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NATIONAL COOPERATIVE HIGHWAY RESEARCH
PROGRAM

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

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 Na-
tional Cooperative Highway Research Program do not endorse products or
manufacturers. Trade or manufacturers names appear herein solely because
they are considered essential to the object of this report.
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This report will be of interest to transportation officials concerned with the night-
time visibility of highway traffic signs and the cost for the replacement of signs to
maintain a minimum standard of nighttime visibility. The report will be of particular
interest to traffic engineers responsible for the management and maintenance of traffic
signs. The focus of the report is retroreflectivity—the property of traffic signs that
makes them visible at night. The key issue is the national cost to provide a given level
of retroreflectivity as a function of the length of time over which the standard would
be phased in.

In 1985, the Federal Highway Administration published an Advance Notice of
Proposed Amendment to the Manual on Uniform Traffic Control Devices as the initial
step in developing performance standards for in-service, retroreflective, traffic-control
devices. Since then, research has been conducted to determine minimum visibility
requirements for traffic signs that will satisfy the need of the nighttime driving popula-
tion. In addition, research has been completed to develop cost-effective, field-
measurement tools to determine whether a specific in-service traffic sign meets given
retroreflectivity levels. Research on the service life of retroreflective signs has also
contributed to the knowledge base needed to support the proposed establishment of
retroflectivity standards.

However, before retroreflectivity standards can be implemented, their potential
economic impact must be assessed. Further, any adverse effects of such standards
should be mitigated. The research reported here was undertaken to provide alternative
strategies for economical ways to improve the effectiveness of signs within available
resources.

Under NCHRP Project 5-11, “Implementation Strategies for Sign Retroreflecti-
vity Standards,” research was undertaken by Bellomo-McGee, Inc., Vienna, Virginia,
with the objective of determining the economic consequences of alternative standards
for retroreflective traffic signs.

To accomplish the objectives, the research agency had to address the following
questions:

o What is the status of the Nation’s signs regarding their level of retroreflectivity?

o How many signs exist on the Nation’s roadway system by sign type, jurisdic-
tional level, and other key factors?

o What is the cost to replace signs by the type of sign, type of retroreflective
material, and by jurisdictional location?

Once this information was obtained, an economic assessment model was applied
with the following specific objectives: (1) Determine the economic consequences of

¥
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alternative standards for retroreflective traffic signs, i.e.: What will it cost to meet
and maintain standards? (2) Develop economic-based implementation strategies and
recommend options for systemwide implementation, i.e.: What are the alternative ways
to have jurisdictions come into compliance, considering their resources?

The findings of the research have indicated that minimum retroreflectivity stan-
dards could cost approximately $156 million per year nationally for a 10-year imple-
mentation schedule under the higher of the two levels of standards evaluated. At the
lower standards, the national cost would be no more than currently experienced for
regular sign maintenance activities, assuming a 5- or 10-year implementation schedule.
If 2 much shorter implementation schedule of one year was adopted, a one time cost
of between $400 million and $2 billion would be expected, depending on the standards
selected.
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IMPLEMENTATION STRATEGIES FOR
SIGN RETROREFLECTIVITY STANDARDS

Minimum retroreflectivity standards for traffic signs are currently being considered
and indications are that standards will be instituted in the near future. Prior to the
establishment of retroreflectivity standards two key issues must be addressed: (1) how
will the standards be implemented and (2) how much will the standards cost jurisdic-
tions for replacement and maintenance activities. Currently, only new purchase specifi-
cations exist for permanent and temporary traffic signs. The retroreflectivity specifica-
tions measured in terms of specific intensity per unit area (SIA) are related to
manufacturer’s warranties and were not established based on motorist needs for sign
legibility. Minimum retroreflectivity standards for traffic signs based on legibility re-
quirements are needed.

Measurements of retroreflectivity were taken on approximately 8,000 traffic signs
across the country. These samples became the basis for evaluating the general condition
of the nation’s traffic signs. A signing questionnaire was developed and distributed to
state, county, and city jurisdictions. Estimates of sign inventory, replacement, and
maintenance costs were derived from the survey responses. The Federal Highway
Administration (FHWA) supplied ranges of minimum retroreflectivity values for this
project. Lower and upper sets of retroreflectivity values were selected from the FHWA
data for red, yellow, green, and white sheeting. The number of signs not meeting the
standard criteria was determined for each sheeting type. The economic costs associated
with the necessary sign replacement and related maintenance activities were deter-
mined. Several implementation strategies and schedules were identified for instituting
the minimum retroreflectivity standards. These include prioritizing sign replacement
by sign type and roadway class. Implementation schedules ranged from 1 to 10 years for
compliance. Because a broad economic analysis was required only basic implementation
strategies were tested. These strategies assumed no prioritization of sign or roadway
types, but required compliance with the standards within 1 to 10 years.

The current national population of traffic signs (not including street name and
parking) is estimated to be nearly 60 million. If the higher minimum retroreflectivity
standards tested in this research were applied, approximately 17 million traffic signs
on the nation’s roadways would require replacement today. This would amount to
approximately $156 million in sign maintenance costs per year for a 10-year implemen-
tation program. If the lower standards were applied, the cost for maintenance activities
should not exceed current expenditures with a 5- or 10-year implementation schedule.
With the advent of retroreflectivity standards, jurisdictions will also have to consider
instituting sign inventories and strict inspection programs. These items will create an
additional monetary demand on signing budgets. Preliminary results of an on-going
FHWA research project dealing with motorists’ needs in relationship to sign legibility
were used to develop the minimum retroreflectivity standards tested here.

The research found that the economic impacts of standards will be hardest felt by
city jurisdictions. This is because of the relatively poor condition of traffic signs on city
roadways. In addition, deficient green signs accounted for a disproportionate share of
replacement costs across all jurisdiction types. Green sheeting, especially engineering



grade, has rather low retroreflective properties. One of the minimum standards tested
here for green sheeting was actually higher than the delivered new specification pre-
scribed by states and the FHWA for engineering grade sheeting. Ground-mounted
guide signs also tend to be at least twice as large as standard warning and regulatory
signs; therefore, the cost to replace ground-mounted guide signs is nearly double that
of other traffic signs.

The research reported here tested two sets (i.e., lower and upper) of retroreflectivity
standards. The lower standards should have minimal economic impacts on most juris-
dictions. However, the upper standards would have an extreme impact on signing
budgets. Maintenance to the upper standards could cost two to six times as much as
current budgets. The establishment of retroreflectivity standards between the two sets
of standards tested here would still burden some jurisdictions. However, the anticipated
benefits of reduced liability and improved public safety could offset the additional

maintenance costs.

CHAPTER ONE

INTRODUCTION AND RESEARCH APPROACH

PROJECT BACKGROUND AND RESEARCH
OBJECTIVE

Traffic signs are a very important component of streets and
highways. They help motorists find their way in a safe manner
by providing for the orderly and predictable movement of traffic.
For signs to accomplish their intended purposes, they must be
visible to the motorists. Although sign visibility is generally not a
problem during daylight, signs with inadequate retroreflectivity
may not be sufficiently visible at night and can contribute to
accidents.

Research has been initiated to determine visibility require-
ments for traffic signs that will satisfy the needs of the nighttime
driving population. In addition, research is under way to develop
field measurement tools to determine whether a specific in-ser-
vice traffic sign meets given retroreflectivity levels.

The Federal Highway Administration (FHWA) published an
Advanced Notice of Proposed Amendment () to the Manual
on Uniform Traffic Control Devices (MUTCD) (2) as an initial
step in developing a performance standard for in-service retrore-
flectance of traffic control devices. The principal behind such a
standard is that signs and other devices that rely on internal
retroreflectance to be visible should maintain a level of perform-
ance that relates to minimum driver visibility requirements. This
objective is not without technical, logistical, and practical ob-
stacles.

One critical technical issue to resolve is to establish driver
nighttime visibility needs and translate those to sign retroreflecti-
vity requirements. This has been the task of a FHWA project
entitled, “Minimum Visibility Requirements for Traffic Control
Devices.” The primary objective of that project is to develop a
relationship between retroreflectivity levels and driver profiles
so that in developing a performance standard one can use as a
criterion the percent of drivers excluded by the standard.
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Another issue, which is both technical and logistical, is the
field measurement of retroreflectivity for signs and other devices.
If the performance standard is to be a minimum retroreflectivity
value, an easy method for measuring this property of in-service
signs is required. The current method is to use a portable retrore-
flectometer. The most prevalent apparatus used is the Model
920™ manufactured by Advanced RetroTechnology, Inc. While
this is a portable unit, it is still felt too cumbersome and time
consuming to be used for a wide scale inspection program. The
National Cooperative Highway Research Program (NCHRP)
Project 5-10, “A Mobile System for Measuring Retroreflectance
of Traffic Signs” (3) has resulted in a prototype system that is
under further evaluation and refinement by FHWA.

On the practical side, there is the issue of what will be the
economic impact imposed on the various jurisdictions, and in-
deed the public, of establishing a performance standard. De-
pending on the strictness of the standard, i.e., the retroreflectivity
level and how soon the jurisdictions would have to be in full
compliance, there will be an initial financial impact of replacing
the existing deficient signs and devices. Thereafter, there will
be a continuing cost to maintain the entire system within the
prescribed standard. Before establishing the performance stan-
dard, the FHWA and others faced with this decision should be
aware of what these impacts would be for different standard
levels. How many signs would have to be replaced, what would
be the costs to do so, and what will it cost agencies to maintain
the signs to the standard? These and other related issues are
addressed by this project.

SCOPE OF STUDY

The performance standard has not yet been established and it
was not the objective of this study to do so. Rather, it was the



objective of the NCHRP Project 5-11 to assess the impacts of
alternative standards and provide strategies and guidelines for
implementing the standard.

Before sign retroreflectivity standards can be implemented,
their potential economic impact must be assessed and any ad-
verse effects of such standards should be mitigated. To meet the
overall objective of this study, and to resolve these issues, re-
quires certain information. The information includes: What is
the status of the Nation’s signs regarding their level of retrore-
flectivity? How many signs exist on the Nation’s roadway system
by sign type, jurisdictional level, and other key factors? What is
the cost to replace signs by the type of sign, type of retroreflective
material, and by jurisdictional location?

This information is required to meet the specific objectives of
this project. The information must be analyzed within an eco-
nomic model to determine what it will cost jurisdictions to re-
place signs that do not meet alternative standards. The specific
objectives, therefore, are as follows: (1) Determine the economic
consequences of alternative standards for retroreflective traffic
signs, i.e., What will it cost agencies to meet and maintain stan-
dards? (2) Develop economic-based implementation strategies
and recommend options for system-wide implementation, i.e.,
What are the alternative ways to have jurisdictions come into
compliance considering their resources?

It was anticipated that the initial costs of compliance with
retroreflective standards would be substantial and beyond the
resources of many jurisdictions. Alternative strategies for imple-
menting the standards need to be identified and evaluated.

RESEARCH APPROACH

To accomplish the goals and objectives of this project the
following general tasks were completed:

3

Task 1— Evaluate Literature and Other Sources. The litera-
ture and other informational sources dealing with retroreflecti-
vity of traffic signs were considered. The various types of sign
inventory systems in use and current maintenance practices were
investigated.

Task 2— Summarize Information Pertinent to Establishing
Feasibility Retroreflectivity Standards. This task was accom-
plished by reviewing pertinent references and by considering the
latest results and findings from on-going and recent research
projects.

Task 3— Collect Retroreflectivity Condition and Other Sign
Data. Existing data on in-service sign retroreflectivity, replace-
ment costs (e.g., labor and material), and sign densities were
collected and compiled. Data were collected on standard,
ground-mounted traffic signs. Overhead and parking series signs
were not included.

