guarantee but for a period of 10 years. Thus, although the engi-
neering-grade sign may have a lower initial cost, this may be
offset by the longer service life of the high-performance material,
which has a higher level of retro-reflectivity. Of course, in some
instances a sign may be knocked down, stolen, or vandalized
before it deteriorates at all, and in these situations, a lower-
initial-cost material may be a better choice. Life-cycle cost analy-
sis, which is discussed in Chapter 8, could identify all of the
associated costs and benefits.
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Sign Deterioration

Traffic signs are meant to supply information to the motorist.
To accomplish this task they must be visible and legible under
both day and night conditions. Signs deteriorate from a variety
of causes, and eventually must be either rehabilitated or replaced
(Figure 4). As they age, traffic signs experience deterioration of
the retro-reflective sheeting from the effects of sunlight, weather,
airborne abrasive particles, and air pollution. The sheeting may
also experience a buildup of dirt from road spray and airborne
pollution. This progressive deterioration gradually reduces a
sign’s visibility and legibility to the point at which a driver may
no longer perceive the intended message in time to complete the

R
Incident Light Beam

Reflected Light Beam
: " B

CUBE CORNER REFLECTOR

FIGURE 2 Types of retro-reflectors.

required response, resulting in a reduction in traffic.control and
safety. Maintenance practices that retard the detérioration or
keep the signs clean can provide both economic and safety bene-
fits. On the other hand, ineffective procedures not only are a
waste of time but also divert resources away from activities that
may provide other benefits.

To better understand the need for proper maintenance, it is
important to have an understanding of the deterioration modes
experienced by sign sheeting. The five types of sheeting deteriora-
tion normally encountered in retro-reflective traffic signs have
been described by Kenyon et al. (9) as follows:

¢ Clouding and Color Fading—Exposure to the ultraviolet
rays in sunlight and atmospheric pollutants may cause a gradual
clouding and deterioration of the transparent plastic, the metallic
reflective layer may gradually disappear, and/or the transparent
colorants used in the sheeting or in the screening process color
coats may fade and thus diminish the color contrast between
legend and background. This may also result in loss of retro-
reflectivity.

¢ Cracking—Differences in thermal expansion between the
sheeting and backing substrate may cause cracking. Nighttime
retro-reflectivity may not be directly affected, but daytime ap-
pearance may suffer.

o Abrasion—Windborne particles or chemical corrosion may
cause microscopic surface deterioration, producing a roughness
on the originally smooth sign face surface. As a result, the sign
brightness may be adversely affected because of diffuse reflection,
and daytime appearance may be dull because the plastic layer is
less transparent.

« Delamination and Peeling—Full-depth separation of the
sign sheeting from the substrate may result from poor adhesion,
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caused by either manufacturing or fabricating problems. Internal
layer separation within the sheeting may result from manufactur-
ing problems. Either distress mode diminishes both brightness
and daytime appearance.

o Dirt Accumulation—This is the most common type of dete-
rioration. Dirt accumulation affects most signs at various periods
during their service life. Unless the dirt becomes deeply embed-
ded in the sign face, it can be removed by washing—either
through natural rainfall or as a maintenance activity—and the
brightness and appearance of the sign can be restored.

Most older highway signs are found to exhibit the first four
distress modes in varying degrees of severity, and all signs, to
some extent, exhibit dirt accumulation. Frequently, other dis-

- tress modes that are not immediately recognizable can be ex-

plained by a combination of these general types. For example, a
deeply cracked or abraded surface may permit the dirt and corro-
sion to spread from the scar, resulting in the appearance of
corrosion on the surface of the sheeting.

Signs may also deteriorate as a result of damage to the sign
resulting from vandalism or knockdowns.

TYPES OF MAINTENANCE

Prompt maintenance is important, because vandalized, dam-
aged, obscured, or missing signs constitute a traffic hazard and
may contribute to vehicle accidents. ’



10

FIGURE 4 Deteriorated speed limit sign.

Sign maintenance can be grouped into three broad categories:

« Routine
o Emergency
e Vandalism

Routine

Routine maintenance consists of work activities that are done
on a regular basis to ensure that the traffic signs are effective in
conveying their message to the motorist. These include: replacing
sign faces because of weathering or damage; straightening posts
or signs; cleaning signs; removing weeds and tree limbs where
signs are obscured; and replacing lamps for illuminated signs.

Emergency

Emergency maintenance consists of unscheduled work activi-
ties that are done to correct sign deficiencies. This work may
occur during normal hours or it may require that personnel be
called in during off-hour periods.

Vandalism

Vandalism maintenance consists of sign maintenance activities
that result from the malicious destruction of the sign (Figure 5)
or the theft of the sign face or post. Maintenance of vandalized
signs may be a part of routine maintenance or require an emer-
gency response.

FACTORS AFFECTING MAINTENANCE

Proliferation of Signs

There are many signs installed on streets and highways that
may no longer be necessary, because they are outdated by chang-
ing conditions or they were erected as a “political sign” to pacify
a special interest and serve no useful purpose. Other signs may be
unnecessary because they only supplement or reinforce existing

FIGURE 5 Vandalized signs.



adequate traffic control devices. In addition, there are many
unauthorized signs on streets and highways that have not been
approved or installed by an official government agency.

The 1988 field inventory by PennDOT for the urban district
surrounding Pittsburgh found that 4,445 out of 37,211 signs (12
percent) were not needed and could be permanently removed
(7). The study by consultants for the state of Tennessee found
that of the sign locations reviewed, approximately 18 percent of
the signs were unnecessary or no longer needed and could be
removed (Joe Holt, personal communication, March 3, 1989).

The city of Phoenix, Arizona, in the late 1970s canvassed its
entire arterial and collector street system to try to minimize the
number of signposts in place. The idea was not only to salvage
the existing posts but also to eliminate roadside obstacles, reduce
maintenance costs, and improve the appearance of the city
streets. This was accomplished by removing signs no longer
needed, mounting needed signs on existing posts with other signs,
and maximizing the use of utility poles as sign supports (Figure
6). As a result of this program, more than 3000 signposts were
removed at a savings of approximately $35,000 (10).

By reducing the number of signs on the roadway, an agency
will decrease the sign maintenance work load, improve roadway
aesthetics, and improve highway safety. Additionally, the reduc-
tion may increase the effectiveness of more important signs in-
stalled to meet a specific need on the street and highway system.

Productivity

The issue of worker productivity is probably one of the most
sensitive issues in sign maintenance management. Because of the
nature of the work, sign maintenance workers need to be self-
motivated and understand the importance of traffic signing in

FIGURE 6 Sign mounted on a utility
pole.
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the total highway safety picture. Many agencies do not have any
system for monitoring the productivity of sign crews when they
are out in the field. Many agencies have met strong worker
resistance when work order procedures were implemented. How-
ever, worker productivity is a key element in an agency’s sign
maintenance management program.

IMPACTS OF MAINTENANCE DEFICIENCIES

Deficiencies in sign maintenance have serious effects on the
highway system and on public agencies. Two primary issues are
the reduction in safety and operational efficiency for the motorist
and the liability exposure for the agency.

Highway Safety and Operational Implications

Deficient sign maintenance has a number of effects on safety
and operational efficiency. The most direct effect is the potential
for accidents. A missing or poorly maintained sign can be a
direct cause of a serious traffic accident. The missing or illegible
sign can also cause a breakdown in the operation of the traffic
system. In addition, it is believed that when vandalized signs
are not repaired or replaced in a timely manner, “copycat”
vandalizing of other signs in the immediate area will frequently
occur (11).

Liability Implications

Tort liability judgments attributed to inadequate maintenance
of street and highway signs cost public agencies large sums of
money each year. In almost every state, the shield of sovereign
immunity has eroded as legislators have modified governmental
immunity or has been abolished by judicial decisions.

Tort Liability

A tort is a civil wrong or injury. The purpose of a tort action
is to seek repayment for damages to property and injuries to
individuals. The following elements must exist for a valid tort
action:

¢ The defendant must owe a legal duty to the plaintiff.

e There must be a breach of duty; that is, the defendant must
have failed to perform or to properly perform that duty.

o The breach of duty must be a proximate cause to the acci-
dent that resulted.

e The plaintiff must have suffered damages as a result.

A tort liability survey by The Transafety Reporter (12)in 1983
found that the vast majority of state and local governments
expect the growing number of tort suits filed against their agen-
cies to continue to increase at an accelerated rate. Since 1978,
states have experienced a 50 percent increase in tort suits and
counties and cities have experienced increases averaging around
25 percent.

Alleged maintenance defects were the cause most often cited
in tort lawsuits. For states, 29 percent of the claims against them
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FIGURE 7 Settlements and judgments against transportation
agencies.

related to traffic control devices. For counties and cities, the
percentage of tort claims related to traffic control were 25 per-
cent and 37 percent respectively.

Figure 7 shows the settlements and judgments against state
transportation agencies between 1974 and 1986 (13). Losses went
from a low of approximately $6.2 million in 1975 to a high of
approximately $117.6 million in 1985. That is a 19-fold increase
in losses in that 10-year period. :

Carstens (/4) in a 1981 study of highway-related tort claim:
involving Iowa counties found that the claims filed against these
counties amounted to about $52 million during the period from
1973 to 1978 (Table 3). Of that $52 million in claims, more than

TABLE 3
ANNUAL AMOUNT OF TORT CLAIMS FOR 85
COUNTIES IN IOWA (14)

Year Total Amount
. 1973 $6,342,008
1974 3,910,961
1975 8,338,906
1976 7,934,128
1977 4,973,057
1978 13,153,668

. $30 million were still pending at the end of 1978. Settlement and

judgments were made at a cost of 12.2 percent of the amount
claimed for those claims that had been disposed of, not including
the costs for handling the claims, attorney fees, or court costs.

A study of highway tort liability in Pennsylvania showed that
signing deficiencies were cited as the primary factor in 20 percent
of the sampled tort actions, second only to pavement deformities
(15). When considering only those highway accidents in which
a fatality or serious injury occurred, signing deficiencies ranked
as the primary factor most often cited (41 percent).

Between July 1, 1979 and June 30, 1988, the state of Pennsyl-
vania paid nearly $100 million in settlement costs for tort liability
actions. Had this money been available for maintenance, approx-
imately 1 million signs could have been replaced (76).

Risk Management

Given the litigious environment in which public agencies are

operating today, experts in transportation and law are recom-

mending that agencies adopt a risk management program to
minimize tort liability losses. Risk management is a process
by which an agency attempts to identify, quantify, and control
exposure to tort liability actions. For a traffic agency a complete
risk management program contains many activities (17, I8).
Reed (19) briefly summarizes activities in a risk management
program to include:

¢ Recognizing and anticipating the degree of legal risk inher-
ent in all of an agency’s system responsibilities and programs,
procedures, or actions.

o Ensuring that available resources are used in a manner to
achieve maximum reduction of risk and prevention of loss while
accomplishing the mission of the agency.

o Preparing a timely, defensive response for actual or threat-
ened legal actions.

« Managing claims to result in proper resolution while achiev-
ing economy and fairness to the agency and therefore the public.

Synthesis 106 (I8) provides the overall loss-mitigation pro-
gram depicted in Figure 8.

The Oakland County Road Commission (OCRC) in Oakland
County, Michigan, initiated a Highway Risk Management Pro-
gram in September 1977 (20). At that time, the Board of Road
Commissioners, responding to increasing exposure to liability
losses, adopted a policy endorsing greater highway safety and
instructed the managing director to “‘develop a Risk Manage-
ment Plan and implement a meaningful traffic/safety and Loss
Control Program to prevent or reduce the incidence and severity
of accidents and losses” (20).

The OCRC Highway Risk Management Program is made up
of two programs, a Risk Management Program and a Litigation
Management Program.

The Risk Management Program is directed at reducing traffic
accidents and the risk of incurring liability claims against the
agency, principally through the improvement of the safety of the
road system.

The Litigation Management Program was developed to pro-
vide better defense for the agency once a liability claim has been
filed to minimize the amount of loss from such claims.
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In Michigan, many local agencies that do not have the re-
sources on their own to establish a risk management program
have established joint-liability pools. These pools have been effec-
tive in establishing post-loss strategies for managing road agency
risks.

Bryer (21), in a risk management analysis of highway mainte-
nance operations for PennDOT, developed a set of practices to
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reduce exposure to tort liability. Those related to signing are as
follows:

Emergencies (working and nonworking hours)

« Develop a communication system that allows police depart-
ments to contact individuals with authority so that the emer-
gency can be reacted to in a timely manner.

« Establish a process for crews to quickly assemble and re-
spond to emergencies.

Notification of Hazard
o Document all complaints of a hazard on a standard notifica-
tion form.

Signing

o Develop a methodology to identify and correct sign defi-
ciencies.

o Treat missing or knocked down STOP signs as an emer-
gency condition and replace or reinstall in a very short period
of time.

« Develop a process to identify sites where foliage can reduce
the visibility of a sign.

From his research on highway-related tort claims in Iowa
(14), Carstens developed eight recommendations for reducing
exposure to tort liability. Two of the eight recommendations
related directly to sign maintenance management:

« Establish a continuing sign inventory process. A sign inven-
tory is essential to provide evidence of the existence of a particu-
lar sign in a particular location at a specific time. It also provides
a convenient mechanism for evaluating sign usage for confor-
mance with standards. The inventory process should be continu-
ous, with constant updating as signs are added, removed, or
replaced.

o Establish a road and sign inspection program. Many claims
result from temporary conditions, such as sign vandalism. A
systematic method of notification of such conditions should be
established using assistance from the general public as well as
highway department workers and other public employees who
travel regularly within the jurisdiction.

In 1986, the Secretary of Transportation for PennDOT formed
a high-level Risk Management Task Force and charged it with
the responsibility for developing a risk management action plan
to deal with the most critical liability issues. The task force
concluded that there is no “quick fix” to tort liability problems;
a long-term perspective is necessary for achieving the most effec-
tive solutions (16).

Two long-term goals were recommended:

« Foster an awareness by all employees of the risk potential
associated with their actions. '

« Establish an environment that encourages a balance be-
tween productivity goals and risk management objectives.



14

CHAPTER TWO

DESCRIPTION OF THE MAINTENANCE EFFORT

Proper maintenance of street and highway signs is essential to
assure that the devices are visible and legible (both day and
night). Clean, legible, properly mounted signs command the
respect of drivers and pedestrians. In addition to the physical
maintenance of the signs, functional maintenance of the signing
system is also required to adjust traffic control devices to the
current operating conditions or remove unnecessary traffic con-
trol devices, when necessary. If a different sign is determined to
be needed at a location, the fact that the existing sign is in good
condition should not enter in to the decision process.

WORK ITEMS

Sign maintenance generally involves the repair and replace-
ment of devices, but as a practical matter it also includes many
other activities, such as developing procedures to recognize
maintenance needs, to respond to those needs, and to correct
deficiencies. The maintenance effort can also include the manu-
facture or procurement of the signs, posts, and other hardware.
It also includes the clearing of brush that may be obscuring the

signs.

Signs

Work activities related to signing fall into six categories:

o Installation

¢ Repair

e Replacement

o Overlaying

o Refurbishment

¢ Vegetation Control

Installation

Installation activities includes those activities related to the
placement of a new sign and post at a location that previously
contained no signs of that type. During installation the field crew
must locate the sign at the proper longitudinal distance to allow
the proper response by the driver, at the proper lateral offset,
and at the proper mounting height. The crew must place the sign
so that it is not obscured by any other roadside features and does
not create an unnecessary roadside hazard.

Repair

Sign repair activities are those activities performed in the field
that bring the sign back to its original condition or as close as
possible to its original condition until a replacement can be
fabricated and placed.

Replacement

Replacement is the removal of the sign and/or support and
installation of another sign or support in its place.

Overlaying

Overlaying is the placement of a new sign face over the existing
face while the sign remains on the post in the field.

Refurbishment

Refurbishment is removal of the sign from the field to the sign
shop, the stripping of the old sign face by a chemical or grinding
process, and the addition of a new face to the sign blank. Sign
overlaying done at the sign shop rather than in the field is also
considered refurbishment.

Vegetation Control

Vegetation control is the clearing of brush or tree limbs that
block a driver’s view of the sign (Figure 9).

Sign Supports

Any sign installation is only as good as the support system
that holds it in place. Using the wrong type of support system
creates maintenance problems and could cndanger motorists or
pedestrians.

Sign support maintenance activities are similar to those for
sign faces. They include:

o Installation
o Repair
o Replacement



FIGURE 9 Sign hidden in vegetation.

Installation

Post installation, as with sign installation, requires that the
sign crew consider many factors in the placement of an individual
sign and post. In addition to the proper location of the sign, the
crew must decide the proper post for the installation. This could
entail determining the wind loading on the sign to determine the
number and types of post required to attain proper torsional
resistance, examining the ground and surrounding conditions to
determine what type of post should be used, and determining if
the sign is large enough and in a location to require a slip base.

Repair

Repair includes the straightening of the post (Figure 10) and
the determination of whether the post, if straightened, would be
able to support the wind loading on the sign. Painting of the post
would also fall into this category, as does replacement of missing
bolts, removal of stickers, etc.

Replacement

Replacement includes the removal of the old post and the
placement of a new post in its place. This includes the upgrading
of the support to provide necessary yielding or breakaway fea-
tures.

DETECTION OF SIGN MAINTENANCE NEEDS

An important element of a good street and highway sign
maintenance management system is the timely detection of main-

FIGURE 10 Signpost being straightened.

tenance needs. This detection requires the cooperation of many
different agencies and personnel. The sign crew and its supervisor
could detect the maintenance needs through a procedure of regu-
larly varying the path to and from the maintenance garage. The
police department in their travels pass most of the signs on the
major road system, particularly at night. Garbage collectors,
other maintenance workers, and postal carriers are also good
sources of information on maintenance needs. Citizens, espe-
cially those who drive the same routes on a daily basis, are
extremely sensitive to any change in traffic control, and they
represent a potential patrolling force with complete and continu-
ous coverage. Efforts should be made to collect information from
these groups.

Inspection

The MUTCD currently requires that all warning, regulatory,
or overhead guide signs show the same shape and color both by
day and by night. This may be accomplished through retro-
reflection (Figure 11) or external illumination. The question of
whether signs are adequately visible at night can most easily
be determined through nighttime inspection. The inspector or
inspection crew should determine the adequacy of the illumina-
tion (external or retro-reflection) and check to see if any signs
are visually obstructed. These inspections should be made using
low-beam headlights, It should also be determined if signs, delin-
eators, or markings are missing or should be added. Often such
omissions are more obvious at night than in daytime. It is essen-
tial to inspect retro-reflective devices under nighttime conditions
similar to those experienced by the average driver.

The Texas State Department of Highways and Public Trans-
portation in its Safety and Maintenance Division Manual (22)
has the following policy for the inspection of sign installations:

6-306 Inspection
All signs including supports should be inspected twice a year
for position, damage, legibility, obvious indications of structural
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FIGURE 11

A sign with retro-reflectorized border and copy.

distress or failure, and general condition. Only trained mainte-
nance or traffic engineering personnel should make such inspec-
tions, especially the night inspections of retroreflectivity. Desira-
bly, inspections should be made by two persons so notes can be
taken without interfering with the driving task. All personnel
who frequently travel the highways should be instructed to report
any obscured or damaged sign. Maintenance personnel should be
alert at all times to observe signs for legibility, position and such
minor damage for which immediate remedial action can be taken.
The inspection of signs should include the checking of legibility
and retroreflectivity of all signs at night, due to the high ratio of
nighttime accidents.

Establishing a Sound Inspection Program

The establishment of a sound inspection program requires
the thorough training of the inspectors and a systematic data
collection and analysis procedure.

In 1979-80, the Maryland Department of Transportation per-
formed a study of the retro-reflectivity of all regulatory and
warning signs on approximately 5,250 miles (10,500 one-way
miles) of state highway. The project, which cost $50,000 and
was funded by the federal government, was completed in a con-
centrated effort over the winter of 1979-80. (F. Gottemoeller
from T. Hicks, personal communication, May 27, 1980;
D. Wolfe, personal communication, 1988).

The project was kicked off on February 11, 1980, when the
20 construction inspectors who were used for the actual field
survey were given a training session in the inspection and rating
of sign retro-reflectivity. This training session involved the actual
inspection of signs that had been removed from the field and
placed on a driving course. As a first activity, the group reviewed
nine signs of varying material composition, age, and levels of
retro-reflectivity. It was thought important to first rate them as
a group to get a uniform analysis of the condition. After the
group rating was completed, the inspectors broke up into groups

of two and drove the evaluation course accompanied by a traffic
cngineer. On the course, they cvaluated a different gioup of
nine signs and discussed the reasons for ratings with the traffic
engineer. After this preliminary run was completed, they made
the run again without the traffic engineer. This run was made at
speeds approximating the actual speeds to be used in the field
survey. It was determined beforehand that if more than 20 per-
cent of the sign face was deteriorated the sign was to be rated as
unsatisfactory. The inspectors gave each sign a rating of “S” for
satisfactory or *“U” for unsatisfactory retro-reflectivity based on
this “20 percent rule.” After all of the inspection teams had
completed the final run, they again reviewed the results as a
group and discussed any discrepancies in the ratings. By using
this group training technique, Maryland was able to obtain con-
sistent results between inspectors while accomplishing the train-
ing task in a short time frame.

The actual field inspection was then begun using the following
procedures:

Office Preparation

Every afternoon, before going into the field, each team re-
viewed existing photologs of the route they would be traveling
that evening. From the photologs, they recorded all existing
warning and regulatory signs on the form shown in Figure 12.
To separate data recorded in the office from data collected in
the field, entries on the form made in the office were in one color
and those entries made in the field were recorded in another
color.

Night Field Inspection

Field runs were then made after dark using teams of two
inspectors working from a moving vehicle traveling between 20
and 40 mph on U.S. and state routes and the minimum speed on
Interstates. The vehicles used were pickup trucks with headlights
that had been cleaned and properly adjusted.

The field inspection consisted of evaluating all the warning
and regulatory signs and noting those signs that did not meet
the retro-reflectivity levels established during the training ses-
sion. Any signs found in the field that were not on the photolog
were placed on the form in the correct sequence. Any sign that
was on the photolog but not located in the field was crossed out.
While the inspectors were checking for retro-reflectivity, they
were also requested to note within a “remarks” column any
defects, damage, or anything else that they felt should be brought
to the traffic engineer’s attention. After the completion of each
night’s activity, the completed forms were submitted to the dis-
trict traffic engineer for follow-up action.

Daytime Follow-Up

The district traffic engineer reviewed each case in which a sign
was found to have unsatisfactory retro-reflective properties to
determine if the sign was appropriate for the intended use; if it
was located correctly; if it was the correct size, shape, and color;
and if it had the correct message before the replacement was
ordered. Each sign that was on the photolog but missing from
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the field was also reviewed to determine if the sign had been
correctly removed as part of a signing update or was actually
missing.

COMMUNICATION OF SIGNING PROBLEMS

The communication of signing problems to the traffic engi-
neers within an agency takes many forms, and most agencies use
a combination of methods for obtaining information on signing
problems. As discussed previously, there are many people on the
roadway who may make a report of a deficient sign. The most
critical aspect of the response procedures is to ensure that the
lines of communication are properly established and do not break
down from the informant to the sign crew.

In-House Reporting

Field employees are frequently a key to the identification of
signing problems. Because they are exposed to road conditions
at all seasons of the year, they are generally aware of what is
going on and where the problems are.

Within any agency, there are many types of employees out on
the streets during the day and night. Traffic engineers or traffic
technicians are conducting field investigations of problem loca-
tions; signal maintenance workers are repairing signals; pave-
ment marking crews are applying markings to the roads; sanita-
tion workers are collecting refuse, etc. All of these workers are
out on the street seeing signs as they do their jobs. However,
they are also busy doing their work, and often, by the time they
return to the shop, they may have forgotten to report the signing
problem. Therefore, a formalized procedure is needed to have
the signing problem recorded as soon as it is seen on the street.

To meet the need for this formalization, the OCRC in Michi-
gan, as part of its Risk Management Program, instituted an
ongoing potential road hazard identification program for em-
ployees. This program, which quickly became known as the
“pink slip” program because of the pink color of the report form,
involved an intensive employee-training program.

In this program, all of the more than 500 road commission
employees, including all clerical, secretarial, field, and supervi-
sory personnel, were trained concerning what to report and how
and where to report it. After the training session, each employee
was given a supply of the forms, which they were requested to
fill out whenever a hazard was detected. If a problem was noted,
the employee filled out the form and sent it through interdepart-
mental mail to the appropriate department.

The department receiving the notice was then required to
record the action taken on the report form, send a copy of the
completed form to the originating employee, keep a copy in its
files, and forward the completed original form to risk manage-
ment for review. By requiring that a written response be given to
the employee who submitted the pink slip, the road commission
ensured that the potential hazard was examined and also rein-
forced the employee perception that he or she had made a contri-
bution. Many of the pink slips submitted by the employees were
related to signing problems or new sign installation needs.

In addition to an agency’s own forces, the cooperation of
police officers should be obtained to identify signing problems.
Police officers trained to identify substandard signing could pro-

vide valuable assistance to the sign maintenance effort because
they are on the street during the night when most signing defi-
ciencies are readily apparent. Making them an integral part of the
identification process provides valuable and inexpensive input to
the maintenance system.

In the mid-1970s, the Traffic Improvement Association of
Oakland County, Michigan, created the Traffic Engineering and
Safety Coordinating Committee to address traffic safety issues
in Oakland County. This committee has a membership of ap-
proximately 150 engineering, police, and public-works personnel
from the 63 agencies in the county. These traffic workers meet
on a periodic basis to discuss the traffic problems of the county
and their own agency. During a meeting of the committee the
Oakland County Road Commission presented its “pink slip”
program to the other agencies and requested their participation
in the identification of the safety deficiencies on county roads.
The commission stressed the importance of and need for the
various police agencies patrolling in the county to contact it
regarding sign maintenance needs. By obtaining the support of
the other agencies in the county, the road commission effectively
doubled the size of its workforce in obtaining input on where
sign maintenance was needed.

Citizen input will be received by the agency whether it asks
for it or not. However, it is good practice to actively seek this
input, because, again, it increases the size of the workforce for
identification purposes. However, little effort has been made to
formalize the citizen reporting concept.

Some cities and counties publish a newsletter on a periodic
basis. Within it, they provide a listing of frequently called phone
numbers, including a special business-hour and non-business-
hour listings for sign and signal problems.

To maximize the public as a reporting source, the OCRC
created a Department of Citizen Services. The purpose of this
department is to receive all citizen complaints about county
roads and inform the correct governmental agency of the prob-
lem. The employees receiving the calls were specially trained
in the proper method of receiving, recording, and relaying the
information. A copy of the reporting form used by the depart-
ment is shown in Figure 13. During 1986, 19,326 complaints
related to some road problem or other road-related issue were
received from citizens. Of these, 1,965, or approximately 10
percent, were related to either a sign being damaged or requests
for installation of a sign (23).

All agencies should train employees who are in frequent con-
tact with the public in the correct procedures for receiving calls.
The use of a checklist, such as that shown in Figure 13, can be
very helpful in obtaining the correct information quickly and
accurately.

RESPONSE PROCEDURES

The management of the response procedures includes provi-
sion 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
sign repair. An agency should place particular emphasis on good
record-keeping and follow-up inspection to ensure the quality of
the work. Syntheses 22 and 114 (24, 25) contain a discussion of
the maintenance effort for traffic signals that is also relevant to
traffic signs.
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FIGURE 13 Complaint record.
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Bryer, in his risk management analysis of the highway mainte-
nance operations of PennDOT (21), identified key steps to reduce
the incidence of liability exposure as the result of emergency
maintenance needs.

These steps to reduce exposure are:

o Have a communication system established so that police ’

agencies can immediately contact responsible individuals having
sufficient authority to react to the emergency.

o Have a mechanism or process established so that crews
or individuals can quickly assemble and respond to emergency
situations during normal weekday hours, weekday off-hours, and
weekends.

o Delegate sufficient authority to the individual or individuals
responsible for accepting notification during nonworking hours
to determine if the condition constitutes an emergency or can be
corrected during normal work hours. Although many types of
conditions can easily be defined as emergencies (e.g., knocked
down STOP signs), other situations may require a dialogue with
the police agency or individual notifying the maintenance organi-
zation to assess the magnitude and severity of the condition
specified. The decision to respond during nonworking hours
should be based solely on the degree of hazard and potential for
severe accident occurrence within a short period of time.

o Request the police agency, if necessary, to control traffic at
the site until work crews arrive. The name of the responsible
individual in the police to whom the request is made should be
documented along with the time of the request.

Notification of Potential Hazard

All complaints and notification of potential hazard, whether
written or by telephone, should be documented, preferably on a
standard notification form. The form should identify the name,
address, and phone number of the complainant and list the time
the complaint was received, the person receiving the complaint,
and the time that the complaint was acted on, along with the
action taken.

Quality control should be performed by management to ensure
that all complaints are being recorded, that the complaint forms
are completed properly, and that the forms are filed using a
logical, easily retrievable system.

In some instances, complaints cannot be corrected for an un-
usually long period of time because of higher-priority work.
When this occurs, the higher-priority work that needed to be
accomplished before the complaint could be corrected should
be specified on the form that records the notification of the
complaint.

Complaints or notification of hazards for which the responsi-
bility for correction is with another agency should be docu-
mented in the same manner as any other complaint, along with
the time that the responsible agency was notified and the name
of the individual receiving the notification at the responsible
agency. ’

Response Priorities

Various agencies have established a policy for how quickly
repair personnel need to be dispatched to the scene of a device

failure based on the degree of hazard created by the failure. For
instance, the OCRC in Michigan has a policy under which the
following signs require an immediate response:

o STOP

« YIELD

« DO NOT ENTER

o WRONG WAY

« KEEP RIGHT

o Railroad Crossing (Crossbuck)
o Turn Sign

o Curve Sign

o Reverse Turn

o Reverse Curve

o Winding Road

e Large Arrow

¢ Railroad Advance Warning

Other factors used in determining the response priorities in-
clude minimizing travel time, expected time required to complete
the repair, and known traffic patterns.

Off-Hour Emergency Repairs

Emergency repairs that need to be made during off-hours
are a major concern to management because of the expense of
overtime pay. Administrators give considerable weight to cost
in determining the procedures to be followed in handling off-
hours trouble calls. The costs are affected by overtime pay prac-
tices, which may be controlled by the rules of the civil service
or trade unions. For instance, some contracts require pay for a
minimum number of hours (as high as three or four) for every
callout after normal working hours, regardless of the time actu-
ally taken.

In localities where there are high crime rates during nighttime
hours, the safety of the crew is a factor in the decision of whether
to dispatch repair personnel.

Different methods are used to cover emergency repairs oc-
curring outside of regular working hours. A few agencies main-
tain full operation on a 24-hr basis. These are usually state
highway departments or large cities or counties. Others reduce
their level of operation during off-hours, keeping a small staff
to respond to an emergency. Most agencies keep maintenance
personnel on a rotating duty roster to be called at home for
emergency repairs. Some of these agencies may keep a traffic
maintenance dispatcher on 24-hr duty. However, a more com-
mon practice in cities is to transfer the dispatching duties during
off-hours to a police dispatcher, who either calls the designated
repair crew or the duty foreman.

Many small agencies have no planned response procedures for
off-duty hours. In those jurisdictions, police are usually provided
with STOP signs for use where necessary, and all other repairs
are handled during normal work hours. The decision of which
procedure is to be followed is usually made on the administrative
level, based on cost considerations.

IN-FIELD CORRECTIVE MEASURES

The in-field maintenance of traffic signs in response to identi-
fied maintenance needs takes a number of different forms. How-



ever, the importance of good documentation (e.g., work orders)
on exactly what was done, when it was done, and who did it
cannot be overemphasized. Chapter 4 will deal with sign inven-
tory systems. A maintenance system that uses work order forms
is of principal importance in the development of an inventory
system. Even without a field inventory of signs, an agency needs
a record of maintenance activities. This documentation could
prove invaluable in defense of a liability lawsuit or aid in ob-
taining reimbursement for sign maintenance costs that were in-
curred in repairing damage that was the result of an accident.

Repair

Maintenance policies with relation to in-field response mainte-
nance of traffic signs vary from agency to agency. Some agencies’
policy is to spend as little time as possible at the site, replacing
the sign and bringing the damaged sign and post back to the
shop for repair or refurbishing. Other agencies prefer to complete
the sign replacement in the field, replacing damaged sign faces
with overlay material, straightening posts, and remounting signs.
Other agencies use a combination of both procedures, depending
on the time the maintenance is taking place or the backlog of
work for both the field crew and the shop crew.

The in-field repair of the sign relates to any work done at the
site to the sign to bring it as closely as possible to its original
condition. This could include straightening the sign after it has
been run over, resetting the sign face after it has been twisted
out of position, or replacing mounting hardware that may have
broken off. Most agencies do not have a formal policy for de-
termining when a sign should be replaced instead of repaired.
Most agencies leave this determination up to the sign crew based
on the experience and judgment of the members.

Cleaning

Cleaning a sign with soft brush and a nonabrasive detergent,
as shown in Figure 14, can restore a sign’s retro-reflective proper-

£
FIGURE 14 Traffic sign cleaning.
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ties. However, a study of maintenance practices in New York
State (9) examined the effects of washing on sign retro-reflective
performance. It was determined that although some individual
signs do benefit, most signs receive little benefit from washing
because natural cleansing from rainfall achieves nearly the same
effect. Therefore, sign cleaning may only be necessary during
winter months, in tunnels and under structures, in industrial
areas where there is heavy truck traffic, in geographic areas
where there is little rainfall, or in places where signs are located
particularly close to the traffic, as they are in work zones.

Replacement and Overlay

Signs can be replaced in two ways. In the first, new signs are
fabricated in the shop with applied copy, taken to the field, and
erected in place of the old sign. The second procedure overlays
new material over the existing sign substrate. The overlay mate-
rial is usually a high-performance-grade, retro-reflective sheeting
with a thin, semirigid backing coated with a pressure-sensitive
adhesive. This material can be applied over the existing sign in
the field.

Shepard (26) in a 1985 review of sign overlay procedures in
Virginia compared the cost, manpower, time, and quality of the
finished product for large ground-mounted and overhead guide
signs refurbished in the shop versus those overlayed in the field.
He concluded that the procedure of overlaying substrate with
new sheeting in the shop with directly applied copy and attaching
the panels in the field with rivets is the fastest and most economi-
cal method.

Temporary Corrections and Emergency
Corrections

Frequently, a sign is knocked down by a vehicle in an accident,
stolen by a vandal, or knocked down by a snow plow during
inclement weather. If a sign crew comes upon one of these situa-
tions or if it is informed of the problem, it may have to make
corrections without having a similar sign with it on the truck.
When this happens the crew will generally repair the sign as best
it can and report the problem for follow-up correction.

When any of these situations occurs to a critical sign during
off-hours, an agency must have procedures for emergency cor-
rections. Some agencies have provided police vehicles or mainte-
nance foremen with temporary STOP signs mounted on folding
pedestals that can be placed on the side of the road until a sign
crew is able to make permanent repairs.

Follow-Up

Follow-up includes all work scheduled at locations where tem-
porary repairs did not resolve a problem. Maintenance work is
generally considered as follow-up only if it does not occur in the
same shift as the temporary repairs or if it is done by a different
maintenance crew. Unlike emergency repairs, follow-up work
can be scheduled. Then the resources necessary to complete the
work are known, there is a good indication of how long the work
will take, and the time pressure to commence and complete the
work may be somewhat decreased.
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Scheduling of follow-up may be driven by a formal work order
issued by a foreman or superintendent or an informal knowledge
on the part of a specific crew that it must return to a given
location as soon as possible to complete the repair.

In addition, a sign crew may come upon a sign that needs to
be replaced but be unable to complete repairs at the time because
it is on a more important work assignment or because it does

not have the proper equipment or material. Some agencies prefer
that the maintenance personnel report the missing or damaged
sign to the foreman before taking corrective action. This notifica-
tion may be made by radio communication or by the completion
of a work order or “trouble” report. This way, the agency is able
to maintain control of the scheduling of the sign crew work
activities.
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ORGANIZATION OF A SIGN MAINTENANCE OPERATION

A successful street and highway sign maintenance manage-
ment program requires a well-structured organization in which
the maintenance activities are systematically delineated and re-
sponsibilities are clearly defined. Some agencies place sign main-
tenance activities within the traffic division, others place it within
the maintenance division, and a few contract out their sign main-
tenance work. This chapter will discuss the physical and opera-
tional characteristics that determine the structure of the manage-

.ment organization, where the sign maintenance activities are
placed in the organizational structure, and contract man-
agement.

PHYSICAL AND OPERATIONAL CHARACTERISTICS

The determination of how to structure sign maintenance activ-
ities and where to place an activity in the organizational structure
is dependent on a number of physical and operational considera-
tions. The physical considerations include the size of the agency’s
geographic responsibility, the road mileage, and the number of
signs to be maintained. The operational characteristics include
the location of the sign shop in terms of either a district or
centralized system, level of expertise available in the organiza-
tion, and how much, if any, of the maintenance activity is con-
tracted out.

Size of the Agency’s Geographic Responsibility

The decision to centralize the sign maintenance operation or
to establish maintenance districts to perform all or some of the
maintenance activities should be related to the size of the area
or the amount of road mileage to be covered. The American
Public Works Association (APWA) indicates that when, because
of long distances or congested roadways, travel time from a
maintenance facility to a work site is longer than one-eighth of
the available workday, consideration should be given to
decentralizing the maintenance organization (27). However, this
is just one of many elements that should be considered when the
location of a maintenance facility is determined.

In the case of traffic sign maintenance, this decentralization
could take one of two distinct forms or a combination of two
schemes. The first alternative is to have all signs made at a
central sign fabrication shop and shipped to district shops as
needed. The second alternative is to have sign fabrication equip-
ment at each district shop so that it can operate independently
of the central shop. Many agencies use a combination of these
two strategies. The central shop makes large quantities of the

most frequently used signs and the district shops manufacture
unique and emergency replacement signs.

Road Mileage and Number of Signs on Roadway
System

The mileage of the street and highway system and the extent
of the signing system in terms of total numbers of signs along
the roadway is a good measure of the magnitude of the work
required on an annual basis. Urban agencies may have relatively
low road mileage but a high density of signing per mile. There-
fore, an urban agency can generally maintain more signs per unit
of time because the travel time between signs is shorter. However,
on-street parking, traffic congestion, delivery trucks, etc. can
frequently impede the operation of a sign crew and reduce its
overall efficiency. ,

Rural agencies, on the other hand, may have many road miles
to cover but relatively few signs per mile. In rural areas, however,
the roadways tend to have higher speed limits and the signs are
generally larger. Therefore, the operation may be less efficient
because of the longer travel times between signs or because the
sign installation may be more complicated because of the addi-
tion of breakaway supports for the larger signs. Again, this may
be offset by easier access to the signs.

