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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 problemsare 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
memberstates of the Association andit 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 Councilis an insuranceofobjectiv-
ity; it maintainsa full-time research correlationstaffofspecialists
in highway transportation matters to bring the findings of re-
search directly to those whoare in a position to use them.

The program is developed on the basis of research needsidenti-
fied by chief administrators of the highway and transportation
departments and by committees ofAASHTO.Eachyear,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 makesignificant
contributionsto the solution ofhighway transportation problems
of mutual concern to many responsible groups. The program,
however,is intended to complementratherthan 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 maintenanceoftraffic
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 Amendmentto the Manual on Uniform Traffic Control Devices as the initial
step in developing performance standardsfor in-service, retroreflective, traffic-control
devices. Since then, research has been conducted to determine minimum visibility

requirementsfor traffic signs that will satisfy the need of the nighttime driving popula-
tion. In addition, research has been completed to develop cost-effective, field-
measurementtools 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 ofalternative standards
for retroreflective traffic signs.

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

e Whatis the status of the Nation’s signs regardingtheir level of retroreflectivity?
e How manysigns exist on the Nation’s roadway system by sign type, jurisdic-

tional level, and other key factors?
e Whatis 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
recommendoptions for systemwide implementation,i.e.: What are the alternative ways
to have jurisdictions come into compliance, considering their resources?

Thefindings 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 maintenanceactivities, assuming a 5- or 10-year implementation schedule.
If a 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

Minimumretroreflectivity standardsfor traffic signs are currently being considered
and indications are that standards will be instituted in the near future. Prior to the

establishmentof retroreflectivity standards two key issues must be addressed: (1) how
will the standards be implemented and (2) how muchwill the standardscost jurisdic-
tions for replacement and maintenanceactivities. Currently, only new purchasespecifi-
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 onlegibility re-
quirements are needed.

Measurements ofretroreflectivity were taken on approximately 8,000 traffic signs
across the country. These samples becamethebasis 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 minimumretroreflectivity values for this
project. Lower and uppersets ofretroreflectivity values were selected from the FHWA
data for red, yellow, green, and white sheeting. The numberof signs not meeting the
standardcriteria 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 roadwayclass. Implementation schedules ranged from 1 to 10 years for
compliance. Because a broad economicanalysis was required only basic implementation
strategies were tested. These strategies assumed noprioritization 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 andstrict inspection programs. These items will create an
additional monetary demand on signing budgets. Preliminary results of an on-going
FHWAresearch 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 ofthe relatively poor condition oftraffic signs on city
roadways. In addition, deficient green signs accounted for a disproportionate share of
replacementcosts across all jurisdiction types. Green sheeting, especially engineering
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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 FHWAfor engineering grade sheeting. Ground-mounted
guide signsalso tend to be at least twice as large as standard warning andregulatory
signs; therefore, the cost to replace ground-mounted guidesignsis nearly double that
of other traffic signs.

The research reported here tested twosets(i.e., lower and upper) of retroreflectivity
standards. The lower standards should have minimal economic impacts on mostjuris-
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 establishmentofretroreflectivity standards between the two sets
of standards tested here wouldstill 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 componentofstreets and
highways. They help motorists find their way in a safe manner
by providing for the orderly and predictable movement oftraffic.
Forsigns to accomplish their intended purposes, they must be
visible to the motorists. Although sign visibility is generally not a
problem during daylight, signs with inadequateretroreflectivity
may notbe sufficiently visible at night and can contribute to
accidents.

Research has been initiated to determinevisibility require-
mentsfortraffic signs that will satisfy the needs of the nighttime
driving population.In addition, research is under wayto 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 oftraffic 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 drivervisibility requirements. This
objective is not without technical, logistical, and practical ob-
stacles.

Onecritical technical issue to resolve is to establish driver
nighttimevisibility needs and translate those to sign retroreflecti-
vity requirements. This has been the task of a FHWAproject
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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Anotherissue, which is both technical and logistical, is the
field measurementofretroreflectivity for signs and otherdevices.
If the performance standardis to be a minimumretroreflectivity
value, an easy method for measuring this property ofin-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
consumingto 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 thatis
under further evaluation and refinement by FHWA.