Task 4 — Analyze Data. For different categories of signs, rela-
tionships were developed that indicate how various retroreflecti-
vity standards would affect, nationally and at the state and local
levels: (a) the number of signs to be replaced, (b) the replacement
costs, (c) any other economic or management considerations.
The modeling techniques used are described so they can be
applied readily to any jurisdiction’s sign replacement and man-
agement programs.

Task 5— Develop Economic-Based Implementation Strategies.
Economic-based implementation strategies were developed for
alternative sign retroreflectivity standards across different cate-
gories of signs, roadways, and jurisdictions.

Task 6— Recommended Implementation Options. Several op-
tions for system-wide implementation were developed to provide
guidance for phasing the implementation of the retroreflectivity
standards and to indicate the expected economic consequences
of adoption of the standards.

CHAPTER TWO

FINDINGS

This chapter presents the key findings of the study in three
sections. Specifically, these sections relate to the literature re-
view, the retroreflectivity data collected from more than 8,000
sign samples across the country, and the results of the question-
naire sent to the states, counties, and cities for information,
sign inventories, and maintenance. More detailed information is
provided in Appendixes A, B, C, and D.

LITERATURE REVIEW SUMMARY

Principles of Retroreflection and Sheeting
Materials

Nearly all signs have to be legible and color distinguishable at
night as well as day. While this can be accomplished through
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external illumination of the signs, retroreflection is the most
commonly used means of making signs visible to the driver at
night.

Retroreflection occurs when light rays strike a surface and are
redirected back to the source of light. Two principles followed
to achieve retroreflectivity for roadway signs are prismatic and
spherical lens retroreflection. Prismatic, also known as cube-
corner, retroreflection is achieved through total internal reflec-
tion. Incoming light hits the first surface and reflects to the rear
surface which reflects it to the last surface which reflects the
light rays back to the source. In the second type, spherical lens
retroreflection is achieved through a combination of a glass
sphere (bead) and a reflecting (mirror type) surface placed at the
focal point. The incoming ray is bent and directed inside and
toward the back of the sphere, reflecting off reflective surface,
and after being bent at the exterior of the sphere redirected



Figure 1. Two types of retroreflection, cube-corner (top) and spher-
ical lens (bottom).

toward the light source. These two principles for achieving retro-
reflection are illustrated in Figure 1 and further described in
Appendix A with the entire literature review. Three references
(4,5,6) are suggested for a thorough discussion of the principles
of sign retroreflectivity.

Retroreflective sheeting consists of micro cube-corners or
spheres enclosed in a weather resistant, transparent plastic film.
To reflect color, pigment or dye is inserted into the film or on
the reflecting surface. There are three types of spherical lens
(bead) retroreflective sheeting: (1) exposed glass bead, (2) en-
closed glass bead, and (3) encapsulated glass bead. In the exposed
lens sheeting the front half of the glass beads are exposed to the
outside air. Glass beads work best when exposed to the air.
However, because of the small size of the beads, a film of water
can cover the beads when it rains and can greatly reduce the
retroreflectivity of the beads. Hence, this type of sheeting is not
recommended for traffic signs and is no longer included in state
or federal specifications. Nonetheless, exposed lens sheeting is
still found on traffic signs on some low-volume rural roads con-
trolled by local jurisdictions.

Enclosed lens sheeting material consists of a layer of transpar-
ent plastic of appropriate color in which glass beads are imbed-
ded. A metallic reflection shield is provided behind the plastic,
with a layer of adhesive and with a protective liner that is re-
moved during sign fabrication. The plastic covering enables the
sheeting to be equally bright under dry and wet weather condi-
tions.

With encapsulated lens sheeting the glass beads are also pro-
tected by a transparent material that is supported slightly above
the beads by walls creating an air-filled compartment. The back
of the beads are covered with a reflective surface. The resulting
airspace in front of the beads makes it more retroreflective and,
hence, is known as high performance sheeting.
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One of the most important properties of retroreflective sheet-
ing is the ability to return light that is commonly described by
a variety of terms including brightness, retroreflectance, lumi-
nance, and candlepower. The International Commission of Illu-
mination (CIE) uses the term coefficient of luminous intensity
that is defined as the ratio of luminous intensity of reflector
in the direction of the observation to the illumination at the
retroreflector on a plane perpendicular to the light. In the metric
system, designated as the International System of Units (SI), it
is expressed as candelas, cd, per lux, 1x. This definition treats the
retroreflector as a point source. Because signs have a relatively
large area, they are treated as an extended light source which
may be thought to consist of many point sources, each with a
luminance intensity of one candela. The coefficient of luminous
intensity divided by the area is expressed in SI units as candelas
per lux per square meter and identified as the coefficient of
retroreflection. The English equivalency for coefficient of retro-
reflection is candelas per foot candle per square foot and is
denoted as R . In the Standard Specifications for Construction
of Roads and Bridges on Federal Highway Projects, FP-85 (7),
the coefficient of retroreflection, R ,, is described as specific
intensity per unit area (SIA). The conversion from SI to the
English system is unity. CIE plans to adopt R , as their designa-
tion in the SIA nomenclature. The SIA designation will be used
throughout this report.

The retroreflectance of sheeting material is described in the
context of another important property, its angularity, which is
defined by the entrance (of the light) and the observation (of the
motorist) angles. The entrance angle is the angle formed between
a light beam striking the surface of a sign and a line coming out
perpendicular from the surface. The observation angle is the
angle between the incoming light beam and the reflected light
beam and is a function of the height of the driver’s eye with
respect to the vehicle headlamps. In the FP-85 and other specifi-
cations, minimum SIA is prescribed for each different type of
sheeting for two observation angles, two entrance angles, and for
different colors.

The following specifications, related to retroreflectance, were
a primary source of information:

1. Standard Specifications for Construction of Roads and
Bridges on Federal Highway Projects, FP-85 (7).

2. Federal Test Method Standard 370, Instrumental Photo-
metric Measurements of Retroreflective Materials and Retrore-
flective Devices (8).

3. Four standards of the American Society for Testing and
Materials (ASTM) on color and appearance measurement:

o E808-81 “Standard Practice for Describing Retrore-
flection”

o E809-81 “Standard Practice for Measuring Photometric
Characteristics of Retroreflectors”

o E810-81 “‘Standard Test Method for Coefficient of Retrore-

, flection of Retroreflective Sheeting”

o E811-81 “Standard Practice for Measuring Colorimetric
Characteristics of Retroreflectors Under Night-
time Conditions”

In the FP-8S, three types of retroreflective sheeting are recog-
nized. The first type has two classes: Type II and Type II A,
commonly called engineering and super-engineering grade sheet-



ing, respectively. They are both enclosed-lens type sheeting. The
minimum SIA values specified by FP-85 for Type II A are about
twice those for Type II. The next type has three classes: Type
III A, III B, and III C. All are encapsulated type sheeting with
Type III A made of glass beads and Type III B and III C made
of prismatic reflectors. All three types provide much higher
brightness than both Type II and Type II A. The last type of
sheeting recognized in the FP-85 is labeled as Type IV. This type
is a high performance vinyl sheeting that is used for retroreflec-
tive white collars around orange cones and for “fold-up” tempo-
rary signs of the kind commonly used by utility companies.

Visibility Distance

The sight distance requirement of a sign is a function of five
components: (1) sign detection, (2) sign recognition, (3) driver
decision-making, (4) response, and (5) completion of maneuver.
McGee et al. (9) developed and field tested a decision sight
distance model based on detection, recognition, decision-making,
response, and vehicle maneuver. The decision sight distance
model elements were later reexamined by Perchonok et al. (10)
to develop a version applicable to determining nighttime visibil-
ity requirements for retroreflective devices. The model deter-
mines minimum detection distance requirement as the summa-
tion of distances required for five phases of action. The
summation process is based on the assumption that, in the worst
case, the driver must accomplish each aspect of the process in
order, one after the other. The model was formalized by Mace
et al. (/1) as a computerized program to evaluate luminance
requirement to aid in sign maintenance decisions. This sign main-
tenance management program models sign visibility require-
ments in terms of time and distance requirements. However, it
does not model the visibility requirements of signs based on
human performance capabilities in terms of luminance and con-
trast needs.

The human visual performance model most generally accepted
among highway visibility researchers is that published by the
International Commission on Illumination (CIE). This model
represents an analytic approach to determining the observer’s
detection threshold contrast when adapted to a particular sur-
round luminance, with glare and transient adaptation require-
ments accounted for. An object is visible or detectable at thresh-
old level if the object’s contrast meets or exceeds the contrast
required by an observer when adapted to the luminance of the
object’s background, also taking into account the effects of dis-
ability glare and background luminance that may change over
time. This analytic approach to visibility has been incorporated
by Bhise et al. (2) into a seeing distance model called DETECT,
which is a part of the Comprehensive Headlamp Environment
Systems Simulation Model (CHESS). The program calculates
the threshold visibility distance (50 percent probability of detec-
tion) to targets such as delineation, pedestrians, traffic cones,
etc., under a wide range of conditions with or without glare from
opposing vehicles.

Sign Legibility

Drivers require a minimum amount of luminance for detection
and legibility of signs. The specification of minimal luminance
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requirements for traffic signs has been addressed by a number
of researchers. Historically, a sign was considered sufficiently
bright if it provided approaching drivers with a minimum of 50
ft of legibility per inch of letter height. However, the selection
of 50 ft per in. as a minimum legibility distance is quite arbitrary.
Mace (13) suggested that older driver’s visibility requirements
should be based on a legibility of 40 ft per in. of letter height.
Mace also reported that the typical practice in the states is to
license drivers at a 20/40 high-luminance acuity. This acuity
level corresponds to a legibility of approximately 30 ft per in. of
letter height.

An approach that has been used is to consider a sign’s level
of brightness. Sign brightness is considered satisfactory if it pro-
vides a legibility distance that is greater than or equal to 85
percent of the maximum obtainable nighttime legibility distance.
This criterion is too arbitrary as it does not account for the
driving situation.

Other measures that have been used to develop the relation-
ship between sign brightness and legibility have been uniformity
of sign background, level of internal contrast, and luminance of
legend or background. If a sign face degrades unevenly as it ages,
the legibility of the sign is impaired. The Institute of Transporta-
tion Engineers (ITE) recommends a ratio of 5: 1 as the maxi-
mum acceptable ratio of luminances for externally lighted traffic
signs (/4). Another study conducted by Allen et al. (15) con-
cluded that variation in the luminance of different areas of the
sign should not be more than 10 : 1. Another study (6) specifi-
cally designed to establish the relationship between the lumi-
nance uniformity of sign background and legibility found that for
externally illuminated signs these two variables are significantly
correlated only when sign luminance ranges from 9.9 to 39.7
foot-lambert (FL). These data indicated that if a reduction in
maximum obtainable legibility of 50 percent is assumed to be
maximum acceptable performance decrement, the maximum ac-
ceptable ratio of background luminances is 6 : 1. However, the
luminance of Type II and Type III white sheeting rarely exceeds
9.9 FL. For these reasons, the luminance uniformity of back-
ground may be relevant to legibility of illuminated signs, but
may not be relevant to retroreflective signs.

The contrast between the luminance of the sign legend and
the luminance of the sign background is a key measure that has
been related to sign brightness and legibility. A common measure
of internal contrast is the luminance ratio of the legend and
background of the sign, with the greater of the two values used
in the numerator of the expression. For signs with a black legend
on color background the legibility is determined by the lumi-
nance of the color portion of the sign. Therefore, minimum
brightness standards based solely on internal contrast would
have little applicability to signs having either a black legend or
a black background. Also, most signs will not be taken out of
service until they have lost most of their retroreflectivity, which
means that the internal contrast of the sign is essentially fixed
for the duration of the sign’s service life by the material with
which it is constructed. Therefore, internal contrast is most rele-
vant in sign design and construction.