The number of signs can offer a starting point for estimating
the amount of maintenance that has to be done. In general, the
greater the number of signs on the road system, the greater the
amount of sign maintenance activity, necessitating a larger sign
maintenance staff.

CONTRACT MAINTENANCE

An increasing number of states and municipalities are relying
on private contractors to do routine highway maintenance, in-
cluding sign fabrication and maintenance. A number of reasons
have been cited for this trend including: staffing problems caused
by budget constraints, lack of specialized equipment or skills,
and taxpayer perception that government has grown too large.
For Synthesis 125 (28) a survey was distributed to agencies at
all levels of government responsible for road and street mainte-
nance. Of the 68 responses, all but four agencies reported having
had some experience with contract maintenance activities. How-
ever, few had contracted sign maintenance.

Some agencies may contract out only a portion of their sign
maintenance activities, such as overhead freeway sign replace-
ment or the installation of signs on new roads or major recon-
struction projects. Other agencies have contracted out sign main-
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TABLE 4 '

PERCENTAGE OF SIGNS INSTALLED OR MAINTAINED BY CONTRACTORS

Portion of the Sign System
Installed/Maintained by
a Contractor (Percent)

For Existing Roads

Percentage of Respondents
Using Contracted Maintenance

For New Roads

Less than 20
20 to 40
40 to 60
60 to 80

80 or More

No Response

Total

99 52
1 5
0 3
0 4
0 30
0 6
100 100

tenance activities to such an extent that the contractor is
performing all sign maintenance—from fabrication of the sign
in the contractor’s sign shop to the installation, repair, and re-
placement of signs on the roadway.

Ross et al. (29) in a survey of federal agencies, state highway
agencies, state turnpike authorities, cities, counties, sign suppli-
ers, and contractors on signpost usage found that very few agen-
cies contract out the maintenance of signs on existing roads. The
survey also discovered that many agencies contracted out sign
installations on major construction projects, with many of these
signs being installed as part of a larger construction contract.
Table 4 summarizes the results of this survey related to contract
sign maintenance.

The amount of contract maintenance that an agency uses may
affect the divisions of labor within an organization. Frequently,
" maintenance staff within an agency may be reduced if enough
sign maintenance can be contracted with private companies.
However, this reduction in maintenance staff may be offset by
the additional staff needed to draft, bid, execute, and monitor the
contracted work activities. Therefore, decisions about contracted
maintenance determine the operational characteristics of the
maintenance organization.

Contract Maintenance in Toronto, Ontario

The Metropolitan Toronto Roads and Traffic Department,
Ontario, Canada, has used contract maintenance for traffic con-
trol devices since the early 1960s. Here, the contractor replaces
every aspect of a normal municipal traffic operations unit, in-
cluding the production, installation, and repair of all traffic con-
trol devices including signs (30) (personal communication, May
1988).

Contract

The contract between the Traffic Operations Division of the
Roads and Traffic Department and the contractor is for five-
year periods. The 1987 expenditure for sign maintenance, within
the total traffic control device contract, was approximately $2.5
million (Canadian), and 1988 expenditure was estimated to be
approximately $3.0 million (Canadian). Toronto is currently

midway through a major replacement program for overhead
freeway signing and street-mounted traffic signs. The contractor
is also responsible for this program.

Since the beginning of contractual services, there have been
only three contractors who have won the signing contract. How-
ever, there are normally 5 to 10 bidders each time the contract
is up for bid.

Special Contract Provisions The general provisions of the
traffic services contract are similar to most contractual
agreements. Because of the specialized nature of the work and
the liability exposure, however, special provisions are included
in the contract. Some of the financial provisions include:

e A $3,000,000 (Canadian) performance bond to secure the
obligations of the contractor,

o A $3,000,000 (Canadian) payment bond to ensure payment
to employees, suppliers, and subcontractors, and

« A §$10,000,000 (Canadian) liability insurance policy to pro-
tect the contractor, subcontractors, and the metropolitan To-
ronto government.

The size of the bonds is such that contractors with insufficient
capital to adequately complete the contract are dissuaded from
bidding.

Contract Management

To monitor and control compliance to contract terms, To-
ronto established an organizational structure in which the con-
tractor is monitored by a supervisor and assistant supervisor of
traffic signs. The people in these two positions are the only
government employees in the sign maintenance organization.
They are responsible for ensuring that the work quantity, quality,
and cost are in fulfillment of the contract terms.

Facilities

Toronto requires that the contractor must have a sign and
paint shop for the manufacture, repair, and refinishing of traffic



signs. To minimize emergency response time, the traffic opera-
tions division requires that these facilities be within the metropol-
itan Toronto area and be readily accessible to the expressway
system.

Staffing

To ensure that there is adequate staffing to meet the needs of
the signing program, the contractor is required to provide:

« a superintendent,

« a foreman,

« 10 two-person sign crews on two shifts, and

o sufficient personnel to provide 24-hr radio dispatching.

As mentioned earlier, there is an ongoing four-year effort to
replace all overhead and post-mounted signs. Accordingly, the
contractor has increased the sign maintenance workforce from
the normal 10 sign crews to 15 and from one foreman to two.
With the completion of the replacement program, however, the
contractor will be able to reduce staffing levels back to the
normal levels.

In addition, during the winter months, the contractor is able
to reduce sign maintenance staffing levels by up to 50 percent
because of decreased sign maintenance activity.

Method of Payment

Payments to the contractor for sign maintenance are cost
reimbursements for the labor, materials, and consulting services
plus an additional 1 percent on materials and 2 percent on labor
for profit. The government does not pay for downtime or mis-
takes. If the contractor does not perform a job according to
specifications, it is done again at no additional charge.

Work is scheduled and reported through a work order system.
For each project or preplanned maintenance activity, a cost
estimate is provided by the contractor, and if approved, a work
order is issued by the department. For emergency sign mainte-
nance, the city issues a blanket work order to cover this type of
unscheduled sign maintenance activity.

For each completed job, a maintenance report is filled out and
submitted to the city for a weekly aggregated payment.

Finance/Budget

The metropolitan Toronto government feels that the privatiza-
tion of sign maintenance has resulted in a number of financial
and budgetary benefits, including:

e Reducing capital costs for the agency—By contracting out
the sign maintenance function, large capital outlays for facilities,
equipment, and training of personnel are not needed.

e Providing easier budget control—Sign maintenance pro-
grams can be accurately estimated because the contractor is paid
a fixed price for the maintenance activity.

o Eliminating the variable costs associated with maintaining a
maintenance staff—The contractor is responsible for sick time,
vacation time, and worker’s compensation.
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o Varying the size of the workforce to meet the demand for
sign maintenance activity—During the winter months, when sign
maintenance activity is low, the contractor is able to reduce
the staffing levels by up to 50 percent. During special sign-
replacement programs or during peak maintenance periods, the
contractor is able to add personnel to gear up for the larger
maintenance effort. Making this type of adjustment would be
very difficult for the government.

Disadvantages

The implementation of contract maintenance in Toronto in
the early 1960s was facilitated by the absence of one of the
primary barriers to privatization, union opposition. The Metro-
politan Toronto Roads and Traffic Department had just assumed
maintenance responsibility for the road system. After an exami-
nation of the personnel and capital cost requirements, it was
decided that the most effective way to provide this service was
through the use of contract services. In the union environment
that exists today in many agencies, this total contractual services
concept might not be feasible.

Contract Maintenance in Montgomery County,
Maryland

Montgomery County, Maryland, in March 1988 entered into
a sign maintenance agreement with a contractor to supplement
the existing sign crews. Because of political constraints, the
county was unable to expand the size of its maintenance staff to
accommodate the rapid population growth that was occurring
in the county. As a result, the backlog of signing work orders
became unacceptable.

As an initial test, the contractor has provided one two-man
sign crew, which is assigned all of the street-name sign installa-
tion and repair work. In assessing the quality of the work of the
contractor, if the county finds the work to be satisfactory, it may
assign other types of sign maintenance to the contractor.

The contractual agreement in Montgomery County differs
from the Toronto agreement in that the contractor is providing
only the labor and equipment; the county is providing all of the
signs, posts, and related hardware.

Montgomery County staff attribute the good results they have
obtained to the very detailed specifications that were developed.
They have also been aided by the fact that the contractor’s
foreman is a retired county sign crew foreman who is familiar
with county policies and guidelines. Excerpts from the county’s
sign installation and repair contract are included in Appendix
A.

WHERE STREET AND HIGHWAY SIGN
MAINTENANCE ACTIVITIES ARE LOCATED IN THE
ORGANIZATIONAL STRUCTURE

The type of organizational structure and the location within
that structure for sign maintenance management varies from

agency to agency, depending on a number of factors, including:

¢ Level of government
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o Geographic size of the agency’s responsibilities
o Road mileage for which the agency is responsible
o Number and type of signs maintained by the agency

Many agencies have found that placing the sign maintenance
management in the traffic engineering area allows the personnel
who are best trained in the determination of the appropriate
signing under various conditions to be directly responsible for
the sign maintenance function. That is, the group that has the
responsibility to ensure that the signing on the road system is
appropriate is given the authority to carry out that responsibility.
Figure 15 is an organizational chart of the Montgomery County
Department of Transportation showing the placement of the sign
maintenance function within it.

In other agencies, sign maintenance is part of the maintenance
division. In general, sign maintenance activities are not all that
different from other maintenance functions. Therefore, sign
crews are managed by personnel familiar with maintenance oper-
ations. :

In small municipalities, the amount of sign maintenance is
generally not great enough to justify the formation of a desig-
nated sign crew. Therefore, sign maintenance, when needed, is
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performed by general maintenance work crews. Also, smaller
agencies usually do not have a traffic engineer employed by the
community. They may have a consultant, who is on retainer, but
generally the traffic engineering function is performed by the
police department. .

All agencies have found that, independent of where the sign
maintenance function is located, a good working relationship
must exist between the sign maintenance workforce and the
agency person responsible for the determination of the placement
of signs. Without this working relationship, important sign main-
tenance activities may be delayed because of differing opinions,
communication problems, etc. related to the sign maintenance
activity.

Frequently overlooked in agencies in which the sign mainte-
nance function is a part of the normal maintenance operation is
that sign installation requires some specialized knowledge on the
part of the maintenance crews. General maintenance workers
frequently are not trained to select the proper mounting locations
for signs, the proper sign for the hazards or conditions on the
road, or the appropriate material for fabricating or installing a
sign. Frequently, the crews are randomly assigned to the sign
maintenance activity based on availability.
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CHAPTER FOUR

FIELD INVENTORY OF TRAFFIC SIGNS

NEED FOR AN INVENTORY

To effectively manage a sign system and maintain a high level
of safety for the motorists, a public agency must have complete
information about the sign installations and the roadway condi-
tions that were the basis for their installation and continued
presence. This information provides the basic data for the identi-
fication of problems, system maintenance, planning and bud-
geting, and other agency responsibilities. To provide this infor-
mation, most agencies maintain some form of traffic sign
inventory, ranging from paper files, maps, and computerized
data bases to a combination of these systems.

Many agencies maintain sign inventory data as part of their
overall management efforts. Although these inventories vary
greatly in the methods of data acquisition and the data base
management system used to catalog the inventory, the basic
elements are the same.

A key element in the management of street and highway sign
maintenance activities is the availability of accurate details about
the type of sign, its location, and other information. A field
inventory provides the basis for decisions relative to:

« Identification of deficient signs

« Development of priorities for maintenance needs
o Scheduling of maintenance efforts

o Continued surveillance of maintenance activities

Carstens (/4), in his analysis of tort claims in Iowa counties
and methods for reducing liability exposure, recommended the
establishment of a continuing sign inventory process. Carstens
indicated that:

A sign inventory is essential to provide evidence of the existence
of a particular sign in a particular location at a specific time. It
also provides a convenient mechanism for evaluating sign usage
for conformance with standards. The inventory process should be
continuous with constant updating as signs are added, removed, or
replaced (emphasis added).

N\

What was known as Highway Safety Standard 13, “Traffic
Engineering Services” in the Highway Safety Act of 1966 (9),
required each state and its political subdivisions to have a traffic
control device program. The safety standard stated that a traffic
control devices plan shall include:

e An inventory of all traffic control devices.

¢ A periodic review of existing traffic control devices, includ-
ing a systematic upgrading of substandard devices to conform
with standards issued or endorsed by the FHWA.

As was discussed earlier, the Highway Safety Standards have
been revised extensively (to Highway Safety Guides) with the
passage of subsequent Surface Transportation Acts. The man-
date for properly installed and maintained traffic control devices,
however, has not been lessened. '

The objectives of a field inventory of traffic signs are, at a
minimum:

« The classification of all traffic signs by location, type, size,
and condition.

o The identification of sign conditions requiring maintenance
related to: changes to the sign design or placement to bring it into
conformance with the MUTCD, or the repair or replacement of
the sign face or post to allow the sign to adequately do the job
it was intended to do.

« Establishment of a management information system to de-
termine the existing and future sign needs, which allows the
development of a plan to systematically maintain street and
highway signs.

DEVELOPING AN INVENTORY OF STREET AND
HIGHWAY SIGNS

To be workable, an inventory of street and highway signs
should:

o Contain all of the traffic signs in the highway right-of-way.

» Use a standard location reference system so that accident
data can be merged with the sign inventory data to allow analysis
of accidents by consideration of the effect of nearby traffic signs.

« Have the flexibility to allow addition of new entries, deletion
of old ones, and sorting of entries by location.

o Record the completed maintenance work.

¢ Provide multilevel historical records of earlier sign work.

« Be accessible by sign location.

e When possible, use English descriptors instead of numerical
or letter codes.

e Update the sign inventory to reflect work activity in an
efficient and easy-to-use and understandable process.

The development of a sign inventory can follow a number of
different approaches. An agency can develop an inventory
through manual or automated means and maintain the data
through manual card files, maps, or computer techniques. There-
fore, before the collection of any data, an agency is required to
make a number of decisions regarding the current technological
expertise and the technological needs of the agency.



In general, the development of a good sign inventory program
should include:

o A comprehensive study of the sign maintenance manage-
ment system to identify the goals and objectives of the system,
ascertain the required investment in dollars, and determine the
necessary personnel skills required to implement and maintain
a sign inventory.

e An analysis of data-collection and storage techniques to
determine the most cost-effective procedure for the size of the
system, the desired level of system sophistication, and the avail-
able resources in terms of personnel and budget.

o The development of staff acceptance through a program
that motivates personnel and explains to them the advantages of
a sign inventory to their work activities.

A Needs Study for a Sign Inventory System

A comprehensive study of the sign maintenance program is
necessary to determine the performance expectations and re-
source requirements of the system. The needs study should assess
the costs of data collection and implementation; estimate the
length of time necessary to complete the project; develop proce-
dures to keep the inventory system current; and evaluate person-
nel requirements for each level of the inventory system, includ-
ing: sign installation and maintenance, filing or data entry, and
computer programming and operation.

DATA COLLECTION FOR SIGN INVENTORY DATA
BASE DEVELOPMENT

The data base for an inventory system can be developed
through a variety of methods. These methods include:

e Manual data-collection methods

+ Photologging

¢ Videologging

« Automated or semiautomated data-collection devices
¢ Aerial photography

¢ A combination of the above methods

The selection of the appropriate method of data collection
depends on a variety of factors, including:

« Size of the signing system and composition of the road
network

o Purpose of the inventory

¢ Required level of sophistication

o Cost, personnel, and equipment considerations

« Availability of existing records (e.g., photologs or videologs)

Manual Data Collection and inventory

Manual methods of data collection continue to be used by a
variety of agencies because they offer an opportunity to visually
inspect the sign condition and placement in the field. The devel-
opment of a sign inventory through manual data-collection
methods is generally the easiest and most straightforward to
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implement. The data-collection process is relatively simple, and
transfer to a computer system can be accomplished with mini-
mum effort if this data transfer was anticipated in the system
design. Manual inventories have been done by numerous agen-
cies throughout the United States with satisfactory results (37).

Manual data acquisition involves the use of one or more per-
sons equipped with data-collection forms and some type of dis-
tance-measuring device. This method has limited equipment re-
quirements, but it is extremely labor intensive. Equipment costs
can range from approximately $150 for a minimum data-collec-
tion system consisting of a measuring wheel, data-collection
forms, and pencils, to approximately $5000 for a sophisticated
system consisting of a vehicle equipped with a distance-measur-
ing device and a battery-operated “notebook” computer and
computer software, which allows the data to be entered by the
field crew for later downloading into a microcomputer. A typical
manual data-collection form for the less sophisticated system is
shown in Figure 16 and a form for direct entry into a computer
system is shown in Figure 17.

The 3M Company has developed a combination data collec-
tion-data storage form for manual inventories (Figure 18). This
form can be notched along the edges to reflect the characteristics
of signs along the roadway. The notches can be cut in the field
or in the office. Once all of the notched cards are assembled,
a needle sorter can be used to extract all forms with similar
characteristics. This system offers the convenience of a basic
field data form that can be readily used as part of a low-cost
information management system.

Despite their simplicity and low equipment costs, manual pro-
cedures are labor intensive and relatively expensive to use for
large highway networks, particularly in densely populated areas.
The personnel cost to complete the inventory is dependent on
the size of the system (i.e., miles of roadway or number of signs
to be inventoried), the amount of information to be collected,
population density of the area under study, frequency of data-
collection elements to be recorded, and the complexity of the
inventory tasks. Datta et al. (37) determined the costs of manual
inventories completed for various sizes of city and county agen-
cies in the state of Minnesota (Table 5). Datta’s analysis indicated
that the cost of collecting and analyzing sign inventory data
manually ranged from $10/mile for a rural county inventory to
$50/mile for a 600-mile township system.

The advantages of manual data collection for sign inventory
development include:

o Low startup costs for data base development,

o Ability to use existing employees during slow work periods,

o Evaluation of the sign’s condition on location, and

o Ease of data-collection implementation into an existing
management system.

The disadvantages of manual methods include:

o Greater personnel requirements relative to other methods.

o No backup record of the signs at the time of inspection,

« Difficulties in quick data entry verification and data prob-
lem resolution,

o Necessity of close supervision of data-collection crews, and

o Conflicting demands for staff time, frequently prolonging
the data-collection effort far beyond the anticipated completion
date.
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SUMMARY OF TYPICAL MANUAL SIGN INVENTORY
DATA COLLECTION COSTS--MINNESOTA

Agency Type Cost Comments

City $27/mile

Townships $50/mile 619 mile road system
Rural County $10/mile

Urban County $15/mile

Mixed County $12/mile 632 mile road system

(Rural & Urban)

Small City $15/mile 50 to 100 road miles

Photologging

Photologging is a data-collection method in which sequential
photographs of a highway and its environment are taken from
an instrumented vehicle to record specific data about the high-
way (32). The backbone of the photolog system is an instru-
mented vehicle that is equipped with a 35 mm motion picture
camera that has been modified to take individual frames of film
at a predetermined distance increment. Additional equipment
needed in the vehicle includes: a distance-measuring device, an
event marker to actuate the camera, a central control unit, and
an image generator, which superimposes programmed informa-
tion on each frame of the photolog. Both 35 mm and 16 mm
film formats have been used for photologging, but because of the
higher image resolution, 35 mm film is used in most current
applications. Filming rates can be 200 or 400 frames/mile (one
picture for every 26.4 ft or one picture for every 13.2 ft) in very
dense urban areas or 100 frames/mile (one picture every 52.8 ft)
in a low-density urban, suburban, or rural area.

Photologs can be a source for any inventory that requires
information on location and condition of the data element.
Therefore, photologs are a good source of sign inventory infor-
mation for larger agencies that might already have photologs
available; for agencies desiring to inventory more than just signs
(e.g., roadway features, pavement markings, or fixed obstacles);
or for agencies desiring to have a film record for historical and
tort liability defense purposes.

The photologging of highway and roadside features has been
done since the early 1970s. Numerous state, county, and local
agencies have either purchased the equipment and developed
inventories or have contracted out the photolog and data-collec-
tion effort to consultants.

The advantages of using photologging to assemble a sign in-
ventory data base are that (31):

e Thirty-five mm photographs provide a high-quality, de-
tailed record of the roadway, including the existing signing.

o Photologs may already be available within the agency or
through other agencies.

e An indexed photolog file provides an easily accessible
source of information on signing or roadside features.

e Through the use of overlay grids, distances and the dimen-
sions of signs can be obtained.

o Data collection can be done in an office environment that
provides better quality and personnel control.

o The actual photologging can be accomplished with a one-
person field crew if necessary.

The disadvantages of using photologging to develop a sign
inventory data base are:

o Project startup costs are high if photologging equipment
needs to be purchased.

o Film and film processing are expensive.

« Sign data collection and condition evaluation is done from
a picture instead of a field survey.

« Distances and sign dimensions obtained from a photolog
overlay grid may not be as accurate as field measurements.

+ Equipment malfunctions, personnel errors, or weather or
lighting conditions may require that some streets (several feet of
film) or even major subareas (an entire roll of film) be repho-
tologged.

« Photologging may only be done during good weather condi-
tions.

Videologging

Videologging has evolved as an alternative to photologging
because of continued increases in the cost of the film and pro-
cessing, together with the technological improvements in color
video cameras and players. Although videologging applications
have been more limited than those of photologging, current
advances in the state of the art of roadway logging have been
primarily in the area of videologging.

As in photologging, videologging is done from a moving vehi-
cle as it travels on the road. However, videologging is accom-
plished by taking a continuous visual image of the roadway on
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videotape instead of taking individual pictures sequentially at
preset distances, as is done in photologging. Because the videolog
pictures are taken continuously, however, there is no benchmark
from which distances and dimensions can accurately be taken
directly from the videolog. Nonetheless, because voice recording
can be added to the videotape at the time of the videologging,
these data could be added as supplemental information to help
fix distances and dimensions.

Videologging generally requires a vehicle with similar instru-
mentation to that of the photologging vehicle but with the addi-
tion of a video camera, video recorder, distance-measuring in-
strument (DMI), information display, and monitor. In addition,
videologging systems can include audio recording capabilities to
allow the operator to input verbal information to supplement
the video images.

One advantage with videologging is that with a monitor in the
vehicle the visual images that are being recorded can be displayed
immediately for an in-field review of image quality. This real-
time monitoring of the picture quality reduces the likelihood of
sections of road or entire roadways having to be refilmed because
of poor picture quality. Videologging has also been found to be
attractive because fewer steps are required to obtain a visual
record of the roadway. Figure 19 shows a comparison of the
steps involved in the photolog and videolog processes (31).

Although videologging experience has been more limited than
photologging experience, recent practice with this method has
determined the following advantages (32):

o Videotape does not have to be developed.

e Video cassettes are easy to handle.

o The finished product is available immediately, permitting
real-time monitoring of picture quality.

« Voice recording can be added to the videotape either in the
field or at a later date.

¢ Videotape can be reused.

» Video recording equipment and maintenance services are
more universally available, allowing short turnaround time for
servicing.

Disadvantages of the videologging procedure include:

« Image quality of typical video systems is inferior compared
with the quality of 35 mm photography, particularly in the pause
or single-frame mode.

o Videotaping equipment (including a high-quality color cam-
era) is expensive compared with second-generation photologging
equipment.

« Project startup costs are high if videologging equipment

‘needs to be purchased.

e Two people are necessary to collect the field data.

o Paused video image for the sign data collection and the
evaluation of the sign condition is inferior compared with that
of 35 mm film frame or an actual field visit unless the audio
portion provides additional information.

o Distances and sign dimensions are not obtainable directly
from the videolog.

e Any data element requiring the accurate measurement of
distances and dimensions is not obtainable unless the audio por-
tion provides the information. Therefore, any data element re-
quiring supplemental audio information not identified before the
actual videologging will not be collectible when the videotapes
are viewed later.

Semlautomated Methods

A number of semiautomated methods have been developed to
collect, process, and record sign inventory data. These methods
use electronic and microprocessor technology to record and store
operator-selected input onto a computer-readable medium. This
technology is called second-generation photologging and vid-
eologging.

These semiautomated systems typically consist of a microcom-
puter with a specially designed keyboard to allow the operator
to record field data using a minimal number of keystrokes (Fig-
ure 20). As the survey vehicle travels a section of roadway, the
operator presses a single key or makes a series of simple key-
strokes that record the sign type, size, condition, or other data
elements. The data are then automatically arrayed in a data base,
along with information on the sign’s location and the date of the
survey. In some systems, the location of the device is automati-
cally recorded from a distance-measuring instrument; in other
systems, the operator must key in the distance from a DMI
reading.



Another type of microcomputer-based recording system uses
a notebook-size microcomputer with special software that allows
the preprocessing of collected data for automatic loading into
the main data base and with appropriate checks for data suitabil-
ity. This software redefines the computer keyboard keys to allow
for quick data input. These battery-operated devices are pro-
grammed to prompt the operator for specific information about
the sign and can be used as a stand-alone data-collection system
or in conjunction with photolog or videolog systems.

DEVELOPMENT OF SIGN INVENTORY
INFORMATION MANAGEMENT SYSTEM

After the sign inventory data base has been established, an
information management system must be used to organize the
data and keep the inventory current. Inventory management
includes all activities related to the data input, processing, report
generation, and updating. Different levels of technology provide
varying levels of system capability. The expertise and needs of
the agency should dictate what data management process is used.

As with the data-collection process, the data management
system can be either manual or computerized (37).

Manual Data Management

A manual sign in'ventory can be managed by a system that
uses: ’

o Index cards
¢ Strip maps or aerial photographs
+ Notched cards

Index Card System

In an index card system, individual inventory cards are kept
for each sign in the system. The cards are filed by location and
kept in file drawers. As signs are maintained, the date, work
activity, and other relevant data elements are recorded on the
card. This provides a historical record of all signs in the system.
Depending on the amount of information needed, the record for
each sign could range from a single index card to a series of
cards the size of a sheet of legal paper.

The advantage of a card file system is that it can quickly and
inexpensively be implemented with negligible update costs. The
disadvantages are that it is impossible to obtain systemwide
listings of signs or general update reports and that the develop-
ment of a comprehensive maintenance management program
would require extensive manual searching of the card file to
obtain maintenance record listings.

Strip Maps or Aerial Photographs

Strip maps or aerial photographs are similar in that each sign
on the road system is placed onto a map, drawing, or aerial photo
to identify its position relative to the features of the roadway. As
signs are maintained, the maps, drawings, or photos are updated
to reflect current status. Some agencies keep sign maintenance
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records on the drawing, whereas others keep maintenance infor-
mation in a separate card file or computer inventory that is keyed
to a map or photo number (33). Some agencies have tied the
strip maps, drawings, or photo-overlays to a CAD system so
that the drawings can be updated more easily (Figure 21).
There are some advantages in using strip maps and aerial
photographs for sign maintenance files. For example:

e An agency can see how the signing relates to the roadway
geometry.

¢ An agency can relate traffic signing to accident experience
by overlaying the strip map or aerial photograph with accident
location maps.

There are also some disadvantages in using strip maps or aerial
photographs. For example:

o The strip maps or aerial photoraphs must be updated to
reflect changes in roadway configuration or geometry.

o Although a scale of 1:2400 is sufficient for low-density areas,
experience has shown that the scale of the maps or photos in
urban areas needs to be 1:1200 or 1:600 to provide an adequate
display of the traffic signs in areas where many signs are in place
39).

e In most cases, a separate card or computer file must be
maintained to record sign maintenance history. The development
and updating of this part of the system is very labor intensive,
and therefore the costs are high.

e The cost of a CAD system, if used, is very high.

Computerized Sign Inventory Data Management

A fast and efficient method of data management is necessary to
handle the record-keeping for a large number of signs, especially
when work on the signing system is done by multiple crews. A
computer-based sign inventory can provide the data manage-
ment necessary for the system to be useful. Work order forms
can be processed quickly and the inventory updated instantly to
reflect completed sign work. Depending on the capabilities of
the system, listings of traffic control devices can be printed for
a given road or a section of a road, or for a given type of sign

. and size. Sign totals can be summarized by size and age, and

work order forms can be generated for distribution to the work-
force. Sign repair totals can be compiled for a given time frame
to analyze worker use. High knockdown locations can also easily
be identified. This allows the signs at these locations to be relo-
cated or protected in some other way. Areas with frequent van-
dalism can also be identified..This assists the staff in deciding
possible countermeasures for this type of problem, such as re-
questing the assistance of the police department or deciding to
use special antivandalism techniques or hardware.

As with manual methods for managing sign inventory data, a
computerized sign inventory can take many different forms. In
a computerized system, the differences between the various
forms are related to the size of the computer storing the data,
whether the system operates in an on-line mode or an off-line
batch system, and the extent of the system’s software capabilities.

For any configuration more elaborate than a simple listing of
sign type and location, the selection of what other data elements
to include in the sign inventory can be important. Historically,
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sign inventories have been developed and then abandoned after
a period of two to three years because the updating procedures
were too complicated or time consuming, or the cooperation of
the field crews was lacking because of the time and effort needed
to keep the inventory up to date. A sign inventory that does not
reflect the current status of the signing on the street is useless.

Rapidly changing computer technology has dramatically
changed the way business is conducted. The first computerized
sign inventory systems, which were developed in the early 1970s,
had to be implemented using a mainframe computer system with
customized computer software. However, with microprocessor-
based computer systems, the inventories of all but the largest

sign systems can be more easily developed, implemented, and
maintained on a microcomputer that uses off-the-shelf software.

Microcomputer-Based Inventory Systems

With microcomputer-based systems, because of the relative
lost cost of computer hardware, agencies have found it is advis-
able to find computer software that can perform the inventory
and then purchase the computer hardware required to run the
software.
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Software There are a number of off-the-shelf microcomputer
programs designed to provide an efficient inventory system for
traffic signs (35). Most of the programs are built around a data
base management software (DBMS) package. In addition, with
the increasing ease of use of data base software, and the increas-
ing sophistication of “program generators” within DBMS pack-
ages, many agencies are developing their own inventory system
without the assistance of a computer programmer. Some agencies
are even using the data base capabilities of modern spreadsheet
software, such as Lotus 1-2-3, to develop a simple sign inventory
that is adequate for a small community (36). Others are using
public-domain software that can be obtained from users’ groups,
such as the McTrans Center at the University of Florida.

Public-domain software consists of computer programs devel-

oped for use by an agency and put into the public domain for .

use by others at no cost or very low cost. The advantage is the
low cost of the software; the disadvantage is that the inventory
must be tailored to the software.

Data base management software has become increasingly pop-
ular because it provides a simplified means to meet the data
processing, analysis, and reporting needs of an agency through
the use of “user friendly” macro routines. Through a menu-
driven system, these macro routines control processing func-
tions, such as sorting, merging, report generation, and data up-
dating. Therefore, users need not be computer programmers or
operators to use the system. The user can give the appropriate
command from the menu selection to enter into the desired
process. Then, simply by filling in a form displayed on the screen
and responding to prompts from the software, the user can ma-
nipulate the inventory without knowing the processing technol-
ogy or the relationships between the data elements and the
program. .

The advantages of the data base management systems for sign
file maintenance include:

o Improvement of the organization, control, and security of
the sign inventory data base.

« Reduction of data redundancy and inconsistency.

o The sharing and intergration of data.

« Elimination of the need for extensive computer program-
ming knowledge.

Hardware The hardware requirements for a microcomputer-
based sign inventory system depend on the size of the sign system
and the software or data base management system used.

A system that uses DBMS software will generally require the
use of at least a 20-megabyte hard disk for storage of programs
and data. A system that is built around a spreadsheet or custom
programming may or may not require the hard disk, depending
on the size of the sign system.

In general, the computer hardware needed includes:

 a central processing unit (CPU),

o a video display screen,

« one floppy disk drive and a hard disk drive or two hard disk
drives, and

¢ a printer.

The cost of such a system could range from $1,000 for a low-
speed CPU with two disk drives, a monochrome monitor, and a

low-speed dot-matrix printer to $15,000 for a high-speed CPU
with a 300-megabyte hard disk, a color monitor, and a laser
printer.

Mini or Mainframe Computer-Based Inventory
Systems '

For larger agencies, because of the size of the signing system
that they deal with and considering the current speed of printers

~ and processors, the only practical computer system is a main-

frame. (For this discussion, mainframe computers include any-
thing larger than a microcomputer, i.e., traditional mainframes,
midis, minis, etc.) For mainframe systems, the cost of the com-
puter hardware is the primary consideration and the cost of the
software is secondary.

Hardware The primary features of these larger computer
systems are the amount of data-storage capability, the speed of
the processors, the capability for computer tape utilization, and
the speed of producing hard-copy output, which is a very im-
portant feature. A sign system that has 100,000 signs with eight
work crews and three sign technicians needs to produce hard-
copy sign lists in a timely fashion. Mainframe computer systems,
with their high-speed page printers, can provide this capability.

A moderate-sized state or a large county or city could easily
have more than 100,000 signs installed on the road system. Most
agencies have found it necessary to have a printed list of the sign
inventory for each maintenance crew, as well as a list for the
technical support staff back at the office. Depending on the
number of signs listed on a page, a sign listing of 100,000 signs
could require as many as 2,500 to 5,000 pages of output. Couple
that with 8 to 10 copies of the sign listing for the various work
crews or other support staff, and the printing time becomes
unmanageable for a microcomputer-based system.

In addition, a file of 100,000 signs stored on a microcomputer’s
hard disk drive that is accessed only infrequently during the day
is considered by some data processing departments to be a waste
of computer resources. In these agencies, a tape drive is used to
store the sign inventory data when it is not necessary to have
them resident in the computer memory. However, as the price
of disk memory becomes less expensive and labor to mount
tapes becomes more expensive, this argument is becoming less
supportable.

Software As with microcomputers, commercial data base
management systems are popular on mainframe computers.
However, unlike that of the microcomputer, the mainframe
DBMS requires that a computer programmer be involved in the
inventory software development process. Therefore, the costs for
the development of the sign inventory software are much higher
for the mainframe computer system. However, the mainframe
DBMS software is much more sophisticated than microcom-
puter software in terms of organization of data, error trapping,
speed of operation, advanced report generation capabilities, data
integration, security of data base, etc. Although development
costs are higher, the potential performance of the system is
greater.



Many of the sign inventories developed during the mid to
late 1970s and early 1980s were implemented on mainframe
computers using custom software written in COBOL and sold
as part of an entire sign inventory package by consultants. This
software was tailored to the needs of the individual agency and
implemented on its computer system.

Most large agencies already have computer facilities that may
be available to them for purposes of implementing a sign inven-
tory. However, in assessing the suitability of the computer sys-
tem, consideration should be given to:

o the accessibility of the computer,

o the availability in terms of run time, or times of access to
the system,

o the turnaround time for production of output,

e the possibility of on-line updating and inquiries, and

« the costs for software development and implementation.

A computer system that is only available during off-hours or

requires long lead times for the production of nonstandard types
of reports will have limited use in the sign inventory process.

DATA TO BE COLLECTED

Careful selection of data items to be included in a sign inven- X

tory is an important element in determining the success of a
system. Experience has shown that trying to collect data that
are in the “nice to have” category in addition to the “must
have” data will overburden the field crews and result in worker
resistance. By restricting the data to essential items, the inven-
tory stands a far better chance of success. Considering how the
data will be used and what the desired end products are has
proved to be a good way to determine what relevant data items
are.

The data elements collected as part of sign inventories have
evolved over the years. Sign inventory data elements were de-
fined in the early 1970s for urban agencies (37) and further
defined in the mid-1970s for nonurban agencies (38). Figure 22
is an example of an early sign inventory. The data elements
included are:

e Sign number (a unique number assigned to each sign to
allow for computer filing and updating),

o Street name of the street on which the sign is located (could
also be block number or route number),

o Sign location distance (distance and compass direction from
nearest intersection or control point),

o Name of reference cross street or control point,

o Side of street or roadway (north, south, east, west, island,
overhead, etc.),

« Direction sign is facing (compass direction),

e Sign code (MUTCD coding scheme or other agency
coding),

o Sign size (horizontal and vertical dimensions generally in
inches),

o Date (date of last work or date of inventory, whichever is
more recent), .

o Remaining life of sign (based on sign face material, date of
sign face installation or last replacement, and manufacturer’s
warranty for that material),
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« Sign condition (good, fair, damaged, rusty, etc.),

o Visibility factor (good, rotated, obstructed, etc.),

» Support type (U-post, square post, utility pole, etc.),

« Support condition (good, fair, bent, etc.), and

o Conformance to the MUTCD in terms of color, legend,
shape, and vertical and lateral clearance.

In addition, some inventories provide for:

« Listing of traffic control devices quantities by type,

o Traffic control device maintenance totals by sign or road
section to identify high-knockdown-frequency locations, and

o Traffic control device quantities used during the year to
manage the sign shop inventory of materials.

Over the years, the sign inventories have matured and some
of the original data elements were found to be no longer relevant.
The sign inventory data that were collected were then modified
to meet current needs. Second-generation inventories now in-
clude the following additional data elements (Figure 23):

o Reason for work (new installation, general maintenance,
relocation, vandalism, accident, etc.),

o Work to sign (install, replace, repair, clear brush, etc.),

o Work to post (install, replace, repair, etc.),

¢ Date sign placed in field (month, year),

o Years face at site (difference between current date of inven-
tory listing and date sign placed in field; this has replaced ex-
pected life to provide a more accurate estimate of the condition
of the sign’s retro-reflective material),

o Sign face material (Type III, engineering-grade, nonreflec-
tive), and ]

e Knockdown and vandalism tally for the current year and
to date.

In addition to different data elements, many second-genera-
tion inventories used an on-line system to update the data ele-
ments immediately as opposed to batch processing. This allowed
the addition of sign and post quantities on hand, used to date,
and determination of when to order new material.

Currently, research is under way at FHWA to develop a mi-
crocomputer-based sign management system (39). This third-
generation sign inventory will go beyond being just a listing of
sign type and location. The system will use predictive computer
models for sign deterioration to estimate when a sign is likely to
need replacement. In this way, an agency’s limited resources can
be used to replace those signs that are in the most serious need
of maintenance (Figures 24-26).