Onthe 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-
pendingonthestrictness 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 FHWAandothers faced with this decision should be
aware of what these impacts would be for different standard
levels. How many signs would haveto be replaced, what would
be the costs to do so, and whatwill 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 andit
was not the objective of this study to do so. Rather, it was the
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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: Whatis
the status of the Nation’s signs regarding their level of retrore-
flectivity? How manysigns exist on the Nation’s roadway system
by sign type, jurisdictional level, and other key factors? Whatis
the cost to replace signs by the type ofsign, 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.,
Whatare 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. Thelitera-

ture and other informational sources dealing with retroreflecti-
vity of traffic signs were considered. The various types of sign
inventory systemsin 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 ofsigns, rela-
tionships were developed that indicate how variousretroreflecti-
vity standards would affect, nationally and at the state and local
levels: (a) the numberofsignsto be replaced, (b) the replacement
costs, (c) any other economic or managementconsiderations.
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 implementationofthe 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. Moredetailed 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 whenlight 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. Incominglight 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)anda 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
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Figure 1. Two types ofretroreflection, cube-corner (top) and spher-
ical lens (bottom).

towardthe 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 weatherresistant, transparentplastic film.
To reflect color, pigment or dyeis 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
recommendedfortraffic signs and is no longerincludedin state
or federal specifications. Nonetheless, exposed lens sheeting is
still found on traffic signs on some low-volumerural 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 theplastic,
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 beadsby 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 performancesheeting.
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Oneof 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 luminousintensity
that is defined as the ratio of luminousintensity 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, perlux, 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
luminanceintensity 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
throughoutthis report.

The retroreflectance of sheeting material is described in the
context of another important property, its angularity, which is
defined by the entrance (ofthe 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 andthereflected 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 otherspecifi-
cations, minimum SIAis prescribed for each different type of
sheeting for two observation angles, two entranceangles, 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:

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

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

e E810-81 “Standard Test Method for Coefficient ofRetrore-

| flection of Retroreflective Sheeting”
e E811-81 “Standard Practice for Measuring Colorimetric

Characteristics of Retroreflectors Under Night-
time Conditions”

In the FP-85, 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-
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ing, respectively. They are both enclosed-lens type sheeting. The
minimum SIA valuesspecified 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 madeof glass beads and TypeIII 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 performancevinyl sheeting that is used for retroreflec-
tive white collars around orange cones andfor “fold-up” tempo-
trary signs of the kind commonly used by utility companies.

Visibility Distance

The sight distance requirementof 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 Perchonoketal. (0)
to develop a version applicable to determining nighttimevisibil-
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
summationprocessis 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. (JJ) as a computerized program to evaluate luminance
requirementto 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 humanvisual 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 accountthe effects of dis-
ability glare and background luminance that may change over
time. This analytic approachto visibility has been incorporated
by Bhise et al. (12) into a seeing distance model called DETECT,
whichis a part of the Comprehensive Headlamp Environment
Systems Simulation Model (CHESS). The program calculates
the threshold visibility distance (SO 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 Leglbility

Drivers require a minimum amountofluminancefor detection
andlegibility of signs. The specification of minimal luminance
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requirements fortraffic 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
of50 ft per in. as a minimumlegibility distance is quite arbitrary.
Mace (/3) suggested that older driver’s visibility requirements
should be based onalegibility of 40 ft per in. of letter height.
Macealso reported that the typical practice in the states is to
license drivers at a 20/40 high-luminance acuity. This acuity
level correspondstoalegibility of approximately 30ft perin. 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 nighttimelegibility 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 andlegibility have been uniformity
of sign background,level of internal contrast, and luminance of
legend or background.Ifa sign face degrades unevenly as it ages,
the legibility of the sign is impaired. The Institute of Transporta-
tion Engineers (ITE) recommendsa ratio of 5: 1 as the maxi-
mum acceptable ratio of luminancesfor externally lighted traffic
signs (14). Another study conducted by Allen et al. (/5) con-
cluded that variation in the luminance ofdifferent areas of the

sign should not be more than 10: 1. Another study (16) specifi-
cally designed to establish the relationship between the lumi-
nance uniformity ofsign backgroundandlegibility 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 luminancesis 6 : 1. However, the
luminanceofType II and Type III white sheeting rarely exceeds
9.9 FL. For these reasons, the luminance uniformity of back-
ground maybe relevant to legibility of illuminated signs, but
may notbe relevant to retroreflective signs.