Another measure of sign brightness that can be related to
legibility is sign luminance. Legibility as a function of sign lumi-
nance has been studied to a greater extent than any other measure
of sign brightness. A 1988 study of nighttime conspicuity of
highway signs by Olson (I7) resulted in recommendation of
minimum SIA values for various sign types with guidance re-



Table 1. End of service life SIA values recommended by Florida DOT.

End of Service Life SIA Values'
Sheeting Color
Type I Type I1 A, III A, III B?
White 40 140
Yellow 16 40
Green 5 5
Red na 10

na - not available

! SIA values measured at 0.2° observation and -4° entrance angles.

? Engineering grade sheeting (Type II).

3 Super-engineering grade (Type II A), high performance (Type III A), and prismatic
(Type III B) sheeting.

Source: Florida DOT (19)

garding the selection of sheeting materials. The SIA values are
based on area complexity and the required stopping sight dis-
tances for various speeds.

Another study by Morales (/8) resulted in recommendation
on required overall SIA for STOP signs for various approach
speeds under ideal visibility conditions. The study suggests that
legibility should not be used as a criterion for developing in-ser-
vice retroreflective standards for STOP signs, and it provides
mathematical relationships between STOP-sign recognition dis-
tance and its photometric characteristics. This is because the
unique shape of STOP signs should be recognized and not read
to be understood.

A study conducted by the Florida DOT (/9) recommended
“end of service life” SIA values for various sheeting colors and
types. The study used several observers, at night, in the same
vehicle. Each observer recorded when sign detection, shape rec-
ognition, color recognition, message recognition and legibility
occurred. The times were converted to distances. Each sign was
then screened, thereby reducing SIA, until the sign was deter-
mined to be barely adequate. Table 1 provides the recommended
“end of service life” values for white, yellow, green, and red
sheeting colors.

Luminance Standards

The existing federal standards for luminance of retroreflective
materials for traffic signs are purchase specifications and provide
no differentiation based on driver needs. The MUTCD (2) sim-
ply specifies that all warning and regulatory signs be reflectorized
or illuminated to show the same color and shape by day or night
unless specifically excepted in the standards. The MUTCD has
no minimum initial or replacement requirements for retroreflec-
tive signs. FP-85 does provide minimum SIA standards for new
material. These standards, however, were developed by sheeting
manufacturers as a purchase specification not based on driver’s
needs. For work zone traffic control, FP-85 (7) does specify that
traffic signs and devices must retain 75 percent and 50 percent
of the new specification for engineering grade and high perform-
ance sheeting, respectively.

Based on the agencies surveyed, replacement is left to practices
that vary between states and levels of government within states.
The need for inspection of signs for retroreflectivity is typically
not determined under a regimented policy or schedule, but is by
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casual, visual inspection. This deficiency is due to the lack of
a minimum brightness standard, the competing demands on
personnel’s times, and the absence of a rapid and reliable re-
flectance measurement device. However, the development of au-
tomated sign inventories, minimum performance standards, mo-
bile system for measuring retroreflectance, and implementation
strategies will provide an opportunity for more efficient and
objective solutions to the problems of sign maintenance man-
agement.

Research has been conducted which is relevant to the question
of a standard, but standards have not yet been implemented
that reflect fundamental driver needs. This is because specifying
luminance standards for traffic signs is complex and multidimen-
sional. Driver requirements of different signs change across situ-
ations. Also the population of signs is not uniform in purpose or
function. Signs are created in different designs to serve various
needs, and these differences create varying levels of luminance
required for signs to function properly at night.

The FHWA project on “Minimum Visibility Requirements for
Traffic Control Devices,” is to determine the minimum visibility
distances for signs and markings. Based on these minimum visi-
bility requirements, it will be possible to determine the retrore-
flectivity necessary to make a sign or marking visible at a given
distance. Another difficulty in the implementation of standards
has been an absence of conclusive performance data. The final
report for that project will fill this void.

The FHWA project entitled “Service Life of Retroreflective
Traffic Signs” (20) investigated the relationship between the
retroreflectivity performance of sign sheeting with respect to
such factors as age, weather conditions, and the like. Based on
these relationships, equations were developed to predict approxi-
mate in-service SIA of signs. The accuracy of the equations in
predicting in-service SIA is limited, however, because the initial
SIA values for new sheeting are quite variable.

Finally, there is no fast, practical and reliable way of measur-
ing luminance in the field and, therefore, one cannot easily deter-
mine if the requirements are met. The study conducted under
NCHRP Project 5-10, “Mobile System for Measuring Retrore-
flectance of Traffic Signs” (3), has determined the feasibility of
developing instrumentation suitable to rapidly measure retrore-
flectivity from a moving vehicle during daylight hours. A proto-
type of the van-mounted system has been constructed and con-
sists of a video camera, electronic flash gun, laser range finder,
and a data acquisition/image analysis system to evaluate the
video image for average legend and background retroreflectance.
The results of the above three projects and the project reported
here will help in development, measurement, and implementa-
tion of sign performance standards.

SUMMARY OF RETROREFLECTIVITY DATA

This section provides a summary of the retroreflectivity data
collected from more than 8,000 sign samples. The 8,000 signs
were samples from roadways within 28 counties in 26 states. The
data collection procedures and methodologies are described in
Appendix B. Table 2 presents a breakdown of total samples by
sheeting color, sheeting type, and area type.

As shown in Table 2, a reasonable sample of each sheeting
color and type in urban and rural areas was obtained. Not unex-
pected was the relatively low sample of high performance green
sheeting. Apparently, few agencies currently use high perform-



ance green sheeting on their ground-mounted guide signs. Over-
head signs were not included in the survey.

SIA data were collected from signs on roadways under the
control of state, county, city, and town agencies. Table 3 presents
the minimum, maximum, and mean SIA values for each sheeting
color, sheeting type, and jurisdiction control. Except for high
performance green sheeting, a reasonable sample within each
jurisdiction type was obtained. As presented, differences in mean
SIA values between jurisdictions do exist.

To facilitate the testing of the impacts of implementing mini-

- mum SIA standards, frequency graphs of SIA versus percent of
total signs were developed. As the minimum SIA standard will
be based on driver’s needs and not sheeting material specifica-
tions, the sheeting types were combined by sheeting color for
development of the frequency graphs. Because the intent of this
project was to evaluate the economic impacts on various levels
of jurisdictions, individual frequency graphs for state, county,
city, and town agencies were developed. SIA values were
grouped into increments of 5 SIA values and plotted versus
percent of total samples. The graphs depict the percent of signs
having that specific SIA value or less.

Figures 2, 3, 4, and 5 provide the frequency graphs for red,
yellow, green, and white sheeting, respectively. Again, these
graphs include all sheeting types combined and are provided for
each of the four jurisdiction levels evaluated. Few conclusions
about maintenance practices can be drawn from the frequency
graphs. However, it does seem that traffic signs on city-
controlled roadways tend to have lower retroreflectivity values
across all sign colors.

SUMMARY OF QUESTIONNAIRE SURVEY

A survey concerning sign inventories, maintenance costs, and
density factors was distributed to 790 counties, 85 cities, and 50
states. The full results of the questionnaire survey are presented
in Appendix C. The major findings are presented here.

Approximately 30 percent of the states responding (48 total
responses) maintain a sign inventory at the statewide or district
level. Because the questionnaire survey was not inclusive of all
agencies an accurate estimate of the percentage of cities and
counties having sign inventories is unavailable. It is assumed,
however, that few (i.e., 10 to 25 percent) of these local agencies
maintain inventory systems. Table 4 provides a summary of
inventory systems and data elements for city, county, and state
agencies.

Of the states with sign inventories, approximately 80 percent
have their systems on micro- or mainframe computers. Only 50
to 60 percent of the local jurisdictions with sign inventories
maintained them on a computer system. Almost 50 percent of
county agencies with inventories responded as having paper rec-
ords. Nearly all inventories had the MUTCD sign type designa-
tion as a field in the system. Approximately 50 percent of the
inventory systems included fields for the sheeting type. But, 75
to 85 percent of the inventory systems did include fields for the
date of sign installation or replacement.

Table 5 provides a summary of sign costs and a listing of
key reasons for sign replacement. Fabrication includes costs for
materials, labor, and equipment. The counties responding to the
survey estimated a fabrication cost of approximately $68.00 per
sign, while the cities responding estimated a fabrication cost
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Table 2. Total sample by area type.

Sheeting Color Urban Rural Combined
and Type
RED
-EG 500 392 892
-HP 311 21 532
YELLOW
-EG 594 635 1,229
-HP 608 511 1,119
GREEN
-EG 209 178 387
-HP 61 23 84
WHITE
-EG 1,293 996 2,289
-HP 798 676 1,474
TOTAL 4374 3,632 8,006
NOTE: EG = Engineering Grade Sheeting = 60% of sample
HP = High Performance Sheeting = 40% of sample
Table 3. Description of retroreflectivity data.
Jurisdiction Type
Sheeting
Color Criteria State County City Town Combined
and Type
Red - EG Min' 1.5 29 1.0 08 08
Max? 554 59.0 552 55.6 59.0
Mean® 193 19.7 154 183 17.6
N*¢ 177 22 365 128 892
Red - HP Min 9.7 45 58 134 45
Max 110.1 109.6 105.7 105.9 110.1
Mean 511 582 64.5 68.3 60.1
N 138 143 142 109 532
Yellow - EG Min 15 11 22 19 11
Max 136.5 147.1 121.0 137.6 147.1
Mean 67.4 68.0 58.0 78.7 67.5
N 352 488 217 172 1,229
Yellow - HP Min 59 40 106.5 116.2 4.0
Max 259.3 2543 249.8 251.5 2593
Mean 192.1 186.8 192.7 193.7 1904
N 411 421 134 153 1,119
Green - EG Min 0.6 1.0 19 6.1 0.6
Max 48.6 50.2 316 355 502
Mean 127 142 11.7 127 129
N 27 85 42 33 387
Green - HP Min 125 11.1 54.1 13.5 111
Max 80.5 79.0 74.6 315 80.5
Mean 472 442 64.5 274 46.1
N 60 14 4 6 84
White - EG Min 14 16 12 26 12
Max 147.8 150.2 143.6 1471 150.2
Mean 89.9 925 75.9 98.5 88.2
N 666 606 633 383 2,289
White - HP Min 480 334 113.0 182.5 334
Max 339.1 3313 326.7 3336 339.1
Mean 2711 2718 219 2814 2734
N 532 424 261 257 1,474
) Minimum SIA ~ *> Mean SIA

2 Maximum SIA ~ *  Number of Samples

of approximately $54.00 per sign. The major differences were
generated by the higher material and labor costs reported by
county agencies. City-controlled roadways typically have much
higher sign densities than county roads. Because of these differ-
ences, annual sign maintenance costs per mile on city roadways
were 45 percent greater than that on county roads. However,
the annual sign maintenance costs per capita were only 20 per-
cent higher in city jurisdictions.

Concerning reasons for sign replacement, several differences
between the city and county responses were found. The cities
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responded that 30 percent of their annual sign replacements were
caused by poor retroreflectivity, while counties responded that
only 16 percent of replacements were caused by this factor.
Inadequate retroreflectivity was the leading cause of annual sign
replacements according to the city responses. Vandalism was the
leading cause of sign replacements in county jurisdictions.
Nearly 40 percent of sign replacements in counties were caused
by vandalism, while this factor accounted for 24 percent of the
replacements in cities according to the survey responses.

The questionnaire survey also obtained sign density and sign
population information for city and county agencies. Table 6
provides a summary of this information. City and county agen-
cies have similar sign densities per capita. The cities responded
as having approximately 114 total signs (not including street
name and parking signs) per 1,000 persons, while counties were

Table 4. Inventory types and data elements.