Data elements that are unique to this system include:

o Most recent inspection date (mm/dd/yy),

« Sign retro-reflectivity reading [in specific intensity per unit
area (SIA)] measured with a commercially available retro-reflec-
tometer,

« Sign condition,

« Complexity—subjective assessment of the visual complexity
of surrounding area (e.g., high—very urbanized area with a lot
of competing information, low—rural area with little competing
information),

o Speed limit,

« Road alignment (curve, straight),
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ISIGN NUMBER  IMAIN STREET ISIGN I REF. X-ST. ISIDE IDIR. 1 SIGN 1 SIGN IDATE  IREASONI WORK I WORK I DATE I YEARSISIGNI
1 1 I1LOCA- 1 10F ISIGN 1 CODE 1 SI1ZE 1 1 FOR 1 T0 5 TO I SIGN I FACE IFACEI
1 1 ~tITION 1, ~ISTRT. 1FAC- 1 1. 1 T WORK I SIGN 1 POST I FACE I AT ITYPEI
1 1 : HRRES {:) £ S SRTNLAETEE S SRR §{ A SR A . 1 :. X1 . 1. - IPLACEDI SITE 1 1
Pommsmo e esaaon Focm-mmemeoe 4o s $e-ccoo Rt $ocooinas Po-icbeooio Rl R 4ol uiliodadccaiagamnnd
11102032142000 TEN MILE 586 E MILFORD N =g-E- P D3-2A 048X12 03 25 ,86 MAIN REPL NONE 0386 1.6 REFL
11102032142001 TEN MILE 586 € MILFORD RD N %;E w2-2 - 036X36 08 15 .79 ) T 0878. 8.2
11102032143000 TEN MILE 48 E MILFORD ROAD N £ D3y 018X09 *Q9 28 .75 N s 0975 124
11102032144000 TEN MILE 179 W MILFORD RD N E P R2-1-50 024X30 03 26 ,86 MAIN REPL REPL 0386 1.6 REFL
11102032145000 TEN MILE 179 W MILFORD ROAD N [ T UNKN 018X16 +09 28 ,75 i 0975, 12.1 ‘
11102032146000 TEN MILE 720 W MILFORD ROAD N £ R4-2 - 0©24X30 04 25 ,7S 0475 12.5
11102032147000 TEN MILE 342 W MILFORD RD N E P R4-2 024X30 03 26 ,86 MAIN REPL REPL 0386 1.6 REFL
11102032148000 TEN MILE 33 E FAIRVIEW DR N E D3-1 020X09 0% 2B .75 0975 12.1
1§102032148050 TEN MiLE 405 € DOUGLAS N E P R4-1 ‘ 024X30 03 26 .86 INST INST INST 0386 1.6 REFL
11102032150000 TEN MILE 128 € DOUGLAS N E P R2-1-50 024X30 03 26 ,86 MAIN REPL NONE 0386 1.6 REFL
11102032151000 TEN MILE 18 € UNKN N E D3-1 036X09 +09 28 ,75 0975 . 12.1
11102032151050 TEN MILE 282 W _DOUGLAS N E P R4-2 024X30 03 26 ,86 INST _ INST _INST 0386 1.6 REFL
11102032151100 TEN MILE 200 E FARMVIEW N E P R4-t 024X30 03 26 ,86 INST  INST INST 0386 1.6 REFL
11102032152000 TEN MILE 690 E GRISWOLD N E P Ra-2 024X30 03 26 .86 MAIN NONE NONE 0980 - 7.1 REFL
11102032154000 TEN MILE 442 E _GRISWOLD N 3 R2-58 024X30  *09 28 75 N - .69§S 12,1
11102032155000 TEN MILE 273 W GRISWOLD N E P R4-1 024X30 04 18 .86 MAIN REPL REPL 0486 1.5 REFL
11102032156000 TEN MILE " 6B W GRISWOLD N E P R2-1-45 024X30 03 26 .86 MAIN NONE NONE 0481 6.5 REFL
11102032157000 TEN MIiLE 605 E MARTINDALE N _ E P D3-2 ' 048X12 03 25 ,86 MAIN _ REPL _NONE 0386 1.6 REFL
11102032158000 TEN MILE 40 E MARTINDALE N E D3-1 036X08 +09 28 ,75 . 0975  12.1
11102032158050 TEN MILE 134 W MARTINDALE N E P R2-1-45 ozixao 04 9 .85 ACCD REPR 0882 . 5.2 REFL
11102032159000 TEN MILE 637 W MARTINDALE N E - R2-5B 024X30___08 10 .82 ' - ' 'fv oSaé 5.2
11102032160000 TEN MILE 229 W MARTINDALE N E Rf—sa 012x18 +09 28 ,75 0975__ 123
11102032161000 TEN MILE - 234 W MARTINDALE N E 12-2a 048X24 +09 28 ,75 ' 0975A: 12. 1
11102032162000 TEN MILE 234 W MARTINDALE N 3 X0C- 024X24 +09 28 .75 0575 12,3
11102032163000 TEN MILE 234 W MARTINDALE N £ $3-2 030X48 +09 28 .75 0975  12.1
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Sign Management System (SN S) - FBA I

To display, aodify, add or To display, sodify, add or
delete records from a sign

inventory tile dictionary

HHHHHHE

PARAMETERS

To enter, display or modify
the average material cost

‘lbtemtnm’m
the sign dictiopary or an
inventory file

HHHHHE I
e

delete records from the sign |

ST
[ |——

{1111}: Enter selection (ID,P.R, Q to Quit, or B for HEP) : :iffffff{{

FIGURE 24 SMS main menu.

AID New Reccrds  (FEMA)

LOCATIONID. 1 ROUTE NAE/# CONSTTTUTION AVE.

INTERSECT PENNSYLVANIA AVE. STATION  100.00 DIRECTICN N
POSTTION R CFFSET 5 HEIGHT 7 CRIENTATION S
DATA | MWD R2-1 LEGEND "SPEED LIMIT" (25]

(<F4> Insert DICTIONARY value)

o Number of lanes, and
« Flow (divided highway, one-way street, or two-way road).

The following data elements would be calculated by the com-
puter models:

o Available SIA—estimate of retro-reflection available,

¢ Required SIA—estimate of retro-reflection required,

o Recognition Distance—estimate of recognition distance
available, and

o Replacement Date—estimate of the date when the sign
should be inspected for possible replacement.

Upon completion, the sign management system will operate
as a stand-alone microcomputer-based sign inventory, or the
predictive models can be transported into mainframe programs
for those agencies that use mainframe systems.

COSTS OF INVENTORY DEVELOPMENT

The selection of an appropriate inventory development process
is dependent on many factors. However, the primary consider-
ation is generally the cost-effectiveness of the inventory pro-
cedure.

Datta and Herf (40) evaluated the various alternative inven-
tory procedures related to sign density and determined estimated
costs for the alternative inventory procedures shown in Table 6.

The estimated cost of the photologging includes the cost of

SIZE: ¥: 24 H: 30 SHEETING 2 BACKINGA FOSTS  OONDITION F
film at $125/400-ft roll and the cost of processing at $95/roll.
DRSTALL DATE 10/19/82  DNSPECT DATE 10/28/87  smh: L:  B: 38 Based on the estimate that 27.5 roadway miles can be recorded
COMPLEXTTY B s 25 CURVEN  LANES 6 LV 2 per roll, this equates to a film cost of $8.00/roadway mile (1987
RESULTSIAvmm.Bm 0.0 REQUIRED SIA 0.0 dollars).
RECOGUITION DISTANE 0 REPLACBYENT DATE
e —p—— WORK ORDER FORMS
FIGURE 25 Add screen. Street ‘and highway signs are worked on by maintenance crews
on a daily basis, and the success of the inventory system is
dependent on the quality of the information obtained from the
field personnel. The changes made by the work crews to the
- INSTALL INSPRCY S
10§ 1008 TARE DIL INTERSECTION STATION NOYCD CODE nant nun L 3 1°LCost
! CONSTIICTION AVE. Y PENUSTLVABIA IVE. 100.00 12-1 10/19/82 0728787 0 B8 16,00
2 CONSTITUTION AVE. I COBNBCTICAT 71, 100.20 11-1 10/30/81 11/13/87 %0 12 PR
J CONSTITOTION AVE. I VERNONT AVE. 20,00 18-l /12/86 10/02/81 45 1 0.0
¢ COESTITUTION AVE. T VBREON? AVE. 50.00 6-1 35/08/86 1370187 ) 38 1.4
5 CONSTITTTION AVE. I NAINE AVE 10.00 13- 10/]0[35 10/10/87 ¢ 3) 140
' T0TAL 12CORDS 5 T074L COS? § 18.40

FIGURE 26 Sign inventory report.



signing system must be entered into the inventory files. All agen-
cies that have an inventory use some type of work order form to
record their maintenance activities, regardless of whether the
inventory is manual or computerized.

The purpose of a work order form is two-fold: (a) it enables
an agency to have a planned maintenance program and (b) it
enables an agency to keep the inventory files current, ensuring
that new installations and maintenance changes are entered to
update the files.

Work order forms are generally divided into two areas. The
top half of the form, which is generally filled out in the office,
is the information on the location of the sign, the work to be
done, and any other instructions to the field crews. The bottom
half of the form relates to when the work was completed, what
materials were used, what equipment was required, who com-
pleted the work and when, utility clearance, and sign placement
as recorded in the field by the maintenance crews.

TABLE 6
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The completed work order is returned to the sign superinten-
dent, so that the overall progress of the sign maintenance pro-
gram can be monitored, and then to the sign inventory staff, to
update the card files, strip maps, or the computer files to keep
the inventory current.

Most of the forms used in computer-based inventory systems
are set up so that the separate hand-coding of information is not
required. That is, the data fields on the work order form are
marked by the field or office staff so that the data entry personnel
can read the form directly and input the information into the
computer. For most systems, this requires that each sign be
placed on a separate form.

Those agencies that are using a manual sign inventory system
generally record the total day’s maintenance activity on one form
to reduce the paperwork and ease the record-keeping process.

Samples of various work order forms used by agencies are
included in Appendix B for reference.

ESTIMATED COSTS FOR ALTERNATIVE INVENTORY
PROCEDURES IN COST PER ROADWAY MILE

Second
Roadway Generation
Category Manual Photolog Videolog
Urban $134.41 $69.62 $68.88
(High Sign
Density)
Urban/Suburban 82.61 46.98 31.29
(Moderate Sign
Density)
Rural/Small Urban 43.84 29.07 22.11
(Low Sign Density)
Rural 15.27 23.74 16.05
(Very Low Sign

Density)




CHAPTER FIVE

MAINTENANCE FACILITIES, EQUIPMENT, AND MATERIALS

To maintain the highway signing system, specialized opera-
tions, equipment, and materials must be available to the responsi-
ble jurisdiction from public or private sources. These resources
can include: a fully staffed sign shop, sign manufacturing equip-
ment, sign materials, posts and other mounting materials, field
equipment to install signs, and other hardware.

MAINTENANCE FACILITIES AND EQUIPMENT
Sign Shop

The size and scope of sign shop operations vary from state to
state and agency to agency as dictated by local economics and
policy decisions.

Some smaller agencies may decide not to set up a sign manu-
facturing facility but instead buy completed signs from other
agencies, such as the state, county, or other communities, or
from private sign manufacturing companies.

Some medium-size agencies fabricate only a few types of signs,
such as street name or other limited-production signs, and rely
almost entirely on signs purchased from outside sources. For
instance, Montgomery County, Maryland, purchases signs that
are used frequently (STOP sign, speed limit, etc.) from a private
sign fabrication company and only manufactures in-house the
little-used or unique signs. It feels that it is able to significantly
reduce its maintenance costs through this purchasing process.

Because of the relatively large investment required for equip-
ment, only the largest agencies have more than one sign shop.
Because more than one sign shop would require expensive dupli-
cation of equipment, most agencies have found it more economi-
cal to consolidate the sign manufacturing into a central shop and
ship the completed signs to smaller district shops. However,
some agencies do maintain a limited amount of sign fabrication
equipment at their district sign shops to meet the fabrication
needs for emergency sign maintenance. The central sign shop
usually supplies the signs required for general maintenance activ-
ities.

In some states, prison labor may cut and furnish sign blanks,
whereas in other states the prison labor may furnish the com-
pleted sign. A number of agencies use the federal Prison Indus-
tries for the purchase of traffic signs. Signs purchased from
Prison Industries are prequalified for federally funded projects
without having to go to bid.

Central versus District Sign Shops
When agencies decide to manufacture their own signs, they

may manufacture them all at one central facility or they may
manufacture all or part of them at the district level.

An FHWA Federally Coordinated Program of Research Cate-
gory 7 study of sign maintenance in Arkansas, Florida, and
Kentucky “. . .recommended that the States develop a central-
ized sign shop as the most economical method of fabricating and
refurbishing signs” (47). The major economies of centralized
sign shops are that:

¢ Materials purchasing is more effective because the materials
can be delivered to one location.

« Sign fabrication crews become more efficient because they
are able to gain more experience in a centralized sign shop.

o The quality and quantity of the signs in the shop inventory
increase.

« Better control of the sign inventory is maintained and the
production of signs that are not needed is reduced or eliminated.

Size of Sign Shop

The determination of what size and how extensive the opera-
tions of a sign shop should be depend on:

» The number of signs maintained by the agency,

o The cost of labor and materials for agency employees to
fabricate the signs versus the cost of prefabricated signs,

o The need and ability to reassign sign maintenance workers
and sign fabricators to other work activities during inclement
weather or slow periods,

o The availability of storage facilities to keep an inventory of
important signs for emergency replacements,

o Local policies on the response time for emergency replace-
ment, and

o Local policies on purchasing.

Sign Shop Equipment

When using only prescreened, manufactured sign faces an
agency needs the following fabrication equipment:

o Heat vacuum applicator
o Squeeze roller

When fabricating the sign completely in-house, the following
fabrication equipment is needed:

o Heat vacuum applicator
e Squeeze roller



« Screen table
o Exposure frame
» Light source
e Layout equipment
Computer
Photo
Hand-cut film
« Fabric stretchers
¢ Screen wash area
o Squeegee sharpener
o Fans
o Die-cut letter press
o Screen frames
e Drying racks
o Metal shear

Sign Shop Layout

The sign shop should be designed to create a smooth flow
from the entrance of the raw materials to the exit of the fabricated
sign. Interference between work areas and traffic patterns should
be minimized.

Figure 27 (42) shows typical small sign shop functions and
illustrates general locations that have been found to produce
efficient operation. Locations of storage areas, fire walls, sanitary
facilities, exits, etc. must be considered, depending on local build-
ing codes and health and safety requirements.

Figure 28 (42) shows typical medium to large sign shop func-
tions and illustrates general locations that have been found to
produce efficient operation. As with the small shop layout, loca-
tions of storage areas, fire walls, sanitary facilities, exits, etc.
should be provided to meet local building codes and health and
safety requirements.

Sign Storage

Many agencies have found it useful to establish a sign storage
area for keeping an inventory of frequently used signs. This
provides the agency with signs for emergency replacements and
gives it the opportunity to reduce costs by making large produc-
tion runs of common signs and then storing them for later use.
Agencies with sufficient storage space have found that storing
the signs vertically in racks reduces sign damage during storage,
preserving the retro-reflective qualities of the sign faces. Such
sign racks are fairly simple to make and relatively inexpensive.
Material costs run about $500 (43). Many agencies have also
found that rack storage requires less floor area than simply
stacking the faces on top of each other. The racks also provide
a quick and efficient means of inventory control. Figure 29 shows
some typical storage arrangements for signs.

Field Equipment

The efficiency of sign crews is dependent on the availability
of the proper equipment to quickly and safely complete the task
at hand. Depending on the sign maintenance activity, a sign
crew’s needs may range from a wrench to tighten a loose bolt
to an aerial lift for the replacement of overhead signing. Field
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equipment, as used in the context of this synthesis, includes:
vehicles, tools, and safety equipment for the workers and equip-
ment operators.

Sign Truck and Related Equipment

The International Municipal Signal Association IMSA) Traf-
fic Signal Manual of Installation and Maintenance Procedures
(44) provides a general guide to assist in the selection of truck
type, bodies, aerial lifts, and related equipment used in the main-
tenance of traffic signals (Figures 30 and 31). Most of the discus-
sion in the IMSA manual that relates to the selection of signal
maintenance equipment is also appropriate for the selection of
equipment used for the maintenance of traffic signs.

The IMSA manual suggests that three areas should be consid-
ered before the purchase of any truck or aerial equipment for
field maintenance work:

¢ Does the equipment provide adequate work performance?
Sufficient gross vehicle weight rating
Aerial lift capacity
Platform work area

o Is it a proven product?
Certified number of units in service
Reliability of design
Safety features

o Is service available?
Service contract
Replacement parts
Warranty

The truck and related equipment section of the manual also
provides:

« Specifications for various types of aerial equipment,

¢ Occupational Health and Safety Administration rules and
regulations for aerial lifts,

« Components of pickup bodies, utility service bodies, mainte-
nance bodies, and crew compartment bodies, and

e A listing of accessory equipment for bodies and other re-
lated equipment.

Other Equipment for Sign Maintenance

Other sign maintenance equipment found on a typical sign
truck would include:

o Earth auger

« Pavement breaker and drill
o Portable generator

o Impact wrench

¢ Chain saw

o Post driver

¢ Post puller

o Aerial bucket or platform
o Sign racks

¢ Toolboxes and hand tools
o Acetylene torch

¢ Floodlights
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Typical small shop func-
tions illustrating general
locations for efficient oper-
ation. Provisions are re-
quired for storage, fire
walls, sanitary facilities,
exits, etc. depending on
applicable state and local
building codes, health and
safety requirements.

SMALL SHOP

30 x 30 feet (9m x 9m)
Heat Lamp
Vacuum
Applicator
Ix4
—
36" HSRA Layoul Cut Out
Table Letter Storage
Portable
Table S
Sheeting
Storage
Portable
Table

Work Area
Street/Road Signs

Metal and Finished
Sign Storage

9
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MEDIUM TO LARGE SHOP
40 x 70 feet (12m x 21m)

/
3 Heat Lamp Vacuum Dratting
HSRA Applicator Table

4xBor5x12 Layout 7]

Portable Table
Purch
z N
o
B Meal
- Shear
2
i
g- Finished
nis
s Dilice Shaon ts:‘l:x?ng ~
Sheeting Stcrape Storage e

Typical medium to large shop
functions illustrating general
locations for efficient opera-
tion. Provisions are required
for storage, fire walls,
sanitary facilities, exits, etc.
depending on applicablie
state and local building
codes. health and safety
requirementis.
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FIGURE 30 A sign truck.

o Arrow board

o Worker safety equipment (hard hats, safety vests, goggles,
etc.)

e Warning flashers

MATERIALS

A typical sign installation is made up of the following ele-
ments:

 Sign blanks
= Sign faces
e Signposts

FIGURE 31

Sign storage on truck.

Sign Blanks

The most widely used sign blank materials are wood (usually
plywood) and aluminum. Recently, there has been some use of
plastic and rcinforced fiberglass as sign blank materials.

Large agencies, because of their need [or large quantities of
signs, have obtained considerable cost savings in hiying, laige
sheets of aluminum and cutting them to size. In addition, the
large shears used to cut the sheet aluminum into sign blanks may
also be used to salvage damaged signs by cutting them into
stnaller blauks.

However, almost all smaller agencies find it more economical
to purchase from manufacturers sign blanks already cut to size
rather than purchase large sheets of aluminum and cut their own
sign blanks. This reduces the need for large sheet-storage areas
and expensive metal-cutting equipment. Some smaller agencies
have found it more economical to use only metal sign blanks
rather than both metal and wood. This standardizes their sign
face application process and eliminates the need for two different
storage areas for the different materials. However, with the in-
creasing cost of aluminum, many agencies are finding that the
purchase of a sign stripper should be investigated.

Sign Faces

An agency can purchase prescreened sign faces for application
onto the sign blanks or it can fabricate its own. There are four
basic methods of sign face fabrication. They are: silk screening,
overlay, stenciling, and hand painting.

Silk Screening

When an agency manufactures large quantities of the same
sign, silk screen printing can be a low-cost alternative for creating
sign faces. However, many small agencies do not create the
volume of signs or have the expertise to justify the purchase of
the equipment required for this process. These smaller agencies
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FIGURE 32 Sign silk screening,.

have found it more economical to purchase prescreened faces
from suppliers. Figure 32 shows the silk screening of sign faces.

Overlay

Overlay fabrication is a process in which retro-retlective cut-
out letters or shapes are applied to retro-reflective sheeting (Fig-
ure 33). The letters or shapes may be purchased precut from
suppliers, cut with a die-cut press, hand cut with stencils and
scissors, or cut using a computerized letter-cutting system.

The state of Washington estimates that a die cutter saves it
more than 25 percent in the cost of materials every year. The
die-cutter allows the state to use almost all of the scrap material
that had previously been discarded. In addition, by cutting letters
or shapes as needed, the state does not have to stock a large
supply of precut letters or shapes from suppliers (45).

Montgomery County, Maryland, uses a CAD system for sign
legend layout and fabrication. The sign legend is laid out onto
pin-fed retro-reflective sheeting and automatically cut by a com-
puter-driven plotter equipped with a cntting edge (Fignre 34).
Montgomery County has found that the main advantage of the
computer-aided system is the quick and casy adjustment of letter
and word spacing and letter size and the speed at which a large
number of identical legends, such as specific street name, can be
cut out.

The city of Grand Rapids, Michigan, also uses such a comput-
er-aided system. It estimates that it can lay out and cut a sign in
20 min, compared with the 120 min that it took to do it manually.
In addition, it has reduced the number of silk screens that it has
kept on hand because it is able to store sign layouts in computer
files and call them up when needed. It currently maintains only
20 silk screens of standard signs. The rest of the sign layouts
that it needs are stored in files on the computer.

Signposts
Highway signs are positioned and mounted in a variety of

ways, using a variety of materials. Agencies place signs on steel,
aluminum, or wooden posts or on existing utility poles. Posts

— e ——

FIGURE 33 Overlay fabrication process.

may be round, square, U-shaped, or other shapes. In order to
meet American Association of State Highway and Transporta-
tion Officials (AASHTO) standards, the post must be rigid
enough to resist twisting in the wind or collapsing under the
weight of snow and ice, and the post must be designed to break
away or bend over when hit by an errant vehicle. A good sign
support system will not create a collision hazard for motorists.
It is also made from readily available low-cost materials and is
inexpensive to install and maintain.
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FIGURE 34 CAD sign system.

Ross et al. (29) in a 1979 survey of federal agencies, state
highway agencies, state turnpike authorities, cities, counties, sign
suppliers, and contractors on signpost usage found that for sin-
gle- and multiple-post installations, the U-post was the most
widely used sign support. Approximately 34 percent of single-
post sign installations and 30 percent of multiple-post sign instal-
lations were placed using a U-post. Table 7 summarizes the
Ross survey. The results of the survey also showed that there is
considerable variation in the use of wood posts, round tube posts,
and square tube posts by different jurisdictions.

TABLE 7

Signpust Buses

To be effective in providing needed information to the motor-
ist, and because of limited right-of-way availability on many
roadways, most sign installations are placed within the clear
zone of the traveled way. Therefore, the sign and its support
system must be designed to break away or yield so that the
installation does not become a fixed-object hazard. A yielding
support is an embedded sign support the base of which bends
over when struck by a vehicle. Most sign foundations simply
consist of a signpost driven into the ground.

For single-post installations, Ross found that many of the U-
posts are simply driven into the ground without any breakaway
mechanism (Table 8). For wood posts, approximately 30 percent
are weakened at their base by drilled holes, notches, or some
other means (Figure 35). For round steel pipe signposts, approxi-
mately 28 percent use a slip base, a weakened section, or a
threaded coupling. About 43 percent of the steel square tubing
posts have a slip base (Figure 36) or other type of breakaway
mechanism. All agencies that use beam-type posts use a coupling
or slip base design.

For multiple-post installations, the U-post design is again the
most widely used sign support, being used with approximately
30 percent of all multiple-post installations. As with single-post
installations, almost all of the multiple-post installations are sim-
ply driven into the ground (Table 8). For wood posts, approxi-
mately 35 percent are weakened at their base by drilled holes or
notches. For round pipe signposts, approximately 23 percent use
a slip base and 15 percent have some other form of foundation
such as a threaded coupling. About 31 percent of the steel square

TYPE OF POST USED IN SINGLE AND MULTIPLE POST SIGN INSTALLATIONS
(PERCENT USEAGE BY JURISDICTION) (29)

Single Post
Type and Shape

Multiple Post

of Material State Cities CountiesOther Total State Cities Counties Other Total
Steel or Aluminum

"U" Single 298 486 483 36.6 340 324 18 978 45 297
"U" Back to Back 1.2 0.0 0.0 00 09 3.4 0.0 NR 0.0 3.0
Square Tube 13.6 10.1 13.4 29 127 7.0 114 NR NR 7.2
Round Pipe 258 333 5.8, (122 ‘256 56 836 22 03 133
Beam (ISWorH) 02 0.0 0.0 NR 03 233 0.0 0.0 38 204
Angle (2) NR 1.3 0.0 00 02 0.0 0.0 0.0 00 0.0
Wood

Square 289 6.3 325 380 256 274 .35 0.0 536 25.1
Round 05 00 0.0 42 05 09 00 0.0 155 1.0
Combination 0.0 0.0 0.0 6.1 0.1 NR 0.0 0.0 20.1 0.3
Plastic

Round Pipe 00 04 00 00 01 00 00 00 00 00
Total 100.0 100.0 100.0 100.0 100.0
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TABLE 8
BREAKAWAY MECHANISMS OF THE MOST WIDELY USED SINGLE- AND MULTIPLE-POST SIGN
INSTALLATIONS (PERCENT USEAGE BY JURISDICTION) (29)

Single Post Multiple Post

Type and Shape Slip Drilled Weakened Not Slip Drilled Weakened Not

of Material Base Hole Section Other Given None Base Holes Section Other Given None
Steel

"U" Single 23 00 0.0 11 69 897 48 0.0 00 00 71 881
"U" Back to Back 0.0 0.0 0.0 0.0 0.0 100.0 0.0 0.0 00 00 00 100.0
Square Tube 200 29 29 171 143 428 00 0.0 62 250 125 563
Round Pipe 17.9 0.0 26 7.7 77 641 23.1 0.0 0.0% 154" 7.7 538

Beam (,SW or H)100.0 0.0 00 00 00 00 1000 0.0 00 00 00 0.0

Aluminum

"U" Single 00 00 00 00 00 100.0 00 00 0.0 00 0.0 1000
Square Tube 00 00 0.0 00 00 1000 00 0.0 0.0 0.0 0.0 100.0
Round Pipe 182 0.0 00 182 91 545 00 00 00 222 111 667
Beam (ISWorH) 00 00 00 00 00 1000 75. 00.0 00 00 00 250
Wood

Square 1.7 200 83 0.0 200 500 1.8 255 73 00 145 509
Round 00 00 00 00 00 1000 00 00 333 00 00 667

FIGURE 35 Wood signpost with weakened
section.

FIGURE 36 Slip base.



52

tubing posts have a slip base or other type of breakaway mech-
anism.
Other base systems for signs include:

o Frangible coupling
o Break-safe coupling
o Wedge-lock base

e Bolted base

Selection Criteria for Signposts

Ross found that for most agencies the impact performance or
crashworthiness of the system is the most important factor in
selecting the type of support system for a sign installation (Table
9). Other factors include:

o Installation cost

o Maintenance cost

¢ Amount of maintenance required

e Availability of replacement materials

Purchasing Procedures for Sign Maintenance
Materials :

The procedures used to purchase sign maintenance materials
can have a significant effect on the prices obtained in the bidding
process. Factors that can affect the bid prices on material in-
clude:

o Availability of raw material,

¢ Quantities of material purchased,

e Number of suppliers bidding, ‘

o Number of places and locations to which the material is to
be delivered,

o Time of the year the bid is let, and

 Special-contract purchasing.

An FHWA study of sign maintenance in Arkansas, Florida,

and Kentucky (47) compared bids received on comparable items
and found a large cost difference for many items. It was con-

TABLE 9

cluded that a significant savings in materials costs could be
realized by purchasing materials on a yearly basis. In cases in
which an agency has insufficient storage space for large quanti-
ties of material or in which the material has to be delivered to
district shops, the bidding could be done with a requirement in
the request for bid for the delivery of partial quantities at differ-
ent locations on different dates.

Agencies should consider a comprehensive review of their
purchasing procedures, because significant savings in materials
costs can be obtained in a very short time with practically no
implementation cost.

Suppliers

Many agencies have realized significant savings in the cost of
maintenance materials and equipment by actively promoting
competition among suppliers. They do this by maintaining up-
to-date lists of suppliers, widely circulating written notices of
upcoming requests for bids, and even placing telephone calls to
potential bidders to broaden the competition.

For agencies without lists of approved suppliers, sources of
material and equipment can be obtained from:

« neighboring agencies,

o state departments of transportation,
" e trade associations, and
professional journals.

The Public Works Journal Corporation publishes an annual
Public Works Manual (46) that includes listings for street and
highway suppliers.

DURABILITY

With constrained budgets, the durability of sign materials is
a critical issue for public agencies. Signs that provide a longer
useful life not only reduce materials costs but also save labor and
equipment costs. However, there is a trade-off between materials
life expectancy and cost. Most agencies rely on product warrant-
ies to develop durability specifications for sign materials.

RANKING OF SIGN SUPPORT SELECTION FACTORS (BY AGENCY TYPE) (29)

Sign Support State

Selection Factors Agencies Cities Counties Other Total
Availability of Materials for

Replacement 3 4 3 4
Amount of Maintenance Required 1 2 2 3
Initiagl and Maintenance Costs 2 2 4 2
Collision Hazard to Motorists 4 1 1 1
Total Number of Respondents (46) (35) (15) 9 (105)




To ensure adequate traffic control device material durability
many states have established committees to test new materials
before they are used in the field.

For example, the Michigan Department of Transportation
(MDOT) has established a New Materials Committee. Before
any product is used in sign fabrication or placement on state
projects, the material must he approved for use by the New
Materials Committee, This committee is made up of representa-
tives from the following divisions within MDOT:

« Construction

Maintenance (this division includes the sign shop)
Traffic

Right-of-Way

Materals and Technology

Any new material proposed for use on state projects is sent to
this committee for investigation. If the committee decides to
consider the material, it is forwarded to the appropriate division
for testing.

In the case of sign materials, the Materials and Technology
Division conducts the physical testing of the material to ascertain
the material’s conformance to state specifications. For sign face
material this testing includes:

e Preweathering retro-reflectivity and color conformance
testing
e Physical testing
Liner removal and adhesive bond
Impact
Peel
Solvent resistance
Water immersion
Flexibility
Accelerated weathering
Shrinkage

The Michigan Department of Transportation specifies in the
“Michigan Standard Specifications for Construction” (47) thc
minimum level of retro-reflection that a sign must maintain after
a set amount of time in a weatherometer (Figure 37). The level
of retro-reflectivity and the time exposure in the weatherometer
vary depending on the type of sheeting. The exposure and retro-
reflective values for different types of sheeting are as follows:

o Type II - Enclosed Lens

1000 hours of exposure

50 percent of initial specification retro-reflectivity
o Type Ila - Enclosed Lens - Extended Life

2200 hours of exposure

50 percent of initial specification retro-reflectivity
o Type III - Encapsulated Lens

2200 hours of exposure

80 percent of initial specification retro-reflectivity

If the material survives the weatherometer testing, a minimum
of 10 signs are placed in the field to determine performance
under actual traffic conditions. Periodically throughout the year
retro-reflective measurements of the sign faces are taken. After
the specified exposure period, if the signs are still within the
requirements shown above, the sign face material is recom-
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FIGURE 37 Weatherometer.

mended to the New Materials Committee for approval. The New
Materials Committee reviews the test data, the track record of
the company, and comments from the various other departments
related to the material. The committee then decides if the new
material should be added to the state’s approved-product list.

Continued Testing of Approved Materials

To ensure that a manufacturer maintains the quality of an
approved material in production, MDOT conducts tests on the
delivered production material on a continuing basis.

This testing is as follows:

o For every production run number, a roll of material is
selected at random and the retro-reflectivity and color of the
material is tested.

« For every 10 to 15 production run numbers, a roll of mate-
rial is selected at random and all of the physical tests, except the
weatherometer, are conducted.

o Every five years, all tests, including the weatherometer, are
conducted on random samples of production material.

In addition, signs in the field that are more than seven years
old are randomly sampled to determine the appearance and
retro-reflectivity of the sign face material.



54

By following this testing and approval procedure, MDOT feels
it can ensure that all materials placed in the field will meet a
prescribed level of durability.

Future Directions in Materials Testing

Because of the high cost for testing materials, a strategy by
which materials testing becomes regionalized is developing. It is
believed that regional test facilities would minimize costs by
reducing the overlap in field and laboratory testing of materials
done by the states. A regional, rather than national, approach is
favored because not all states experience the same type of road
and weather conditions, but states in the same region usually
experience similar environmental conditions. A regional ap-
proach also allows the states to exercise a greater amount of
local control.

The 12 states that make up the Southeastern Association of
State Highway and Transportation Officials (SASHTO) have
completed a feasibility study of such a regional test facility and
have determined that a savings of approximately $400,000 per
year (1988) could be realized by the states in the SASHTO region
through the implementation of regional testing (48).

SPECIFICATIONS

Specifications are precise written descriptions of materials,
products, or services that are being purchased. In maintenance-
related activities, there are two common types of specifications,
general specifications and product specifications.

General specifications relate to contract requirements such as
bidding procedures, bond requirements, legal responsibilities,
prequalification of bidders, and other factors relating to the
contracting process.

Product specifications establish requirements that must be met
by the material, product, or service being purchased.

Specifications can have a significant impact on cost over the
service life of a material. For example, many agencies are speci-
fying Type III sign face material because of the longer useful life
of the material, even though the initial cost is higher.

Sources for obtaining information about various specifications
related to sign material are:

o “Standard Specifications for Construction of Roads and
Bridges on Federal Highway Projects,” FP-85, Federal Highway
Administration (49),

e American Association of State Highway and Transporta-
tion Officials (AASHTO),

e American Society for Testing and Materials (ASTM),

o Federal Specification LS - 300 C, General Services Adminis-
tration (50), and

e Manufacturers of signing materials.

Types of Specifications

Bid specifications may take different forms, depending on the
item purchased. The specification can be a:

« Conventional specification—A specification in which the
agency describes the item in detail or by product name.

o Technical specification—A specification in which the
agency defines the technical attributes of the material or
equipment.

¢ Performance specification—A specification in which the
agency sets forth minimum standards of performance that the
material or equipment must provide to perform the task for
which it is used.

Most agencies bid sign material based on some form of techni-
cal specification. However, considering the ramifications of the
FHWA proposal to include minimum retro-reflectivity stan-
dards in the MUTCD, some agencies envision that the specifica-
tions in the future will become more performance oriented; that
is, they will require a minimum level of retro-reflection after a
fixed period of field exposure.

Federal and State Specitications

On road and bridge projects using funds from the direct feder-
al-aid program, FHWA requires that the FP-85 specifications
(49) be used for sign materials. State-administered projects, even
those funded with federal funds, are usually governed by state
specifications, and many state specifications refer to the FP-85,
LS - 300 C (50), AASHTO, or ASTM standards for sign materi-
als or restate one of these standards with slight modifications.

Local Specifications

On projects or purchases that do not involve state or federal
funds, a local agency may use its own specifications. Because
writing detailed specifications is a time-consuming effort, many
local agencies simply refer to an applicable state specification in
their specifications and require the material to meet or exceed
this specification. The phrase “all material shall be in accordance
with the state’s standard specifications except as noted in the
special provisions” is frequently found in local agency specifica-
tions. However, most local agencies do not have the equipment
or expertise to verify that the material does indeed comply with
the specifications. Therefore, they may require the supplier to
certify conformance to the specification.

Sources for sign material specifications include:

Neighboring agencies,
State departments of transportation,
Trade associations, manufacturers, and suppliers,
e AASHTO,
o Local chapters of the APWA, Institute of Transportation
Engineers (ITE), or IMSA, and
e Other professional organizations.

The AASHTO guide “Specifications for Highway Construc-
tion” (37) encourages uniformity among state highway agencies
by providing standard formats and language for specifications.
Agencies that wish to prepare their own standard specifications
might find this document helpful.



REFURBISHING

Because of declining financial resources, many agencies refur-
bish sign faces and posts to reduce materials costs. In the past,
most sign faccs were chemically stripped from the aluminum
back in a cold-soak stripping tank. The stripping solution was
an advanced formula paint stripper designed to remove retro-
reflective coatings without damaging metal. However, this pro-
cess is no longer used because of the hazards associated with the
handling of the chemicals and the problems in the disposal of
the used solutions. Currently, most refurbishing is accomplished
by using a mechanical stripper (Figure 38) or by overlaying a
new sign face on the old face and blank (Figure 39).

As part of the previously discussed FHWA study of sign
maintenance for Arkansas, Florida, and Kentucky (47), Arkan-
sas’s sign scrap piles were analyzed to determine the amount of
material that could be salvaged by stripping or using an overlay
technique. Of 614 scrap signs studied, 61 percent (376 signs)
could be salvaged by stripping techniques. If an overlay tech-
nique was used for salvaging signs, 77 percent (475 signs) of the
scrap signs could be reused. The study found that only 22 percent
of the signs were unsalvageable and would have to be sold for
scrap.

Stripping

The Missouri Highway and Transportation Department
(MHTD) estimates that it has saved $3 for every dollar invested
in a sign reclamation effort that is able to salvage approximately
75 percent of Missouri’s used signs (52). The MHTD reclamation
process uses a sign blank straightener, a mechanical stripper that
uses a sanding procedure, and shearing and punching equipment

FIGURE 38 Mechanical sign face stripper.
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FIGURE 39 New sign face being overlayed over old.

for resizing the blanks. The costs (in 1977 dollars) for their
reclamation system included:

Sign sander $38,000
with dust collector *

Straightening machine 27,900

Mechanical shear 26,900

Two drill presses 2,800

Air compressor 2,800

Total Cost $98,400

During the first year of operation, it was estimated by MHTD
that 139,000 ft? of metal signs had been reclaimed by this process.
At 1978 prices, the savings amounted to $176,000.

Other agencies, such as the Minnesota Department of Trans-
portation, use a grinding process for removing the retro-reflec-
tive material in reclaiming used signs. For those agencies that
do not handle the volume of signs to justify the initial cost of a
sign reclamation system, there are private contractors that can
do the job.

The Pennsylvania Department of Transportation also salvages
its damaged aluminum signs. The actual recovery of the sign
blanks is done by a contractor, but sign shop labor is used to
handle and sort the used signs. In fiscal year 1986-87, 33,770
sign blanks, representing 37 percent of PennDOT’s annual sign
usage, were salvaged (53). An analysis of the PennDOT cost
savings per square foot of aluminum salvaged is as follows:
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Cost Element Cost per Square Foot

Salvage
Sign Shop Labor $0.07
Vendor Stripping 0.40
Scrap Value of ‘
Used Signs 0.37
Total $0.84
New Sign Blanks $1.07
Cost Savings $0.23

Overlay

Another way to refurbish signs is to overlay a new sign face
onto a damaged or faded sign face in the field or in the sign shop.