The contrast between the luminance of the sign legend and
the luminance of the sign backgroundis a key measure that has
been related to sign brightness andlegibility. A common measure
of internal contrast is the luminance ratio of the legend and
backgroundof the sign, with the greater of the two values used
in the numeratorof the expression. For signs with a black legend
on color background thelegibility is determined by the lumi-
nance of the color portion of the sign. Therefore, minimum
brightness standards based solely on internal contrast would
havelittle 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 mostof their retroreflectivity, which
meansthat the internal contrast of the sign is essentially fixed
for the duration of the sign’s service life by the material with
whichit is constructed. Therefore, internal contrastis 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-
nancehasbeen studied to a greater extent than any other measure
of sign brightness. A 1988 study of nighttime conspicuity of
highway signs by Olson (J7) resulted in recommendation of
minimum SIA values for various sign types with guidance re-
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Table 1. End of service life SIA values recommended by Florida DOT.
_ aniiiesioassie ca =

End of Service Life SLA Values! |
| Sheeting Color

Type IP? Type IL A, IIT A, II B?

aee 
na - notavailable

1 SIA values measured at 0.2° observation and -4° entrance angles.
2 Engineering grade sheeting (TypeII).
> 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 (78) resulted in recommendation
on required overall SIA for sTopP signs for various approach
speeds underidealvisibility 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 (J9) recommended
“end ofservice 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 andlegibility
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

Theexisting federal standards for luminance ofretroreflective
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 signsbe reflectorized
or illuminated to show the samecolor and shape by day or night
unless specifically excepted in the standards. The MUTCD has
no minimuminitial 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 zonetraffic 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, replacementis 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, butis 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 measurementdevice. However, the developmentofau-
tomated sign inventories, minimum performance standards, mo-
bile system for measuring retroreflectance, and implementation
strategies will provide an opportunity for moreefficient and
objective solutions to the problems of sign maintenance man-
agement.

Research has been conducted whichis relevant to the question
of a standard, but standards have not yet been implemented
that reflect fundamental driver needs. This is because specifying
luminance standardsfortraffic signs is complex and multidimen-
sional. Driver requirements of different signs change acrosssitu-
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 FHWAproject on “Minimum Visibility Requirements for
Traffic Control Devices,” is to determine the minimumvisibility
distances for signs and markings. Based on these minimum visi-
bility requirements,it will be possible to determine theretrore-
flectivity necessary to makea sign or markingvisible at a given
distance. Anotherdifficulty in the implementation of standards
has been an absence of conclusive performance data. The final
report for that project will fill this void.

The FHWAproject 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 equationsin
predicting in-service SIA is limited, however, because theinitial
SIA values for new sheeting are quite variable.

Finally, there is no fast, practical and reliable way of measur-
ing luminancein the field and, therefore, one cannoteasily 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 thefeasibility of
developing instrumentation suitable to rapidly measureretrore-
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 imagefor average legend and backgroundretroreflectance.
Theresults 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 ofthe 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 andrural areas was obtained. Not unex-
pected was the relatively low sample of high performance green
sheeting. Apparently, few agencies currently use high perform-
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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
controlofstate, county, city, and town agencies. Table 3 presents
the minimum, maximum,and mean SIA values for eachsheeting
color, sheeting type, and jurisdiction control. Except for high
performance green sheeting, a reasonable sample within each
jurisdiction type was obtained. Aspresented, differences in mean
SIA values between jurisdictions do exist.

Tofacilitate the testing of the impacts of implementing mini-
- mum SIAstandards, frequency graphs of SIA versus percent of

total signs were developed. As the minimum SIA standardwill
be based on driver’s needs and not sheeting material specifica-
tions, the sheeting types were combined by sheeting color for
developmentof 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 depictthe percentof signs
having that specific SIA value orless.

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 lowerretroreflectivity values
acrossall 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 majorfindings 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 ofall
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 elementsfor city, county, andstate
agencies.

Ofthe 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 paperrec-
ords. Nearly all inventories had the MUTCDsign 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 systemsdid includefields for the
date of sign installation or replacement.

Table 5 provides a summary of sign costs andalisting of
key reasons for sign replacement. Fabrication includescosts 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.

  
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 County Combinedand Type

=4 is0 $52 ss619.3 19.7
177 222
9.7 45

110.1 109.6
58.2

 

7 Minimum SIA
Maximum SIA

> MeanSIA
* Numberof 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
highersign densities than county roads. Because of thesediffer-
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. Thecities
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Figure 2. Frequency graph for red screened sheeting.
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Figure 4. Frequency graph for green sheeting.

Page 16 of 52

 
 

Yellow
100%

80%

60%

40%PERCENTOFSIGNS
20%

—— County

 
Q 25 50 7§ 100 126 150 175 200 225 280

SIA

Figure 3. Frequency graph for yellow sheeting.