PERCENT AND NUMBER OF
JURISDICTIONS RESPONDING
CITY COUNTY State
INVENTORY ITEM % N % N % N
Sign Inventory System na 13 na 129 33 16
Inventory Type
Main/Mini Computer 23 3 20 26 31 5
Micro Computer 38 ol 32 41 50 8
Card/Paper 23 3 43 55 13 2
Other 16 2 S s 6 1
Inventory Data Elements
Sign Type 92 12 97 | 125 94 15
Installation Date 77 10 82 | 106 75 12
Replacement Date 77 10 83 107 75 12
Sheeting Type 54 7 50 64 56 9

found to have approximately 122 total signs per 1,000 persons.
The county agencies reported as having more warning and less
guide signs than city agencies. Cities reported as having nearly
three times the number of signs as counties on a per mile basis.

Several data files containing complete sign inventories from
several small jurisdictions were obtained. Only one jurisdiction’s
(e.g., Kossuth County, Iowa) inventory included the date of sign
installation. It is reasonable to assume that the date of installa-
tion closely reflects the age of the sheeting material. Table 7
provides the age distribution of signs from a small, rural jurisdic-
tion. Nearly 30 percent of all signs had been installed for 5
years or more according to this database. As more jurisdictions
implement a computerized sign inventory program that includes
date of installation or replacement, the reliability of the distribu-
tion shown in Table 7 will be improved.

Table 5. Sign replacement and maintenance costs. Note in the table that
county figures represent a weighted average value for rural and urban
counties; sign fabrication and maintenance costs were not obtained from
state agencies.

CITY COUNTY

Sign Fabrication Costs

-Sign material cost per sign $30 $38

-Labor cost per sign $14 $19

-Equipment cost per sign $10 s

TOTAL cost per sign $54 $68
Sign Maintenance Costs

-Per mile costs $135 $92

-Per capita costs $1.20 $1.00
Reasons for Sign Replacement

-Poor Retroreflectivity 30% 16%

-Knockdown 27% 23%

-Vandalism 24% 39%

-Other 19% 2%

na - not available

Table 6. Sign population per capita and per roadway mile.

Table 7. Age distribution of signs. (Source: Kossuth County, Iowa)

SIGN POPULATION PER CAPITA

CITY COUNTY

Regulatory Signs per 1,000 persons 70 57
Warning Signs per 1,000 persons 38 63
Guide Signs per 1,000 persons 6 2

TOTAL 114 122

SIGN POPULATION PER ROADWAY MILE

CITY COUNTY

Regulatory Signs per mile 18 4
Warning Signs per mile 10 4
Guide Signs per mile 1 3
TOTAL 29 11

Note: Street name and parking series signs not included.

Age of Sign (years) Number of Signs Percent of Total Signs
12 202 4.1%
11 89 1.8%
10 165 33%
9 165 3.3%
8 236 4.8%
7 355 72%
6 260 5.3%
5 543 11.0%
4 1,561 31.6%
3 605 122%
2, 497 10.0%
1 267 5.4%

Total 4,945 100%
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CHAPTER THREE

INTERPRETATION, APPRAISAL, APPLICATION

This chapter presents the application of the findings presented
in Chapter Two. The sign condition frequency graphs, sign den-
sity, and sign replacement cost information were compiled to
test the economic consequences of establishing minimum retrore-
flectivity standards.

MINIMUM RETROREFLECTIVITY CRITERIA

In order to test the economic impacts of establishing retrore-
flectivity standards, actual minimum criteria needed to be identi-
fied. Selected preliminary results from the “Minimum Visibility
Requirements for Traffic Control Devices” project sponsored by
the Federal Highway Administration (FHWA) were obtained.
These preliminary results include minimum retroreflectivity re-
quirements for red, yellow, green, and white background signs.
The minimum requirements are specified by sheeting color, road-
way speed, sign placement, and sign size. Sheeting colors, road-
way speeds, sign placements, and sign sizes other than those
included here were evaluated in the “Minimum Visibility Re-
quirements for Traffic Control Devices” project. The minimum
SIA values tested here are preliminary and subject to change.

The following information provides a general discussion of
the minimum retroreflectivity criteria provided by FHWA and
selected for use in this project. Criteria for yellow sheeting signs
were provided for right-mounted signs on 55-mile per hour
(mph) roadways. This placement and roadway speed are appro-
priate for the majority of yellow warning signs. Two sign sizes —
standard and standard plus 12 in.— were included. Minimum
retroreflectivity values from 5 to 60 SIA for frequently used signs
were recommended by FHWA. Minimum SIA criteria for red
screened sheeting signs were provided for right-mounted signs
on 30-mph and 55-mph roadways. The standard sign size was
evaluated for the 30-mph condition and standard size plus 12 in.
was assumed for the 55-mph application. The minimum stan-
dards for red sheeting ranged from 8 to 34 SIA. For green
sheeting, minimum criteria were provided for freeway size signs
on 65-mph roadways. Overhead and ground-mounted signs were
both assumed in the minimum retroreflectivity standard. As the
application of green sheeting material is limited, only a minimum
standard of 10 SIA was provided. Finally, minimum SIA criteria
were provided for right-mounted white sheeting signs on 10-,
30-, and 55-mph roadways. For white sheeting, sign size was
limited to standard and standard plus 6 in. The range of mini-
mum retroreflectivity values for frequently used white sheeting
signs was from 10 to 100 SIA.

As ranges of SIA, instead of specific values, were provided
from the FHWA research, it was appropriate to test multiple
SIA values within each range. It was determined to test lower
and upper SIA values within the ranges provided by FHWA for
each sheeting color so that reasonable limits of the economic
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Table 8. Minimum SIA values selected for testing.

Minimum Retroreflectivity Values (SIA)
BT dak: Lower Value Upper Value
Red 8 21
Yellow 20 60
Green 8 10
White 35 70

impact could be determined. Table 8 gives the values tested for
each sheeting color. Several judgments were made to select the
lower and upper SIA values for each sheeting color. The values
selected for red sheeting represent the range of SIA which accom-
modates the driver needs for nearly all sign types and applica-
tions. For yellow sheeting, lower and upper values were selected
from the FHWA recommendations. The lower standard (i.e., 20
SIA) was the reasonable limit to test because any values less than
this would require little, if any, sign replacement. The upper
value (i.e., 60 SIA) accommodates the driver needs for the large
majority of sign types with yellow background. FHWA sug-
gested that sign types requiring greater than 60 SIA were infre-
quently used or were poorly designed (i.e., unidentifiable symbol,
unsatisfactory legend size, etc.). FHWA provided one value (i.e.,
10 SIA) for green sheeting signs. This value was used as the
upper limit because it exceeds the delivered specification of 9
SIA for new Type II sheeting provided in FP-85. A lower limit
value of 8 SIA was selected in order to test a range of economic
impacts. The lower value (i.e., 35 SIA) selected for testing white
sheeting was not the absolute lowest SIA value provided by
FHWA. However, minimum standards set at values below 35
SIA would not cause upgrades in current signing practices. The
upper limit of 70 SIA for white sheeting was selected. FHWA
suggested that white background signs where drivers require
more than 70 SIAs are of generally poor design or they have
letter sizes that are too small.

The Florida DOT (I9) reported end of service life SIA values
for engineering grade sheeting as follows: yellow = 16 SIA,
green = 5 SIA, and white = 40 SIA. These end of service life
values are similar to the lower SIA values selected here for
economic testing. Values for red, engineering grade sheeting
were not available.

SIGNS REQUIRING REPLACEMENT

The percent of signs by sheeting color and jurisdiction type
requiring replacement is provided in this section. The SIA fre-




quency graphs developed and presented in Chapter Two and the
minimum retroreflectivity standards described previously in this
chapter were used to estimate sign replacement. Table 9 specifies
the percent of signs requiring replacement today by jurisdiction
control for each selected minimum SIA criteria.

The replacement percentages for yellow sheeting signs range
from 2 to 29 percent across all jurisdiction types assuming that
the replacement occurred today. The state, county, and town
replacement percentages were similar for the two minimum SIA
criteria. Yellow sheeting signs on city roadways had considerably
lower retroreflectivity levels than those of other roadways. The
condition of red screened signs on city roadways is considerably
worse than on other roadways. The overall condition, as reflected
by the high replacement percentages (i.e., 3 to 57 percent), of
red screened sheeting is poor. If the upper minimum SIA stan-
dard was applied, approximately 57 percent of red screened
sheeting signs on city roadways would require replacement to-
day. Even on the other jurisdiction roadways, at least 40 percent
of red-screened sheeting signs would require replacement under
the upper minimum SIA standard tested here.

The sign replacement percentages are also quite high for green
sheeting. The results for the four jurisdiction types were consist-
ent at the lower and upper minimum standards. Approximately
30 percent of green sheeting signs would require replacement
today under the upper retroreflectivity standard tested here.

The sign replacement percentages for white sheeting are simi-
lar to those of yellow sheeting. The percentages range from 2 to
24 percent across the two minimum SIA standards for the four
jurisdiction types. The sign replacement percentages for city
roadways are considerably higher than those of the other three
jurisdiction types. Approximately 24 percent of white sheeting
signs would require replacement under the upper minimum stan-
dard tested here.

SIGN DENSITIES

Sign density information per roadway mile was obtained for
this study and presented in Chapter Two. The density values
were applied to the total roadway mileage resulting in estimates
of total traffic signs. This calculation was completed for a na-
tional estimate and estimates for states, counties, cities, and
towns. Table 10 provides the density estimates per mile for yel-
low, red, green, and white sheeting signs by jurisdiction type.
The county and city sign densities were obtained from the ques-
tionnaire survey results presented in Chapter Two. The state
sign densities were assumed to be similar to those of counties,
and town sign densities were assumed to be similar to those of
cities. The sign densities do not include parking series and street
name signs.

SIGN REPLACEMENT COSTS

Replacement cost information for traffic signs was compiled.
The replacement of traffic signs includes cost for the following
items: sign and substrate materials, labor for manufacturing,
labor for installation, equipment and travel, and maintenance of
traffic.

A model to calculate replacement costs per sign was devel-
oped. This model is described by the following equation:
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Table 9. Sign replacement by jurisdiction type.

Assumed Percent of Signs Requiring Replacement by
Sheeting Sign Minimum Jurisdiction Type Today
I SIA
olog Tope Standard State County City Town
Red Regulatory 8 4% 3% 17% 5%
21 40% 40% 57% 34%
Yellow Warning 20 2% 3% 9% 1%
60 16% 18% 29% 12%
Green Guide 8 20% 18% 18% 13%
10 30% 31% 35% 26%
White Regulatory 35 3% 5% 11% 2%
70 11% 11% 24% 10%

Table 10. Sign density per roadway mile.

Signs Signs Signs Signs
per State per county per city per town
roadway mile | roadway mile | roadway mile | roadway mile
Red' 3 3 12 12
Yellow? 4 4 10 10
Green® 3 3 1 1
White* 1 1 6 6
TOTAL 11 11 29 29

Note: Sign densities were obtained from questionnaire survey for counties and cities. Sign
densities for States were assumed to be similar to that of counties and towns were
assumed to be similar to cities.

Based on survey results for regulatory signs reported in Chapter 2 and factored by the ratio of red to white signs
found from actual sign inventories for cities and counties.

Based on survey results for warning signs reported in Chapter 2.

Based on survey results for guide signs reported in Chapter 2.

Based on survey results for regulatory signs reported in Chapter 2 and factored by the ratio of white to red signs
found from actual sign inventories for cities and counties.

RC=SC+ TC + (L X R)

where: RC = average replacement cost, SC = sign cost includ-
ing materials, fabrication, and labor for a mix of engineering
grade and high performance sheeting signs, 7C = transportation
costs, L = labor hours for sign replacement and installation,
and R = labor rate including direct rate, overhead, and fringe.