This process uses retro-reflective sheeting with a thin, semirigid
aluminum backing that has a pressure-sensitive adhesive. The
sheeting can be overlaid on old signs by wiping the old sign with
a solvent, then positioning and applying the new sheeting onto
the old sign. The retro-reflective sheeting material is then pressed
into place with a hard rubber roller applicator. In this process,
no stripping chemicals are used. Whether the overlay is done
on-site or in the sign shop, restoring signs by overlaying retro-
reflective sheeting eliminates the cost of purchasing new sign
blanks. ’

Some agencies are using pressure-sensitive overlay material to
upgrade large guide signs that are still mounted in place in the
field (34). Other agencies using the overlay process to reclaim
sign blanks are applying the material in the controlled conditions
of the sign shop instead of in the field to have better control of
the quality of the overlay. :



CHAPTER SIX

MAINTENANCE PERSONNEL

Street and highway sign maintenance is more exposed to pub-
lic scrutiny than almost any other government activity. The
millions of signs that have been erected along our highways are
viewed by hundreds of millions of motorists on a daily basis.
The maintenance workers installing, replacing, or repairing these
signs are also observed in their activities. Thus the public has
a front-row seat for viewing the performance of maintenance
personnel.

Sign maintenance workers are also entrusted with tens of
thousands of dollars in equipment. In addition, if they fail to do
their jobs properly they may open their agency to the potential
for millions of dollars in liability judgments. Therefore, it is
important that the agency’s workforce be made up of qualified,
conscientious employees.

CREW SIZE

The size of the workforce needed to perform sign maintenance
is usually related to the number of signs and size of the road
system. However, a Transportation Research Board (TRB) sur-
vey of maintenance and operation personnel in state agencies
found that a trend toward a reduction in permanent staff levels
is occurring in many states (55).

The TRB survey also found that 38 of the 50 states have
special crews devoted strictly to sign maintenance. An additional
six states have special crews that both maintain and refurbish
the signs. The survey also found from those states reporting that
the average sign crew had to maintain signs along 1888 lane
miles of road. The range of values for this variable ran from a
low of 280 lane miles to a high of 4826 lane miles. The survey
defined a lane mile as a 1-mile length of a single driving lane.

At lower levels of government, the maintenance of the 60,000
signs under the jurisdiction of Michigan’s OCRC are maintained
by eight sign crews. The 8000 signs in the city of Dearborn,
Michigan, are maintained by one part-time sign maintenance
crew. The 36,000 signs in the city of Grand Rapids, Michigan,
are maintained by four one-person sign crews. The 75,000 signs
in Toronto, Ontario, are normally maintained by 10 crews. In
addition, each agency has additional supervisory and support
staff, including superintendents, foremen, sign fabricators, etc.

Most agencies use a two-person crew for sign maintenance
activities, although some agencies have one-person crews and
other agencies may use three or more people per crew.

For special projects, such as replacing overhead signs that
are in high-traffic areas, multiple crews may be used for the
replacement of a sign or crews may specialize in only the replace-
ment of overhead mounted signs. For example, the Louisiana
Department of Transportation and Development has three spe-
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cial crews for the maintenance of large signs on breakaway posts
and trusses and other large signs. The three crews travel state-
wide, making frequent trips on the Interstate.

WORK FUNCTIONS

Several different skills are required for the maintenance of
street and highway signs. Although the job titles and job descrip-
tions may vary from agency to agency, the general work activities
and responsibilities remain the same. These general work activi-
ties include supervision, sign fabrication, and sign installation.

Typical job functions in a sign maintenance work activity as
determined by the TRB survey (55) include:

o Sign Supervisor is responsible for the fabrication, installa-
tion, and maintenance of traffic signing and for the activities of
the maintenance personnel under his or her direction.

¢ Sign Shop Foreman directs a crew fabricating traffic signs.

o Sign Erection Foreman directs a crew in the activities re-
lated to the erection and maintenance of all traffic signs.

« Sign Fabricator specializes in the fabrication of traffic signs.

« Sign Technician operates equipment and supervises laborers
for all activities associated with signing for both fabrication and
erection.

o Sign Laborer performs a variety of sign maintenance func-
tions such as the installation of new signs, in-field repair of signs
that are damaged, and the removal of signs that are no longer
needed.

SHIFT WORK

Most agencies perform all scheduled sign work during the day
shift. However, in some urban areas a second shift is used to
maintain signs in the downtown area. Sign maintenance in the
central business district would disrupt traffic flow during day-
time hours. All of the overhead signing in a jurisdiction is fre-
quently maintained on an evening shift, when traffic volumes
are lower and thus easier to control. For similar reasons, some
agencies maintain a second shift to perform maintenance on all
signs on urban freeways. A few agencies keep a 24-hr, full-time
operation, and others keep a skeleton staff on duty to respond
to emergencies. In addition, field inspection of traffic signs to
check retro-reflectivity requirements must also be done at night.

Overtime and Staffing Policies

Because overtime maintenance activities are a drain on a main-
tenance budget, most agencies restrict overtime as much as possi-
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ble. Depending on union contracts, civil service rules, day of
week, holidays, etc., the compensation for overtime could in-
clude straight pay, time-and-a-half, double time, or compensa-
tory time off.

With the intent of providing as safe a road system as possible
but still keeping control of overtime, some agencies have devel-
oped policies related to the after-hours call-in of sign workers
for emergency sign maintenance (Chapter 2). For example, the
OCRC in Michigan, in order to reduce unnecessary overtime
and eliminate confusion regarding which signs require emer-
gency call-in, has a policy that only the following signs will be
replaced during off-hours:

e STOP

YIELD

DO NOT ENTER
WRONG WAY

KEEP RIGHT

Railroad Crossing (Crossbuck)
Turn Sign

Curve Sign

Reverse Turn

Reverse Curve

Winding Road

Large Arrow

¢ Railroad Advance Warning

Some agencies indicate that any red regulatory signs (except
parking) or “W1- * yellow warning signs require overtime call-
in when reported during off-hours. Other agencies leave it up to
the discretion of the foreman or dispatcher to analyze the type
of sign and the specific sign’s importance based on location and
traffic flow to determine if a work crew should be called in. Still
others indicate that overtime is not used and all sign maintenance
takes place during the day shift.

When overtime is necessary, some agencies maintain an on-
call duty roster. They generally rotate the on-call responsibility
between staff, either on a daily or weekly basis. Other agencies
use a call-in procedure, based on seniority, by which the highest-
seniority worker is called first and then workers down the senior-
ity list are called until a complete work crew is found.

The responsibility for obtaining the necessary off-hours
staffing varies from agency to agency. Some agencies have an
on-call foreman who is responsible for obtaining the necessary
staff. In other agencies, a dispatcher is responsible for calling the
workers to inform them to report to work. No matter what
procedure is used, the workers must be aware of their responsibil-
ities so that the emergency work is completed in a timely fashion.

CATEGORIES OF MAINTENANCE PERSONNEL

Within the sign maintenance function, there are a number of

different activities, both in the office/shop or in the field.
One agency’s sign department has the following positions:

o Superintendent

¢ Accounting Clerk
o Foreman

o Skilled Laborer I
o Skilled Laborer II

o Semiskilled Laborer

o Equipment Operator

¢ Sign Fabricator

o Assistant Sign Fabricator
Carpenter

Depending on the work rules in the labor contract and the size
of the maintenance operation, many agencies have consolidated
these positions into fewer job classifications. A small municipal
organization may have the following sign maintenance positions:

o Foreman/Sign Fabricator
o Skilled Laborer
» Semiskilled or Unskilled Laborer

Office/Shop Personnel

The need for office/sign shop personnel is dependent on the
type of the maintenance organization. When district shops are
used, more supervisory and office personnel are generally needed
throughout the organization. When the sign maintenance func-
tion is consolidated at one location, fewer supervisory and office
personnel are necessary.

In most agencies, one person is in overall control of the sign
maintenance function. Levels of intermediate supervision may
be provided, depending on the size and complexity of the organi-
zation.

In larger agencies, an engineer, sometimes called the superin-
tendent or engineer of maintenance, is in overall control. If the
agency has a particularly large sign inventory, a clerk is fre-
quently used to manage the paperwork and keep track of and
process the work order forms to keep the inventory current.
In addition, engineering aides may be employed to investigate
complaints, including missing or knocked-down signs, and issue
work orders.

The actual sign maintenance is under the direct control of the
sign foreman. The foreman will oversee the sign crews’ work
activities. Depending on union contracts, local policies, and civil
service requirements, the foreman may just supervise the work
activities but may also become involved in the actual work.
Often, the foreman has risen in the organization and is generally
familiar with all of the sign maintenance work activities. In some
agencies, particularly the smaller agencies, the foreman may also
do the sign fabrication. In other agencies, the sign fabricator is
a separate shop position.

Field Personnel

In general, a sign crew is composed of two workers, one skilled
laborer, sometimes called a sign technician, who is the crew
chief, and one semiskilled or unskilled laborer who provides
assistance to the crew chief and is under the crew chief’s direct
supervision. Advancement in the laborer job classification is
generally based on union or civil service requirements and pro-
motion is generally from within.

RECRUITMENT AND RETENTION

In many agencies, the recruitment of employees to the sign
maintenance department follows the procedures for any public-



employment position. There may be open civil service exams or
the direct hiring of employees based on an interview process.
Advancement within the organization may be dependent on con-
tract provisions or civil service policies.

Because most sign maintenance activities do not require a
high level of technical knowledge, agencies did not indicate any
problems in finding workers to fill the sign maintenance posi-
tions. However, agencies that used a general laborer job classifi-
cation system, as opposed to a distinct sign worker job classifica-
tion, did report higher employee turnover because employees
were able to transfer between the sign department and other
maintenance departments quite freely. This rapid changeover in
personnel frequently results in the need for a continuing training
program for sign installation and maintenance for new employ-
ees. The agencies that had a specific job classification for sign
maintenance worker reported a higher level of retention within
the department. Here, the workers became knowledgeable in
sign maintenance activities, and there was less need for introduc-
tory sign maintenance training sessions and more time for train-
ing in other areas and refining job skills.

TRAINING

There are many aspects of training related to traffic sign main-
tenance. There is the training that establishes the basic knowl-
edge of good sign maintenance procedures, the training related
to making the worker operate more safely and efficiently, and the
advanced training for sign fabrication, establishment of advisory
speeds, etc.

Personnel responsible for sign maintenance will work more
efficiently if adequately trained about correct sign installation
procedures. In addition, sign maintenance personnel may take
more pride in their work if they are aware of the purpose of the
sign and what effect it has on driver safety. Also, time and
labor cost savings may result if incorrectly fabricated, placed, or
installed signs do not have to be redone.

The level of training provided to the sign maintenance workers
should broaden as their experience increases.

Entry Level

At a minimum, each new employee should be provided intro-
ductory training related to the standards set forth in the
MUTCD and the Traffic Control Devices Handbook for the
placement of traffic control devices. For this purpose, the ITE
has developed a Traffic Technician Curriculum on Signs and
Markings. The three-part slide/tape series gives an introduction
to the various aspects of good signing and provides training
related to the proper field placement of signs.

Additionally, training related to the operation of equipment
such as post drivers, post pullers, etc. should be provided to
ensure that workers use the equipment safely and the signs are
properly installed. Also, training should be provided related to
driving, using heavy equipment, and working in and around
moving traffic. Liability issues should also be addressed so that
the sign worker is aware of the implications for the agency that
might arise from failure to do the job properly.
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TABLE 10
SIGN MAINTENANCE COURSE OUTLINE (4J)

I. Evolution of Signing
Il. Signing Process
A. Identifying Needs
B. Sign Manufacturing
C. Sign Placement
1. Locating
2. Erection

lli. Equipment
IV. Materials
V. Job Management
A. Planning (need)
B. Organize
C. Direct
D. Control
1. Observation
2. Reporting
VI. Safety
A. Equipment
B. Personal
VII. Review
VIIl. Exam

Table 10 provides a suggested training course outline.

The Pennsylvania Department of Transportation has devel-
oped a Sign Foreman’s Manual (56) that is used as a basis for
training new employees and as a supplement to its traffic stan-
dards manual. Appendix C contains a copy of the Sign Foreman’s
Manual.

Continuing Education

As sign maintenance workers gain experience, continuing edu-
cational opportunities should be provided to expand their knowl-
edge of good sign maintenance and other work needs. Because
of union contract requirements related to overtime, travel time,
and costs, however, many agencies find that in-service training is
the most practical method of upgrading job skills. Some agencies
provide in-service continuing-education training through the
purchase of videotapes that are related to the broad aspects of
maintenance but that have implications for the sign maintenance
worker. These include tapes on the use of acetylene torches,
welding, carpentry, lifting and carrying, etc.

Short courses have been developed by IMSA, APWA, sign
material manufacturers, and other groups to provide training
material related to signing. Seminars and short courses are pre-
sented by IMSA sections in conjunction with their section meet-
ings, and the international organization puts on sessions related
to signing at its annual convention.

The Michigan section of IMSA in cooperation with the Michi-
gan Office of Highway Safety Planning has developed a three-
day training program including a slide/tape and lecture related
to signs and pavement markings. This program is designed to
give participants information on materials; equipment; and the
general techniques and practices of making, installing, and main-
taining street and highway signs. The first part of the four-
part program begins with an introduction to traffic signs and
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pavement markings. The second part covers pavement markings,
the third part covers sign fabrication, and the fourth part covers
sign installation and maintenance.

A fundamental point in the training process is to keep the
material attractive and easy to read. Some state agencies have
reprinted portions of the MUTCD to be used as a quick reference
by the workers. When possible, pocket-sized summaries could
be provided to the maintenance workers for use in the field.
The American Traffic Safety Services Association (ATSSA) has
developed .a pocket-sized Work Area Traffic Control guide that
sets forth the principles and guidelines for the movement of
traffic and the protection of workers in work areas. The city of
Milwaukee, Wisconsin, has developed a pocket-sized booklet
entitled Traffic Control for Construction and Maintenance Work.
This booklet contains a summary of traffic control for construc-
tion and maintenance work zones oriented toward urban street
applications. It contains schematic diagrams of proper signing
in work zones on city streets. The Traffic and Safety Division of
the New York State Department of Transportation has devel-
oped the Traffic Sign Handbook for Low Volume Rural Roads.
This handbook was developed to cover the majority of traffic
sitnations encountered by agencies responsible for operating and
maintaining low-volume rural roads. The APWA has developed

the Tailgate Safety Training Guides, which help supervisors plan
and organize 10-to-15-min safety talks to work crews. The
ATSSA has also developed a 15-min videotape with the title
“New Directions in Traffic Sign Management,” which is aimed
at helping local jurisdictions improve their sign maintenance
programs through inventory, evaluation, and scheduled re-
placement.

CERTIFICATION

At the present time, most agencies do not require sign mainte-
nance workers to possess a certification in sign maintenance. An
exception is the state of Florida, which requires that any sign
maintenance worker be certified by the IMSA certification
program.

The IMSA program certifies sign maintenance workers at two
levels:

[ 4
o Traffic Technician I—General knowledge of the mainte-
nance of existing signing and basic sign installation techniques.
o Traffic Technician II—More advanced knowledge of sign-
ing, including the warrants for different signs, establishing speed
zones, sign manufacturing and fabrication, etc.
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MAINTENANCE COSTS AND FUNDING

As discussed in Chapter 1, it is estimated that there are more
than 58 million signs along U.S. highways, with an approximate
value of more than $6 billion. On an annual basis, it is estimated
that more than $250 million is spent on sign maintenance.

The cost to an agency for street and highway sign maintenance
depends on a number of factors, including:

o Size of signing system,

¢ Policies on sign replacement for maintaining minimum ret-
ro-reflectorization,

¢ Type of material used,

¢ Level of vandalism,
o Severity of weather and other environmental conditions,
and - )

o Personnel costs

NUMBER OF SIGNS IN PLACE .

Ross et al. (29), in a survey of federal agencies, state highway
agencies, turnpike authorities, cities, counties, sign suppliers,
and contractors regarding their signpost usage, determined the
number of signs placed by various levels of government (Table
11). -~ T :

Table 12 provides a summary of the causes for sign mainte-
nance work based on an analysis of 36,800 sign replacements in
the state of Idaho for the period from January 1981 through
June 1988 (unpublished analysis, James Pline, engineering con-
sultant).

SIGN VANDALISM

Sign vandalism costs taxpayers millions of dollars each year
and has been reported as a contributing cause in a number of
serious traffic accidents (Figure 40). Surveys of state and local
agencies indicate that up to 30 percéent of all sign repair and
replacement is caused by vandalism and an average of 30 percent
of a typical sign maintenance budget is used to repair or replace
vandalized signs (57).

The number of signs replaced as a result of vandalism is
difficult to determine because the record-keeping relating to sign
vandalism is not comprehensive. Few agencies are able to provide
anything but estimates of the vandalism rate. Some agencies

report sign knockdowns as sign vandalism; others report only .

signs that are defaced or stolen.

" Another problem in determining accurate replacement num-
bers for vandalized signs is the type of sign maintenance an
agency is doing. Some agencies replace only signs that are

knocked down or vandalized. Therefore, the percentage of their
work related to sign vandalism is high. Other agencies are in
extensive sign-upgrading programs or have a program of regular
sign replacement. Therefore, their vandalism-related mainte-
nance rate is much lower.

Another difficulty in comparing vandalism rates involves how
the rate is determined. The number of vandalized signs replaced
expressed as a percentage of the total number of signs on the
roadway can be vastly different when compared with the number
of vandalized signs replaced expressed as a percentage of the
total number of signs that get some maintenance attention. Some
agencies estimate that 10 to 30 percent of their sign maintenance
activity is replacing vandalized signs. However, when looking at
the total number of signs on the roadway, only 2 to 5 percent of
their total system is replaced as a result of vandalism.

Many agencies indicated that some of their vandalism prob-
lems are related to a specific type of sign (i.e., street name, STOP,
etc.) and, in many cases the same sign is repeatedly vandalized.
If this is the case, there are some countermeasures that can
reduce this type of vandalism.

‘Excessive maintenance costs and the potential for serious traf- -
fic accidents because of vandalized signs have resulted in the
development of a wide range of remedial measures and programs.
Most sign vandalism countermeasures fall into one or more of
the following categories (58):

o Physical Countermeasures include using property identifi-
cation seals and agency decals on the back of signs (Figure 41),
using vandal-resistant sign face material and fasteners, raising
the mounting heights of signs, improving the anchoring of posts
in the ground, and using a different type of substrate material,
such as Lexan or plywood.

o Legal Countermeasures include enacting different types of
sign-vandalism laws.

"o Educational Programs include education programs targeted
at specific age groups that detail the adverse effects of sign
vandalism on traffic safety and costs to society.

o Public-Information Campaigns include public-service an-
nouncements and sign “amnesty” weeks. .

In 1975, the Wisconsin Department of Transportation re-
ported that more than 8,500 highway signs were vandalized on
its 11,400 miles of state highway. In addition, at least two fatal
accidents were reported to have occurred as a result of vandal-
ized signs (11).

In 1976, Wisconsin enacted a law dealing with sign vandalism.
The law made possession of a traffic sign illegal and provided
for penalties of up to $10,000 and/or imprisonment for up to
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TABLE 11
NUMBER OF IN-PLACE SIGNS

All Government State Agency City and County

Agency Respondents Respondents Agency Respondents
Question and Type of Number Percent Number ‘Percent Number  Percent
Response
Number of All Signs in Place
Less than 20,000 19 17 0 0 16 30
20,000 to 49,999 16 15 6 12 9 17
50,000 to 99,999 17 15 9 19 6 11
100,000 to 199,000 14 13 7 15 7 13
200,000 or more 21 19 16 33 3 6
No response 24 21 10 21 12 23
Percentage of All Signs of Small
Typea
Less than 20% 1 1 0 0 1 2
20% to 40% 0 0 0 0 0 0
40% to 60% 2 2 0 0 0 0
60% to 80% 11 10 10 21 0 0
80% or more 90 81 34 71 50 94
No response 7 5 4 8 2 4
Percentage of Small-Type Signs
with Single-Post Support System
Less than 20% 5 4 1 2 3 5
20% to 40% 0 0 0 0 0 0
40% to 60% 5 5 2 4 1 2
60% to 80% 21 19 17 36 2 e
80% or more 73 66 23 48 45 85
No response 7 6 5 10 2 4
Total Respondents 11 100 48 100 53 100

aSigns having panel areas of 50 ftz (4.65 m?) or less are designated as small.

TABLE 12

REASON FOR SIGN MAINTENANCE ACTIVITY
Problem Percentage
Reflectivity/Delamination 30

Size, Legend or MUTCD Changes 31

Vandalism 26
Accident/Weather 13
Total 100

FIGURE 40 Vandalized sign.
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FIGURE 41 Property identification and warning stickers.

two years if an act of sign vandalism resulted in death. In con-
junction with the passage of the law, Wisconsin conducted a
statewide public-information and education program illustrating
the costs and consequences of sign vandalism.

Since the 1976 program began, the sign-vandalism problem in
Wisconsin has shown significant improvement. An analysis of
vandalism incidents for the period from 1977 to 1982 indicates
that vandalism incidents have been reduced by 68 percent from
the 1975 levels.

ESTIMATES OF SIGN MAINTENANCE CREW
PRODUCTIVITY

It is estimated that the annual productive time for a mainte-
nance worker amounts to approximately 1630 hours. This is
based on a 40-hr workweek, subtracting three weeks for vacation,
two weeks for sick leave, one week for training, 13 holidays, and
30 min/day for breaks. At varying levels of productivity, one
sign crew could maintain the following number of signs:

Productivity Signs Maintained
(Minutes per sign) Annually
20 4890
30 3260
45 2168
60 1630

It is important to note that the travel time between sign main-
tenance locations needs to be included in determining the length
of service time per sign. Also, this estimate does not account for
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startup time at the beginning of the day or shutdown time at
the end of the day or for lower productivity during inclement
weather.

By determining the percentage of the total signing system
maintained each year, however, an agency could estimate the
number of signs crews required to adequately perform the sign
maintenance activity.

Example
100,000 signs in total system.
Proposed annual sign replacement program of 15,000 signs.
Average time to replace a sign is 60 min including travel time.

Thus:

For 15,000 signs/year, with 1,630 signs replaced/year/
crew (at 60 min/sign), 9.2 crews would be required (i.e.,
15,000 signs/year = 1,630 signs/year/crew = 9.2
crews).

Therefore, either 9 or 10 sign crews would be required to
maintain 15,000 signs/year.

This process could also be used to determine the number of
signs that could be maintained with a given number of sign
crews.

ESTIMATES OF MAINTENANCE EXPENDITURES

Ross et al. (29) collected data summarized in Table 13 on
the total annual maintenance expenditure and the percentage of
annual maintenance expenditure devoted to signing. Approxi-
mately 75 percent of city and county respondents (24 of 32)
indicated that they spent more than 20 percent of their annual
maintenance budget for traffic signing, whereas approximately
the same percentage of state agencies indicated that they spent
less than 20 percent of their maintenance budget for signing.

Maintenance Costs

Table 14 provides a sign maintenance budget for a typical
suburban community with a population of approximately
74,000, road milage of approximately 250 miles, and a sign
system of approximately 9,500 signs maintained by three em-
ployees.

Table 15 provides a sign maintenance budget for a small cen-
tral city with a population of approximately 80,000, road milage
of approximately 300 miles, and a sign system of approximately
15,000 signs that is maintained by nine employees.

Table 16 provides a sign maintenance budget for a county
road commission in a suburban area with a population of approx-
imately 1,000,000, road milage of approximately 2,700 miles,
and a sign system of 65,000 signs maintained by 45 employees.

As can be expected, because of the varying labor rates, the
cost of sign repair varies from agency to agency. In 1985, Mont-
gomery County, Maryland, commissioned a consultant study
(59) to determine fabrication and installation costs for traffic
signs. The sign fabrication costs, as defined by the consultant,
include the cost of labor and materials to fabricate. The sign
installation costs include expenditures for sign crew personnel,



TABLE 13
MAINTENANCE EXPENDITURES
All Government State Agency City and County
Agency Respondents Respondents Agency Respondents
Question and Type of
Response No. % No. % No. %
Total Annual Maintenance
Expenditure?
Less than $1,000,000 33 30 3 6 28 53
$1,000,000 to $9,999,999 20 18 9 19 8 15
$10,000,000 to $49,000,000 19 17 17 35 0 0
$50,000,000 or more 11 10 10 21 0 0
No response 28 25 9 19 17 32
Percentage of Annual Maintenance
Expenditure Devoted to Signs
Less than 20% 44 40 29 60 8 16
20% to 40% 2 20 7 15 15 28
40% to 60% 6 5 1 2 5 9
60% to 80% 3 3 1 2 2 4
80% or more 3 3 0 0 2 4
No response 33 30 10 21 21 39
Percentage of Annual Maintenance
Experbditure Devoted to Small
Signs
Less than 20% 42 38 27 57 9 17
20% to 40% 17 15 3 6 14 26
40% to 60% 2 2 1 2 6 11
60% to 80% 2 2 0 0 1 2
80% or more 15 14 3 6 11 21
No response 33 30 14 29 12 23
Total Respondents 11 100 48 100 53 100

a

bExpenditures for the immediate past fiscal year.

vehicles, posts, and miscellaneous material. The repair or re-
placement of signs also includes the cost of post removal and
replacement. It excludes overhead and transportation costs. Ta-
ble 17 summarizes the sign fabrication costs and Table 18 sum-
marizes the sign installation costs.

Funding

The major sources of funding for governmental agencies in-
clude income taxes, property taxes, sales taxes, and use taxes.
For all practical purposes, these revenue sources are largely
fixed. Agencies must try to balance increasing needs with these
fixed revenue sources. Therefore, whenever possible, alternative
methods of financing should be used to expand the sign mainte-
nance funding base.

For example, the state of Minnesota recently funded sign

Signs having panel areas of 50 ft: (4.65 m?) or less.

upgrade projects for local agencies in Minnesota using 90 percent
federal Hazard Elimination Safety (HES) monies (60). The pro-
gram consisted of three parts:

o Each county inventoried the non-federal-aid roads to deter-
mine the signing needs.

e A bid for materials was obtained.

o The signs were installed.

As part of the agreement, the counties were also required
to bring the federal-aid roads into compliance as a program
contribution. This ensured that both federal-aid and non-federal-
aid roads would have the same quality of signing.

The actual costs of the projects indicated that the total cost
per mile was approximately $140.

Table 19 shows how the project costs have been spent and
Table 20 shows the breakdown by type of signing.



" TABLE 15

SMALL CENTRAL CITY SIGN MAINTENANCE

BUDGET (1987)%

TABLE 14

SUBURBAN CITY SIGN MAINTENANCE BUDGET (1987)a

Item
Salaries and Wages
Social Security

Workman Compensation
& Unemployment

Sick Pay .

Hospitalization &
Life Insurance

Vacation

Retirement

Material & Supplies
Contracting Services
Other Insurance

Equipment Rental

Total

Amount
$44,000

3,000

1,000

2,000

4,000
4,000
6,000
35,000
1,000
1,000

25,000

$101,000

8Some foreman time included but not superintendent time.

TABLE 16

COUNTY ROAD COMMISSION
SIGN MAINTENANCE BUDGET (1987)?

item

Salaries and Wages
Materials and Supplies
Contractua

Vehicle Expenses
Shop Renta '

' Equipment Rental

Total

Amount.
$116,000
76,000

12,000
190,000

120,000
1,000

$405,000

qIncludes signing, pavement markings, and guardrail
installation. Includes full-time foreman/sign fabricator

but not superintendent.

Item

Salaries and Wages

Materials

Contractual

Total

Amount
$1,500,000
320,000
35,000

$1,855,000

qIncludes superintendent, clerk, and three foremen.
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TABLE 17

SIGN FABRICATION COSTS (1985) MONTGOMERY COUNTY, MARYLAND

Costs ($|)
Overhead Total  Unit

Work Item ~ Workload Direct
SIGN FABRICATION No. of Signs
Stop/Yield Series 570 10,815 399 11,614 20.37
Speed Series 94 2,847 230 3,077 3274
Movement Series 447 23,733 1,095 24,828 55.54
Parking Series 1,675 20,664 2,390 23,594 14.09
Miscellaneous 1,799 36,954 4,406 41,360 22.99
Bus Stop 3,435 73,417 12,018 85,435 24.87
Warning 511 27,130 1,251 28,381 55.54
Reflectors/Object Markers 542 4,862 569 5,431 10.02
Metro Street Name 142 7,101 497 7,598 53.51
Extruded Strest Name 1,665 36,685 5,825 42,510 25.53
TABLE 18
SIGN INSTALLATION COSTS (1985) MONTGOMERY COUNTY MARYLAND

: Costs ($)
Work ltem Workload Direct Overhead Total Unit
SIGN INSTALLATION No. of Signs ,
Install Traffic Signs 5118 86,923 10,261 97,184 18.99
Install Street Signs 211 2,600 317 2917 13.83
Repair/Replace Traffic Signs 3,520 71,156 8821 91977 2272
Repair/Replace Street Signs 1,867 27,531 3509 31,040 16.63

TABLE 19 .
ANALYSIS OF HES PROJECT COSTS
Expense Percent of Total Expense
Signs 321
Posts 26.3
Installation 27.3
Removal 4.4

Inventory 9.9

TABLE 20

TYPE OF SIGNING IN HES PROJECT

Sign Type

Warning

Regulatory

Delineator/
Object Markers

Percent of Total System

54.0
27.0
19.0




CHAPTER EIGHT

MANAGEMENT CONTROL

Good management is needed to plan, control, and evaluate
the signing program. With typical sign systems involving hun-
dreds of miles of roadway, thousands of signs, numerous employ-
ees, and expenditures of hundreds of thousands of dollars, con-
trol of the entire process is necessary to ensure the success of the
program.

MAINTENANCE POLICIES

It is important that management establish policies that set
levels of service for signing; establish policies related to response
times for emergency maintenance for various types of signs; and
establish personnel practices and work procedures for carrying
out the maintenance program. It is through the setting of policies

-and procedures that management is able to establish control and
organize priorities for maintenance activities.

Policies and procedures are needed in a typical public agency’s
sign maintenance program because funding is generally inade-
quate to meet the signing needs. In addition, during times of
economic decline it is easy for policy makers, however false the
economy may be, to reduce sign maintenance funding levels.
Through the establishment of suitable policies and procedures,
an agency can respond to the changing economic climate in
planning and performing sign maintenance activities.

The major factor that should be considered in establishing
policies and setting priorities is the safety of the motoring public.
Street and highway signs should be maintained to a point at
which the motoring public is not endangered while traveling on
streets and highways.

Level of Service for Maintenance

An important policy consideration that affects sign mainte-
nance program budgets and procedures is maintenance level
of service. A maintenance level of service defines a threshold
deficiency level at which maintenance should take place. That
is, when should a sign be replaced because it is no longer serving
its intended function? The level of service that an agency selects
affects decisions on where, when, and how much maintenance
is required. For example, if the agency policy is that all signs
must be legible to the motorist by day or night, then the proce-
dures for obtaining this level of service might be:

¢ Program daytime and nighttime inspection of signs,
o Clean or replace illegible signs as soon as possible,
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o Replace damaged regulatory and certain warning signs im-
mediately, and
o Replace other damaged signs as soon as possible.

COMPONENTS OF A MAINTENANCE
MANAGEMENT SYSTEM

The APWA outlined the basic components of a maintenance
management system as follows (27):

The development of performance standards which for princi-

pal maintenance activities, describe the procedures to be fol-

lowed, the [personnel], equipment and materials to be used
and the rate of production to be achieved.

o The determination of workloads through the measurement
of quantities of [signing] on the street. . .and the evaluation
of the external influences (weather, [vandalism], etc.) acting
upon [the signing] which create a need for maintenance.

o The budgeting. . .of resources...to meet the predicted
workload in terms of specific programs (activities, quanti-
ties,. . .) to be achieved.

o The scheduling of activities within the budgeted program
to utilize resources in the most efficient manner, to reduce
fluctuations in [personnel] and equipment requirements to
a minimum, and to keep the street system operating in a
safe, convenient manner.

o The establishment of a management information system

- which provides the basic knowledge required by [manage-
ment] for routine decisions and the. . .reports required by
management for control and improvement of the program.

Other aspects of management control in a sign maintenance
program relate to the control of the components of the mainte-
nance process, that is, administrative, technical, material, and
fiscal.

Administrative Control

Administrative control relates to the management of the sign
maintenance activity through productivity standards, work pro-
gram computation, and record-keeping.

Productivity Standards

Productivity standards (25) are “a formally established crite-
rion for a specific activity which: (a) outlines the work involved;
(b) describes work methods and composition of efficient crews;
and (c) lists the expected accomplishments or productivity rate.”
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The establishment of realistic productivity standards for sign
maintenance is one of the more controversial and difficult aspects
of establishing a maintenance program. However, any manage-
ment system should include procedures to determine if work
crews are meeting planned work targets. With productivity stan-
dards, management is better able to allocate resources and isolate
nonproductive activities for corrections. The corrective action
does not necessarily mean punitive action; it may be work reas-
signments, adjustment of performance standards, or provision
of special equipment or training for the crews.

The APWA has developed the framework for performance
evaluation through the publication Highway Maintenance Per-
Jormance Specifications. The performance specification for sign
maintenance is shown in Figure 42. These performance specifica-
tions are used to describe each identifiable activity in the mainte-
nance program. They are designed to show the work needed
(activity), what is done (description), why (purpose), what is used
(labor, equipment, and materials), how work is done (procedure),
and the rate at which the work is done (productivity).

Jackson County, Oregon, has developed and implemented a
performance standard for its sign maintenance activities. Figure
43 is a copy of the sign installation/replacement standard and
Figure 44 is a copy of the sign fabrication standard. In conjunc-
tion with the adoption of the performance standards, Jackson
County developed a computerized maintenance management
system. This system allows it to project work activities and costs
and compare them to actual output and expenditures.

Work Program Computation

One of the important elements in the management control of
the sign maintenance function is the development of a realistic
annual work program. This work program should be based on
the level of service that the agency determined is appropriate for
its maintenance activity. From this level of service the quantity
of work for each activity can be determined, based on the sign
inventory or historical records. All work activities combined
together represent the workload.

The APWA describes a method in which the annual work
program is determined by multiplying the quantity of individual
work activities by the corresponding “planning value” for that
activitiy. Sample planning values for sign maintenance are shown
in Table 21.

To see how the values in Table 21 are used, as an example
assume that 3000 signs need to be cleaned annually within a
jurisdiction. For sign cleaning, the planning value is 2 times per
year X 3000 signs = 6000 signs per year. This 6000 signs cleaned
per year represents the annual work units for this activity.

From this, the personnel requirements and materials needed
to perform the work can be determined. The number of work
units for each activity, together with the productivity standards,
provide the basis for computing the labor, equipment, and mate-
rials.

Continuing with the sign cleaning example, the 6000 work
units <+ the daily production of 30 signs cleaned per day per
crew = 200 crew days of work.

Assuming two two-person crews with one pickup truck and
one power cleaner for each crew to perform the work, the re-
source requirements would be:

200 crew days of work per year + 2 crews = 100 crew days
of work per year

100 crew days of work per year X 2 people per crew X 2
crews = 400 person days of work per year

100 crew days of work per year X 1 pickup truck per crew
X 2 crews = 200 days of pickup truck usage per year

100 crew days of work per year X 1 power cleaner per crew
X 2 crews = 200 days of power cleaner usage per year
No materials are needed except cleaning solution

Using labor rates, equipment rates, material unit costs, etc.,
the total maintenance costs for this activity can be determined
for the budget.

Figure 45 is a copy of a monthly work progress report from
Jackson County, Oregon, generated from its computerized main-
tenance management system that details actual versus projected
work activities.

Record-Keeping

Through a comprehensive record-keeping system, an agency
can document:

e The work accomplished by the work crews.

o Compliance with specifications.

« Historical record of work at a location in -order to settle
disputes with a contractor or in a liability case.

The record-keeping system can include a work order form for
recording sign maintenance activities and equipment use and a
daily field diary kept by the foreman or inspector detailing the
inspections.

Technical Control

On a daily basis, management makes technical decisions that
have a direct impact on the cost of the maintenance activities.

Service Life of Material and Equipment
Considerations

Characteristics that should be considered when selecting a
product for signal systems were described by Cimento (61) in
1980.

Three of these characteristics can be adapted for sign mainte-
nance as follows:

» Reliability is a function of the performance of the material.
It describes the ability of the equipment or material to maintain
its functional integrity and continue to perform without failure
or degradation.

o Maintainability refers to equipment or materials that re-
quire only simple maintenance procedures.

o Damage Resistance is the material’s or equipment’s ability
to avoid breakdown from causes not related to design; examples



Highway Maintenance Performance Standard

The cleaning, repairing and replacement of traffic signs.

Activity Date No.
S1IGN MAINTENANCE Approved
Description

‘pIepue)s soueuLojrad soueusjurews uSis 7y MANOIA

Purpose

fic signs during daylight and night time hours.

The purpose of this maintenance activity is to provide the traveling public with clearly visible traf-

Procedure

1. Initiate proper traffic control safety procedures at jobsite.

2. Spray sign, back and front, with cleaning solution, scrub with soft bristle brush, and rinse
with clear water. If bituminous material is on sign that does not have acrylic reflectors, wipe
sign with cloth saturated with kerosene, then wash.

3. Any obstructions to a clear view of signs by motorist, such as brush or tree limbs, should
be removed.

4. Repair minor damage such as small deformations or stone marks which do not impair legibility.
Where needed, spot paint with matching color.

5. Straighten bent posts where possible.

6. Where damage to sign and/or post is extensive, replace and take damaged sign/post back to
sign shop for repair or disposal.

7. Where sign support is of the breakaway type, check torque on all bolts as described in
Paragraph 8.02G of PART 5.

8. Load all equipment and work area traffic control devices and move to next jobsite.

:

& o w@‘ £

Work Unit ’ Productivity

Bach

Personnel Equipment Materials

1-Traffic Tech 1-Pickup - (Sign body) Household Detergent®

1-Qualified Operator 1-Sign-Washer Truck® Kerosene*

2-Laborers Sign Paint®
Signs®
Posts*
Hardware*
Hand Tools
Wrenches
Brush

*Include as Required Post Driver

Traffic Control Washing Repairing
'
f | | 1 "‘@
Clearing Move

69
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JACKSON COUNTY

PEg-::_AOSgﬂ AARNDCE OEPARTMENT OF PUBLIC WORKS
WORK MANAGEMENT SYSTEM
] ACTIVITY Sign Installation/Replacement NO. LR4300 T}

DESCRIPTION 8 PURPOSE
Repairing and installing signs to restore adequate traffic control.