For the analysis, numerous cost and time assumptions were
made. The key assumptions are detailed as follows:

1. Sign Cost (SC) — assumes average cost for materials, labor,
and fabrication of standard-size ground-mounted traffic signs
with the following sheeting material: engineering grade = $45.00
and high performance = $65.00.

2. Transportation Cost (TC)—assumes 10 miles of travel at
$1.00 per mile per sign.

3. Labor for Replacement (L) — assumes one hour for two-
person crew members or 2 man-hours for assembly and installa-
tion of a sign and the support, maintenance of traffic, and travel
time. Assumes costs for traffic control devices are negligible and
are available from other projects.

4. Hourly Labor Rate (R) —assumes $12.50 per hour direct
labor rate plus 120 percent for overhead and fringe.

These cost and hour assumptions were applied to the cost
model with the following results:
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RC =

$45 + $65 : 3
————| + (10 miles X $1.00/mile) +

(2 man-hours X $12.50/hour X 2.20)
RC = $120.00 per sign

The sign replacement estimate of $120.00 per sign was used
for all sheeting colors and sign types except for ground-mounted
green signs. The increased size and time for installation for
ground-mounted green guide signs doubled the replacement cost
to $240 per sign. Any or all of these assumptions can be modified
using location specific values. The differences in replacement
costs between jurisdiction and area types were assumed to be
negligible for the broad analysis completed here.

IMPLEMENTATION STRATEGIES

Four implementation strategies of the minimum retroreflecti-
vity standards were identified for the economic analysis. The
alternative strategies are described below:

Option 1 —Immediate compliance with standards (base case).
This option assumes complete compliance with all minimum
retroreflectivity standards within one year. While this is not rec-
ommended and probably not feasible, the evaluation of this op-
tion provides the basis for comparison.

Option 2—Short-term compliance with standards. This op-
tion assumes complete compliance with all minimum retrore-
flectivity standards for all sign, roadway, and jurisdiction types
within 3 years. It also assumes that jurisdictions would begin
sign replacement activities immediately.

Option 3— Median-term compliance with standards. This op-
tion assumes complete compliance with all minimum retrore-
flectivity standards for all sign, roadway, and jurisdiction types
within 5 pears. It also assumes that jurisdictions would begin
sign replacement activities immediately.

Option 4— Long-term compliance with standards. This option
assumes complete compliance with all minimum retroreflectivity
standards for all sign, roadway, and jurisdiction types within
10 years. This option could accommodate the use of currently
stockpiled materials within the first several years of implemen-
tation.

Strategies other than the 3, 5, and 10 year even distribution
schedules tested here could be applicable. The minimum stan-
dards could be phased in over 3 to 10 years by sign priority,
starting with regulatory and critical warning signs. Also, sign
upgrades could be completed by roadway classification over a
specified time period starting with high type (i.e., freeways, ex-
pressways, arterials, etc.) facilities. Combinations of these strate-
gies could be instituted. However, these other strategies identi-
fied here could not be readily evaluated for economic impacts.
The algorithm for assessing these strategies would be quite com-
plex and would not provide any significant increase in accuracy.

INSPECTION PROGRAM

In addition to the sign replacement costs the implementation
of minimum retroreflectivity standards will require the initiation
of a sign inspection program. Jurisdictions will require the means
to identify traffic signs at or near the minimum retroreflectivity
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Figure 6. Operation of retroreflectometer.

standards. Several methods are available for completing the field
inspection of traffic signs including: visual nighttime inspection
using trained personnel, Q-beam daytime inspection using
trained personnel, portable retroreflectometer to measure SIA,
and mobile retroreflectometer (Traffic Sign Evaluator (TSE))
developed by NCHRP (Project No. 5-10) and FHWA to mea-
sure SIA.

The TSE provides for highway speed measurement of SIA
values which should be an economical alternative for gathering
retroreflectivity data as part of an inspection program. A proto-
type of the mobile TSE is currently being field tested at this
time; therefore, it is not appropriate to consider this method for
inspection here. A portable retroreflectometer can be used in the
field to measure retroreflectivity. However, the instrument must
be in contact with the sign face to take measurements. Figure 6
shows the field operation of a retroreflectometer. This method
is time consuming when measuring a large quantity of signs.

Visual inspections conducted from moving vehicles during
daytime or nighttime conditions are currently used throughout
the country. A Washington State DOT study (2/) showed that
human observers can be adequately trained to perform visual
inspections of traffic signs. Daytime visual inspections can be
performed using a Q-beam light source. The Q-beam is used to
flash a high intensity light onto a sign face and the human
operator visually evaluates the retroreflective properties of the
sheeting. Figure 7 shows the operation of a Q-beam light. This
technique is used extensively by the Mississippi State Highway
Department in its sign inspection program. With trained person-
nel the Q-beam inspection technique can be quickly completed.
Nighttime visual inspections are performed by trained personnel
using a vehicle’s headlight beam to illuminate the traffic sign.
The trained personnel visually evaluate the retroreflective prop-
erties of the illuminated sign face. This inspection technique can



be completed economically. However, because the technique is
carried out at night issues of available staff, premium pay, and
union regulations must be considered.

Costs per roadway mile to perform visual inspections were
calculated for the daytime and nighttime techniques. The follow-
ing tabulation provides the key assumptions and 'cost break-
downs for the two inspection techniques.

For daytime visual inspection with Q-beam lights, crew size
= 2 persons; labor rate including overhead = $27.50 per hour;
vehicle and equipment = $1 per mile; actual daily inspection
time = 6 hours; and data collection rate = 25 miles per hour.
Inspection costs for this inspection technique = $3.93 per road-
way mile.

For nighttime visual inspection with vehicle headlights, crew
size = 2 persons; labor rate = $27.50 per hour (includes over-
head); premium pay for overtime = 50 percent; vehicle and
equipment cost = $1 per mile; actual daily inspection time = 6
hours; and data collection rate = 25 miles per hour. Inspection
costs for this inspection technique = $5.40 per roadway mile.

The inspection costs presented here are rough estimates only.
The subsequent analysis assumes $5.00 per mile for inspection
costs. A sign inspection program will be necessary to ensure
adequate compliance with the proposed minimum retroreflecti-
vity standards.

SIGN INVENTORY PROGRAM

The application of a sign inventory system will assist agencies
in maintaining the retroreflectivity of traffic signs above the
established minimum criteria. The intent of the sign inventory
is to track sheeting deterioration through date of installation
or actual in-service SIA readings of individual signs. Tracking
sheeting deterioration is critical to ensuring compliance with
minimum retroreflectivity standards. Beyond the simple sign
inventory database, FHWA is currently finalizing models for
predicting required and available retroreflectivity. These models
will be incorporated into the Sign Management System (SMS).
The predictive models will use information from the sign inven-
tory to identify when signs need to be inspected or replaced for
reasons of insufficient retroreflectivity.

Considerable cost can be incurred in establishing a sign inven-
tory system. Initial costs include the inventory of existing traffic
signs within the jurisdiction. Once the signs have been initially
logged the maintenance of the inventory can be accomplished
through the work-order process, thus adding only minor costs.
Several techniques for inventorying signs are available including
manual, photolog, and videolog methods. Table 11 summarizes
the data collection cost ranges for manual, photolog, and vid-
eolog inventories for cities and counties and for urban and rural
areas in Minnesota.

Other methods of tracking sheeting deterioration can be estab-
lished by an agency. Sign dating programs have been established
in small and large jurisdictions. An effective sign dating program
includes the following elements: a color-coded sticker with date
of installation affixed to each sign panel; a portable retroreflec-
tometer to periodically measure SIA from test samples and se-
lected inservice signs; and a replacement program based on sign
age, climatological, and other variables identified from test rack
samples.
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Figure 7. Operation of Q-Beam.

Table 11. Sign inventory data collection costs. (Source: Refs. 21, 22)

Agency Range of Cost For Manual Data Collection
City $15-$27/mile
County $10-$15/mile
Range of Cost Per Inventory Method
Area Type Manual Photolog Videolog
Urban $80-135/mile $45-$70/mile $30-$70/mile
Rural $15-$45/mile $25-$30/mile $15-$25/mile

This method would rely on test samples and general deteriora-
tion characteristics. Sign replacement needs of deficient signs
would be identified by using the color-coded sticker system.

ECONOMIC ANALYSIS METHODOLOGY AND
RESULTS

This section presents the methodology and results of the eco-
nomic impact analysis of the proposed minimum in-service retro-
reflectivity standards. To complete the analysis the following
general items must be determined: (1) total signs requiring re-
placement, (2) cost to replace signs, and (3) implementation
schedule of the minimum standards. Within each of the basic
components numerous other information and data are required.
Figure 8 provides a flow diagram of the assessment methodology.
Although this methodology was developed specifically for this
research, it is believed that the methodology could be applied to
most other jurisdictions. The data needs and procedures associ-
ated with the process are presented as follows:

1. Using SIA data collected throughout the country, establish
frequency graphs of sign sheeting condition.

2. Select minimum retroreflectivity standards to test.

3. Apply minimum standards to frequency graphs to deter-
mine percent of signs requiring replacement by sheeting color
and by jurisdiction type.

4. Remove deficient signs from database.

5. Replace deficient signs with new signs using equal mix of
engineering-grade, super-engineering-grade, and high-perform-




14

Select
Minimum
SIA
Standards
- —
Sign Condition ',::""""
Frequency Graphs FHWA equations
=
Select Replace Deficient
Implementation ﬁ?ﬁ
Strategy
-
Remove Deficient
Signs from
Database
per Rondway Mie rou
J-:’mrm per Sign
Replacement Cost
Cost pcble:y-dMllc An co‘"“"
o i i o e
Sign Maintenance
Cost per Roadway
Mile with Minimum
SIA Standards

Figure 8. Process for economic assessment.

ance-grade sheeting material to represent the change in market
share towards brighter materials.

6. Assign SIA values for new signs using the regression equa-
tions developed for FHWA’s “Service Life of Retroreflective
Traffic Signs” project for engineering-grade and high-
performance-grade sheeting. Assign SIA values for super-
engineering-grade sheeting material based on measurements
taken on test rack samples by FHWA.

7. For non-new sheeting material in the database, reduce the
SIA values using the regression equations from FHWA’s “Ser-
vice Life of Retroreflective Traffic Signs” report.

8. Prepare new sign condition frequency graphs for the re-
vised database.

9. Use the minimum SIA standards to determine percent of
signs requiring replacement.

10. Repeat steps 4 to 9 until implementation schedules are
satisfied.

11. Use sign density data to determine the number of signs
per roadway mile requiring replacement by sheeting color and
jurisdiction type.

Page 22 of 52

12. Use sign replacement cost data to determine the cost per
roadway mile for each year of the implementation schedule and
for annual maintenance thereafter.

13. Determine per mile costs for annual sign inspection by
manual methods.

14. Determine per mile costs for the establishment of a sign
inventory system. The development of the inventory system
would coincide with the minimum standards implementation
schedules.

15. Combine projected replacement, inspection, and inven-
tory costs and compare to existing sign maintenance budgets to
evaluate the economic impacts of the minimum standards.

These procedures and processes were used to complete the
evaluation. The minimum SIA standards were not assumed to
apply to parking series, street name and overhead guide signs.
The model was run for 1-, 3-, 5-, and 10-year implementation
schedules with the assumption that jurisdictions would com-
mence upgrading their signs from the inception of the standards.
The implementation schedules of 3, 5 and 10 years assumed an



even distribution of replacement and inventory costs. Annual
maintenance costs beyond each implementation schedule were
also estimated.

For comparative purposes average annual sign maintenance
budgets per roadway mile are also presented. While the economic
analysis results here can be tested for reasonableness versus cur-
rent sign maintenance budgets, the analysis procedures were not
developed to determine costs to individual jurisdictions.

The actual or estimated sign maintenance budgets were ob-
tained from the survey responses reported in Chapter Two. The
annual maintenance budgets include sign replacement, inspec-
tions, inventory, and other related activities. Each annual sign
budget was divided by the total jurisdiction controlled roadway
mileage to obtain the estimated annual sign maintenance cost
per roadway mile. Table 12 summarizes these costs. The high
sign densities in urban areas are reflected in their per mile costs.

To test the incremental costs associated with the implementa-
tion of minimum standards, predicted sign maintenance costs
per roadway mile were needed. The maintenance costs would
include sign replacements, establishment of sign inventory, and
sign inspection programs on a per mile basis. The costs for
inventories and inspections were obtained from information re-
ceived from agencies and previously presented in this chapter.

Sign replacement costs for state, county, city, and town-
controlled roadways were developed for red, yellow, green, and
white sheeting on the minimum SIA criteria previously pre-
sented. Each sheeting color was tested using the lower and upper
minimum SIA standards. As stated previously, the economic
assessment was completed for 1-, 3-, 5-, and 10-year implementa-
tion schedules. The economic model was run for a total of 11
years to obtain the annual maintenance costs for the years after
the minimum standards have been implemented.

Sign replacement costs in terms of dollars per roadway mile
for state, county, city, and town-controlled roadways were devel-
oped. These are presented in Appendix D. Similar to state road-
ways, the majority of sign replacement budgets in counties, cities,
and towns would be designated for replacement of green and red
sheeting signs. There is a considerable difference in replacement
costs between the lower and upper standards, espécially for the
red, green, and white sheeting. The replacement cost for green
sheeting represents 65 to 75 percent of the total replacement
cost. Several reasons for this are apparent:

1. Average cost per sign to replace green guide signs is nearly
twice that of standard warning and regulatory signs due to sign
size.

2. Majority of green guide signs are constructed using
engineering-grade sheeting, which has lower retroreflectivity
characteristics than the other sheeting types.

3. Minimum retroreflectivity standards for green sheeting
tested here were high and in the case of the upper value (i.e.,
10 SIA) higher than the delivered new specification for green,
engineering grade sheeting listed in FP-85.

4. Many of the green sheeting samples collected across the
country had SIA values less than 8 SIA, which was the lower
standard tested here.

On all roadways the need for replacement of red sheeting signs
was quite high. The problems of color fade of this sheeting type
contribute to the overall poor condition of these signs. In several
instances the annual maintenance costs actually increased after
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Table 12. Annual sign maintenance cost.

Jurisdiction Type Annual Maintenance Cost
County - Urban $120/mile
County - Rural § 80/mile
City $135/mile

the implementation schedule was completed. The population of
signs for this evaluation was deteriorated, using the equations
and relationships developed in FHWA's “Service Life of Retro-
reflective Traffic Signs” project. High annual costs after the
standards implementation are the product of a large population
of signs of similar age (i.e., 5 or more years old) failing to meet
the minimum criteria in the years after the schedule has been
fulfilled.

The predicted sign maintenance costs per mile per year are
presented in Tables 13, 14, 15, and 16. Each table includes the
costs associated with lower and upper SIA. The shaded areas
highlight the annual maintenance cost (in dollars per mile) for
each year of the specified implementation schedule. The un-
shaded areas show the annual cost per mile to maintain the
minimum standards after implementation is completed. Once
the programs have been established either after 1, 3, 5, or 10
years, a steady-state condition of maintenance cost occurs.

Table 17 summarizes the replacement, inspection, and inven-
tory costs for a typical year of the implementation schedule for
the 1-, 3-, 5-, and 10-year alternatives. For clarification, if the
3-year minimum standard schedule was selected, the initiation -
of a sign inventory would be allocated evenly across the 3-year
time period. The cost for maintaining a sign inventory was ne-
glected because it is rather minimal as compared to the other
sign maintenance costs on a per mile basis.

Table 18 provides a comparison of the average sign mainte-
nance costs per mile. The comparison is between the projected
costs with the minimum standards and the current costs reported
by jurisdictions. The increased cost due to the implementation
of minimum retroreflectivity standards is represented by the
difference between the projected and existing maintenance costs.

Projected sign costs per mile were combined using the ratios
of state, county, city, and town mileage as compared to total
national mileage as supplied by the Highway Performance Moni-
toring System (HPMS) (25). The difference or increment be-
tween the projected and existing per mile costs is summarized
in Table 19.

Table 19 shows the estimated national economic impact in
terms of yearly incremental maintenance costs of a sign retrore-
flectivity standard implemented over four different time periods.
To arrive at these estimates, shown in the last column, the follow-
ing calculations were made:

1. The projected per mile maintenance costs, shown in the
second column, is a composite cost for each of the four jurisdic-
tion types derived by obtaining an average of the sign mainte-
nance costs given in Table 18, weighted by their respective high-
way mileage.

2. The existing per mile maintenance costs of $100 was se-
lected as a composite average value on the results of question-
naire survey responses from 155 jurisdictions.
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Table 17. Sign maintenance costs per roadway mile.

Annual Replacemeat
Cost of Deficicat Shecting Aannual Sign Annual Sign
Implemeatation per mile Inveatory Cost Inspection Cost
| Schedules per mile! per mile
State | County | City | Town
1 YEAR (BASE CASE)
-lower standard $193 $201 $277 | $172 $25 $5
-upper standard $491 $530 $723 | $477 $100 $5
3 YEAR PROGRAM
-lower standard $91 $98 $139 | $86 $8 $5
-upper standard §222 $235 $333 | $250 $33 $5
5 YEAR PROGRAM
-lower standard $T2 $75 $120 | $89 $5 $5
-upper standard $170 $172 $229 | $181 $20 $5
10 YEAR PROGRAM
-lower standard $12 $68 $93 | §73 $3 $5
-upper standard $124 $124 $144 | $122 $10 $5

lRepresenls low and high range values for the specified maintenance activity. The difference in cost
between the low and high values is not attributable to the lower and upper SIA standards, but
reflects differences in reported and computed per mile costs.

3. The incremental increase in maintenance costs shown in
the third column is simply column 2 minus column 3, with any
resulting negative values limited to $0.

4. The total yearly incremental maintenance cost shown in
the last column was obtained by multiplying the per mile incre-
mental cost by the national roadway mileage of 3.8 million.

The results indicate that there would be a substantial economic
impact if the standard were to be implemented within a 1-year
period. The incremental cost decreases significantly as the imple-
mentation period is increased. For a 5-year or longer implemen-
tation period there would be no increase in sign maintenance
cost for the lower standards. In fact, a net reduction in annual
maintenance cost could be experienced. This would result from
the replacement of older, engineering-grade signs with new
super-engineering and high-performance sheeting which have a
higher level of retroreflectivity for a longer period. Approxi-
mately 60 percent of the signs sampled for this project were
constructed with engineering-grade sheeting.

The sign replacement algorithm used to evaluate economic
impacts replaced deficient signs with an equal mix of
engineering-grade, super-engineering-grade, and high-per-
formance-sheeting signs. The replacement scenario vastly im-
proves the retroreflectivity levels and effective life of the popula-
tion of signs. Therefore, under certain implementation time
schedules and minimum standards, a reduction in replacement
costs could be realized. If the mix of sheeting remains unchanged
from existing conditions, substantially higher costs than those
represented here for sign replacements would be expected.

These estimates, which are presented in current (1990) dollars,
are based on previously explained assumptions concerning re-
placement of signs using different retroreflective sheeting types,
and on jurisdiction reported values for average per mile mainte-
nance costs and sign densities. The assumptions and values used
in this analysis are reasonable and sufficiently accurate to pro-
vide these order of magnitude costs. Given the methodology
presented in this report, each jurisdiction can use its own cost
values and sign densities to determine its specific economic im-
pacts.

Table 18. Existing and projected sign maintenance costs.

Area Type Existing reported sign costs per mile
Urban $135
Rural $ 80
Projected sign costs per mile with standards
rSchedulc State County City Town
1 year program
- lower standard $223 $231 $307 $202
- upper standard $596 $635 $828 $582
3 year program
- lower standard $104 $111 $152 $99
- upper standard $260 $273 $371 $288
S year program
- lower standard $82 $85 $130 $99
- upper standard $195 $197 $254 $206
10 year program
- lower standard $80 $76 $101 $81
- upper standard $139 $139 $159 $137

Table 19. National impact of retroreflectivity standards on sign mainte-
nance costs.

Existing Incremental Total yearly
Projected reported per increase in incremental
Implementation per mile mile i i
Schedul i i costs costs in
costs' costs? per mile® millions*
1 year program
- lower standard $235 $100 $135 $513
- upper standard $644 $100 $544 $2,067
3 year program
- lower standard $113 $100 $13 $49
- upper standard $286 $100 $186 $707
5 year program
- lower standard $93 $100 $0 $0
- upper standard $207 $100 $107 $407
10 year program
- lower standard $82 $100 $0 $0
- upper standard $141 $100 $41 $156

! Weighted average of State, county, city, and town costs per mile.

2 Estimate of existing maintenance costs for urban and rural areas.

? Difference between projected and existing maintenance costs

*Result of per mile maintenance costs and total national highway mileage
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CHAPTER FOUR

CONCLUSIONS AND SUGGESTED RESEARCH

CONCLUSIONS

The objectives of this project were to determine (1) the overall
retroreflective condition of the nation’s traffic signs, (2) deter-
mine sign replacement and maintenance costs, (3) estimate the
number of deficient traffic signs in the field today, and (4) evalu-
ate the economic consequences of establishing minimum retrore-
flectivity standards.

The condition of signs was found to vary by sheeting color,
sheeting type, and jurisdiction type. Traffic signs on city road-
ways were in considerably poorer condition than the other juris-
diction’s signs. The population of red and green signs was found
to have low retroreflectivity values as compared to the minimum
standards tested.

State, county, and city agencies provided sign maintenance
and replacement costs. The materials, labor, travel, and equip-
ment costs to replace a warning or regulatory sign of standard
size was determined to be approximately $120. A ground-
mounted guide sign costs approximately $240 to replace based
on the best available information. Agencies reported that annual
sign maintenance budgets require between $80 and $135 per
roadway mile. Because of sign density urban areas incur higher
per mile costs than do suburban and rural areas.

Once minimum standards are established agencies will need
to consider implementing sign inventory and inspection pro-
grams to ensure compliance. Sign inspections conducted visually
by trained personnel either during the day or at night can be
adequately accomplished at costs accounting for less than 5
percent of maintenance budgets. The establishment of a sign
inventory requires significant funding to initially log all signs.
Once the data collection is complete the upkeep of the system
can normally be accomplished through daily maintenance activi-
ties and work order processes. Sign inventories and inspection
programs would be essential to maintaining signs above mini-
mum standards.

Two levels of minimum retroreflectivity standards and three
alternative implementation schedules were tested in this re-
search. The projected annual sign maintenance costs per mile at
the lower standards for the 3-, 5-, and 10-year implementation
schedules were in the same range as existing sign maintenance
costs and, thus, should have relatively minor economic impacts
on jurisdictions. This finding suggests that current sign mainte-
nance standards are adequately maintaining signs above the
lower standards tested here. It should be emphasized however,

that these conclusions derive from random national samples
of existing sign retroreflectivity. Therefore, depending on any
specific jurisdiction’s current standards, the standards tested
here could result in costs for sign replacement due to insufficient
retroreflectivity that vary somewhat from the average costs re-
ported here.