PERFORMANCE CRITERIA By service request as prioritized, "STOP" signs within
4 hours, warning and regulatory signs within 12 hours, all other replaced
within 4 days. Location, installation, and types to be placed are
requlated by MUTCD. All roads should be scheduled for inspection with
deficient signs noted and scheduled for maintenance.

k SCHEDULING AUTHORITY Traffic Control Supervisor or above _J
(" TYPICAL DAILY CREW NEEDS (" STANDARD WORK METHOD
LABOR 1. Place safety devices.
1-3 - Persons (2 persons at 2. Dig hole using suitable tools.
1/3 time) 3. Assemble sign and post using
appropriate hardware.

4. Install sign according to
standards as provided in MUTCD;
height, distance from
centerline, distance from
hazard.

EQUIPMENT 5. Log addition or change to
2 - Pickups (equipped with sign, CH2M Rill sign inventory; type,
post rack, and winch) (1 pickup location, by Federal MUTCD code.
at 1/3 time) 6. Pick up safety devices and move
Hand Tools as Required to next service location.
MATERIALS
Signs
Posts
Miscellaneous Attaching Hardware
- - AN ,

(" STANDARD ACCOMPLISHMENT AND RESULTS

8 signs installed per 10 hour day.
6-7 signs installed per 8 hour day.

- _/

(" wotes
Follow the assigned route for scheduled replacement subject to service
calls or priority calls., Vandalism accounts for approximately 70% of this A}

required activity.

APPROVED W%.ﬁm// . . OATE » 7717 15 19 4%
FIGURE 43 Sign installation/replacement performance standard.
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JACKSON COUNTY

OEPARTMENT OF PUBLIC WORKS
WORK MANAGEMENT SYSTEM

PERFORMANCE
STANDARD

([ ACTIVITY Sign Fabrication NO. LR4400 h

OESCRIPTION & PURPOSE

Fabricating various types of roadway signs to provide directions, warnings
and regulatory information to motorists and pedestrians.

PERFORMANCE CRITERIA Maintain adequate sign stocks to handle scheduled
maintenance and service request. Fabricate signs and devices conforming to
MUTCD as well as signs for other entities. Fabricate signs only when
required due to special conditions regarding type, hazard situation, or
fabrication being the most economical means to acquire necessary signs.

\__ SCMEOULING AUTHORITY 1/ affic Control Supervisor or above _J/
TYPICAL DAILY CREW NEEDS \( STANDARD WORK METHOD )
LABOR 1. Determine from inventories and

1 - Sign Maker : needs type of MUTCD sign that is
1-2 - Helpers (1/8 time) required.

2, Accumulate work needs as much
as possible to batch type
operation for efficient use
ob labor and equipment,

3. Secure necessary materials.

4. Lay out sign using appropriate
EQUIPMENT sign fabrication techniques;
Misc. Sign Maker Tools silk screening, painting,
1 - Vacuum Heat Applicator sheeting, lettering, etc.
1l - Table Saw 5. Complete fabrication process and
1 -~ Sander store sign in labeled rack.
1 - Router 6. Clean tools and work area.
1 - Paint Equipment
1 - Silk Screen Equipment
MATERIALS
Sign Blanks, Metal or Wood
Paint
Ink

Sheeting Material; Faces,
Letters, Borders

\_ AN

(" STANDARD ACCOMPLISHMENT AND RESULTS
Report total labor hours of sign fabrication.

J
j

g J
" wores )
Help required generally when vandalism depletes sign stocks rapidly or
fabricating of large or unwieldly signs is cequired.

N Rev =-3-
APPROVED. BY WO\ pyah7 OATE Y714y /9 /5%
FIGURE 44 Sign fabrication performance standard.
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TABLE 21

PLANNING VALUES FOR SIGN MAINTENANCE

Activity Planning Value Unit of Measurement
Sign Cleaning 2 times/year Each
Straightening As directed Each
Legend Repairs As directed Each

Sign Face Replace As directed Sq Yd

Sign Post Replace As directed Each

are resistance to extreme weather, vandalism, or mishandling by
workers.

When making decisions related to the purchase of material or
equipment, an agency should consider the service life of the
product. In many cases, a slightly larger initial investment can
be more than offset in reduced operating and maintenance ex-
penses. In addition, the low-bid item may not be as reliable or
may require frequent maintenance or special equipment.

An example of this in the sign maintenance process is the
decision to purchase higher-cost material rather than a lower-
priced product. Many-agencies decide to purchase higher-cost
sign sheeting because they feel the reliability and maintainability
of the product are better than for a lower-priced product. A
study by the city of Milwaukee, Wisconsin (62), showed that
- high-performance sheeting resulted in annual savings of 9 per-
cent for a STOP sign, based on materials costs and average total
product costs (labor, fabrication, installation, etc.). Savings for
other types of signs ranged from 8 to 16 percent.

Procurement Specifications

Proper procurement specifications can significantly reduce
costs over the service life of the material or equipment. Given
the tight budgets under which agencies are required to operate,
the durability of equipment and material is a critical issue. An
agency can reduce its maintenance activities and thus its costs
by developing specifications that require products to be reliable,
easy to maintain, and damage resistant.

To ensure compliance, the agency should also have stringent
acceptance testing of the product before purchasing large quanti-
ties. Chapter 5 provides an example of such acceptance testing.
The Michigan Department of Transportation’s New Materials
Committee conducts extensive physical testing before a sign ma-
terial is accepted for installation on the state road system.

The city of Milwaukee, Wisconsin, as a result of past experi-
ence with a material that lost its retro-reflection within a year,
has established a policy of prequalifying material from compa-
nies that want to sell sheeting to the city (63). The city places
samples of the product on a south-facing weathering deck for a
period of one year to test the material’s ability to withstand
weathering (Figure 46).

Also important is the ongoing testing of equipment and mate-
rial to ensure that the manufacturer maintains the quality of the
approved product in production.

Cost-Saving Strategies

There are many cost-saving strategies that can be used in a
sign maintenance program:

» Purchasing jointly or tying in to the bids of larger agencies
to obtain lower prices as a result of the larger bid quantities.

¢ Increasing the circulation of bid notices and aggressively
widening competition for materials and equipment.

o Projecting materials and equipment needs so that the pur-
chasing can be done on a yearly basis.

« Using overlay material to upgrade the sign face.

« Refurbishing sign blanks, thereby reducing the quantity of
sign blank material purchased.

¢ Removing unnecessary signs and mounting needed signs on
nearby signposts or utility poles.

¢ Consolidating the sign fabrication process into a central
shop instead of district shops.

« Contracting certain maintenance activities, such as the in-
stallation of new signing on construction projects.

o Using specifications and accepted product listings devel-
oped by the state to reduce the likelihood of obtaining material
or equipment that does not comply with specifications.

To improve the efficiency and cost of the state sign shop,
PennDOT in 1986 commissioned a study of the management
practices of the sign shop (53). As a result of this study, the state
was able to institute a number of recommendations that it expects
will substantially improve the cost, capacity, and service effec-
tiveness of the sign shop.

The study took two approaches to improving the sign shop
operation: Management techniques were used to better manage
the sign manufacture, distribution, and inventory; and special-
ized sign manufacturing equipment was used to increase produc-
tivity through computerization, robotics, and other techniques.
Some of the recommendations include:

¢ On-line computer entry of sign orders to the sign shop.
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FIGURE 46 Weathering tests of sign material.

« A uniform method of reporting sign withdrawals from sign
inventories.

« More accurate reporting of sign shop costs and better moni-
toring of productivity.

s Use of robotics in the sign manufacturing process to align
and palletize signs.

« Use of pressure-sensitive legends to replace cut legend signs.

o Use of extruded panels instead of flat sheet aluminum for
large signs.

« New sign shop layout to provide more efficient sign pro-
duction.

It is estimated that the implementation of the proposed
changes will cost approximately $600,000 for capital items.
There will be 23 percent less staff making 21 percent more signs
in 31 percent less space. In addition, the productivity of sign
crews will increase by 7.5 percent. At 1987 labor rates, the
estimated savings would amount to $122,500 per year. Thus, the
overall payback time is estimated to be approximately five years.

Installation Techniques to Reduce and Expedite
Maintenance

The county of Du Page, Illinois, decreased by 30 percent the
number of knocked down signs by relocating signs further away
from the edge of pavement or in front of utility poles whenever
possible (64).

Monroe County, New York, developed a new method of man-
ufacturing street name signs (65). Its process uses paper letters
placed on sign blanks that have white retro-reflective material
applied to both sides. These letters become the dropout for the
silk screen, which prints the green background with transparent
ink, leaving the letters and border showing through in white.
This technique has increased productivity from 50 signs per day
to 250 signs per day and reduced costs from $3.20 per side to
$0.22 per side. The county also estimates that the reverse-screen-
ing process has added five more years to the life of the sign. The
county also developed a vandalproof bracket for mounting the
street name signs that has saved the county approximately
$36,000.

The Owens-Corning Corporation conducted a finite-element
analysis (FEA) to determine the proper number and location of

FIGURE 47 Sign mounted on utility pole with SIGNFIX.

attachments to signs to minimize stresses within the sign (66).
Through laboratory testing, FEA, and field evaluation, the re-
search resulted in the publication in a mounting manual of a
series of performance-related recommendations aimed at in-
creasing the life spans of all signs.

The city of Grand Rapids, Michigan, uses a product called
“SIGNFIX” to mount signs on utility poles when possible. The
city has found that this mounting location reduces installation
costs, knockdowns, and vandalism (Figure 47).

Other techniques to reduce maintenance costs through a re-
duction in vandalism include:

» Use vandal-resistant hardware to prevent the sign from
being easily loosened and carried away (Figure 48).

» Peen the bolt threads and nut to eliminate the ability to
remove it with normal hand tools.

o Brand or attach a sticker to the sign to identify the agency
that owns the sign (Figure 49).

» Place warning labels on the back, warning of a penalty for
theft, vandalism, etc. (Figure 50).

&

FIGURE 48 Vandal-resistant fasteners.



FIGURE 49 Property identification.

o Place signs that must be close to the roadway at the maxi-
mum practical mounting height.

e Use extruded aluminum sign blanks for street name signs
to increase the resistance to bending.

o Use materials that continue to perform the sign function,
even though marred. Plywood substrate, for instance, reduces
the effect of bullet damage.

Service Histories to Identify High-Maintenance
Locations

Many agencies that have computerized sign inventories are
using the inventory to maintain a service history of the signs.
This helps to identify locations where there is an inordinate
amount of sign maintenance activity. This maintenance activity
could be related to vandalism, knockdowns, etc. By identifying
locations of high-frequency maintenance, countermeasures can
be developed to ameliorate the problem. For instance, if a sign
is frequently stolen, antivandal nuts could be used. If a sign is
frequently knocked down, it may be an indication that there may
be something wrong with the placement of the sign at the loca-
tion and it should be checked.

Even those agencies that have a card file inventory system can
use the file to identify service histories. The identification pro-

FIGURE 50 Warning decal with installation date.
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cess, however, would have to be done at the time the data are
entered on the card. A systemwide search of the card file would
probably be too time-consuming to be practical.

Material Control

Effective management control requires that close attention be
paid to the purchase, storage, and distribution of the many items
used for street and highway sign maintenance. Chapter 4 pre-
sented a discussion on the value of a computerized sign inventory
system for keeping a record of the signs in the field. In addition
to the sign inventory aspects, many agencies are using the sign
inventory and work order process to manage the material control
aspects of sign maintenance. As signs are installed or replaced,
the computer updates sign shop materials inventories. With this
system, the agency is able to monitor sign or materials invento-
ries. This information enables the computer to trigger an order
to fabricate new signs when the stock is depleted below a certain
threshold value. Figures 51-53 from the city of Norfolk, Vir-
ginia, Traffic Control Device Information System illustrate this
process (67).

Fiscal Control

The failure of revenue for government activities to keep up
with growing demands for service, and the concomitant competi-
tion for limited funds between public agencies, point out the
need for fiscal control of the street and highway sign maintenance
process. Fiscal controls include: cost accounting, budgeting, pay-
roll, and sign and equipment replacement programs.

The city of Sioux City, Iowa, has implemented a sign inventory
system that assists in the development of spending priorities,
budget requirements, and materials purchases. This is accom-
plished through an algorithm that calculates the quantity of each
sign type requiring maintenance and its size, the cost of the sign
blanks and reflective sheeting, the post requirements and costs,
and an estimate of any additional material costs for the mainte-
nance activity. With this system, the city can produce a report
detailing the quantity and cost of sign maintenance for bud-
geting. If the costs exceed available funding, the parameters can
be refined and a new priority listing and costs can be developed.

Another item to consider in exercising fiscal control is the
impact that deficient signing can have on an agency’s budget.
Because of financial and personnel limitations, it would be im-
possible for most agencies to gear up to replace all of their
deficient signs in a one-year period. A more realistic approach
to the problem is to establish a systematic program for replace-
ment of a certain percentage of signs each year. That way, an
agency is able to program the replacements on a continuing
basis.

The city of St. Paul, Minnesota, has been divided into seven
maintenance districts. Each year the sign department replaces
all of the signs in one district. In the eighth year the sign depart-
ment goes back to district one and starts again. Using this proce-
dure, the city is able to ensure that all signs are no older than
seven years. In addition, the replacement program can be accom-
plished with a reasonable budget and no increase in staffing.

The city of Rochester Hills, Michigan, has begun a four-year
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Sign
Code

R1-1
R1-2
R2-1(25)
R2-1(30)
R2-1(35)
R2-1(40)
R2-1(45)
R2-2(40)
R3-1
R3-2
R3-4
R3-8
R4-1
R4-7
R5-1
R6-1L
R6-1R
R7-11
R7-11AL
R7-11AR
R7-13
R7-201
R8-3
R8-3AD
R8-3AL
R8-3AR
W11A-2
NG-1
NG-19
NG-2
NG-24
NG-3
NG-57
NG-58
NG-8
NG-9
NP-45
NP-49
NP-47

1

NORFOLK TCD INFORMATION SYSTEM

Description

STOP SIGN

YIELD SIGN

SPEED LIMIT 25 MPH

SPEED LIMIT 30 MPH

SPEED LIMIT 35 MPH

SPEED LIMIT 40 MPH

SPEED LIMIT 45 MPH

TRUCK LIMIT 40 MPH

NO RIGHT TURN (SYMBOL)

NO LEFT TURN (SYMBOL)

NO U-TURN (SYMBOLIC)

DUAL LEFT TURN (SYMBOL & WORDS)
DO NOT PASS

KEEP RIGHT (SYMBOL)

DO NOT ENTER

ONE WAY (ARROW LEFT)

ONE WAY (ARROW RIGHT)

NO PARKING HERE TO CORNER

NO PARKING HERE TO CORNER (ARROW L)
NO PARKING HERE TO CORNER (ARROW R)
NO PARKING THIS SIDE OF STREET
TOW-AWAY ZONE

NO PARKING

NO PARKING (ARROW BOTH DIRECTIONS)
NO PARKING (ARROW LEFT)

NO PARKING (ARROW RIGHT)
PEDESTRIAN CROSSING (SYMBOL)
WATERFRONT X BLOCKS

TUNNEL TO PORTSMOUTH

WATERFRONT PARKING

NORFOLK TOUR

GRANBY MALL

STREET NAME SIGN

STREET NAME SIGN (OVERHEAD)
EASTERN VIRGINA MEDICAL CENTER
SCOPE TRAILBLAZER

NO PARKING LOADING ZONE

NO PARKING HERE TO DRIVEWAY

NO STANDING

Nt s W aANNNON S W a2 aWaANRNNON WA WO

Sample Signs In-Place Summary
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32
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NORFOLK TRAFFIC CONTROL DEVICE INFORMATION SYSTEM 7/15/89

SIGN MATERIALS INVENTORY SUBSYSTEM - Enter New Sign Stock Recieved

Source Quant Cond Store Date Unit
Code Locat Received Cost
WHSE  07/12/89 0.98
WHSE  07/12/89 2.07
WHSE  07/12/89 3.50
WHSE  07/12/89 4.87
YARD 12.34

[

Press 'Enter' after each entry or 'PgDn' when all new additions
have been entered.

Code Article Description

12 12 x 12 080 Alum Blanks
13 12 x 18 080 Alum Blanks
18 18 x 24 080 Alum Blanks
22 24 x 30 080 Alum Blanks
60 10 * 3" dia. Steel Posts

Module: SIGN INVENTORY Status: WAITING User: K50

NORFOLK TRAFFIC CONTROL DEVICE INFORMATION SYSTEM 7/15/89

SIGN MATERIALS INVENTORY SUBSYSTEM - Enter New Sign Stock Recieved

Source Quant Cond Store Date uUnit
Code Locat Received Cost

Code Article Description

|
'
#.
f:
]

Enter 'S' to save and exit, 'C' to save and continue,
'E' to Edit information, or 'R' to Return with out saving data.

Module: SIGN INVENTORY Status: WAITING User: KSO

FIGURE 52 Typical sign shop material inventory input
screen.

program of sign replacement to upgrade the quality of signing
on the city streets. The program is as follows:

e Year One
Begin and complete red series signs.
Begin yellow series.
Begin green series on major roads.
e Year Two
Complete yellow series.
Continue green series on secondary roads.
e Year Three
Continue and complete green series on residential streets.
« Year Four
Replace any other sign series not yet replaced.
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Life-Cycle Cost Analysis

An important element in the fiscal control of street and high-
way sign maintenance is the selection of the sign sheeting as it
relates to the durability and life of the material. In making a life-
cycle cost analysis, several factors need to be determined (8):

« Cost of sign fabrication, including substrate material and
sheeting,

e Cost of sign installation, including post, hardware, and
labor,

o Service life of the sheeting material, and

» Benefits.

A simple procedure for making a life-cycle cost analysis, as
described by McGee and Mace (8), is to divide the cost of the
sign by the performance life of the material. That is:

C = TC/PL

Where:
C = Cost per year of useful life;
TC = Total costs of material during the life of the sign;
PL = Performance life, which can be the service life of the
sheeting or the manufacturer’s warranty life.

Some agencies believe that the total cost of the sign installation
is more appropriate than just the fabrication costs, and therefore
they use the total sign fabrication and installation costs rather
than just the sheeting cost.

As minimum levels of retro-reflectivity become a reality, the
modification of this life-cycle cost analysis is possible to reflect
the benefits of using a sheeting that maintains a higher level
of retro-reflectivity over its useful life. This could be done by
multiplying the performance life by the average luminance of
the material over its useful life. That is:

C = TC/A((L, + L,)/2) X PL)
Where:

C, TC, and PL are as defined above:;

L, = Luminance (SIA) of new material;

L, = Luminance (SIA) of worn material at end of useful
life.

This procedure, however, requires the collection of sign retro-
reflectivity data on signs that have exceeded their useful life for
the establishment of a data base to provide meaningful data for
this life-cycle cost analysis.

In instances in which a sign may be knocked down, stolen, or
vandalized before it exceeds its useful life, a lower-initial-cost
material may be a better choice.



78

07/16/90 NORFOLK TCD INFORMATION SYSTEM

Page : 1 sample Sign Shop Materials inventory

MATERIALS INVENTORY

Article Description Condi-  Storage
Code tion Location

WHSE
WHSE
WHSE
WHSE
WHSE
WHSE .
WHSE
WHSE
WHSE
WHSE
WHSE
WHSE
WHSE
WHSE
WHSE
WHSE
WHSE
WHSE
WHSE

EXT ST NAME BRACKETS (CROSS) G
EXT ST NAME BRACKETS (45 DEG G
EXT ST NAME BRACKET (CAP) G
4X18" 080 ALUM BLANKS G
6"X12" 080 ALUM BLANKS G
6"X18" 080 ALUM BLANKS G
9uX21" 080 ALUM BLANKS G
QuX24" 080 ALUM SIGN BLANKS G
9uX30" 080 ALUM BLANKS G
10 9UX36" 080 ALUM BLANKS G
1" 91X42" 080 ALUM BLANKS G
12 12"X12'* 080 ALUM BLANKS G
13 12"X18" 080 ALUM BLANKS G
14 12"X30" 080 ALUM BLANKS G
15 124X42" 080 ALUM BLANKS G
16 15"X21" 080 ALUM BLANKS G
17 18"X18" 080 ALUM BLANKS G
18 18"X24" 080 ALUM BLANKS G
19 18"X30" 080 ALUM BLANKS G
20 24"X12" 080 ALUM BLANKS G WHSE
21 24%X24" 080 ALUM BLANKS G WHSE
22 24"X30" 080 ALUM BLANKS G WHSE
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G
G

VNV HUWN =

23 24"X36" 080 ALUM BLANKS WHSE
24 24"X64" 125 ALUM BLANKS WHSE
25 30"X30"* 080 ALUM BLANKS WHSE
26 36"X12" 080 ALUM BLANKS WHSE
27 36"X12" 125 ALUM BLANKS WHSE
28 36"X18" 080 ALUM BLANKS WHSE
29 36"X36" 080 ALUM BLANKS WHSE
30 36"X48" 080 ALUM BLANKS WHSE
3 48"X18" 080 ALUM BLANKS WHSE
32 30"X36" 080 ALUM BLANKS WHSE
33 48"X24" ALUM SIGN BLANKS WHSE
34 48"X48" ALUM SIGN BLANKS . WHSE
35 60"X18" ALUM SIGN BLANKS WHSE
36 60"X30" ALUM SIGN BLANKS WHSE
37 78"X18" ALUM "METRO" BLANKS WHSE
38 78"X30" ALUM "METRO" BLANKS WHSE
39 90"X18" ALUM "METRO" BLANKS WHSE
40 90"X30" 080 ALUM BLANKS WHSE
41 120"X60" ALUM “METRO" BLANKS WHSE
42 108"'X48" ALUM BLANKS WHSE
43 24" 080 STOP BLANKS WHSE
44 30" 125 STOP BLANKS WHSE

FIGURE 53 Typical sign materials supply report.

unit
Cost
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357
600
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CHAPTER NINE

CONCLUSIONS

Although an estimated $250 million is annually spent on main-
taining the 58 million signs along the nation’s highways, the
problem of inadequate funding for sign maintenance is all too
evident. Although support does exist amongst governmental
agencies for the implementation of minimum retro-reflectivity
guidelines or standards, the impact of retro-reflectivity standards
on sign maintenance budgets is still undetermined. However, an
increase in the level of maintenance by public agencies is un-
likely. Therefore, a systematic approach to maintenance manage-
ment will be required. .

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

o Improvements in traffic signing have the highest benefit-
cost ratio of any highway safety improvement.

o Field studies of traffic sign conditions indicate that a large
proportion of agencies’ signing systems are in need of some form
of maintenance.

o Tort liability losses to state transportation agencies have
increased by more than 1900 percent between 1975 and 1985.

o Studies have shown that approximately 29 percent of tort
liability lawsuits against highway departments are related to
traffic signing.

¢ The implementation of a risk management program is rec-
ommended by transportation and law experts to minimize tort
liability losses.

o The establishment of a sign inventory is one of the most
beneficial actions an agency can take to reduce liability exposure.
Advancements in computer hardware and software have pro-
vided the capability for all levels of government to develop a sign
inventory system. However, constant updating of the inventory
is needed as signs are added, removed, or replaced.

¢ One of the foundations for a street and highway sign mainte-
nance management program is the timely detection of mainte-
nance needs. This requires the implementation of procedures to
facilitate the reporting of maintenance needs from a number of
different sources, both from within and outside of the agency,
and to ensure that the communication of the maintenance need
is reported to sign crews in a timely fashion.

o With increasing awareness of the important role that retro-
reflectivity of traffic signs plays in nighttime traffic safety, the
development of a systematic nighttime inspection program is
becoming an integral part of a maintenance management
program.

79

e When travel time from a maintenance facility to the work
site is in excess of an hour, consideration should be given to the
establishment of a district sign maintenance operation. Although
the decentralization of the field work is beneficial, analysis has
indicated that a central sign shop is more economical than nu-
merous district sign shops.

o As a result of the staffing problems caused by declining
budgets, an increasing number of states and municipalities are
relying on contractors to do routine maintenance on the U.S.
road system, though contractual sign maintenance is still rather
limited. However, those agencies that have reported experience
with contractual sign maintenance have generally reported good
results.

o Technological enhancements are coming to the sign shop
as agencies use robotics and computer-aided drafting to improve
productivity.

o Agencies have found that by projecting materials needs so
that the purchase of signs and materials can be made on a yearly
basis or by combining purchases with other agencies, significant
cost savings can be obtained.

o With the rapidly increasing prices of aluminum, sign sub-
strate reclamation can result in a significant savings in materials
costs.

o There are many additional cost-saving strategies used by
agencies for sign maintenance activities, including: better man-
agement of sign vandalism problems to reduce occurrences, bet-
ter management of the scheduling of field workers to improve
productivity, better control of overtime through the implementa-
tion of call-in procedures, selection of sign materials that provide
better benefits and performance versus costs, improved specifica-
tions, and determination of compliance to specifications by the
manufacturer.

Further research needs include:

¢ Determination of the economic impacts of minimum retro-
reflectivity standards. :

¢ Determination of what level of retro-reflectivity is nec-
essary.

o Development of a low-cost, rapid procedure for the mea-

surement of in-field sign retro-reflectivity.

o Development of sign deterioration models.
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Montgomery County Government
Purchssing Division
101 Monroe Street

Rockville, Maryland 20850
301/217-7315

CONTRACT

Contractor

Address

Telephone Number

Conact Person

" FOR THE CONTRACTOR

MONTGOMERY COUNTY, MARYLAND

CONTRACT

THIS CONTRACT, made this day of intheyear _.____ | is
by and between

{CONTRACIOR'S NAME)

(CONTRACTOR'S ADDRESS)

hereinaiter called the CONTRACTOR, and Montgomery County, Maryland, hereinafter
called the COUNTY. ’

WHEREAS, this Contract for Street Names Signs & Traffic Sian Assemblies

is subject to all the terms and conditions contained in IFB __80163

(herelnafter referred to as the sollcitation) and; deliveries shall be As_Scheduled bv Contract

Administrator and; payment terms are ___Net 30 Days and;

WHEREAS this contract has been awarded pursuant to the Contractor's bid in response to
the solicitation (as modified to specify the items awarded) and;

WHEREAS, it was one of the conditions of the solicitation that a formal contract evidencing
the terms of the contract should be executed.

NOW, THEREFORE, it is agreed as foliows:

1. The contractor will perform the requirements of the contract, in accordance.with the
solicitation and the bid (as modified to specify the items awarded), both of which are hereby
incorporated by reference and made a part hereof. The contractor will comply with each
obligation set forth in the contract.

2. The County will pay for satisfactory performance of the requirements of the contract,
when due and payable, and wili comply with each obligation set forth in the contract.

IN WITNESS WHEREOF, the parties have caused this contract to be executed by their duly
authorized officers as of the date indicated above.

FOR THE COUNTY

by: ; - by:

(Signature) Montgomery County

Contracting Officer
-(Printed or Typed Name)
) (Title)
WITNESS) Approved as to Farm and Legality
’ County Attorney

Rev. 12/70/85

LOVHLNOD HIVd3H ANV NOILVTIVLSNI

NOIS ‘GNV'IAHVIN ‘ALNNOO AHIWODLNOW WOHL SLdH3OX3

V XION3ddV
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ECTION 111 - SPECIAL TERMS AND CONDITIONS

MANDATORY INSURANCE REQUIRCMENT

Prior to the Commencemenl of the Agreement, the Contractor shall obt§in at its
own cost and expense and keep in force and effect until the termination of
this agreement, the following Insurance with the Insurance Company/Compantes
licensed and qualified to do business in the State of Maryland evidenced by a

Certificate of Insurance.

Worker's Compensation .
Statute limits and the following limits:

Bodily Injury by Accident $100,000 each acc?dgnt
Bodily Injury by Disaster $500,000 policy limits
Bodily Injury by Disaster $100,000 each employee

Commercial General Liability .
Minimum $300,000 combined single Vimit of Bodily Injury and Property

damage per occurrence including the following coverages:

Contractusl Liability
Premises and Operations
Independent Contractors

Automobilée Liability
Bodily Injury
$100,000 each person
$300,000 each occurrence

Property Damage
4300,000 each occurrence

Including the following:
Owned automobiles
Hired automobiles
Non-owned automobiles

Additional Insured X
Monigomery County Government shall be named as an additional lnsured on

all liability potlicies.

Policy Cancellation .
Sixly (60) days written notice of cancellation or Change in any materials
on the policies s required.

Certificate Holder
Montgomery County Government
Purchasing and Materiel Management Division
101 Monroe Street - 13th floor
Rockville, Maryland 20850

CONTRACT TERM

The contract term shall be for a period of one (1) year from date of award.
Upon mutual concurrence of the contractor and the County, and contingent upon
appropriate fiscal funding, as approved by the Montgomery County Council, the
contract may be extended for an additional two onc year periods, with all
terms and conditions of the original contract applying to any such extension.

ANNUAL_PRICE ADJUSTMENT

Prices quoted are to be firm for one (1) year after award of a contract. A
contractor may submit a request for a price adjustment to be effective for a
renewal period in writing, no later than sixty (60) days prior to the
expiration of the contract. A request for a price adjustment is subject to
approval or rejection by the Chief, Division of Purchasing & Materiel
Management. A request for price adjustment may not be approved, which exceeds
the amount of the annua) percentage change of the Consumer Price Index (CPI)

for all urban consumers issued for the Washington, D.C. Metropolitan Area (all

items) published by the United States Department of Labor, Bureau of Labor
Statistics for the twelve month period immediately prior to the date of
request. A price adjustment may only be approved prospectively by a written
contract amendment. If the price adjustment is rejected in whole or in part,
the contractor need not agree to renew the contract.

BID GUARANTEE
A Bid Guarantee (Bid Bond, Certified or Treasurer's Check, or lrrevocable
letter of Credit), must be enclosed and accompany each Bid and be duly
executed by the Bidder as a principle and having security thereon the amount
of five percent (5%) of the Bid made payable to Montgomery County. B8id
Guarantees, other than Bid Bonds, will be returned to all except the three (3)
lowest bidders within 15 days after the formal opening of Bids, and the
remaining Guarantees will be returned to the three lowest bidders within §
days after the County and the accepted Bidder(s) have executed the
contract(s). If no contract has been executed within the time specified
herein, the Bidder may request the return of the Bid Guarantee. The County
reserves the right of approval of any instrument offered as Bid Guarantee.

PERFORMANCE BOND

No contract shall exist until the County receives a duly executed Performance
Bond prepared on an approved form in the amount of $10,000.- made payable to
Montgomery County, as security for the faithful performance of the contract
and having as surety thereon such surety company or companies as are
acceptable to the County and as are authorized to transact business in the
State of Maryland. In the event the Performance Bond is not delivered within
ten (10) days of Notice of Award then the offer may be ruled null and void and
the award shall be made to the next lowest responsive bidder.

The Performance Security will provide assurance of faithful performance and
discharge of al) duties and responsibilities attendant thereto required by law
or as provided herein by the contractor of all ASPECTS, TERMS AND CONDITIONS
of the contract and shall be maintained in full force and effect until the
termination of this agreement.
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It is estimated that the yearly expenditure under this contract will
approximate the quantities listed on the Quotation Sheet. Under the terms of
this Invitation, however, the  resultant contract shall be considered a
“Requirements-type* contract only. 1lhe quantities are approximate only and
will be used for comparing bids. 1In addition, the quantities are contingent
on appropriate fiscal funding. Tlhe County reserves the right to increase or
decrease the quantities and such action by the County shall not be cause for
any increase or decrease of contracl unitl prices bid.

REFERENCES OF PREVIOUS SUCCESSFUL EXPERIENCE

tach bidder shall list on the form included in this Invitation one or more
references of clients for whom the bidder has successfully completed a
contract for installing traffic signs. For each reference, the bidder shall
list the name of the client, address, and phone number of client's contact
person, types and quantities of signs installed, "and annual dollar value of
contract. The County intends to contact and verify references. Failure to
submit acceptable references that demonstrate the ability to successfully
pursue and complete work of the type and scope of this contract may cause the
bid to be deemed non-responsive.

EQUIPMENT

Each bidder shall list on the form included herewith the details of the
equipment currently owned or rented by the bidder, or to be obtained by the
bidder, and that will be available to pursue the work in this contract.
Failure to submit information on equipment in sufficient detail for the County
to determine whether the equipment meets the specifications may cause the bid
to be deemed non-responsive.

PERSONNEL QUALIFICATIONS

Each bidder shall identify, on the form included herewith, the numbers,
sources, and experience of the personnel proposed to be used to pursue the
work in this contract.

CONTRACT ADMINISTRATOR/ENGINEER

The Contract Administrator shall be responsible for:

A. Instructing the contractor of the details of work required
including the labor and the material/equipment to be used.

8. lnspect all work performed and authorize payment upon acceptance.

C. Other responsibilities as outlined in the contract documents.

Where used elsewhere in the Contract documents, the term "Engineer" shall
be defined to mean "Contract Administrator®. 1lhe Contract Administrator for
this contract will be Mr. Ronald C. Welke, Chief, Division of Traffic
tEngineering (301-251-2190) or his duly authorized representative.

IMPLIED WORK

All incidental work required by the drawings or specifications, for which
no payment s specifically provided, any work or materials not therein
specified which are required to complete the work and which may fairly be
implied as included, shall be done or furnished by the Contractor without
extra compensation.

INJURY TO PROPERTY

In case any direct or indirect damage 1is done to public or private
property by or because of the work, or in consequence of any act or omission
on the part of the Contractor, his employees or agents, the Contractor shall,
at his own cost, restore such property to a condition similar or equal to that
existing before such damage was done, by repairing, rebuilding, or.otherwise
restoring, as may be required by the Engineer, or shall make good such damage
in a satisfactory manner; and in case of failure on the part of the Contractor
to promptly so restore or make good such damage, the Engineer may, upon 48
hours written notice, proceed to repair, rebuild, or otherwise restore such
property as may be necessary, and the cost thereof will be deducted from any
monies due to become due the Contractor under the Contract; or the Engineer
may deduct from any monies due the Contractor a sum sufficient, in the
judgement of the Engineer, to reimburse the owners of the property so damaged.
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DECISIONS AND EXPLANATIONS BY ENGINEER

The tngineer shall decide any and all questions which may arise as to the
quality and acceptability of materials furnished and work performed and as to
the manner of performance and rate of progress of the work and shall decide
411 questions which may arise as to tte interpretations of any or all plans
relating to the work and of the specifications, and al) questions, as to the
acceptable fulfillment of the Contract on the part of the Contractor; and the
tngineer shall determine the amount and quantity of the several kinds of work
performed and materials which are to be paid for under the contract, and such
de-isjon and estimate shall be final and conclusive, and such estimate, in
case any questions shall arise, shall be a condition precedent to the right of
the Contractor to receive any money due under the Contract. Any doubt as to
the meaning of or any obscurity as to the wording of the specifications and
contract or the intent of the plans, and all directions and explanations
requisite or necessary to complete, explain or make definite any of the
provisions of the specifications, Contract or plans and to give them due
effect, will be interpreted by the Engineer. The decision of the Engineer
will be final.

LOCATION OF WORK AN METHOD OF ASSIGNMENT

Upon award of contract, a notice to proceed will be issued by the Contract
Administrator, accompanied by an initial 50 work orders to be completed by the
Cottractor. The Contractor shall commence work as soon as possible but not
later than 7 calendar days thereafter. After commencement of work by the
Cecntractor, work orders will be generally issued dafly to the Contractor
(Monday through Friday except County holidays) at a rate that will not exceed
100 work orders per week. 1The order in which the work orders are pursued by
iie Contractor is at the discretion of the Contractor, so long as the
schedules specified elsewhere in this contract are met.

The County reserves the right to delete work orders as necessary and to
revise details of any work order at any time prior to the completion of any
work order.

RATE OF PURSUING THE WORK

The County desires each work order to be completed by the Contractor as
soon as possible. The Contractor must complete each work order within 14
calendar days of receiving the work order. At the sole discretion of the
Engineer, the COUN1Y may grant exceptions to this 14 days requirement in
extreme circumstances such as an unusually heavy snowfall that makes signing
work impossible for an extended period. 1f the Contractor finds at any time
he cannot complete the work orders within 14 calendar days (at the rate
assigned by the County), the Contractor shal)l hire and train additional crews
and obtain additional equipment, so as to be able to complete the work within
the required 14 calendar day time frame, or Liquidated Oamages shal) apply.
tEach day a work order is not completed after the 14 days allowed shall be
considered 1/10 of a calendar day for each work order not completed during
which failure to pursuve the work at an adequate rate occurred. See
"Liquidated Damages® and “Default of Contract®.

LIQUIDATED DAMAGES

Liquidated.damages at the rate’of $500.00 per calendar day may be assessed
by the County in the event any of the following occurs:

a. Failure of the Contractor to start work within seven calendar
days of notice to proceed.

b. Failure of the Contractor to pursue the work at an adequate rate
(see “Rate of Pursuing Work").

c. Failure to correct defective work within three calendar days
(Saturday, Sunday, holidays excepted).

d. Repeated failure to keep the Engineer advised of work schedules.

. Should it become necessary for the County to halt the work because of
incorrectly loca}ed or un-satisfactory installation of signs or posts under
the terms of this contract, liquidated damages may also be assessed at the
rate noted above.

DEFAULT OF CONTRACT

In the event of any of the following conditions, the County will consider
the Contractor to have defaulted on the contract: ’

a. Failure of the Contractor to start work within fourteen calendar
days of the notice to proceed.

b. Failure of the Contractor to have pursued the work at an
adequate rate such that Liquidated Damages are eligible to be
assessed in excess of fourteen calendar days total.

Default on the contract will result in termination of the contract and
forfefiture of the performance bond for any and all uncompleted work.

The work shqll be _under the general direction of the Contractor but
subject to the inspection of the Contract Administrator or the authorized
representqtivg, who may require the Contractor to correct defective
workmanship without cost to the County.