The economic impact of the higher retroreflectivity standards
was found to be considerable. The annual costs for replacement,
inventory, and inspection could be as much as 2 to 6 times that
of current budgets. In some instances as many as 60 percent of
all signs of a particular sheeting color could require replacement
within city jurisdictions. The research here seems to have identi-
fied the reasonable economic impact boundaries through the
testing of two sets of minimum standards.

The algorithm applied to estimate sign replacement costs as-
sumed a shift towards the use of brighter and longer lasting
sheeting material. The use of the brighter material could over
time reduce the annual sign maintenance costs as reflected in
Table 19 under the 5- and 10-year implementation schedules and
with the lower SIA standards.

SUGGESTED RESEARCH

Through this project several other research requirements be-
came apparent, as outlined in the following:

1. Preferred techniques for sign inspection should be identi-
fied. Detailed cost assessments for preferred inspection tech-
niques should be completed.

2. When the Traffic Sign Evaluator (TSE) is available an
economic assessment of sign inspection cost should be con-
ducted.

3. The effects of color fade on red sheeting should be evalu-
ated. A minimum SIA standard for red sheeting does not seem
appropriate, as SIA can actually increase over time.

4. Once minimum SIA standards are selected research on
specific implementation plans and schedules should be con-
ducted. The implementation strategies must be simple and uni-
form in their application. This research should include identifica-
tion of funding sources.

5. Research on liability costs from accidents involving inade-
quate signing should be included in future economic analysis.
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APPENDIX A—LITERATURE REVIEW

The following three topic areas were focused on during the review of literature:

1) Principles of retroreflection and retroreflective sheeting materials.
2) Specifications for retroreflective sheeting materials.
3) Sign luminance requirements, feasibility of performance standards and sign

maintenance practices.

PRINCIPALS OF RETROREFLECTION

Nearly all signs have to be legible and color distinguishable at night as well as day. While
this can be accomplished through external illumination of the signs, rctréreﬂcction is the
most commonly used means of making signs visible to the driver at night. Three reports,
"Retroreflectivity of Roadway Signs for Adequate Visibility: A Guide" (4),"Maintenance
Management of Street and Highway Signs" (§) and "Guide to the Properties and Uses of
Retroreflectors at Night" (6) are the primary sources of the background information.

Retroreflection occurs when light rays strike a surface and are redirected back to the
source of light. Two principles followed to achieve retroreflectivity for roadway signs are
prismatic and spherical lens retroreflection. Prismatic, also known as cube-corner,
retroreflection is achieved through total internal reflection. As shown in the top illustration
of Figure A-1, incoming light hits the first surface and reflects to the rear surface which
reflects it to the last surface which reflects the light rays back to the source. Typically, the
prismatic device reflects light off these surfaces at 90 degrees to each other, i.e. the corner
of the cube. In the second type, spherical lens retroreflection is achieved through a
combination of a glass sphere (bead) and a reflecting (mirror type) surface placed at the

focal point. As shown in the bottom illustration of Figure A-1 an incoming ray is bent and
A-1
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Figure A-1. Two types of retroreflection, cube-corner (top) and
spherical lens (bottom).

A-2
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directed inside and toward the back of the sphere, reflecting off the reflective surface, and

after being bent at the exterior of the sphere redirected toward the light source.

TYPES OF RETROREFLECTIVE SHEETING

Retroreflective sheeting consists of micro cube-corners or spheres enclosed in a weather
resistant transparent plastic film. To reflect color, pigment or dye is inserted into the film
or on the reflecting surface. Figure A-2 shows a typical construction of cube-corner
retroreflective sheeting. This type of sheeting is typically manufactured with an air cushion
behind the cubes. A unique property of this sheeting is its high coefficient of retroreflection
at low entrance angle, which means it appears bright at long distances if the device is not too
far laterally removed from the light source.

There are three types of spherical lens (bead) retroreflective sheeting -- 1) exposed glass
bead, 2) enclosed glass bead, and 3) encapsulated glass bead. These are shown in Figure A-3.

In the exposed lens sheeting the front half of the glass beads are exposed to the outside
air. Glass beads work best when exposed to the air. However, because of the small size of
the beads, a film of water can cover the beads when it rains and can greatly reduce the
retroreflectivity of the beads. Hence, this type of sheeting is not recommended for traffic
signs and generally is n(;t included in State or federal specifications. Nonetheless, exposed
lens sheeting is still found on traffic signs on some low-volume rural roads controlled by local
jurisdictions.

Enclosed lens sheeting material consists of a layer of transparent plastic of appropriate
color in which glass beads are imbedded. A metallic reflection shield is provided behind the
plastic, with a layer of adhesive and with a protective liner that is removed during sign

fabrication. The plastic covering enables the sheeting to be equally bright under dry and wet
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Figure A-2. Cross-section and top view of cube-corner retroreflective sheeting,
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Figure A-3. Cross-section view of three types of spherical lens retroreflective sheeting.
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weather conditions.

With encapsulated lens sheeting the glass beads are also protected by a transparent
material that is supported slightly above the beads by walls creating an air filled compartment.
The back of the beads are covered with a reflective surface. The resulting airspace in front

of the beads makes it more reflective and, hence, is known as high performance sheeting.

PROPERTIES OF RETROREFLECTIVE SHEETING

One of the most important properties of retroreflective sheeting is the ability to return
light which is commonly described by a variety of terms including brightness, retroreflectance,
luminance or candlepower. The International Commission of Illumination (CIE) (6) uses the
term coefficient of luminous intensity, which is defined as the ratio of luminous intensity of
reflector in the direction of the observation to the illumination at the retroreflector on a
plane perpendicular to the light. In the International System of Units (SI), i.e. the metric
system, it is expressed as candelas (cd) per lux (Ix). It is a measure of efficiency of the
retroreflector because it describes the amount of luminance (candelas) that comes out from
the retroreflector per amount of light (lux) coming in from the light source, i.e., the vehicle
headlights. This definition treats the retroreflector as a point source. But because signs have
arelatively large area, they are treated as an extended light source which may be thought of
as consisting of many point sources each with a luminance intensity of one candela. To
account for this the term coefficient (R,) of retroreflection has been adopted by the CIE.
It is merely the coefficient of luminous intensity divided by the area and expressed in SI units
as candelas per lux per square meter. The English equivalency is candelas per footcandle per
square foot and in the FP-85 (7) is described as specific intensity per unit area (SIA). The

conversion from English to metric (SI) is unity; hence, a value expressed in SIA terms is the

A-6

1T



same value in R, terms.

The retroreflectance of sheeting materials is described in context of another important
property, its angularity, which is defined by the entrance (of the light) and the observation
(of the motorist) angles. The entrance angle is the angle formed between a light beam
striking the surface of a sign and a line coming out perpendicular from the surface. The
entrance angle changes with distance between the vehicle and is a function of the location
of the sign and the vehicle. An entrance angle of 30 degrees is considered wide for highway
signing. The observation angle is the angle between the incoming light beam and the
reflected light beam and is a function of the height of the drivers eye with respect to the
vehicle headlamps. Figure A-4 illustrates the entrance and observation angles.

Since a retroreflective material is supposed to reflect most of the light directly back to the
source, the optimum observation angle should be zero. However, in reality this is not the
case since the driver’s eye is higher than the vehicle headlight and can range from 21 inches
for small cars to as much as 64 inches for large trucks. A wide observation angle is anything
over 2 degrees. For purchase specifications, minimum SIA is prescribed for each type of

sheeting for two observation angles, two entrance angles, and the different colors.

SPECIFICATIONS FOR RETROREFLECTIVE SHEETING

There are at least four "national” specifications for reflective sheeting:

1. Federal Specification L-S-300C, a General Services Administration
specification.
2 Standard Specifications for Construction of Roads and Bridges on Federal

Highway Projects (FP-85).

3. AASHTO M268 - Retroreflective Sheeting for Traffic Control by the
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American Association of State Highway Officials.

4. ASTM D 4956, Reflective Sheeting Standards by the American Society for

Testing Materials.

The following specifications, related to retroreflectance, were a primary source of

information:

1 FP-85, Standard Specifications for Construction of Roads and Bridges on

Federal Highway Projects.

2 Federal Test Method Standard 370, Instrumental Photometric Measurements

of Retroreflective Materials and Retroreflective Devices.

3. The following ASTM standards on color and appearance measurement

E808-81,"Standard Practice for Describing Retroreflection”
E809-81,"Standard Practice for Measuring Photometric

Characteristics of Retroreflectors”

E810-81,"Standard Test Method for Coefficient of

Retroreflection of Retroreflective Sheeting"
E811-81,"Standard Practice for Measuring Colormetric
Retroreflectors Under  Nighttime

Characteristics  of

Conditions"

In the FP-85 three types of retroreflective sheeting are recognized. The first type has two

classes: Type II and Type II A, commonly called engineering and super engineering grade

sheeting, respectively. They are both enclosed lens type sheeting with the main distinction

between the two being a higher quality glass bead in Type II A. Table A-1 shows the

minimum SIA values for Type II and Type Il A sheeting. As shown in Table A-1 the

minimum SIA values for Type II A specified by FP-85 are about twice those for Type IL.
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Table A-1 Specific Intensity Per Unit Area (SIA) for Type II sheeting.

Type II Sheeting
Observation Entrance White Red
priiis P Orange Brown Yellow Green Blue
(o) (o)
g; -4 70 14,5 25.0 2.0 50 9.0 4.0
0.5 432 :;g gl‘s) 7.0 1.0 22 3:5 1.7
. - i 13.5 1.0 2 :
0.5 +30 15 3.0 4.0 0.5 1; ;; (z)g
Type II-A Sheeting
Observation Entrance White Red
ot s e Orange Brown Yellow Green Blue
©) (©)
0.2 -4 140 30 60
5
0.2 +30 60 12 22 2 lgg - ig v
0.5 -4 50 10 20 2 33 9 3
0.5 +30 20 6 12 1 20 6 2

Table A2 Specific Intensity Per Unit Area (SIA) for Types IIIA, B and C.

A - Glass Bead Retroreflective Element Material

Observation

Entrance

Angle Angle White Red Orange Yellow Green Blue
(o) (0)
0.2 -4 250 45 100 170 45 20.0
0.2 +30 150 25 60 100 25 11.0
0.5 -4 95 15 30 62 15 7.5
0.5 +30 65 10 25 45 10 5.0

B and C - Prismatic Retroreflective Element Material
Observation Entrance .
Ar(-g]).e Al(mi: White Red Orange Yellow Green Blue
o
0.2 -4 250 45.0 100 170 45.0 20.0
0.2 +30 95 13.3 26 64 11.4 7.6
0.5 -4 200 28.0 56 136 24.0 18.0
0.5 +30 65 10.0 25 20 10.0 5.0
A-10
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The next type has three classes: Type III A and III B, which are in FP-85, and Type III
C, which was added to FP-85 by an FHWA memorandum dated November 3, 1989. Two
classes are encapsulated type sheeting with Type III A made of glass beads and Types III B
and III C made of prismatic reflectors. All types provide much higher brightness than both
Type Il and Type II A. Their respective minimum reflectance values are shown in Table A-2.

In the FP-85 there is reference to a "Type III Reboundable" sheeting. This is a
retroreflective material intended to be applied to flexible impact resistant plastic devices such
as plastic drums used as channelizing devices in work zone traffic control. It is referred to
as "reboundable” because it can withstand expansion and contraction and will not crack easily
when hit by a vehicle or roughly handled as is the case for standard Type III A sheeting used
on permanent signs.

The last type of sheeting recognized in the FP-85 is labeled as Type IV. This type is a high
performance vinyl sheeting of low durability that is used for retroreflective white collars
around orange cones, and for fold-up temporary signs of the kind commonly used by utility
companies. The primary distinction between the sheeting types is their brightness, as noted
in the minimum SIA specifications, and durability.

The typology presented in FP-85 is simply a method for grouping products available when
the specification was made. Other organizations, notably the American Society for Testing
Materials (ASTM) and American Association of State Highw.ay and Transportation Officials
(AASHTO), and the General Services Administration (GSA) have different typologies and
SIA specifications. Table A-3 compares the typologies for the four most common
specifications mentioned previously. Table A-4 compares the SIA specifications from the
four agencies for their different types the 0.2° angle and the -4° entrance angle. Table A-5

lists by type the known manufacturers of retroreflective highway sign sheeting.

A-11
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Table A-3. Comparison of retroreflective sheeting typology classifications.

TYPOLOGY CLASSIFICATIONS
Super Engineering High Performance
Engineering Grade Grade Grade
Specification (EG) (SEG) (HP)
L-§-300C Reflectivity 1 ns Reflectivities 2, 4
AASHTO M-268 Class IT ns Classes IIA, B
FP-85 Type I Type IIA Types IIIA, B, C
ASTM Type I Type II Types I, IV, V
D-4956
ns - not specified
A-12
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Table A-d. Comparison of retroreflective sheeting SIA specifications. Table A-5. Known manufactures of various sheeting types.

L-S-300C AASHTO FP-85 ASTM Sheeting Type (as per FP-85)
Sheeting HP HP Type 11 Type I A Type III A Type III B Type III C
1
Loy B gEu UF ) Ee e BP EG_SEG HF | EG SEG II i Avery/Fasson Seibulite Seibulite Stimsonite Stimsonite
White 80 ns 250 70 ns 250 70 140 250 70 140 250 250
Red 18 ns 45 145 ns 45 145 30 45 14 30 45 35 Seibulite Kiwalite 3M Reflexite*
Orange 30 ns 100 25 ns 100 25 60 100 25 60 100 100 (Sakai Trading)
Yellow 50 ns 170 50 ns 170 50 100 170 50 100 170 170 3M
Green 12 ns 45 9 ns 45 9 30 45 9 30 45 35
Blue 6 ns 20 4 ns 20 4 10 20 | 4 10 20 20 Kiwalite
Brown 25 ns ns 1 ns ns 2 5 ns 1 5 ns 7 (Sakai Trading)
Notes: ns - not specified American Decal
! applies to both Type IIl A & B (Adcolite)
2 applies to Types III A,B,C
Note:

Type II = Engineering Grade

Type II A = Super Engineering Grade

Type III A = High Performance Grade

Type III B = High Performance Grade (Prismatic)
Type III C = High Performance Grade (Prismatic)
*Construction Work Zone Devices Only

A-13 A-14
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The procedure for testing the SIA of retroreflective sheeting is specified in "Federal Test
Method Standard 370, Photometric Measurements of Retroreflective Materials and
Retroreflective Devices".(8) Because of the elaborate instrumentation and laboratory set-up
this test is not within the capabilities of most small highway agencies. There are however,
portable reflectometers which can be used for a quick check of SIA in a sign shop or in the
field. Two such devices are the Model 920 and 930 retroreflectometers manufactured by
Advanced Retrotechnology Inc. (ARTI) of La Mesa, California.

The ASTM standard E808-81 "Standard Practice for Describing Retroreflection” provides
terminology, a geometrical coordinate system, and procedures for designating angles in
descriptions of retroreflectors, specification of retroreflector performance and measurements
of retroreflection. It is stated in the specification that the geometrical system described is
complete and non-redundant and should be used in specifying and testing retroreflectors.

The ASTM Standard E809-81 "Standard Practice for Measuring Photometric
Characteristics of Retroreflectors” describes procedures used to measure photometric
quantities that relate to the visual perception of retroreflected light. It essentially involves
the measurement of normal illuminance at the face of the sample by substituting the
pmtoreceptor for the sax-nple.

The ASTM standard E810-81 "Standard Test Method for Coefficient of Retroreflection
of Retroreflective Sheeting” describes the method for instrument measurement of the
retroreflective performance of retroreflective sheeting. Measurements made by this test
method are related to visual observations of retroreflective sheeting as seen by the human
eye when illuminated by tungsten filament light sources. This method is intended as a
laboratory test and requires a facility that can be darkened sufficiently so that stray light does

not affect the test results.
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The ASTM Standard E811-81 "Standard Practice for Measuring  Calorimetric
Characteristics of Retroreflectors Under Nighttime Conditions" describes a procedure for
measuring the color appearance of retroreflectors as seen under nighttime conditions of
illumination and viewing. The procedure involves spectral measurements of the incident light
and of the retroreflected light under the test-geometry required with either a telecolorimeter

or telespectroradiometer.

MOTORISTS NEEDS

The current SIA standards provided in FP-85 merely reflect the available products and are
purchase specifications not necessarily related to driver visibility requirements and
environmental conditions.

In order for a traffic sign to be effective it must deliver its information to the driver soon
enough to react appropriately and safely. The sight distance requirement of a sign is a
function of five components: 1) sign detection, 2) sign recognition, 3) driver decision making,
4) response and 5) completion of maneuver. McGee et al. (9) developed and field tested
a decision sight distance model based on detection, recognition, decision making, response
and vehicle maneuver. The time requirements for each step were initially estimated based

on an extensive literature review, then adjusted according to the findings of an empirical field

study. The decision sight distance model el s were later r ined by Perchonok et
al. (10) to develop a version applicable to determining nighttime visibility requirements for
retroreflective devices. The model determines minimum detection distance requirement as
the summation of distances required for five phases of action. The summation process is
based on the assumption that, in the worst case the driver must accomplish each aspect of

the process in order, one after the other. This model was formalized by Mace et al. (11) as
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a computerized program to evaluate luminance requirement to aid in sign maintenance
decisions. This sign maintenance management program models sign visibility requirements
in terms of time and distance requirements. However, it does not model the visibility
requirements of signs based on human performance capabilities in terms of luminance and
contrast needs.

The human visual performance model most generally accepted among highway visibility
researchers is that published by the International Commission on Illumination. This model
represents an analytic approach to determining detection threshold contrast for a observer
adapted to particular surround luminance, with glare and transient adaption requirements
accounted for. An objeci is visible or detectable at threshold level if the objects contrast
meets or exceeds the contrast required by an observer when adopted to the luminance of the
objects background, also taking into account the effects of disability glare and background
luminance that may change over time. This analytic approach to visibility has been
incorporated by Bhise (12) into a seeing distance model called DETECT which is a part of
the Comprehensive Headlamp Environment Systems Simulation Model (CHESS). The
program calculates the threshold visibility distance (50 percent probability of detection) to
targets such as delineation, pedestrians, traffic cones, etc. under a wide range of conditions
with or without glare from opposing vehicles.

The intent of the FHWA study "Minimum Visibility Requirements for Traffic Control
Devices" has been to research the various parts of the information processing model such as
detection distance, consipicuity distance, legibility distance, response latency and maneuver
time. This minimum visibility study has addressed the issues of individual differences relating
to contrast sensitivity and traffic control device differences during the laboratory studies of
conspicuity and legibility. After the comparisons between the laboratory and field control
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studies, the field validation study, and the minimum visibility model, the minimum visibility

requirement for each traffic control device class will be studied.

PERFORMANCE STANDARDS

Drivers require a minimum amount of luminance for both detection and legibility of signs.
The specification of minimal luminance requirements for traffic signs has been addressed by
a number of researchers. Historically, a sign was considered sufficiently bright if it provided
approaching drivers with a minimum of 50 feet of legibility per inch of letter height.
However, the selection of 50 ft/in as a minimum legibility distance is quite arbitrary.

Mace (13) suggested that older driver’s visibility requirements should be based on a
legibility of 40 feet per inch of letter height. Mace also reported that the typical practice in
States is to license drivers at 20/40 high-luminance acuity. This acuity level corresponds to
a legibility of approximately 30 feet per inch of letter height.

Another approach that has been used is to consider a sign’s level of brightness. Sign
brightness is considered satisfactory if it provides a legibility distance that is greater than or
equal to 85 percent of the maximum obtainable nighttime legibility distance. Like the first
approach, the criterion is also too arbitrary as it does not account for the driving situation.

The other measures that have been used to develop the relationship between sign
brightness and legibility have been uniformity of sign background, level of internal contrast,
and luminance of legend or background. If a sign face degrades unevenly as it ages, then the
legibility of the sign is impaired. The Institute of Transportation Engineers recommends a
ratio of 5:1 as the maximum acceptable ratio of luminances for externally lighted traffic signs.
(14) Another study conducted by Allen et al., (15) concluded that variation in the luminance

of different areas of the sign should not be more than 10:1. Another study (16) specifically
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designed to establish the relationship between the luminance uniformity of sign background
and legibility found that for externally illuminated signs these two variables are significantly
correlated only when sign luminance ranges form 9.9 to 39.7 FL. These data indicated that
if a reduction in maximum obtainable legibility of 50 percent is assumed to be the maximum
acceptable performance decrement, then the maximum acceptable ratio of background
luminances is 6:1. However, the luminance of Type II and Type III white sheeting rarely
exceed 9.9 FL. For these reasons, the luminance uniformity of background may be relevant
to the legibility of illuminated signs but may not be relevant to retroreflective signs.

The contrast between the luminance of the sign legend and the luminance of the sign
background is the second measure that has been related to sign brightness and legibility. A
common measure of internal contrast is the luminance ratio of the legend and background
of the sign, with the greater of the two values used in the numerator of the expression. For
signs with a black legend on color background the legibility is determined by the luminance
or the color portion of the sign. Therefore, a minimum brightness standard based solely on
internal contrast would have little applicability to signs having either a black legend or a black
background. Also, most signs will not be taken out of service until there is a complete loss
of retroreflectivity, which means that the internal contrast of the sign is essentially fixed for
the duration of the siél’s service life by the material with which it is constructed. Therefore,
internal contrast is most relevant in sign design and construction.

The third measure of sign brightness that can be related to legibility is sign luminance.
Legibility as a function of sign luminance has been studied to a greater extent than any other
measure of sign brightness. A 1988 study of nighttime conspicuity of highway signs by Olson
(17) resulted in recommendations for minimum SIA values for various sign types and in

guidance regarding the type of materials to gse. The SIA values are based on area
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complexity and the required stopping distance for various speeds. The area complexity refers
to the ambient light levels in the immediate vicinity of the signing location. The complexity
is typically described as low, medium and high corresponding to rural, suburban and urban
areas. Table A-6 shows the SIA values of 30" x 30" red STOP signs. Based on those values,
engineering grade sheeting would be sufficient for low speed and low complexity areas and
high performance sheeting would be required for most situations. For high speed and high
complexity areas, supplemental warning signs are warranted. Table A-7 shows the minimum
SIA values for warning signs by speed and area complexity derived from the same study.
Here, the engineering grade sheeting is sufficient in low-complexity areas. This finding is

consi with the guidelines for warning signs presented by Mace et al. (24). Mace found

that engineering grade sheeting degraded to an SIA value of approximately 18 was adequate
in low complexity areas. Table A-8 shows the minimum SIA values for overhead guide signs
as derived by Olson in the same study. The research by Olson and Mace isolated by speed
and area complexity, these signing situations where engineering grade and high performance
sheeting are appropriate for roadway signs.

Another study by Morales (18) resulted in recommendation on required overall SIA for
STOP signs for various approach speeds under ideal visibility conditions. This study suggests
that legibility should not be used as a criteria for developing inservice retroreflective
standards for STOP signs and provides mathematical relationships between STOP sign
recognition distance and its photometric characteristics. This is based on the fact that due
to the unique shape of STOP signs they are recognized and not read to be understood.

A study conducted by the Florida DOT (19) recommended "end of service life" SIA values
for various sheeting colors and types. The study used several observers at night in the same

vehicle. Each observer recorded when sign detection, shape recognition, color recognition,
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