Except for County-supplied materials, all material and practices which are
necessary, or which normally provided and performed in order to accomplish the
desired resnlt;. shall be furnished by the Contractor at the bid price and
shall conform in strength, quality of material, appearance, and workmanship to
that usually provided by the trade.
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DEFECTIVE WORK

+1f, in the judgemenl of the tngineer, repairs, renewals, or replacements
become necessary, due to incorrectly applied or improperly located materials
said actions shali be promptly made by the Contractor, with any inferior or
defective work replaced by good and acceptable materials, and all necessary
work done to put the improvement in first class condition. 1If available, the
County will supply the materials for the necessary repairs, renewals, or
replacements, and the cost of said County-supplied materials shall be deducted
form any monies due to the Contractor. If the County does not have available
a sufficient quantity of additional materials for this purpose, the Contractor
shall provide at his own cost the necessary quantity of materials meeting the
County's specifications. Such materials shall not be used before they are
specifically approved by the County.

1f the Contractor does not, within three (3) working days after
notification from the Engineer, complete such necessary work as stipulated
above, then the Engineer may proceed with the work and assess one full day of
Liquidated Damages.

INVOICES

At the end of each month the Engineer will prepare an estimate of the
quantities of the various work items that the Contractor has completed during
the month and that have been accepted by the County. The Engineer will
include a deduction, if necessary, for County-supplied materials that have
been wasted by the Contractor. The Engineer's estimate will be furnished to
the Contractor for his use in preparing monthly invoices.

Any work order that has not been fully completed or that contains
defective work that has not been corrected by the Contractor will not be
accepted for payment by the County, even if only a portion of the work
included in that work order is incomplete or defective.

Invoices shall be submitted monthly reflecting quantities of work
completed by the Contractor and accepted by the County. All true and
corrected invoices are to be sent to:

Montgomery County Division of Traffic Engineering
101 Monroe Street, 11th Floor
Rockville, Maryland 20850

Invoices for completed work shall reflect deduction of wastage of

County-supplied materials, if any, and any other deductions the County is
authorized to take under the terms of this contract.

End of Section I11 - SPECIAL TERMS AND CONDITIONS

SECTION 1V - SPECIFICATIONS AND SPECIAL PROVISIONS
INSTALLATION AND REPAIR OF STREET NAME SIGNS  AND TRAFFIC SIGN ASSEMBLIES

GENERAL DESCRIPTION AND SCOPE

Work under this contract consists of providing the services to install new
and repair existing street name signs, and traffic signs, using Montgomery
County-supplied signs, posts and related sign installation hardware. The
signs, posts and sign installation hardware will be supplied to the Contractor
at no charge.

The new sign assemblies to be installed will consist generally of 1)
extruded aluminum street name sign panels on a single post; 2) extruded
aluminum street name sign panels to be affixed to existing street light poles

or traffic signal poles; 3) flat aluminum traffic sign panels on either one or

two posts as directed; and 4) combination street name sign/traffic sign
assemblies on either one or two posts as directed. Repairs to existing sign
assemblies will consist generally of 1) repairing sign panels; 2) replacing
missing sign panels or assemblies; 3) removing existing sign panels and
replacing with new sign panels; 4) removing and replacing existing posts; and
§) adding supplemental sign panels, as Jirected by work orders.

Initially, work orders are expected to involve only 6 3/4* or 9" street
name: signs, 24" or 30° stop signs, and 30" or 36" yeild signs. The drawings
included in these specifications govern placement of these types of signs.
The County reserves the right to issue work orders under this contract to the
Contractor for installation or repair of other types of signs as the County's
needs dictate, and will supply drawings governing placement of such other
types of signs as necessary. The installation or repair of such other types
of signs that the County may call for will not require the Contractor to
expend a level of work effort that is substantially greater than the level of
work effort required to install or repair street name signs, stop signs, or
yield signs, although the locational standards may differ. The bid unit
prices established in the contract shall govern compensation for all work
orders.

GENERAL REQUIREMENTS

All signs and assemblies shall be i{nstalled in accordance with the
following:

a. Manual on_ Uniform Traffic Control Devices for Streets and

Highways (MUTCD), pubtished by the Federal Highway
Administration, latest edition;

b. These specifications and special provisions;

¢. Work orders and attachments to work orders that will be issued
as the work proceeds.

In the event of conflict between the above standards, the work orders and
attachments shall take precedence.

L8



DLFINITION OF TERMS

An individual sign, such as a Stop sign, or a Street name

sign. Traffic sign panels will normally be intended for
viewing from only one direction. Street name sign panels
will normally be two-sided, with a single street name on
each side of the panel.

Composed of one or more sign panels mounted individually
or as a group Oon one or more supports.

Sign Panel:

Sign Assembly:

MATERIALS

The County will supply to the Contractor all prepunched fabricated sign
panels, posts (2“ round pipe or 2 pounds per foot U-channel post), post caps,
sign crosses, post anchors, brackets, clamps, nuts, bolts, washers, set
screws, banding material, and other sign hardware. The hardware to be
supplied by the County will generally conform to the attached drawings (#5
through #12 and #22 and #23), which are included herein for bidders
information only.

The materials will be made available at the Montgomery County Sign and
Marking Shop, 1283 Seven Locks Road, Rockville, Maryland. The Contractor may
pick up the County supplied materials between the hours of 6:30 AM and 2:30
PM, Monday - Friday except County holidays, providing arrangements have been
?17 least 48 hours in advance by contacting Mr. Robert Poole, Supervisor

279-1391).

Mo more material will be supplied in any one week than is necessary to
complete one week's work. Fabricated sign panels will be made available to
the Contractor as the work orders requiring use of those signs are assigned to
the Contractor. Any excess material shall be returned to the Sign and Marking
Shop at no expense to the County. A deduction shall be made from any monies
due the Contractor for any excess material not returned, at the rate of the
gos;.o: the material to the County, plus $35 or 15% handling charge, whichever
is higher.

No substitutions of Contractor-supplied materials will be permitted for
use in place of County supplied materials even if such materials are supplied
at no cost the the County.

The County reserves the right to make minor changes in the specifications
of the materials and hardware supplied to the Contractor at any time. Such
changes may include the use of a heavier weight standard U-post. Any such
changes shall not be cause for the Contractor to make any claim to the County
based on those changes in materials supplied.

DAMAGE TO COUNTY-SUPPLIED MATERIALS

lhe Contractor shali inspect all signs and other materials furnished to
him by the County for any damage or discrepancies with the work orders. Any
damage to the signs must be noted by the Contractor al the time of receipt
from the County. the Contractor shall be held responsible for any
transporting, handling and installation. Signs shall be transported on the
Contractor's vehicles upright, on edge, suitably protected to prevent rubbing
or scraping of the sign faces. 1lhe cost of the sign to the County, plus 15%
or $35 handling charge (whichever is higher), shail be withheld from monies
due the Contractor if, in the opinion of the Engineer, any damage is caused to
the sign by the Contractor that will affect the performance of the sign for
the intended life of the sign. The opinion of the Engineer shall be final.

CONTRACTOR QUALIFICATIONS

The Contractor must be experienced in the installation and repair of
traffic signs. Bidders that cannot demonstrate successful previous experience
in work of the type in this contract will be considered not responsible and
will not be considered for award of this contract.

The Contractor must possess (own or rent) and/or assure the availability
of sufficient vehicles, equipment and special tools to successfully pursue the
installation, removal and repair of the signs, posts, and sign hardware as
presented in this contract.

Personnel employed by the Contractor for work on this contract shall be
experienced in this type of work requiring little or no training necessary to
expeditiously commence the work and pursue its completion.

COMMUNICATIONS

The Contractor shall designate a working leader ("foreman®) in charge of
each signing crew. No crew shall operate without one person being in charge
and responsible for work done in the field. The County will provide to the
foreman, for the duration of the contract, a portable radio and charger to
provide for voice communications between the County Sign Shop and the
Contractor's work crews during signing operations. The Contractor shall
cooperate with the County by maintaining effective voice communications. The
radio and charger shall be returned to the County at the end of the contract
work period. 1f the voice equipment is lost or damaged, the County will
deduct the cost of replacement or repair from monies otherwise due the
Contractor.
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CONTRACTOR'S BASE OF OPERATIONS

the Contractor may, with the approval of the County, store the materials,
vehicles, equipment and cupplies necessary for this project at the County Sign
Shop at 1283 Seven Locks Road in Rockville, Maryland. However, the County
will bear no responsibility for the safety of the equipment and/or supplies.
The Contractor is responsible for handling and proper storage and protection
of al materials after release of materials to the Contractor by the County.

WORK_ORDERS

Two types of work orders will be issued to the Contractor, one for street
name signs, and one for traffic signs. 1In the case of an assembly involving
both street name signs and traffic signs, two work orders will be issued,
cross-referenced to each other. The Contractor is expected to properly
coordinate performance of the two work orders.

The work orders will specify the signs to be installed or repaired, the
type and gquantity of posts to be used, and other pertinent instructions which
must be followed.

Examples of the blank work order forms and a list of some of the standard
dbbreviations used on work orders are included in the attachments to these
specifications. The County may make minor changes in the work order forms at
any time.

SCHEDULING AND RECORD-KEEPING

At the start of each working day, the Contractor shall submit all work
orders that were completed the previous working day to the Engineer. New work
orders (if any) will be issued to the Contractor each working day at the time
the previous day's completed work is submitted. The Contractor's schedule
shall be verbally updated each working day (i.e., progress report on
accomplishments and scheduling changes). 1f the Contractor will not be
working on any given day, the Contractor must advise the Engineer no later
than 7 AM of that day. Repeated failure to.do so will result in assessment of
one day of liquidated damages for each occurrence.

All work orders must be properly filled in by the Contractor before the
work order will be considered completed and be considered for payment. All
appropriate items including date of installation, time of day work was
completed, and all materials accounted for must be completed.

The sequence of executing the work orders is at the discretion of the
Contractor. However, once the installation or repair of any given sign
assembly is started, that sign assembly installation or repair must be
completed in its entirety before the Contractor may leave that work location
or take any work break. Also, once a work order is started, all sign work
included in that work order must be completed before the Contractor may start
another work order unless permission otherwise is granted by the Engineer.
The Contractor is reminded of Liquidated Damages that may be applied if a work
order is not completed within 14 calendar days.

the Contractor shall notify the Lngineer at least two working days in
advance of any proposed scheduled work on weckends or holidays, or during
other than normal working hours (7 AM - § PM), and shall obtain prior
permission of the Engineer before undertaking such work.

INSTALLATION AND REPAIR OF SIGNS

Installation and repair of signs shall be as required by the work orders,
the drawings attached to these specifications, other drawings that may be
issued by the County during the course of the contract, the manufacturer's
recommendations where applicable, and other requirements of these
specifications. The following specifications and procedures shall be followed:

LOCATION OF STGN ASSEMBLIES

1. General

a. Sign assemblies shall be installed in the locations
directed by work orders, drawings, and these
specifications, providing adequate visibility of the signs
as presented in the following table is maintained.

Posted Minimum Distance Signs Must
Speed Limit be Visible to Approaching Traffic

25 MPH 175 feet

30 MPH 225 feet

35 MPH 215 feet

40 MPH 325 feet

45 MPH 400 feet

50 MPH 475 feet
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If it is apparent that adequate sign visibility cannot be
accomplished within the instructions of these
specifications relating to tree trimming and the
instructions on the work order, the Contractor or his
foreman shall contact the Engineer by radio to receive
further instructions - prior to iastalling the sign
assembly. 1f the Engineer cannot be contacted by radio,
the Contractor shall hold the work order until such time
that the Engineer is contacted. No additional compensation
will be allowed.
the completion of a work order unless stated in writing by
the Engineer.

Traffic signs shall be properly aligned facing approaching
traffic. Existing posts shall be straightened as necessary.
Street name signs shall be properly aligned so as.to be
approximately parrallel to the street they name, unless
otherwise directed by the work order or by the Engineer.

2. Lateral Clearance

a.

Roadways with curb: the standard lateral clearance shall
be two feet from near edge of sign to back of curb (see
drawing), except as follows:

1. Where utility poles are adjacent to the curb or more
than two feet from the back face of the curb, or where
parking meters are present, the near edge of the sign
may be placed as close as one foot from the back face
of the curb or in line with the existing poles or
parking meters.

2. Where the sidewalk abuts the back face of curb, the
near edge of sign should be mounted six inches from the
edge of the sidewalk farthest from the travelled
roadway, if conditions (1} and (3) do not apply.

3. The maximum lateral clearance shall be 12 feet from
near edge of sign to back face of curb.

Roadways with paved shoulders: The standard lateral
clearance to the near edge of the sign shall be two feet
from the outside edge of the usable paved shoulder or six
feet from the near edge of the paved travel lane, whichever
is the greater distance.
Roadways without shoulders or curbs: The standard lateral
clearance shall be six feet from the near edge of sign to
the near edge of pavement, provided adequate sight distance
can be accomplished. Where it is impractical to maintain
the standard lateral clearance, a lesser latera! clearance
may be used, but in no case shall it be less than one foot.

No additional time will be allowed for

3.

4.

5.

6.

Longitudinal Position of STOP or YItLLD sign and/or Street Name

Sight

The sign assembly shall be erected at a longitudinal
position along the roadway that is as close as practicable
to the point where it is intended that vehicles are to
stop. It shall not be less than six feet nor more than 50
feet in advance of the extended curb line or edge of
pavement of the intersecting roadway. Where there is a
sidewalk or a marked crosswalk, the S10P or YIELD sign
should be placed at least four feet in advance of the edge
of the sidewalk or crosswalk line nearest to approaching
traffic. Distances less than this minimum may be allowed
when the STOP or Y1ELD sign is combined with a street name
sign (see attached drawings).

Distance Obstructions (vegetation):

The Contractor shall be required to trim any vegetation
obstructing or otherwise restricting the sight distance of
the sign, up to 1/2 inch in diameter. No additional
compensation will be allowed for this work.

Cleaning of Existing Signs:

Whenever repairs or modifications are being made to an
existing sign assembly, the Contractor shall clean the
existing sign panels that are to be retained in the
assembly by wiping off the surface with a damp cloth. No
solvents or other cleaners shall be used that would, in the
opinion of the Engineer, damage the sign face. 1If, in the
process of carrying out a work order for repairs or
modifications to an assembly, a sign panel on the assembly
is found to be damaged by spray paint or other vandalism,
the Contractor shall contact the Engineer by radio and
obtain verbal dnstructions as to what actions, if any, are
to be taken.

Underqround Utilities:

1t is the Contractor's responsibility to contact “Miss
Utility" if the Contractor wishes to verify the location of
an undergound utility, and to conduct the work so as to
avoid all damage to utilities, structures, and properties.
1t is the sole responsibility of the Contractor for any
damdge t1hat he may cause to any wutility, drainage
structures, or other property as a result of his actions.
No additional time will be allowed for the completion of a
work order because of the location of any wutility or
structure.
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SIGN, POST_AND HARDWARE INSTALLATION

1.

General: Signs shall be installed or renaired as directed with the
signs, post and hardware provided by thr County. All installations
and repairs shall be accomplished with go. i workmanship in accordance
with these specifications and drawings attached. The Contractor
shall familiarize himself with these reguirements and the hardware
supplied so that there shall be no question as to the intent of the
County. The Contractor shall furnish all vehicles, post drivers,
post pullers, banding tools, and any other specific or incidental
tools or equipment necessary for the successful installation and
repair of traffic signs and their supports at no cost to the County.
In cases of dispute concerning the manner in which the hardware is to
be installed, the Engineer shall be the final authority on the intent
of the County.

Vandal Resistant Hardware: County-supplied vandal resistant hardware
shall be installed in accordance with the attached drawings and the
instructions of the Engineer. The Contractor is required to furnish
the special tools required to install this hardware at no cost to the
County.

Post lnstaliation:

a. Driving of Posts: The type and quantity of posts to be
installed shall be as designated on the work order. Posts
shall be driven into the ground, to the depth specified
and/or to achieve the specified mounting height of signs,
with proper post-driving equipment that will minimize
damage to the top end of the post. Except in sidewalks,
the excavation or drilling of a hole and subsequent
backfilling around the post will not be allowed. The
County retains the right to pull any post that is suspected
of having been driven to an {insufficient depth. 1If the
post is found to have been driven to an insufficient depth,
the Contractor shall re-install the post and sign assembly
at no expense to the County.

b. Plumbing: A1l posts shall be plumbed using a carpenter's
level. Any existing post that is not to be replaced shall
be plumbed and, if necessary, straightened by the
Contractor to obtain a final assembly that is plumb. Any
newly installed posts or existing posts that are not
replaced that are not plumb upon completion of the work
order will not be accepted.

c. Levelling: For assemblies using two posts, the tops of the
posts shall be levelled with a carpenter's level. Signs
installed on posts shall be level as determined by a
carpenter’'s level. Signs that are not level will not be
accepted.

d. Hote Drilling in  Concrete: for sign  posts that are
required to be installed in concrete sidewalks (portland
cement type or asphalt type), work orders will be marked
“COMPRESSUR". for such post instaliation in sidewalks, the
Contractor shall use a suitable rotary drill or similar
equipment to drill a 3“ to 3 1/2" diameter hole in the
concrete prior to driving the post the remainder of the
required depth. After the post is driven and plumbed, the
hole shall be filled with “Epoxyment" (Rotanium Products)
or approved equal patch compound suitable for quick-dry
all-weather use. Additional compensation will be allowed
for the drilling of a post hole in concrete sidewalk area
when required, as per the appropriate bid item in these
specifications.

e. Lock-Set Post Anchors: Each 2" pipe post (round tube)
shall be secured in the ground after driving of the post,
by use of a County-supplied “Lok-Set" post anchoring
system. The anchors shall be installed by the method and
procedures prescribed by the manufacturer. Additional
compensation will be allowed for the installation of a
Lok-Set anchor system for each 2" pipe post, as per the
appropriate bid item in these specifications.

Post Removal:

When it is required by the work order or other directions to
remove a post, the Contractor shall remove the post using tools
and equipment specifically intended for that purpose. The post
shall be completely removed, transported to the County's Sign
Shop, and deposited as directed elsewhere in these
specifications. All holes left from the removal of the posts
shall be backfilled with a suitable material, tamped, and
levelled to match the surrounding area.

Banding of Wing Brackets for Street Name Signs on Street Light,
Utility, or Signal Pole:

When street name sign panels are required to be installed on an
existing street 1light pole, utility pole, or traffic signal
pole, County-supplied wing brackets shall be used to affix the
"sign panels to the pole. The Contractor shall insert and secure
each street name sign panel into the wing bracket supplied,
taking extra care to assure that the set screws are torqued
sufficiently to “bite" deeply inlo the sign panel. Each wing
bracket shall be banded 1o the pole with two banding straps (top
and bottom). 1lhe banding shall be installed sufficiently tight
to prevent rotation or sliding of the sign panel assembly on the
pole.
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WORKMANSHIP

1. General: A professional quality of work is required. All hardware
that is required shall be installed including all proper length and
type bolts, nuts, lock washers, nylon washers, set screws, etc.
Signs shall not overlap nor shall signs be obstructed in any manner
1f signs cannot be installed or repaired as required on the work
order without violating other requirements of this contract, the
Engineer shall be contacted by the Contractor by radio or the work
order shall be held until the next working day and returned to the
Engineer. No compensation will he allowed for work orders that are
returned to the County because they cannot be properly installed. No
monies will be paid to the Contractor for work that does not meet the
intent of these specifications.

2. Defective Work: Any work found to be defective due to the inability
of the Contractor to meet any of the requirements of these
specifications or because of less than professional workmanship shall
be considered incomplete, and shall not be acceptable. Any such work
must be completed or corrected by the Contractor to the satisfaction
of the Engineer within three calendar days (not including Saturdays,
Sundays, and County holidays). If the Contractor cannot correct the
incomplete installation within these three days, the County may, at
it's option, complete or repair the incomplete installation using
County forces and charge one day's Liquidated Oamages to the
Contractor.

3. Field Personnel: Field personnel shall be knowledgeable of the
proper installation of traffic signs. A copy of these specifications
and attached drawings as well as an up-to-date Alexandria Orafting
Co. HMontgomery County Street Map Book shall be with the field
personnel at all work sites. Failure to have a copy of these
specifications and drawings and the required street map book with the
field personnel will be considered sufficient reason for the Engineer
1o _suspend the work of the Contractor until copies of specifications
and_drawings and map book are placed with the field personnel.

INCIDENTAL FIELD CHANGES

The possibility of damage to a sign assembly and/or its supports due to a
vehicle accident, the commencement of construction activity, other incidental
acts, or acts of nature that may have occurred after the work order was
written muy affect the ability of the Contraclor to execute 3 work order as

writlen. I 3@ work order cannot be implemented as written, the Contractor
shall return the work order to the Engineer the following working day. This
shall not be cause for the Contractor to make any claims for additional

compensation from the County. The Contractor or his foreman may, at his
option, contact the Engineer by radio to request additional instructions. The
Engineer may, at his sole discretion, modify the work order wverbally to
include any additional work necessary to complete the work order. Any and all
verbal changes shall be confirmed in writing the following working day in
order to be eligible for compensation for work done. Only work included in
the bid items will be compensated.

RETMBUKSEMENT FROM THIRD PARTY FOR REPAIRS OR_ DAMAGES

The County reserves the right to make recovery from a third party or
parties for damage to any part of existing sign assemblies and no part of such
recovery shall inure to the benefit of the Contractor.

CONTRACTOR TO BE ALERT FOR MISSING OR DAMAGED .SIGNS

While the Contractor is at an intersection or other location and is
engaged in doing the work contained in a work order for that location, the
Contractor is expected to be alert for missing or damaged signs at that
location that are not included in the work order. An example would be a stop
sign on the opposite side of the intersection that is apparently missing or
that is damaged. Whenever such situations are encountered, the Contractor
shall contact the Engineer by radio to report the situation and request
additional instructions. The Engineer may, at his sole discretion, modify the
work order verbally to include any additional work deemed necessary. No such
additional work shall be undertaken by the Contractor without the verbal
permission of the Engineer. Any and all verbal changes shall be confirmed in
writing the following working day in order to be eligible for compensation for
the additional work. Only work included in the bid items shall be compensated.

DISPOSAL_OF DAMAGED OR REMOVED SIGN MATERIALS

The Contractor shall transport all damaged, bent, obsolete or otherwise
unusable sign materials removed from the field to 1283 Seven Locks Road,
Rockville, Maryland and deposit them as directed by the Engineer. The
Contractor shall remove all reusable materials to 1283 Seven Locks Road,
Rockville, Maryland, clean the signs to the satisfaction of the Engineer, and
store these materials at a location designated by the Engineer. All re-usable
materials shall be handled with reasonable care. All materials removed from
the field shall remain the property of the County.

MAINTENANCE OF TRAFFIC

The purpose of this portion of the contract is Lo provide for the safe and
continuous maintenance of traffic through the area where traffic signs are
being installed or repaired and to minimize accidents and accideni severity
while at the same time minimizing inconvenience to the traveling public and
the Contractor.

All work shall be performed in accordance with applicable parts of
Maryland State Highway Administration's “Standard Specifications" (Section
814) (copy attached), and Part VI of the United States Department of
Transportation's Manual on Uniform Traffic_Control Devices for Streets and

Highways (MUTCD).

The Contractor shall furnish and place all warning devices, flagpersons,
and flashing arrow boards and other traffic control devices required to
qirect. control and protect the traveling public while signing operations are
in progress. Iraffic shall have minimal, if any interruption. If, in the
sole judgement of the Enginecr, the signing operation is causing an excessive
amount of traffic backup or congestion, he may order the Contractor lu cease
signing operations at that location until a period of lighter traffic or to
take other actions a may be appropriate.
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tact vehicle used by the Contractor on this Contract shall be equipped
with, as a minimum, a vehicle-mounted flashing arrow board and one or more
yellow strobe lights. Also, each vehicle shall ceé'ry an adequate number of
orange traffic cones. Each of 1he Contractor , personnel shall wear
reflective orange vests at all times. 1he County re erves the right to change
or modify these requirements as it sees fit, at - additional cost to the
County. The Contractor must have his vehicles inspected and approved by the
Engineer prior to starting work on this contract. tack of approval of
vehicles will not be a valid reason for waiving Liquidated Damages.

The Contractor shall be solely responsible for all accidents and/or damage
to persons and/or property that may result from the Contractor's operation.
This shall include sodding that is necessary due to installation of lock-set
post anchors or driving of vehicles off of the pavement.

lThere will be no separate payment for Maintenance of Traffic. All such
work shall be incidental to the sign installation or repair work.

RESTRICTIONS ON WORK OPERATIONS BLOCKING TRAVEL LANES

Except on minor residential streets as allowed by the Engineer, the
Contractor's work operations shatl not result in the blockage or obstruction
(partial or full) of any moving lane of traffic during the periods of 6:30 AM
to 9:00 AM and 3:30 PM to 6:30 PM, Monday - Friday.

BI1D ITEMS - DESCRIPTIONS

1. Install Street Name Sign Assembly With Single Post - This item shall
cover the installation of an assembly consisting of a single post
(either U-post or 2" pipe tube), and either one, two (normal) or
possibly three street name sign panels on the top of that post (but
no traffic signs) as required by the work order and as covered by
these specifications and attached drawings.

2. Install Traffic Sign Assembly With Sinqle Post - This item shall
cover the installation of an assembly consisting of a single post
(either U-post or 2" pipe tube) and either one (normal) or possibly
two or three traffic sign panels (some of which may be back-to-back)
on the post, as required by the work order and as covered by these
specifications and attached drawings.

3. Install Combined Street Name Sign/Traffic Sign Assembly With Single
Post - 1his item shall cover the installation of an assembly
consisting of: a single post (either U-post or 2" pipe tube); either
one, two (normal) or possibly three street name sign panels on the
top of that post; and either one (normal) or possibly two or three
traffic sign panels (some of which may be back-to-back) on the post
below the street name signs; all as required by the work order(s) and
as, covered by these specifications and attached drawings.

Install Traffic Siqn Assembiy With Two Posts: This item shall cover
the installation of an assembly consisting of 1wo U channsl posts anc
either one (nurmal) or possibly two or three traffic signs (some o
which may be back -to-back) on the posts, as required by the worke
order and as covered by these specifications and attached arawings.

install Combined Street Name Sign/Traffic Sign Assembly With iwo
Posts - Yhis item shall cover the repair consisting of: two
U-channel posts; either one, two (mormal) or possibly three street
name sign panels on top of those posts; and either one (normal) or
possibly two or three traffic sign panels (some of which may be
back-to-back) below the street name signs; all as required by the
work order(s) and as covered by these specifications and attached
drawings.

Install Street Name Sign Assembly on £xisting Street Light Pole,
Utility Pole, or Signal Pole: This item shall cover the installation
of an assembly consisting of either one, two (normal), or possibly
three street name sign panels, using wing brackets banded to an
existing street light pole, ulility pole, or traffic signal pole as
required by the work order and as covered by these specifications and
attached drawings.

Repair, Replace, or Modify Existing Sign Assembly on Existing Post or
Posts - This item shall cover the repair and/or the removal and/or
the replacement of an existing assembly, and/or the addition of an
auxiliary sign panel, the addition of a new street name sign panel or
any other miscellaneous sign modification(s) work to an existing sign
assembly as required by the work order that does not require any new
or additional posts.
specifications and attached drawings.

Repair, Replace, Remove, or Modify Existing Sign Assembly and Add,

Remove, or Replace Posts - This item shall cover the repair and/or

the removal and/or the replacement of an existing assembly, and/or
the addition of an auxiliary sign panel, the addition of a new street
name sign panel, or any other miscellaneous sign modification(s) work
to an existing sign assembly as required by the work order that does
require modifications to the existing posts. Modifications to the
existing posts may include the removal and/or replacement of one or
more posts or the addition of another post to the existing sign
assembly. Such work shall be as covered by these specifications ang
attached drawings. 1In the case of relocation of an assembly from one
location to another location, such work shall consist of two separate
pay items - removal (item §8) and instailation (item # 1, 2, 3, 4, 5,
or b).

Drill Hole for Post in Concrete - This item shall cover the drilling
of holes and subsequent patching for posts that must be installed in
concrete sidewalks. 1the drilling of holes is normally accomplishec
by the use of a rotary drill with the appropriate drilling bit. the
need for the drilling of hole in concrete iz noted on the work order
by the checking of the box titled “COMPRLSSOR". 1he driving of a
sign post is considered incidental to the sign assembly installation
and is not covered under this bid item.

Such work shall be as covered by these
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10. Install Lock-Set Post Anchoring System - This item shall cover the
installation of ltock-set post anchoring systems to secure 2" pipe
posts (round tubes) in the ground, in accordance with manufacturer's
recommended methods and procedures. Any sodding or other cleanup
work that may be required following installation of the post

anchoring system shall be incidental to this item.

BID ITEMS - INCIDENTALS

For all bid items, the installation of all nuts, bolts, clamps, post caps,
crosses, and all other items necessary to successfully complete the work shall
be considered incidental . Also, all straightening of existing posts that may
be necessary to properly align the sign assembly with approaching traffic
shall be considered incidental.

BID ITEMS - METHOD Of MEASUREMENT

For bid iteins #1 through #8, these items shall be measured each per
completed assembly, regardless of the number of sign panels that may be
included in_that assembly. 1n the case of more than one sign assembly
included in a single work order, each assembly shall.be counted separately.

For bid items #9 and #10, these items shall be measured each per completed
hole drilied or post anchoring system installed, as appropriate.

B1D ITEMS - BASIS OF PAYMENT

Work completed and accepted by the Engineer will be paid for at the
contract unit price of each item, which price shall be full compensation for
all labor, tools, equipment, maintenance of traffic, and incidentals
necessary to complete the work.

Urawing_Number
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24" STUP Sign lnstallation
30" S10P Sign Installation
SNS Without ST0P Sign Installation
36" YIELD Sign Installation

Typical Section Extruded Street Name Sign Cross
Section View (6 3/4" & 9")

90° Cross Bracket for Extruded Street Name Sign
(459 similar)

Pipe to Sign Bracket for Extruded Street Name Sign

U-channél Post Cap Bracket for Extruded Street Name
Sign

30" STOP Sign De;ign

24" STOP Sign Design

36" YIELD Sign Design

2" 0.D. Pipe or U-post (2 pounds per linear foot)
Sign, Clamps, Bolts, and Vandal Proof Nut Detail
Lateral Clearance and Mounting Heights

Typical S10P Sign Installations

Typical Street Name Sign Installations

Common Abbreviations for Sign and Street Name Sign
Work Orders

"®LOC-SET* Post Anchoring System

Street Name Sign Work Order (typ)
Traffic Sign Work Order (typ)

Street Name Sign on Light Pole

Wing Bracket for 9" Street Name Sign

Wing Bracket for Extruded Street Name Sign
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99 op 45 degree Cross Bracket

See dwy § 6

.....

78" nin
76" max

26"nermal /

-

T | \ T K
N
! 1l "~

/"':» (post or pipe to sign bracket)

-

e

T 6 3/4" or 9SS
~— Street Nawe Sign Mowting Bracket
. See dwg B 7 or # 8 as required

, “__ Pipe clang and holt with nulow vesher
N or 9/16" holt with nulon wasker, steel

N washker and vandal proof nut

See dwy # 13 as required

N, 3" YIELD Sign
\""\..Sign nounted-hack to hack if required

_—12'8’' - 2" dia pipe
- or 12°0" U-};ost - See dwy # 12

Post shall he driven into the ground

e "LOC-SET" post anchoring suster fer use
with 2" 0.D. pipe - see dug # 18

3" YIELD Sign~ dg W 4
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Nylon
Hasher,

i

ign Bolt and Vandal Proof Mut Detail

“

ONE SET: TWO CLAMPS

Steel Hasher

/16" bolt

4
i

“Yandal srqof nut hefove
hex head is hroken off

\
.- channel post

dwg #-13

LATERAL CLEARANCE AND MOUNTING HEIGHTS DEFINED GRAPHICALLY

LATERAL |

MOUN
HEI

LI TITTITI T

LATERAL
CLEARANCE

L7777

EDGE OF ROADWAYX

L6



TYPICAL STOP SIGN INSTALLATIONS”

~
490 MINIMUM IN ADVANCE OF NEAREST

) Sl‘i)EWALK OR MARKED CROSS -
WALK. :

WITH SIDEWALK(S) AND WITH OR WITHOUT
CURB AND GUTTER

6’ min - 50’ max

L

WITH CURB AND GUTTER ONLY

Desirable 20 - 30’

-

6’ min — 50" max

WITHOUT SIDEWALK{S) AND CURBAND GUTTER

dwg # 15

TYPICAL STREET NAME SIGN INSTALLATIONS

@

Q

| .

=

%)

T

o

£

SIDEWALK—1> =
11t

"V § 4 1. MINIMUM

T

Major Street

Desirable 20’ - 30’ from extended curb

+ T

811. MINIMUM
{

12tt. 1

MAXIMUM WHEN COMBINED WITH
STOP SIGN

“dwg # 16
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COMMON ABBREVIATIONS FOR SIGN AND SNS WORK ORDERS

ltem

Back to Back
Combine With

Do Not Enter
Fabricate

Instat! (New)
Minimum

Relocate

Remove

Repair

Replace

Standard

Stre;t Name Sign
Traffic Order
Truck Traffic Order

Work QOrder

dwg # 17

Abbreviation
B/B or b/b
C/u
DNE
Fab
N
MIN or min
REL
REM
REP
R
STD or std
SNS
T0 ¢#)

T10 «#)

WO

S.IRC LI _NANE S 10N WQRK

Traffic Operstions Section
ton of Jraffic Enginesering

Aree
ill Required N P
Bitt Reaviras (] prIGRITY: || By
Bitd TO:_______ _____. o Oete:___/___ 7 __
n
Jntereection/Loc stion: .
(AnJ/At/Betueen)
tand) ) Map Ref:
Sketeh Coordinate w/ D.O.D'l lFi.ld Checked By:__
atvached ] sig SNS ™ .
sarking OQate:___/__ /___Viss

n
reversed [ signel

Date:____/

OELLE Lk oraer D"C__J'

——feauf o,

Computer Logged

Labor

[Ty |Length] 6] 9° (18] (For Fab. ONLY) STREET NAME (Cepe QR v.c./l.c. as required) | SUFFIX

kv, Te "FJ%Tﬁ
'runeﬁon Supportmﬂqor Coad w/STOPgy "F"
New Pipe Pipe
R SPH 1 Upost
Rep LPH 2 Upost
Rel T-Pol
Rea
Compressor D COMMENTS:
STREET NAME SIGNS VENIQLES HARDWARE
QTY | 67|97 )18 Length Step Van [:L, 12° Upost _____ Sign Botte _____
Other_ __________1} 2° pipe eeemn Lag Boits
——eo————— Cups ———— "Clamps ——
Crossos wewe. DBanding 18*  _____
Trieets Banding 26 ——_——
Fab By e Oste:___/__./._. Tt i -
Upoet Cap  _____ HBanding 44~ ___
COMMENTS ecee |Ming Bracket ____ Other
- COMPLETED BY:
bt TIMEi___ i pem
MORKED REG_______ hre  OTP_______ hrl
MOVED BY:
- s.m
/7 TIME: p.m
- [Checked By:
- s.m.
bh: A/ TIME: __:_____ p.m.
--------- Completion Logged on Computer LJ
dwg # 19
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12°0° min. or as nosr to light fixture as pracilcal

. TRAUELED |

N

|

j Street Rawe Sign on Light
' Pole - Signs Hust Point
. A}_Iouards Traveled Hay

: “—Street Nawe Sign on Light
' Pole - Signs Kust Point
Towards Traveled Hay

" ui“g Brackets- See duy # 22 & 23

Install Brackets bu Bandivg t0
Light Pole e

T Street Light Pole

| _LANE f

SNS on Light Pele  dwg # 21

1tem # Annual Quantity

1

INSTALLATION AND REPAIR OF STREET NAME SIGN AND TRAFFIC STGN ASSEMBLIES

Estimated

150

100

100

300

500

200

200

100

75

100

Each

Each

tach

Each

Each

Each

Each

Each

Each

tach

QUOTATION SHEET

Description

Unit
Price

Amount

Install Street Name Sign
Assembly With Single Post

35.00

5,250.00

Install Traffic Sign Assembly _35.00

With Single Post

3,500.00

Instal) Combined Street Name 38.00

Sign/Traffic Sign Assembly
With Single Post

Install Traffic Sign
Assembly With Two Posts

3,800.00

45.00

13,500.00

Install Combined Street Name 48.00

Sign/Traffic Sign Assembly
With Two Posts

Install Street Name Sign
Assembly on Existing
Streetlight Pole, Utility
Pole, or Signal Pole

Repair, Replace, or Modify
Existing Sign Assembly on
Existing Post or Posts

Repair, Replace, Remove, o
Modify Existing Sign
Assembly and Add, Remove,
Replace Post or Posts

Drill Hole for Post in
Concrete

Install tock-Set Post
Anchoring System

24,000.00

18.00

3,600.00

15.00

3,000.00

r 37.00

3,700.00

or

..10.00

50.00

5,250.00

5,000.00

TOTAL AMOUNT:

70,600.00
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APPENDIX

SAMPLE WORK ORDER FORMS

CITY OF GRAND RAPIDS

SIGN WORK ORDER

TRANSPORTATION DEPARTMENT

~SIGN LOCATION
Ruad Name

From Sureet

To Sircet

Streer Address

SIGN IDENTIFICATION

@ tuiliry Post
ACTION:

@Insmll sign
@I{cplace sign
@chlace support
_@ Replace sign/support
@ Remove signfsupport
@ Remove support

REASON:
@Au(hoviud —_

@l)ucriominn
®0|hcr

||

Work Order Number
App I By

Date

Special Instructions

Sign Type
Sign Tvpe 1D Number -
REFLECTIVITY TYPE: New Used
@ tng. Grade @Painl @Iligh Intens.
@ Huminated @01!\«
SUPPORT TYPE: New — Used
@ Pusi _— @Ttlspar —— @ Light Pole

@Olhcr

_— @Insmll signfand support
—_— @ Repair sign

R @Repair support

—_— @ Repair sign/support

i

Remove sign
— (@ Other
@Pemion @/\ccidcnl
@Missing @Vundalism _

Completion Date

Time

By Crew

CITY OF SAGINAW
OTRAFFIC ENG. DIVISION O
WORK ORDER

ISSUED BY W.0. NO.
BiFE
REPAIR 's INDREPLACE"S’J““A#?J#LL ( ) CODE NO.

LOCATIO MmiscC.
DISTANCE

ELIMINATED ( ) MOVED ( ) REMAINED ( ) NEW ( )
NEW SIGN NO. UNIFORM, YES ( ) ,NO { )
NEW SIGN SIZE X  FACE TYPE  BACK TYPE.
ASSEMBLY , YES{ ) NO( ), NO.OF SIONS IN ASSEMBLY
POST TYPE NO.OF POSTS

SIZE OF SIGN REPLACED X _ BTM HEIGHT
BOTTOM HEIGHT OF NEW SIGN ASSEMBLY

NEW POLE OISTANCE IN FROM CURB

XXXXXXXXXXX COMPLETION DATA X XXXXXXXXXX

POy 3RS DT Ro—

DATE / / TIME By
EQUIPMENT USED
MATERIAL

TOTAL MAN HOURS

102
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. N¢ 85 2946
WORK ORDER

FOR SIGNAL CONSTRUCTION AND SIGN MAINTENANCE

DIVISION OF TRAFFIC ENGINEERING

DEPARTMENY OF TRANSPORTATION
CITY OF INDIANAPOLIS

LOCATION:

ITEM CHECK No. DESCRIPTION
ERECT
REPAIR
REMOVE
REPLACE
RELOCATE
OTHER

REMARKS

WORK AUTHORIZED DATE
WORK ORDER BY:
WORK COMPLETED BY:

DEPARTMENT OF TRANSPORTATION

TRAFFIC ENGINEERING  DIVISION

WORK SHEET
DATE
LOCATION
ALL
PARKING | ALL STREET
sToP YIELD v;ﬁrgas sioNs | orwers| V-IRON | ‘Name
CODE I NEw Jusep|  USED |  USED] | ySED]
REPAIRED -
ERECTED
REPLACED
_RELOCATED
REMOVED
TEMPORARY
INSTALLATION
REMARKS

WORK ORDER

OWN_INITIATIVE

FROM SIGN
CREW FOREMAN

FROM
DISPATCHER

TRUCK FOREMAN

201



SIGN ,INSIALLATION _B REPAIR .LOG

DuPage County Highway Department

S1GN WORKSHEET

FOREMAN __. MILEAGE - ool . OUT e T ounty Highay ine v i
L. . ) Location
HELPER * GASOLINE OAL, -
. N L e . Sign '

lonumﬁ

C

WORR  PERFORMED "

Vork ‘lleeded

[ «nocxoowN (RE-ERECT) (] sTRAIGHTEN (S1GN/POST) [ rerLace (siGn/poST)

[ renove (s16n/posT) [TJ NEw INSTALLATION O cur srusk
O cLean sign Face [ move si1on [ soLts RepLaced
O3 sane [ omxer ] veTour (TURK PLATES
AROUND)
WORK CREW
TRUCK NUMBER ‘ DRIVER
TINE HELPERS
DATE REPAIRED WEATHER

REPAIR ACTION SIDE OF STREET N S E W M

NORTH, SOUTH, EAST, WEST, MEDIAN

TYPE OF AREA R u
inRAL OR ERBAN; SIGN FACING N S |3 w

NORTH, SOUTH, EAST, WEST

SIGN,

SIZE OF SIGN

COLOR B/  B/Y W/G -
RED, WHITE, BLUE, GREEN, YELLOW, BLACK, BROWN

(WIDTH X LENGTH)

- SURFACE MATERIAL___E H
BACKING MATERIAL___A s ENGR., H.1.
(ALUMINUN, STEEL)
TYPE OF POST_GC PC TE GP TS LP Wk NUMBER OF SIGN___1/1 1/2 2/2
(GALV. CHANNEL, PAINTED CHANNEL, IN ASSEMBLY
TELESPAR, GALV. PIPE, TRAFFIC
SIGNAL, LIGHT POLE, WOOD 4x4) NUMBER OF POSTS___ 1 2

UTILITY CLEARANCE MATERIALS USED

GAS HEW SIGN FACE__( ) .
TELEPHONE NEW POST (S)__ () - 10' 11* 12* 13' 14"
ELECTRIC

OTHER

€01



5 U T W

i

STREET CLASS: m

MAINSTREET:
SIGN NUMBER:

TRAFFIC SIGN WORK ORDER

CITY OF DEARBORN — ENGINEERING DIVISION

N,E, S, W, O (OVERHEAD), C(CENTER), | (ISLAND)

REQUEST DESC:
BY:

DATE:
PRIORITY:

.o —
a w 1 3
i .2
(o) O W 1i==3
O w 41252
~ (=ge) =~ << 2 m
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o (a) i a2
> 2= =25 BH-265¢ WHOJ
- qj=E==2 M < B0 TN—00D AoNRId0—vind Bunidauud—em
z 52352
ﬁ'U o w w O <
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ENGINEERING OFFICE

SIGN CREW

CITY OF SOUTHFIELD TRAFFIC ENGINEERING DEPT.

SIGN WORK ORDER

WORK ORDER NUMBER

son wowsen L LL L L1 L11]

ASSIGNMENT DATE

ASSIGNED TO

LOCATION: . ) I l I FEETN. ., E—, S W D
OF . NUM. l I | l ONTHEN___, €____,
FACING N s B, S, W D
WORK TYPE:
SIGN TYPE POST TYPE

INSTALL (1) INSTALL (1}

REPLACE (2) __ REPLACE (2}

REPAIR {3} D REPAIR (3}

REMOVE (4) REMOVE {4}

WORK ORDER APPROVED.
DISAPPROVED BY

MATERIAL USED:

HIGH INTENSITY (2)

SIGN SIZE
FACE TYPE, REFLECTORIZED (1)
POST TYPE, U-CHANNEL (1) PIPE (2}

UTILITY POLE (3}
POST LENGTH

BOTTOM HEIGHT OF SIGN

LATERAL PLACEMENT

NUMBER OF SIGNS THIS ASSEMBLY [I’

LOCATION AND DIRECTION IF DIFFERENT FROM ABOVE

TELESPAR (4)

EQUIPMENT USED

TIME TO COMPLETE

NO. OF MEN IN CREW

COMMENTS

CREW'LEADER'

Issued By:

Traffic Ogerations Section

TRAFY¥ IC SIGN WORK ORDER -
: Lo &8 ek oreee L]

Requested By: Division of lraffic Engineering Date:____/___/___
7.0.¢ _______ Ares _______ o o_ Computer Logged
PRIORITY: By Chocked By:_____________
Bill R ired Date: / /
! equire D On Rt af e Date:___/___/___
8ol YO:_
Remove Date:___/___/___ Approved By:____________
Intersection/Location:
{And/At/Botween) .
(And) Map Ref:
Sketch Coordinate w/ N.OéD'é Field Chocked By:_________
attached O sign O SNS . [w)
reverse Q. signal (L marking O Dato:__ /__./___ Vime: Labor
FUNCTION | QTY SIGNS - (type - message - etc ) SIZE POSTS FAB NO.
OTY. TYPE

Hilti Gun [ ] COMMENTS:

Compressor

SIGNS HARDWARE

aty | Fag TYPE SIZE 12* Upost _____ Sign Bolts _____
11" Upost _____ Lag Bolts  _____
10’ Upost Clamps  ___ _
8' Upoat Banding S
2" pipo Rivets
Break-away _____ Nylon Washers  _____
Trisets _____ Chovron Bracket _____

0B BY Date: /s __ Flox Poste _____ Other ______ ——————

COMMENTS: COMPLETED 8Y:
Oate: ___/__ /___ TIME:____:_____ poa
HOURS WORKED REG hrs  OTP hrs|
REMOVED BY:

CHECKED BY: i Date: _ / _/ TIME: __:_____ o I

T'lHE: e e __Pe. Completion Logged on Computer D

S01



1 d By: — i
08 BYE oo Traffic Dfontlonl Section

Requested By: Division of Traffic Engineering

8IRCEL NAME S1GH WORK QRODER Work Order [j_l ]

Date: /__/

Ares ____ ___ . Computer Logged

Bill Required ||  _  egTommossoemoooooomes

1 aquir D PRIORITY: By kpprovod By: -----------
8ild T0:____ . Dete:___/___/___

0 Oate:___/___/___

Intersection/Location:

(And/At/Between) ] CODES: Project location]
(And) Map Ref: § or ClPe___ ]
Sketch Coordinate w/ ‘ﬂ.O.D" lFlold Checked By:_________ Material______________|
attached [1 sign SNS

reversed O signsi- B urking»ﬁ Dete:___/___/___ Time: Labor

QTY |Length| 6%(S9° |18"] (For Fab. ONLY) STREET NAME (Caps OR u.c./i.c. as required) | SUFFIX

Wex. Tetters for 9

Function [Suppor MRer Comd w/STOPgy "R"
New Pipe Pipe

R SPH 1 Upost

Rep LPH 2 Upost

Re T-Po}

Rem

Compressor D COMMENTS:

STREET NAME SI1GNS VEHICLES HARDHARE
[QTY |6*|9" 18" Length Step Van mB 12° Upost _____ Sign Bolts ———
Other___________|] 2" pipe  _____ Lag Bolts _____
Cups weee— Clamps  _____
Cronses  _____ Banding 18~  ___
Fab Byt Oates__/_s__ Trisets —e—__ Banding 26 = _____
Upost Cap _____ Banding 44~
COMMENTS: Wing Bracket_____  Other _____
COMPLETED BY:
s/ /. TIME:__:____pa
WORKED RE6_______| hes  OTP_______ hrs
/ TIME: " : ; :
[!ihnked By:
Date: __ /__/__ TIME:_: ____ pem

Completion Logged

on Computer . u

TRUCK NO. #

RT

LT

TECH 11

RT

LT

HI

ENG.

HI

ENG.

REVERSE TURN

SPEED LIMIT 30

SPEED LIMIT 35

REVERSE CREVE
TURN ‘

SPEED LIMIT 40

CREVE SPEED LIMIT 45
TRANSITION WEIGHT LIMIT 5
"LANE END WEIGHT LIMIT 10
BRIDGE MARKER _WEIGHT LIMIT 11,000
ONE WAY R 1

NO TURN YIELD

DEAD END OTHERS

NO OUTLET

STOP AHEAD

DO NOT ENTER

ONE LANE BRIDGE

NARROW BRIDGE

@

NPAT

NPTS

NPHTC

NSOS

901



APPENDIX C

SIGN FOREMAN’S MANUAL

Chapter |

INTRODUCTION

1.1 TORT LIABILITY

The Commonwealth lost sovereign immunity in 1978. One effect of this
action is that it allows individuals to seek retribution through the legal
system for personal injury damages associated with conditions along our high-
ways. As a result, the Department spent $25 million on tort claims during
1985.

Signing deficiencies are one of the most predominate type of conditions
cited in legal actions against the Commonwealth. The most common types of
sign deficiencies are the absence of a necessary sign, especially a regulatory
or warning sign, or a sign placement that can not be readily seen because
of foliage or another obstruction. Both of these conditions can be corrected
by an efficient sign crew. Therefore, the efficiency of a sign crew has
an effect on the number of legal actions taken against the Department.

Signs are essential when special regulations apply at specific places
or at specific times, or when hazards are not self-evident. They also give
information as to highway routes, directions, destinations and points of
interest. Signs are especially helpful for the unfamiliar driver who is
unacquainted with the highway and the area, and as such, they convey a message
to the driver that should result in the orderly and predictable movement
of traffic.

The sign foreman should insure that correct signs are properly placed
and visible both day and night and are located to give the driver ample time
to respond to the sign message. When properly installed signs make a sig-
nificant safety contribution to the highway system and should be maintained
or replaced as required.

1.2 PURPOSE

The mission of the Department's signing program is '""to erect and main-
tain the appropriate regulatory, warning and guide signs for the safe and
efficient operation of the highway transportation system'.

This manual has been prepared as a tool to be used by the sign foreman
and sign crew to obtain, install and maintain ctraffic signs in order to
fulfill che mission of the Department's signing program. It should be used

as a supplement to and in conjunction with Publication 111 (Traffic Standards).

Current policies applicable to sign functions have been incorporated
into this manual. It is the responsibility of the District Traffic unic
and the holder of this manual to keep it current and up-to-date as future
changes are issued.

1.3 DEFINITIONS

The following terms shall have the meanings when used in this manual:

o Accessories -- Posts, bolts, nuts, washers, rivets, brackets, straps,

shims, stiffeners and miscellaneous hardware used to install signs.

o Breakaway sign post -- A post designed to separate or break from its
base when impacted in order to reduce the damage to the impacting
vehicle.

o Delineators -- Delineators are reflectors used to indicate the align-

ment of the roadway or to highlight a roadside obstacle.

o Foundation -- A base for anchoring a sign support.
o May -- Indicates an action that is permissible but not required.
o Reflective sheeting -— A material applied to a sign blank capable

of reflecting light back to a light source.

o  Roadway -~ The portion of the highway designed or ordinarily used
for vehicular travel. The shoulder is not part of the roadway.

o Shall -- Indicates that an action is required or prohibited.

o Should -- Indicates that an action is advisable but not required.

o Sign -- As used herein, an official traffic control device used to

convey a message to motorists.

o Sign assembly -- A complete sign installation which includes the
foundation, support, sign and accessories.

o Support -- Any device used to support a sign. Examples include a
post, bridge, span wire or an overhead sign structure.

LO1



Chapter 2

DEPARTMENT AGENCIES AND THEIR RESPONSIBILITIES

2.1 GENERAL

Various organizations within the Department are involved in signing and
each have their necessary function and area of responsibility. The flow line
of information starts with Department regulations and policies and end with
the actual installation and maintenance of the signs.

The various organizations and their relationship are identified in Sec-
tions 2.2 through 2.4.

2.2 TRAFFIC ENGINEERING AND OPERATIONS DIVISION

2.2.]1 Central Office

The Traffic Engineering and Operations Division is responsible for estab-
lishing signing policies and guidelines; developing standards, specifications,
and regulations related to signing; developing annual contracts for the pur-
chase of raw materials, sign accessories and work zone traffic-control devices;
developing statewide safety programs; monitoring the statewide use and in-
ventory of signs and accessories; and performing quality assurance reviews
of sign installations.

2.2.2 Central Sign Shop

The Sign Shop manufactures signs and stocks select sign accessories for

distribution to the county maintenance districts. The Sign Shop also calculates

sign costs and transfers the materials to the appropriate county by the AIMS
terminal. The Sign Shop will attempt to have most signs and sign accessories
available within 2 weeks with the balance of all other items, including major
guide signs, available within 3 months.

2.3.1 District Traffic Engineering Unit

The Traffic Unit determines the need for sign installations and issues
work orders to install new signs and to relocate or remove existing signs.
The Traffic Unit also maintains a permanent file of work orders. They pre=-
pare maintenance complaint records related to signing and when required,
assign priorities or due dates for signing work. The Traffic Unit also pro-
vides technical assistance and guidance to the Maintenance Districts in

matters related to signing, and may order signs and accessories for the
counties.

2.3.2 District Aims Coordinator

The AIMS coordinator is responsible for training and directing county
personnel to use the computer to maintain inventory control and sign orders;
establishing reorder points and reorder quantities; validating county input

data to insure accurate records; and supervising and reporting on all physical
inventories.

2.3.3 District Maintenance Unit

The District Maintenance Unit contracts for and has lease arrangements
for equipment now owned by the Department. Some of this equipment, such as
‘bucket trucks and auger trucks, may be useful for signing projects.

2.4

COUNTY MAINTENANCE DISTRICT

2.4.1

Administrative Staff

o

The administrative staff is responsible for the following functions:

Identifying traffic-control devices that are damaged or in need of
repair.

Preparing complaint records for the routine maintenance of existing
signs.

Maintaining a record of all signs ordered from the Sign Shop.
Establishing a work schedule for the sign foreman.

Insuring that the issued work orders are completed in a timely and
satisfactory fashion.

Transporting signing materials from the Sign Shop.
Providing direction' to the sign foreman and to other maintenance foFe-
men for handling minor items on signing such as repl::ement of missing

bolts on signs.

Inspecting work performed by the sign crew.

2.4.2 Storekeeper

[}

o

The storekeeper is responsible for:
Preparing and submitting signing material orders to the Sign Shop.
Issuing signs and accessories to foremen on an as needed basis.

Maintaining a functional sign inventory with slip sheeting or foaw
between all signs. All signs made with Class II reflective sheeting
(No Passing Zone Pennants, Hazard Markers, Bridge Clearance Markers
and Chevrons) should be stored in a vertical posicion to prevent the
cells from being crushed.

2.4.3 Sign Foreman

The sign foreman is responsible for:

Removing, relocating, replacing, installing and repairing traffic-con~
trol devices.

Trimming trees and bushes to improve visibility to the traffic-control
devices.

Reporting sign materials and accessories used from inventory to store-
keeper.

Informing the storekeeper or other responsible persons of existing and
anticipated material needs.
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Chapter 3

TYPES AND PRIORITIZATION OF SIGNS AND MARKERS

TYPES OF SIGNS

3.2

There are three basic types of signs which are identified below:

Regulatory signs inform the driver of traffic laws or regulations and
normally are placed where the regulations apply.

Warning signs direct the driver's attention to potentially hazardous
conditions on or adjacent to the roadway that otherwise would not be
readily apparent. Warning signs are normally placed an adequate
distance in advance of the condition. The actual advance warning dis-
tance should be determined by the normal approach speed and other road-
way conditions as well as the availability of space for the sign (see
Section 5.2). These factors must be considered so the normal driver

has time.to comprehend and react to the sign message and take any action
necessary to safely pass through or avoid the potential hazard.

Guide signs provide direction to the driver, including traffic routes,
destinations, available services, points of interest, and other geo-
graphic, recreational or cultural sites. Guide signs are placed in
advance of or at the point where a decision must be made regarding a
change in direction of travel.

MANDATORY TRAFFIC-CONTROL DEVICES

Some traffic-control devices are basically mandated by the Manual on

Uniform Traffic Control Devices (MUTCD) published as a national standard by
the FHWA, the Department's Regulations for Official Traffic Control Devices
(Publication 68), or by Department standards and policies. -

Some of the required devices are:
Center Lane Left Turn Only Signs

Delineators along the right side of expressways and freeways where
fixed-source highway lighting does not exist and along at least one
side of interchange ramps.

Railroad Advance Warning Sign (W10-1) in advance of all at-grade
railroad crossings, except: (1) on low-volume, low-speed roadways
crossing minor spurs or other tracks which are infrequently used and
which are flagged by train crews; (2) in the business districts of
large cities where active grade crossing traffic control devices are

in use; or (3) where physical conditions do not permit even a parcially
effective display of the sign.

Mile Post Markers on Interstate Highways.

3.3

PRIORITIZATION

The prioritization of signing activities by sign types are as follows,

beginning with the most important signs:

o

o

Stop, Yield and Do Not Enter signs

The regulatory signs which protect the integrity of the system, e.g.,
Weight Limit, Road Closed, Bridge Out, No Trucks, etc.

Warning signs
Balance of regulatory signs
-
Guide signs ’
Motorist service signs, i.e., general motorist service signs, logo
signs, hospital signs, State police signs, etc., and tourist-oriented

directional signs (signs for colleges, universities, parks, historic
sites, etc.)
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Chapter 4

SIGN MATERIALS

4.1 TYPES OF SIGN BLANKS AND FACES

4.1.1 Flat Sheet Aluminum Signs

Flat sheet aluminum is the most common type sign blank macerial
and is generally covered with reflective sheeting. Approximately 90
percent of all signs made at the Sign Shop are made from flar sheet
aluminum and 90 percent of these have silk-screened messages. Signs
larger than 96"x48" are typically made with stiffeners in accordance
with Section 4.1.2.

4.1.2 Flat Sheet Aluminum Signs with Stiffeners

Flat sheet aluminum signs with stiffeners are covered with reflec-
tive sheeting on the front side and have extruded aluminum stiffeners
riveted to the back side. The legend and border is generally demountable
button copy or direct applied white Class II refleccive sheeting.

This type of sign is illustrated in Figure 4-1 and is normally used
only for large guide signs on expressways and freeways. These sign panels
should be attached to W-beam steel posts by stainless steel post clips or

attached to wood posts by stainless steel buckle straps in accordance with

Traffic Standard TC7701S.

\

%\

\

AN

<

Figure 4-1. FLAT SHEET ALUMINUM SIGN WITH STIFFENERS

4.1.3 Extruded Aluminum Channel Signs

Extruded aluminum channel signs are typically made from I2-inch wide
channels (up to two 6-inch wide channels may also be used) placed one on
top of the other to form a single sign of the desired height. In the
past, the sign face of the panels were coated with nonreflective material,
but new signs are now supplied with reflective sheeting. This type of
sign is currently not manufactured by the Sign Shop and is therefore not
normally installed by Department sign crews. These signs may, however,
require routine maintenance. (Traffic Standard TC7701E provides guidance
on this type of sign.) '

4.1.4 Laminated Panel Signs

Laminated panel signs are composed of a cardboard honeycomb core with
thin flat sheet aluminum panels attached to each side. The flat sheec
aluminum on the face side is finished with nonreflective porcelain enamel.
This type of sign was frequently used for large guide signs prior to 1980,
but is being phased out by reflective background signs. Sign crews may,
however, be requested to perform routine maintenance on these signs while
they are still in service.

4.1.5 Plywood Signs

Small distance and directional signs generally are made of plywood
covered with reflective sheeting. The legend and border is generally made
of cutout letters and characters from Class II reflective sheeting mate-
rials. These signs are supplied by the Sign Shop.

4.1.6 Plastic Signs

Folding plasticAsigns generally are used by Departmeunr personnel for
maintenance and protection of traffic. These signs are purchased from a
sign manufacturer and made available through the Sign Shop.

4.1.7 Fiberglass Signs

The Department is currently experimenting with fiberglass signs as a
potential replacement for aluminum signs. They can be used with or without
stiffeners.

4.2 TIDENTIFICATION OF SHEETING MATERIALS AND TIME OF MANUFACTURE

Each sign manufactured at the Sign Shop has codes to identify the manu-
facturer and class of reflective sheeting, and the year and quarter of the
year that the sign was made. For silk-screened signs, this information is
typiczlly screened on the lower part of the signs. These symbols are small
and inconspicuous, and may even look like dirc. .
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The code for the year is the last two digits of the year, e.g., 85, 86,
87, etc., (prior to 1980, only the last digit was used) and the letter A,
B, C or D is used for the Ist, 2nd, 3rd or 4th quarter of the year. The type
and class of reflective sheeting is identified by the following symbols:

Manufacturer Class I Class I-A Class II

Seibulite . B+ BT
™ @ @+ @l
Avery ’ ‘ ‘+- ’ H
Kiwalite A A -lv- A ]I
Morgan * * —lv— * ]:[

On signs made wiz: cut-out legend, two urecsure-cencizive sticiers are
applied -- one in the lower left corner for the background material and one
in the lower right corner for the legend material. However, unlike the
silk-screened.signs the symbols that are missing or punched out identify
the material and time of manufacture. For your information, an unpunched
sticker is illustrated in Figure 4-2. Also, please note that for the stickers,
the double-digit year code was first used in 1986.

Chapter 5

GENERAL SIGN INSTALLATION REQUIREMENTS

5.1 SIGN GROUPING
Signs are normally individually erected on separate supports. However,
when one sign supplements another and where the installation of two or more
signs on the same post or structure will not tend to confuse the drivers,
signs should be grouped. Some examples of sign grouping include:
o Stop and Except Right Turn signs.
o Stop or Yield signs and One-Way or Turn Restriction signs.

o Yield and To Oncoming Traffic signs.

o Stop or Yield signs wich Divided Highway Crossing or Divided Highway
Sideroad Crossing signs'.

o Intersection warning signs and street or highway name signs.

o Route marker assemblies and distance directional signs, especially
where stop or yield conditions exist.

* t+ 1
BOeA
86 87 88
89 90 91
92 93 94

ABCD

Figure 4-2. IDENTIFICATION STICKER

o SR or Segment Markers with all types
not be installed on the same side of
In addition, when placed on the same
the marker should be placed at least

Signs that do not fit into the above
decisions by the driver) should be spaced

of signs, except markers should
the post as a Stop or Yield sign.
side of a post as another sign,
12 inches below the other sign.

paragraph (signs requiring different
far enough apart in travel time

along the roadway that the driver may respond and make any required decisions
safely. Generally a minimum of 200 feet should be maintained between all

signs.

5.2 LONRGITUDINAL PLACEMENT

The longitudinal location of signs depends on the type of sign, the
nature of the message and the desired motorist response. Therefore, the

placement should be such that the sign is

at the proper location, is within

the cone of vision of the intended drivers, and does not block motorisc's

vision of the road or other signs.

When possible, adequate space should be provided between sign installa-
tions to allow the driver time to comprehend the message of one sign before
being confronted with another. This spacing requirement is subject to che
limitations' prescribed for the location of the specific sign, and should
normally be taken care of by the District Traffic Unit in the development

of the signing plan or sign work order.

Slight adjustmencs in the longi-

tudinal placement may often be made to provide che driver with an unobstructed
view without sacraficing the intent of the sign.
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Other miscellaneous warning signc that advise of potential hazards
but are not related to a specific spot (e.g., Deer Crossing and Soft Shoulder
signs) may be installed in the most appropriate locations since they are
not covered in Table S5-1.

The effectiveness of the placement of any sign should be tested under
both day and night conditions whenever possible.

The longitudinal placement of guide signs is similar to the placemenc
of warning signs. The best location may be found by making the necessary
adjustments to provide an unobstructed view of the sign.

5.3 ORIENTATION OF SIGNS

The majority of signs should be installed at approximate right angles
to the intended traffic stream. On straight sections of highway it is de-
sirable to angle most signs about 3 degrees toward traffic (20:1 angle
from perpendicular). On curves, the sign should be at right angles when
the driver is about 250 feet from the sign.

-
DID“‘~~%_°' sigh aru —
e ——
?L—smu

Figure 5-1. 'NORMAL ORIENTATION OF SIGNS

Large guide signs are fabricated from Class II reflective material
and should ‘be orienced at a slight angle away from traffic in order to avoid
specular glare which could reduce sign legibility. The suggested orientation
is depicted in Figure 5-2. However, on curved sections of highway, specular
glare is almost inevitable; therefore, the signs should be perpendicular
to the drivers in the right lane when the vehicle is a distance in feet
equal to 50 times the height of the smallest legend in inches. (For example,
50 x 12 inch letters equal 600 feet.)

EDD"——-—L‘"' of sight >

Figure 5-2. ORIENTATION OF LARGE GUIDE SIGNS

5.4 LATERAL CLEARANCE

Signs should be placed as far as practical from the edge of the road-
way to reduce the possibility of vehicles hitting the signs.

When guide rail is present, signs should be placed behind the guide
rail if possible. The sign crew should discuss sign relocations with the
District Traffiec Unit if moving a sign is questionable.

An effort should be made to place signs with the following lateral
clearances:

o 6 feet from edge of shoulder where possible

o 12 feet from edge of the roadway if no shoulder exists and right-
of-way allows

o 2 feet behind guide rail or concrete barrier
o 2 feet behind a curb, except in urban areas a clearance of | foot
will be permitted when sidewalk width is limited or when existing

poles are close to the curb

o 30 feet from the edge of roadway for large major guide signs

-
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Regulatory signs should be located where the regulation applies, thus
limiting the adjustment of their location. (See Pub. 68)

Since warning signs are primarily for the protection of the driver
who is unacquainted with the road, it is very important that care be given
to their placement. Warning signs should provide adequate time for the
driver to perceive, identify, and decide, and perform any necessary maneuver
-~ this total time is typically referred to as PIEV time and can vary from
about 3 seconds for general warning signs to 10 seconds for warning signs
requiring high-driver judgment.

Table S5-1 lists minimum recommended sign placement distances for three
conditions:

o Condition A -- A high-driver- judgment condition which requires
the driver to use extra time in making and executing a decision because
of a complex driving situation; examples include Merge, and Right Lane
Ends signs.

o Condition B -- A condition in which the driver will likely be required
to stop; examples include Cross Road, Stop Ahead, Signal Ahead, and
Pedestrian Crossing signs.

o Condition C -- A condition in which the driver will likely be required

to decelerate to a specific speed; examples include Turn, Curve, Divided
Road, Hill, and Dip signs.

Table 5-1. ADVANCE WARNING SIGN PLACEMENT

RECOMMENDED MINIMUM WARNING SIGN PLACEMENT DISTANCE (FT.)%

POSTED ) CoNDITION €

OR 85TH CONDITION A |CONDITION B OECELERATION CONDITION TO
PERCENTILE HIGH JUDGMENT STOP LISTED ADVISORY OR DESIRED
SPEEDMPH) | NEEDED % % CONDITION SPEED (MPH) AT CONDITION

t0 20 30 40 50

25 250 -- oo

30 325 100 | 150|100

35 400 150 | 200|175

40 a7s " 225 |275|250 |75

as 550 300 | 350 {300 |250

50 625 375 | 425400 325 | 225

55 700 450 | 500|475 400 {300

60 775 550 | 575 (550|500 400|300

A Qrdonces ore tor level rocdways, Ond should De ncreosed on gowngrades. tt S8 118 inch signs
ore used, the distance moy be reduced by 75 feel.
% Dedonce provides lor 10-secony PIEV. In urbon creos o supptementary plaque unduracath The
wirneg sagh Snould ue useo specitying the islonce 10 the condition « there 15 an =~ between
miersection which might confuse 1he the oriver.

5.5 BEIGHT

Signs on posts should he placed at the minimum height indicated in
Figures 5-3 and 5-4. The minimum height is measured from the riearest edge
of roadway to the bottom of the sign, except in urban areas the height is
measured as indicated. Although a minimum height is specified, the signs
may be placed at a greater height to provide better visibility and to eliminate
the need to cut posts to the exact height of the sign. A greater height
also helps to reduce the amount of vandalism by helping to put the sign
out of reach.

5.6 SPECIAL CONSIDERATIONS

5.6.1 Cooperation With Property Owners

Property owners adjacent to our highways often maintain the right-of-way
with the same care as they do their own land. Placement of signs often
conflict with the property owners' desires. If a sign can be moved a few
feet either way without losing its intended function, every effort should
be made to honor the property owner's request. Many times the District Traffic
Unit will have already faced and solved this problem; however, the sign
crew may be approached with a request from the property owner to relocate
a sign. Since the exact placement of some signs is critical, it may be
necessary to contact the District Traffic Unit to determine if the sign
location can be moved. However, as noted in Section 5.2, in most instances
a sign can be moved as much as 20 feet in either direction without effecting
the usefulness of the sign.

5.6.2 Underground Utilities

Gas, water, sewer, electric and telephone lines are frequently located
underground. Their locations should be marked, but the plaques or markers
may have deteriorated or may have been removed by accidents or vandalism.
When markings are not present, other clues such as service valves or sub-
sided trenchs could indicate the presence of an underground utility. When
underground utilicies are anticipated, care and consideration should be
practiced before deciding to drive a post into the ground. These areas
should be avoided for sign installations if at all possible. If a sign
must be erected in the vicinity of an underground utility, the utility company
should be contacted for the exact location of the utilicy.

Act 287 was adopted to prevent accidents involving underground utilicies.
Basically, Act 287 and related Department policy requires the following:

o The County Recorder is required to keep a list of the names and tele-
phone numbers of a contact person for each utility in each municipalicy.

o Three days before beginning non-emergency work involving the use of
powered equipment or explosives for augering, backfilling, blascing,
digging, drilling, etc., the Assistant County Maintenance Manager
should notify the appropriate utility company by use of the County
Recorder's list. As an added convenience, a number of utilities
throughout the Commonwealth have developed the "Pennsylvania One Call
System”. This one toll-free number may be used by Department personnel
once it is determined which utilities are located in the scheduled
acrea (see Figure 5-5).
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Within 2 days, each utility provides the following information:

(1) approximate location of the line; (2) what the urility will do
to assisc; (3) what can be done to prevent damage; and (4) the
serial number assigned to the request (the County shall keep a per—
manent record of requests).

The Assistant County Maintenance Manager informs the foreman and
equipment operator of the necessary information.

Any leaks, dents, etc., should be reported to the utilicy ccmpany
by the person closest to the work. Alert nearby residents in case
of an emergency.

BEFORE YOU

DIG-DRILL-BLAST

(s,

WL

CALL
1-800-242-1776

(TOLL FREE)
PA. ACT 287 REQUIRES ADVANCED NOTIFICATION

PA. ONE CALLSYSTEM

Figure 5-5. PENNSYLVANIA ONE CALL SYSTEM

5.6.3 Care in Handling Signs

Signs covered with reflective sheeting are easily damaged by rough
handling. In order to protect the sign faces, slip sheeting (a heavy
wax paper), thin foam or cardboard is provided to separate signs and
to protect the sign face. These separators should be kept against the
sign face until the sign is inscalled.

5.6.4 Dating of Signs as Installed

The back of each sign should be marked with the month, day and year
of installation with a permanent type marker. It is recommended that
the date be marked prior to attaching to the post, but care should be
taken to insure that the marking will not be behind the post when erected.
A suggested code system that could be used is as follows:

Initial sign location ..... I(Z - 1-31-88)
Replacement in kind........R (R - |-31-86)
Relocation of sign......... M (M- 1-31-86)

Temporary signs such as No Guide Rail, Low Shoulder, etc., should
also be dated and the dates marked off when taken down.

5.7 WORK AREA PROTECTION

Work area protection shall be :n accordance with Publicarion 203,
"Work Zonme Traffic Control", for the type of roadway and operation in-
volved. Table 5 of Publication 203 (first page in Appendix A), should
be especially helpful in determining what traffic control is required.

5.8 DO'S AND DON'TS

o Do install signs plumb and level.
o Do install signs in accordance with the required vertical clearance.

o Do install signs in accordance with the ideal horizontal clearance
whenever possible.

o Do remove branches and foliage or other obstacles from blocking
the view of all signs. T

o Don't place a conflicting regulatory speed limit sign in the near
vicinity of a warning sign wict an advisory speed plaque.

o Don't install a sign where the view will be blocked bv trees,
utilicy poles, or other signs.

o Don't install a sign where it will block the driver's view of
other signs or oncoming traffic.
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Chapter 6

SIGN SUPPORTS .

6.1 BREARAWAY CRITERIA

The American Association of State Highway and Transportation Officials
(AASHTO) developed criteria to insure that sign supports yield when struck
by a vehicle, thereby minimizing injury to occupants and damage to vehicles.
Posts that are crash tested and satisfy the AASHTO criteria are considered
breakaway posts and are acceptable for use adjacent to a highway. Popular
FHWA-approved breakaway posts are identified in Table 6~1. Post systems
currently used by the Department are included in Sections 6.2 through 6.5.

Because the average weight of automobiles is decreasing, AASHTO has
recently made some changes to their criteria and new full-scale crash
testing is currently underway using 1800-pound vehicles traveling at speeds
of 20 to 60 mph. Upon impact, the maximum acceptable change in speed will
be limiced to 15 feet per second (4.57 mph). When the testing is complete,
Table 6-1 may have to be revised.

6.2 STEEL CHANNEL BAR POSTS

6.2.1 General

The steel channel bar post is the most widely used sign support in
the United States. Although some states use single-piece posts, all channel
bar sign posts installed by or for the Department have a separate anchor
to allow the post to be driven from ground level.

The steel channel bar post should be used to erect most regulatory,
warning and small guide signs. They may also be used to erect exit gore
signs along the freeways.

6.2.2 Channel Bar Post Sizes

Channel bar posts are available in two different weights, 2.5-pound/
foot and 4-pound/foot. The standard anchors for both posts are 3.5-feet
long and the same weight as the post. The most common post is the 2.5-
pound post in the 8.5-foot length, but the 2.5-pound post also is avail-
able on contract in 4-foot, 7-foot and 10-foot lengths. The 4-pound post
is only available in the 10-foot length.

The required size and number of posts for a sign installation can
be determined by using Tables 6-2 and 6-3 and the graphs in Figures 6-1,
6-2 and 6-3. An example of the use of the figures in determining the
required size and number of posts is included as Figure 6-4.

6.2.3 Proper Installation of "Eze-Erect" Posts

It is important that the strap and star washers be installed on all
"Eze-Erect" sign post installations since they insure a strong comnection
and prevent the bolts from vibrating loose.

Figure 6-5 shows the proper installation mechod. Please note thac
the maximum anchor height for all new posts is now 4 inches.

Table 6-1. POPULAR BREAKAWAY POSTS

One Post in 8-Foot Path

o

o

Any one-piece high-carbon steel chanmnel bar posts through 4-pound/ foot
Franklin Steel's "Eze-Erect" channel bar posts through 4-pound/foot
Unistrut's Telespar steel square post through 2.5"x2.5"x10-gage

Wood posts through 4"x6" w/o holes, 6"x6" with 1.5" diameter holes,
and 6"x8" with 2.5" diameter holes

Standard steel pipe through 2" ID w/o breakaway coupling, or through
2.5" ID with standard pipe coupling at ground level

Any channel or square post with Foresight Industries' "V-Loc Socket
System"

Transpo Safety's '"Break-Safe" couplings per Traffic Standard TC7702A
"New Jersey" breakaway coupling (Type II on old TC7702A Std.)
"Texas Slip-Base" coupling

Posts in 8-Foot Pa*h

Any one-piece.high-carbon steel channel bar posts through 4-pound foot
Franklin Steel's "Eze-Erect" channel bar posts through 4-pound/foot
Unistrut's steel square posts through 2"x2"xl2-gage .

Wood posts through 4"x4" w/o holes, or through 6"x6" with 1.5"
diameter holes

Transpo Safety's "Break-Safe'" couplings per Traffic Standard TC7702A

Foresight Industry's "V-Loc Socket System” with !.90" diameter,
12-gage channel adapter and up to 3-pound/foot channel bar posts

Three Posts in 8-Foot Path

Franklin Steel's "Eze Erect" channel bar pos:i« ti.rough 4-pouad/foor

Foresight Industries’ 'V-Loc Socket System'" with 1.90" diamecter,
12-gage channel adapter and up to 3-pound/foot channel bar posts
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Table 6-2.

Sign Size

ODD-SHAPED SIGNS

24"x24"
30"x30"
36"x36"

48"x48"

36"x36"
48"x48"

60"'x60"

48"x36"

18"x18"
30"x30"
36"x36"

48"x48"

7
0

|
-_i__—--
|
‘-<&
fe— X —&

- 60"x60"

"X" Dimension

22m
28"
34

40"

28"
34"

46"

27"

29m
36"
44"

49"
-62"

"Y" Dimension

10"
13"
16"

16"

8"
9

15"

10"

10"
16"
19"

16"
19"

B (HEIGHT IN FEET FROM
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Problem: Install a 30"x36" sign along a rural conventional highway.
Procedure:

1. Find "B" Height in feet from ground to center of sign.
mounting height is 5 feet, but the minimum length post is 1 1/2' +
5" + 3" = 91/2'.
will not he cut off, the "B" Height is one-half the sign height
below the top of the post, or 10' - 1 1/2' = 8 1/2'. (The bottom
of the sign will be 5 1/2 feet above the edge of roadway.)

2. Find the area of the sign in Tabie 6-2, or calculate the sign area
by multiplying the sign width in feet by the sign height in feet.
(Example: 2.5 x 3 = 7.5 square feet.)

3. Enter chart at two points. - On the vertical B scale enter at 8 1/2
feet, project that point horizontally to the right.
zontal scale at 7.5 square feet and project that point vertically
until it intersects the first projected line. The intersecting
point falls to the right of the 2.50-1b. post; therefore, the.4-1b.
post should be used for this sign.

Figure 6-4. SAMPLE INSTALLATION OF 30"x36" SIGN

The minimum

Since a 10-foot post will be used and the excess

Eanter the hori-



In order to install the anchor at the 4-inch maximum height and still
be able to tighten the anchor bolts, it is recommended that a shovel of
dirt be removed at the anchor location before driving the anchor. When
the anchor and post connection is tightened, the dirt should be backfilled
around the anchor.

Normally signs are installed on the flanged face of these posts in
order to take advantage of the maximum bearing area. However, if te-
quired, signs may be installed on both faces, and by using formed
channels as illustrated in Figure 6-6, signs may be installed om the
sides of the post. Aluminum sign bolts should generally be used to attach
the signs and the formed channels.

6.2.4 Post Splice

1f posts are not long enough, additional post lengths can be added
as illustrated in Figure 6-7. Splices should be made near the top of
the post. If the splice is adjacent to the sign, the 12-inch splice
channel should be on the back of the other two posts as indicated;
otherwise, the splice channel may be on either side of the other two
posts.

6.2.5 V-Loc Socket System

Because the maximum anchor height is now 4 inches, when 2.5-pound
channel bar posts are required in concrete islands, medians or sidewalks,
new installacions should use the V-Loc Socket System as illustraced in
Figure 6-8.

The components for the V-Loc Socket System are available on annual
contract by use-of the following commodity codes:

#0210-5000-2500 8" Socket, Wedge, Channel-Adapter, Bolts, Nuts
& Washers for Channel Bar Posts
#0210-5030-0004 Replacement Channel-Adapter w/ Bolts, Nuts &
Washers

#0210-5035-0001 Replacement Wedge

#0210-5040-0003 Wedge Puller

Installation instructions are as follows:

o Drill 6-inch diameter hole through concrete and to a minimum depth
of 8 inches.

o Place socket in the hole with the top of socket flush wich the
original concrete elevation and place concrete around the sockec.

o0 When the concrete is cured, insert lower portion of channel-adapter
in the socket with the three pierced holes at the same height as
the top of the socket and with the two upper holes in the adapter
rotated toward traffic.

)

Figure 6-5.

%
P
¢, ‘e

10.

NOTES

Determine the proper size sign post and anchor from the appro-.
priace graph.

Remove a shovel of dirt at the post location to allow for final
artachrent of the post to the anchor.

Drive the anchor into the graumnd with a drive cap until anly
10" of anchor is above ground.

Align the hole closest to the long slot in the retainer space
strap with che top hole in the anchor. Attach strap by making
a bolted camection through the bottan hole in the strap and
the hole it aligns with in the anchor.

Rotare the strap 90 degrees to the left or right and drive the
anchor into the ground until only 4" remain above ground level
to ephance the breakaway features of the sign.

Rotate the strap back to vertiral position.

Place the sign post against the anchor and the strap. Align
the bottam hole in the sign post with the lowest open hole in
the strap. Insert two anchor bolts through the camon holes
in the sign post, strap and anchor.

Camlete the construction by attaching the strap to the sign
post with a bolt and nut at the bottam of thé long slot in the
strap.

Tighten the bolts and nuts by the turmof-nut method, i.e.,
bring nut to a smug tight condition to insure that all parts
are brought together into full contact with each other, then
tighten an additional 1/2 turn.

Restore the dirt araund the anchor.

INSTRUCTIONS FOR INSTALLING "EZE-ERECT" POSTS
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ADDITIONAL SIGN

POST
12" SPLICE “
CHANNEL n
of SPLICE
2”0 x Iéﬂ ¢
6 3
SIGN POST
Figurg 6-7. CBANNEL BAR_POST SPLICE

Eigure 5-8.
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"v-LOC SOCKET" SYSTEM

L

Chonnet

“ pon

o Position the wedge in the socket with its hole at the top, and drive
the wedge into the socket until the top of the wedge is flush with
the top of the socket.

o Attach 2.5-pound channel bar post to channel-adapter, placing one
flat washer at each end of both bolts.

The V-Loc Socket System can not technically support as much sign
area as the Eze-Erect anchor, but in the absence of detailed graphs,
Figures 6-1, 6-2 and 6-3 should be used.

If a channel adapter needs to be removed, the wedge can be pulled
by the wedge puller, which is similar to a dent puller used by auto body

mechanics.

6.3 STEEL SQUARE POST SIZES

. Type B steel square posts are available on contract in 2" and 2%"
sizes. The anchor for all posts are 3 feet in length and typically one
size larger than the sign post. The sign post lengths vary from 7' to
10'6". Within an 8-foot path, only one 2" 10 gage or two 2" or 2%" posts
may be used.

The required size and number of posts for a sign installaction can
be determined by using the graphs shown in Figures 6-11 and 6-12.

6.4 WOOD POSTS
6.4.1 General

Wood posts are frequently used to install large guide and information
signs along freeways and expressways. They are also frequently used to
install some of the larger directional signs as well as route marker

assemblies.

6.4.2 Breakaway Requirements

Wood posts supplied by the Sign Shop and ones conforming to Publi-
cation No. 408 are considered to be breakaway posts after the required
holes are drilled perpendicular to vehicular travel. However, only one
6 x 8 inch post and/or two 6 x 6 inch posts should be used in an 8-foot
path unless the sign posts are protected by guide rail. Therefore, two
6 x 8 inch posts should not be used for signs which are less than 13.5
feet wide and three 6 x 6 inch posts should not be used for signs which
are less than |1 feet wide.

6.4.3 Post Size .
The required cross-section and number of posts for a particular sign
installation can be determined using the graph in Figure 6-13

In order to determine the length of posts needed, add the height of
the sign, the required vertical distance from the bottom of the sign to
the near edge of the roadway, the vertical distance from the near edge

ozl



IRy ' _'L}, B

1t o0
rizaer? Q% —fiem 0512 Gast 32 —-the—
008 | & | mw:m = I
2060 e 248 000
2773 %
.
200 too —— 'm_‘

| by L PPl I “‘ I 2
AT tgm e k]
1 2§ t.o0 -.!.j-{ — -1 —]- 1 too —- —l o0

13570 oar’ S f—

;...I a ! ) .,J... & "thim e pown :

P—
IQocecoa0oonn!

an

POST | OIMENSION - §A—
SIZE L ) # Nominal grip .
2" 3¥
21727 3 172"
= ORIVE RIVET
3/g" BOLTS & NUTS-STEEL See note # 4

Figure 6-9. STEEL SQUARE POST DETAILS

Ground Line

Leove onty one Ui} hole M
21003¢0 QDOVe Ground :VSu:u Post
H
4 I 2N tnsert Bolt
r o-s gy
b Re

Vmunov sum»z__

|_-7ig® Holes
1°CroC

Anchor Post —»

ceessvescnqeeafoosccssesssecesne

Figure 6-10.

ororensritoms

-

ecessscssece

INSTALLATION OF STEEL SQUARE POSTS

H
§ ONE POST
o 3
z ' AUAN : T TT
B
3 i \ [l
p N ]
e r AVAN ol j
g TAKY % !
& ! e 2.
6 7 B
g ! A

=
-3 NN ™
B
z 3
bt
g,
.g' 10 12 - 16 18 20
®

Figure 6-11. SIGN AREA FOR SINGLE, STEEL SQUARE POST INSTALLATIONS

121



z
2
&
5 TWO POSTS r-——L—-‘
13 T T '
: VLV R i 300 M I
z Y T 0 | " " || |
8. [ \ 1\ | ! i “ O o _| } IR ' [l
b RSN A S i oo ool r ; i I )
2, T L A\ T l ECA I b b B i : : i ! !
3 P o, S L Lo, T__ 1 ! | i ' i T : : :
N IR ) Y ! 2| 250 1 : r :
3 ! ™ [ H 2] 3\ : ] T ]
z s | NG R (24 1N\ . T,
5 T i o D :
¥ = o ] T —
5 [ | | 200 ! N K T T
&, 1 | | i o LN J I T . . B
] a8 12 16 20 24 28 32 36 40, o I 1 T
z w . 6 L i
N “A"(SIGN AREA N SOUARE FEET) ot en T
§ w H
i vl
5| 1s0 a ~0s, —
3 : { < [ 11§
: a AN S :
z — ' N
] . SISl 2,  ~— T
T
2 THREE POSTS : . = i ; L. “'8"p i T — .
=3 - | 100 — -6 s 4 ¥ L ]
5 Lo S o . | xgmeUs , -
s T ol [ : R i
on — - 4]_ —_— - [l !
2 TSN z
zg i - i i
3 l I ! :
-4 i :
[} N
a’ 1 [ i
e — - 3
= .
- ® [ ‘ 1 | —Ir~
w B 7 T ; ! - -
23 T X T . T
-
N I i hl .
M 6 2 18 24 30 36 42 48 38 60
.; “A"(SIGN aREA IN SQUARE FEET)
NOTES:
% 1. Convanhonol Highways. L
o. Rurol Districts = Signs erectad at the side of the road sholl be mounted r._ﬁ b—-—L_-
at o herght of at 1603t tive feet, measured from the bottom of the sign .
to the nsar edge of the povement.
b. Business, Commaericol, and Residential Districts — Where parking and/or H - - . H
pedestrian movement is likely 10 occur, the clegrance 10 the bottom ot i -.
the sign shalt be o) lsost seven feet. 373 ] o Vi 38 3/8 [}
% 2 Expresswoys and Freeways
o Directional Signs — Signs shall be erected with g minimum height of seven
feet trom the level of the nsor edge of povement, R A WW
b. Route Markers, Reguiatory, and Warming Signs — All signs and marhkers sholl 2-POSTS 3- POSTS
" be of leost six feet above the level of the povemen! edge. -
% - Within an aight -foot path, only ona 2 172" (10qa Yor two 2" or 21747 posts % .B. N . . L. .
may be used per sign unless within Qn Orea profected by guide (Ol or dimension used in determining '_h° 3ize and number of
ofher physical obsiructions. posts from the graph is always the longes! "B". The same

size posts (cross section) should be used onany individual sign installation.

Figure 6-12. SIGN AREA FOR MULTIPLE, STEEL SQUARE POST INSTALLATIONS Figure 6-13. WOOD POST SELECTION CHART
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Example:

Install a 12-foot wide, 6-foot high sign on wood posts.

Procedure:

Find the area of the sign L x H = 12 x 6 = 72 square foor.

Find the B dimension. Embankment slope 3 feet, plus 7 feet to
the bottom of the sign, plus half of the 6-foot sign height,
or another 3 feet. Therefore the "B" dimension = 3+7+3=13 feet.

Enter Figure 6-13 at two points, i.e., 60 on the L x H scale
projecting that line horizonmtally, and 13 feet on the "B" scale
and project that line vertically upward. The intersection point
falls below the three 6" x 6" post line and the two 6" x 8" post
line. Both post combinations are suitable if the sign is located
behind guide rail.

However, if the sign is exposed to traffic, the post spacing
should be reviewed to determine if only one 6" x 8" post or two
6" x 6" posts can be used in an 8-foot path. In this example,
the three 6" x 6" posts would be at a 4.5-foot spacing (3/8 x
12) and the 6" x 8" posts would be at a 7.2-foot spacing (3/5

% 12). Since two 6" x 8" posts should not be used in an 8-foot
pach, the three 6" x 6" post combination should be used.

Figure 6-14. EXAMPLE OF WOOD POST SELECTION

of roadway to ground level of each post, and the depth the post is
to be installed. An example of determining the required size and
number of posts is shown in Figure 6-14.

6.4.4 Installation of Wood Posts

Wood posts are normally installed with a concrete foundation. It
is not recommended to install the posts in earth except for temporary
sign installations that will be removed after a short period of time.
Posts installed in earth should be installed to a depth of at least &
feet, properly set and braced, and backfilled in layers, firmly tamping
the backfill to assure that the backfill is properly compacted.

Posts embedded in concrete foundations should normally be installed
using post sleeves, shim bars and shim plates as shown in Figure 6-15.
The concrete should be cured a minimum of 48 hours before the posts and
the signs are erected.
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SHIM PLATE SHIM_BAR

Figure 6-15. STEEL SLEEVES FOR WOOD POSTS
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Posts installed in concrete foundations should be embedded 2 feet
with a minimum 2.5 foot foundation as shown in Figure 6-16. For very
large signs and in certain soils, it may be necessary to install the
post foundations to depths of up to 4 feet. The depth to install wood
posts should be discussed with the Engineering Districc.

If the posts are to be embedded directly in the concrete, care must
also be taken to set and brace the posts before the concrete is poured
to assure that the posts remain plumb.
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Figure 6-16. TYPICAL WOOD POST INSTALLATION

Some counties that have tried to remove wood post stubs from post
sleeves have experienced difficulty and in some instances have not been
able to remove the stub. As a result of this problem, the post sleeve
design for Department purchases has been revised to facilitate the
removal of the posts. Of prime importance, the bottom of the sleeve
is now open to allow water to drain into the subbase. (If the foundarion
is deeper than 2.5 feet -- the length of the steel sleeve -- a greased
pipe should be placed inside the steel sleeve and driven into the bottom
of the foundation. When the pipe is removed, the hole will prevent
water from accumulating around the wood post.)

It is also beneficial to have the top of the concrete slope away
from the post and to seal the opening between the post and the sleeve
to help prevent water from going into the foundation. If used, the
sealing material should be beaded and pressed into the opening.

If a county has a number of wood posts to install, consideration
should be given to the following procedure: .

o Auger or dig all holes, but cover during nonworking hours
o Set andAproperly brace all sleeves or posts

o Utilize a concrete truck, if available, to place all concrete
at the same time

Some districts have indicated problems augering holes for wood posts
with current equipment while other districts indicate they are able to
auger “oles up to approximately 3 or 3 1/2 feet deep. (It may be possible
that the county could utilize rental equipment for augering holes for post
installation. This option should be discussed with the Maintenance or
Engineering District.) Some suggestions thar may be helpful are:

o Periodically sharpen or replace the spiral point on the auger
and the cutting teeth on the bottom of the auger. The cutting
teeth become dull and replacement of the teeth usually permits
the augering of deeper holes in less time.

o Keep moving the auger up and down in the hole so that the flutes
will clear. The flutes are not very long and this action will
help remove the material from the hole.

o If a rock is hit, remove the auger and loosen the rock with bars.
The flutes will usually bring the rock up after it has been loosened.

6.4.5 Sign Attachment

Flat sheet aluminum and plywood signs are usually attached to
wood posts with lag screws.

Flat sheet aluminum wicth stiffener signs are usually actached to
the post with either stainless steel toggle and buckle straps, or
aluminum angles and post clips as illustrated in Figure 6-17.
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Figure 6-17. ATTACHING LARGE SIGNS TO WOOD POSTS

6.5 STEEL W BEAM BREAKAWAY POSTS

These posts are used to install major guide signs along freeways
and expressways.

Beginning in July, 1985, breakaway hardware and W-Beams were made
available on annual contract for new and replacement installations.
With the new low profile anchors, several sign crews have found these
installations to be very easy. Further, these posts will support much
larger signs than wood posts.

When placing the concrete for W-beam post foundations, it is’
important that the reinforcing steel be used in accordance with Traffic
Standard TC7702A and that t.ae anchor bolt template is level and oriented
properly. :

When used, the posts and hardware should be installed in accordance
with the instructions from the hardware manufacturer. In addition,
the hardware should be routinely maintained as noted in Section 8.4.3.
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Chapter 7

DELINEATION DEVICES

7.1 DELINEATORS
7.1.1 General

All delineators installed along two-way undivided roadways shall
be white, except yellow delineators shall be used to mark obstructions
and to create a funnel on the approach to narrow and one-lane bridges.

The color of delineators installed along divided highways and
one-way roadways, including one-way ramps and connecting roadways,
shall conform to the color of the edge line, i.e., white on the right
side and yellow on the left side. Red delineators shall be used to
delineate both sides of truck escape ramps and may be used facing
wrong way traffic.

The color and placement of delineators at median crossovers and
gores on expressways and freeways, and on islands on conventional
highways, shall be as indicated in Traffic Standard TC7709.

7.1.2 Spacing

The normal spacing between delineators except on curves is as
follows:

o Expressways and freeways -- up to 264-foot spacings along the
right side of the main roadway; and 132-foot spacings along and
between the acceleration and deceleration lanes, and along one
or both sides of the ramps.

o Conventional highways ~- up to 528-foot spacings along the right
side when installed.

o Truck Escape Ramps -- 50-foot spacing of red delineators on both
sides of ramp.

o Narrow and One-lane Bridges -- Delineation may be provided on
the approaches to a narrow or one-lane bridge to create a "funnel-
ing effect”. The need for the additional delineation should be

based on an engineering study which takes into account bridge
width, approach roadway width, ADT, traffic speed, accident ex-
perience, etc. If the bridge is greater than 100 feet in length,
white barrier-mounted or parapet-mounted delineators may be used
on both sides of the bridge at 50-foot intervals.

Spacing of delineators on horizontal curves should normally be
established by the District Traffic Engineering Unit in accordance
with Figure 7-1.

Oegree | Rodius on |Spacing on Spacing in Advance of and Beyond Curves

of Curve Curve First Spoce | Second Space | Third Spoce
Curve Feet Feet Feet Feet Feet

| 5730 225

2 2865 160 264

3 1910 130

2 433 110 225 264

E) 1146 100 200

6 955 90 185

7 819 85 165 250 264

8 716 75 155 230

9 637 75 145 220

10 573 70 135 205

] 521 65 130 195

12 478 60 125 185

- 328 50 100 150

- 228 40 80 120 : 240

- 150 30 60 90 180

— 95 20 40 60 120

NOTES:

Spacing for specific radii not shown moy be interpolated from the table. In odvance
of or beyond o curve, ond proceeding away from the end of the curve, the spocing
of the delineator is 2S, the second 3S, and the third 6S, where S refers to
the delineator spacing for specific radii computed from the formulo S: 3VR-50. The
minimum spacing should be 20 feet.

It is desirable to use bi-directionol delineator brackets (Yype C) around the outside
of the curve.

Figure 7-~I. DELINEATOR SPACING ON CURVES
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7.1.3 Lateral Clearance

The normal placement of roadside delineators is 6 feet beyond
the edge of shoulder or immediately behind a curb. Delineators should
be placed a constant distance from the edge of roadway except where
a guide rail or other obstruction exists between the edge of the road-
way and the line of delineators. In those cases, the delineators

should be in line with or inside the innermost edge of the obstruction.

7.1.4 Height

Delineators should normally be located so that the top of the
ceflective unit is about 4 feet above the ground. (Substandard height
will exist for barrier-mount delineators.)

7.1.5 Types of Delineators

o Centermount delineators are approximately 3 inches in diameter
and are normally mounted on rigid delineator posts, e.g., 6-foot
channel bar posts. The flanged face of the post should generally
face toward approaching craffic. The centermount delineator
should generally be attached by a two-piece rivet (commodity code
0210-1210-0000) . Centermount delineators may also be attached
to a Type C bracket (bi-directional bracket) or a Type F brackec
(used on top of concrete median barrier).

o Flexible delineator posts are designed to withstand several high-
speed impacts and return to their original position. All of the
models which are currently approved (Section 900 of Pub. 35) are
driveable with a 3"x12" area of Class II reflective sheeting.

If the sheeting becomes damaged, new strips of white, yellow
or tred sheeting may be ordered from the Sign Shop or, beginning
on May !, 1986, from the delineation contract.

Flexible delineator posts should be installed in accordance with

the manufacturer's recommendations, which may include the use of

a pilot hole driver. (Pilot hole drivers and post pullers should
be on contract beginning on May 1, 1986.

o Barrier-mount delineators typically attach to the sides of concrete

median barrier by a pressure-sensitive adhesive. Single-sided
yellow and white barrier-mount delineators are available from
contract by the respective commodity codes 0721-6033-1012 and
0721-6033-1023.

o Type F delineator brackets are 4-inch high brackets fabricated
from Ethylene Vinyl Acetate which may be attached to the top
of concrete median barrier by use of lead shields, Hilti studs
or by other methods. The brackets are available from contracc
by commodity code 0721-6034-1014.

7.2 CHEVRONS

The Chevron emphasizes changes in roadway alignment at locations
where standard delineators are inadequate. Chevrons are signs and
should be mounted as such, except back-to-back mountings such as in-
dicated in Figure 7-2 are very beneficial.

Chevron spacing should be such that the driver always has at
least two chevrons in view. As a general rule, chevrons should be
spaced at approximately twice the delineator spacing shown in Figure

7.1. Also as a rule of thumb, six chevrons are required on a 90-degree

turn, regardless of the severity of the curve.

7.3 DELINEATION OF IMPACT ATTENUATORS

One or more clearance markers (W16-2R or WI6-2L) should be attached
to the front of all impact attenuators. The type of marker used should

be as follows:

o Impact attenuators on the right side of all approaching traffic
should have a W16-2R marker attached.

o Impact attenuators on the left side of all approaching traffic
should have a W16-2L marker attached.

o Impact attenuators located where traffic passes on the left and
right side should have a W16-2L marker to the left of a WI6-2R
marker.

On G.R.E.A.T. and hydro-cell attenuators, the standard aluminum
markers should be attached to the leading edge. However, on sand
barrels, pressure sensitive sheeting without a rigid substrate should
be applied directly to the barrier. In no case should a marker be
erected on a post in front of the impact attenuator.
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Schere #1

o Install post with flanges parallel to the edge of chevro®
road. -
o Attach two 2-inch long sections of fo@d charmel
to the post, attach chevrons and then tighten the o
bolts in the formed channels until the chevrons evron
are properly aligned.
Scheme #2
o Cut two 2"x6" strips of metal from old station
marker and drill one 3/8" hole 1 inch from each
end.
o Install post with flanges at right angle to the i
edge of road. ‘00
we!
o Bend plates to required angle. [¢
=
o Attach chevron and bent plates to post. Chevron

Attach second chevron to bent plates and adjust
as necessary.

Figure 7-2. BACK-TO-BACK CEEWON INSTALLATIONS

Chapter 8. SIGN, DELINEATOR AND MARKER MAINTENANCE

8.1 GENERAL

It is important that all signs be kept in proper position, clean and
legible at all times. Damaged signs, especially knocked down regulatory
signs shall be repaired or replaced as soon as feasible. Stop, yield and
one-way signs shall have the highest priority.

Since signs are continually subjected to damage by wind, traffic acci-
dents, and vandalism, it is important to establish a suitable schedule for
inspecting, cleaning and replacement.

Inspection can be routinely performed, when traveling to and from work-
sites, by checking for missing signs and obvious damage to signs, supports
or accessories.

Special attention and necessary action should be taken to remove signs
no longer required (approval of the District Traffic Engineering Unit is re-
quired prior to the removal of an existing sign). Another item of importance
is to see that weeds, trees, and shrubs do not obscure the face of any sign.

When replacing a sign or sign support, refer to the applicable require-
ments of this manual regarding installation. In addition, check the entire
installation for other repairs that could be done to prevent an unnecessary

return to the same site.
For example, check:
o the condition of sign, especially :he’ sign face
o the sturdiness of the support(s) and foundation(s)
o for loose or broken fasteners or other accessories

8.2 PRIORITIES

Routine maintenance schedules must be adjusted to give priority to
damaged or missing signs that could be considered emergency. Emergency
repairs should be with priorities as noted in Section 3.3.

Within the regulatory signs, priority should be given to those signs
that prevent a conflict between vehicles. In the warning sign priority,
preference should be given to those signs that warn of a reduction of road-
way width or number of traffic lanes, curves, narrow or one-lane bridges or
underpasses, or changes in traffic patterns.

8.3 DEFECTIVE, MISSING OR DAMAGED SIGNS

Determining the need to replace a missing sign is obvious, however de-
termining when a sign is defective or should a damaged sign be repaired or
replaced is not always that evident.

A sign would be determined defective when its target value was found
to be undesirable due to discoloration, alligator cracks, tears, etc.
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In determining whether a damaged sign should be repaired or replaced,
consideration must be given to the economics involved in repair or replace-
ment and will the repair result in a functional sign.

8.4 SUPPORTS

8.4.1 Type B Posts

Maintenance of Type B Posts will frequently be restricted to repairing
the breakaway connection. Repairs or replacement shall be in accordance
with the installation requirements for the particular Type B Post. (See
Sections 6.2 and 6.3 and Standard Drawing TC7702B).

8.4.2 Wood Post

Due to the nature of this post, required maintenance will normally mean
replacing the post. Replacement shall be in accordance with the installa-
tion requirements for Wood Post. (See Section 6.4 and Standard Drawings

TC7702C and TC7702E.)

8.4.3 Steel Beam Post

Steel W-beam posts are used to support Type A Signs (Flat Sheet Aluminum
with Stiffeners, Extruded Aluminum Channel, or Laminated Panel).

The current breakaway connection is the Transpo-Safety connection as
defined in the TC7702A Standard. The Transpo-Safety connection uses a bolt-
on aluminum angle on the front amd back side of each post and a special
breakaway bolt in each of the four corners of the post.  Steel W-beam posts
and breakaway hardware are available on a statewide annual contract.

Very little maintenance is required on the Transpo-Safety connection,
except in the event of wind or accident damage.

Two ‘other obsolete Type A post connections are still in existance and
therefore may necessitate repair or maintenance. These two posts are as
follows:

o Type II, commonly known as the New Jersey breakaway connection, uses
a welded bracket and breakaway bolt comnection. Any necessary repair
or replacement of Type II base connections or hinge plates should be
in accordance with recently obsolete TC7702A Traffic Standard. This
standard can be made available from the Traffic Engineering and Opera-=
tions Division.

o Type III, commonly known as the Texas Slip-base is in widespread use
througnout the State. Because of its design, the tension in the slip-
base and fuse-plate bolts is extremely critical for the proper opera-
tion of the Texas Slip-Base. Therefore, on an annual basis, the bolcs
should be loosened and retorqued to the following values to insure
that wind vibration doesn't cause the post to "walk" off its post stub
or the post to bend at the fuse plate:

Bolt Diameter (inch) Torque (in-1b.)

5/8 450
3/4 750
7/8 1050

1 1400
11/8 1800

When it is necessary to replace a Texas Slip-Base, the base connection
may be retained or replaced in kind as necessary. However, if all of the
posts for a given sign need to be replaced and the foundation and stub base
are still good, it is recommended that the stub base be retrofitted to
accommodate the current breakaway connection in order to eliminate annual

maintenance. Retrofit connections are available on a Statewide annual con-
tracc.
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Figure 8-1. TYPE III OR TEXAS SLIP-BASE POST

8.4.4 Delineators

Maintenance of delineators consists of replacing delineators or their
posts and straightening or re-installing dislodged posts.

8.4.5 Overhead Structures

Maintenance of overhead signs and supports will normally be rescricted
to emergency repairs. Since overhead signs, lighting fixtures, and supports
are vulnerable to damage by wind and oversize vehicles, they should be
periodically inspected by the sign crew or district personnel. Detecced

da@ages should be repaired, if possible. If not, report the damages to the
Maincenance District.

8.5 CLEANING

. Signs become dirty and the sign faces become obscured by mud, dust,
diesel ?xhaus:, fumgs. windblown fungus, pollen, tree sap, bird droppings
and ordinary road film. All of these dulling agents cause signs to lose
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their visual effectiveness. Therefore, sign cleaning should be a sched-

uled sign crew activity when necessary.
Cleaning Procedures:
o Flush the sign thoroughly with water to remove the loose dirt.

o Wash the sign with a carwash type soft brush or mop, wash from
the top down using a mild soap or detergent.

o Finish with a clean water rinse and allow the sign to dry.

To remove asphalt tar, oil, diesel residue, etc., use a solvent such

as kerosene or mineral spirits, then rinse with soap and water.

Chapter 9

SIGNS AND MARKERS INSTALLED AND MAINTAINED BY OTHERS

9.1 GENERAL

Most signs in urban areas and some signs in rural areas are in-
stalled and maintained by local authorities or non-governmental organ-
izations. Most of the specific types of signs in these categories are
in Publicacion 68, Section 211.6(b), paragraphs (3) and (4).

If you are aware of maintenance problems involving signs installed
by others, you should contact the responsible party. In the case of a
missing or knocked down Stop sign, if the responsible party cannot be
contacted in an expedient manner, it is desirable to temporarily in-
stall a Department sign until the appropriate party ~an install their
sign.

Some specific types of signs not addressed in Publication 68 are
discussed in Sections 9.2 and 9.3.

9.2 LOGO SIGNS

Logo signs are currently being installed by the Pennsylvania Logo
Signing Trust on most Interstate highways and the intersecting road-
ways. These signs identify specific trademarks or business names and
are provided for the convenience of the motorists.

Logo signs are being funded by the participating businesses but
are technically. Department property; however, maintenance is the re-
sponsibility of the Trust. Therefore, if logo signs are in need of
repair, the Trust should be notified. The contact person is Ms. Ronni
Hannaman, Administrator, Pennsylvania Logo Signing Trust, at (717) 232-
8880.

9.3 HISTORICAL MARKERS

At least two types of historical markers currently exist along our
roadways:

o Cast aluminum markers similar to the type illustrated in Figure
9~1 are installed and maintained by the Pennsylvania Historical
and Museum Commission. The contact person for the Commission
is Donald Behney at 8-447-6944.

o Cast iron markers on a keystone similar to the type illustrated
in Figure 9-2 were allegedly installed by the Department about
40 years ago on cast iron posts. Because of. the weight of these
signs and posts, these markers are only authorized at locations
where they are protected by guide rail, bridge abutments, or
non;mountable  curbs. Therefore, if these markers are located
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at vulnerable locations, the District Traffic Unit should be
contacted for advise on the removal of the markers. If a re-
location is required, the District should try to obtain a spon-
sor for the relocation and maintenance of the marker.

Figure 9-1. CAST ALUMINUM HISTORICAL MARKERS
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Figure 9-2. CAST IRON HISTORICAL MARKERS
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As a minimum, it is recommended that sign crews have the following
equipment and publications available for their use at all times:

Chapter 10

EQUIPMENT AND PUBLICATIONS FOR SIGN CREW

Crew cab truck

Power pack or generator

" Electric drill

Electric or gasoline post driver

Portable electric band saw

Post puller

Level (should be at least 2 feet long)

Measuring devices .

Ladder

Sledge hammers

Wrecking bar .

Saws (hand and hack)

Drift pins -

Mechanic's hammer

Various mechanical tools

Cold chisels

Pioneer tools - (axe, digging iron, pick, & shovel)

Pruning tools

Bandit tool

Pop

Pub.

Pub

Pub.

Pub.

rivet gun

68, Official Traffic Céntrol Devices
203, Work Zone Traffic Concrol

111, Traffic Standards

113, Maintenance Foreman's Manual

Chapter |1

SIGN WORK ORDERS AND COMPLAINT RECORDS

11.1 RECOMMENDED PROCEDURES

Sign work orders (Form 692) are a joint responsibility of the District
Traffie Unit and the County Maintenance District. The areas of responsibility
dealing with sign work orders are as follows:

11.1.1 Is of Sign Work Orders

Sign work orders should be issued by the District Traffic Unit and
then only for the installation of new signs, the removal of an existing sign,
or the replacement of an existing sign with a different type of sign. All
other sign work that originates in either the Engineering District or the

County should be requested on the Complaint Record (Form M-206) as discussed
in Section 11.2.

11.1.2 Work Order Log

The District Traffic Unit and each County shall keep a record of sign
work orders. One person in the Traffic Unit shall be responsible for keeping.
a detailed computerized sign work order record. The County should keep a
simplified sign work order record similar to the following:

ork Order | Route Date Date | M-terial | Work Priority 8
No. No. Issued | Received | Ordered |Scheduled Notes

11.1.3 Staging Area

When the County receives the sign work order, the necessary signs should
either be removed from inventory or ordered from the Sign Shop. It is re-
commended that the signs be: (1) issued out as soon as they are pulled or
received: (2) grouped by sign work order; and (3) placed in a sign staging

area. Signs placed in a sign staging area should not be removed for any other
use.

11.1.4 Inspection of Work Orders

The basic responsibility for inspection of sign work rests with the
sign foreman's supervisor. When inspected, the inspector should ssign and
date the work order in the appropriate spot on the form. A member of the
Districc Traffic Unit should 'also make random field checks of the completed
sign work as the need dictates. As a general rule, a minimum of 10 percenc
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of all orders should be checked, with a higher percentage when errors are
noted.

11.1.5 Priorities
The District Traffic Unit should assign priorities to all work ordgrs,
and may include a requested completion date. Priorities may also be assigned

to work requested on the Complaint Record.

11.1.6 Status Report

Each month the District Traffic Unit shall tickle the County on all
uncompleted sign work orders which are over 30 days old. The sign.f9reman
shall advise the District Traffic Unit of the status of each identified work
order and, for each one over 60 days old, the reason the work has not been
compleced.

11.2 COMPLAINT RECORDS

The M-206 form should be used for replacing signs due to deterioration
or knockdown, replacing missing bolts or signs, replumbing posts, etc. The
form is illustrated below:

M-208 (7-79)

COMPLAINT RECORD

L)

Local Name

County. Municipality,

LR Sta. No. TR

Name Phone

Address

Rec'd by Time Date

C

Asst. Maint. Mgr. Foreman

Chapter 12

EXCESS NUMBER OF SIGNS AND SIGN ACCESSORIES

12.1 ACCOUNTING

Counties are charged for all items obtained from the Sign Shop, but
do not receive any credit for returned items. In light of this, counties
should not obtain an excess number of signs and sign accessories. However,
if a surplus does exist, it is recommended that an administrative message
be sent to the other counties, advising of the availability of the item.

In this case, the transferring county will receive credit for the transfer.

12.2 REUSABLE ITEMS NOT ACCEPTED AT THE SIGN SHOP

Since many signs were fabricated to meet specific needs, the Sign Shop
will not accept the return of the following signs, nor any sign or sign
accessory which is no longer stocked:

Nomenclature Sign Specification
DI-1 . Single Line Destination
DI-2 Double Line Destination
DI-3 Triple Line Destination
D2-1 Double Line Distance
D2-2 Confirmation Marker
D3-2 Single Line Advance Street Name
D3-3 Double Line Advance Street Name

D5 Special Directional Signs
D6 Expressway Laminated Signs
D7 Special Expressway Sign
1 10-1 City Name
I 10-2 Borough Name
I10-3 Village Name
I 10-4 Township Name
I 10-5 County Name
I 10-6 River Name
I13-3 Mountain Elevation
Ml-1 Interstate Route Marker
Ml-4 US Route Marker
Mi-6 PA Route Marker

12.3 REUSABLE ITEMS RETURNED TO THE SIGN SHOP

Salvageable items not included in Section 12.2 may be returned to the
-Sign Shop in accordance with the following guidelines:

1) Prepare a separate TE-6160 for each class (e.g., R-series, W-series,
sign accessories, etc.) being returned.

o Properly package all items with slip sheeting between each sign face.

o Place signs on a skid according to sign size. Properly band che signs
to the skid. '
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o Label each package of signs on the skid with the nomenclature of the
signs in the package and indicate the maintenance district returning
the signs and the quantity of each type of sign.

[ Insure that the signs do not get wet since the slip sheeting may not
be removable after getting wet.

o Include the TE-6160 wicth all returns.

12.4 RECYCLING SIGN BLANKS

The Sign Shop has a sign stripping and cleaning contract for recycling
aluminum sign blanks for a fraction of the cost of new aluminum. Therefore,
unless an aluminum blank has an excessive number of bends or has jagged-edge
holes or tears, it will be recycled. 1In order to assist the Sign Shop, the
blanks should be sorted and banded on the skids in order from the largest
to the smallest. .

If aluminum blanks are not capable of being stripped and cleaned, the
blank will be sold as scrap aluminum. Aluminum blanks which obviously cannot
be recycled should be banded to the skid and labelled "Damaged".

Plywood signs have no salvage value at the Sign Shop; therefore, they
may be used for Department shelving, bins, etc.
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THE TRANSPORTATION RESEARCH BOARD is a unit of the National Research
Council, which serves the National Academy of Sciences and the National Academy of Engi-
neering. It evolved in 1974 from the Highway Research Board, which was established in 1920.
The TRB incorporates all former HRB activities and also performs additional functions under
a broader scope involving all modes of transportation and the interactions of transportation with
society. The Board’s purpose is to stimulate research concerning the nature and performance of
transportation systems, to disseminate information that the research produces, and to encourage
the application of appropriate research findings. The Board’s program is carried out by more
than 270 committees, task forces, and panels composed of more than 3,300 administrators,
engineers, social scientists, attorneys, educators, and others concerned with transportation; they
serve without compensation. The program is supported by state transportation and highway
departments, the modal administrations of the U.S. Department of Transportation, the Associa-
tion of American Railroads, the National Highway Traffic Safety Administration, and other
organizations and individuals interested in the development of transportation.

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of distin-
guished scholars engaged in scientific and engineering research, dedicated to the furtherance of
science and technology and to their use for the general welfare. Upon the authority of the charter
granted to it by the Congress in 1863, the Academy has a mandate that requires it to advise the
federal government on scientific and technical matters. Dr. Frank Press is president of the
National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of the
National Academy of Sciences, as a paralle] organization of outstanding engineers. It is autono-
mous in its administration and in the selection of its members, sharing with the National
Academy of Sciences the responsibility for advising the federal government. The National
Academy of Engineering also sponsors engineering programs aimed at meeting national needs,
encourages education and research, and recognizes the superior achievements of engineers. Dr.
Robert M. White is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences to
secure the services of eminent members of appropriate professions in the examination of policy
matters pertaining to the health of the public. The Institute acts under the responsibility given
to the National Academy of Sciences by its congressional charter to be an adviser to the
federal government and, upon its own initiative, to identify issues of medical care, research, and
education. Dr. Samuel O. Thier is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of Sciences in 1916
to associate the broad community of science and technology with the Academy’s purposes of
furthering knowledge and advising the federal government. Functioning in accordance with
general policies determined by the Academy, the Council has become the principal operating
agency of both the National Academy of Sciences and the National Academy of Engineering in
providing services to the government, the public, and the scientific and engineering communities.
The Council is administered jointly by both Academies and the Institute of Medicine. Dr. Frank
Press and Dr. Robert M. White are chairman and vice chairman, respectively, of the National
Research Council.
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