 

WHITE

PERCENTOFSIGNS 
100 160 200 250 300

Figure 5. Frequency graph for white sheeting.



Page 17 of 52

responded that30 percentof their annual sign replacements were
caused by poorretroreflectivity, while counties responded that
only 16 percent of replacements were caused by this factor.
Inadequateretroreflectivity 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 ofthis 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

cowry [on
  
  
  INVENTORYITEM

 Sign Inventory System
Inventory Type

Main/Mini Computer
Micro Computer
Card/PaperOther

 
  

   
  

 Inventory Data Elements
Sign TypeInstallation Date
Replacement Date
Sheeting Type

 
    

   
Na - not available

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

 SIGN POPULATION PER CAPITA

Geeeeeee
Regulatory Signs per 1,000 persons

Warning Signs per 1,000 persons

114

 

 5

  |GuideSignsper1000persons|6|2
|roran|te|e

SIGN POPULATION PER ROADWAYMILE

pcr_|coun|
[RegulatorySignspermite|ts|

[WarningSinspermie|to|
Guide Signs per mil

TOTAL|we|
Note: Street name and parkingseries signs not included.

  
 
  

  
  

 

found to have approximately 122 total signs per 1,000 persons.
The county agencies reported as having more warning andless
guide signs than city agencies. Cities reported as having nearly
three times the numberofsigns 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 assumethat thedateofinstalla-

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
dateofinstallation or replacement, thereliability of the distribu-
tion shown in Table 7 will be improved.

Table 5. Sign replacement and maintenancecosts. 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,

Sign Fabrication Costs
-Sign material cost per sign $30
-Laborcost per sign $14
-Equipmentcost per sign $10
TOTAL costper sign $54

Sign Maintenance Costs
-Per mile costs $135
-Per capita costs $1.20

Reasons for Sign Replacement
-Poor Retroreflectivity-Knockdown
-Vandalism
-Other

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

Age of Sign (years) Numberof Signs Percent of Total Signs
12 202
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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 consequencesofestablishing minimumretrore-
flectivity standards.

MINIMUM RETROREFLECTIVITY CRITERIA

In orderto test the economic impactsof establishing retrore-
flectivity standards, actual minimum criteria needed to be identi-
fied. Selected preliminary results from the “Minimum Visibility
Requirementsfor 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 backgroundsigns.
The minimum requirementsare specified by sheeting color, road-
way speed, sign placement, and sign size. Sheeting colors, road-
way speeds, sign placements, andsign 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 minimumretroreflectivity 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 warningsigns. 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 SIAcriteria 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 standardsize 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 freewaysize signs
on 65-mph roadways. Overhead and ground-mounted signs were
both assumed in the minimumretroreflectivity standard. As the
application of green sheeting materialis limited, only a minimum
standard of 10 SIA wasprovided.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 standardplus 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 FHWAresearch, 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 valuesselected for testing.i
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impact could be determined. Table 8 gives the values tested for
each sheeting color. Several judgments were madeto select the
lower and upper SIA values for each sheeting color. The values
selected for red sheeting representthe 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 reasonablelimit to test because any values less than
this would require little, if any, sign replacement. The upper
value(i.c., 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 providedonevalue(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 lowerlimit
value of 8 SIA wasselected 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 upgradesin current signing practices. The
upperlimit 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 (/9) reported endofservice 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
economi¢ 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-
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quency graphs developed and presented in Chapter Two and the
minimumretroreflectivity standards described previously in this
chapter were used to estimate sign replacement. Table9 specifies
the percent of signs requiring replacement today by jurisdiction
control for each selected minimum SIAcriteria.

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
replacementpercentages were similar for the two minimum SIA
criteria. Yellow sheeting signs on city roadways had considerably
lowerretroreflectivity 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 onthe otherjurisdiction roadways, at least 40 percent
of red-screened sheeting signs would require replacement under
the upper minimum SIA standard tested here.

Thesign replacement percentagesare 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 upperretroreflectivity 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 SIAstandards for the four
jurisdiction types. The sign replacement percentages for city
roadwaysare 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 andcity 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
namesigns.

SIGN REPLACEMENT COSTS

Replacementcost information fortraffic signs was compiled.
The replacementoftraffic signs includes cost for the following
items: sign and substrate materials, labor for manufacturing,
labor for installation, equipment andtravel, and maintenance of
traffic.

A modelto 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.

Percentof Signs Requiring Replacement by
Jurisdiction Type Today  

  
Assumed
 
  
 

  
 
 
 
 
 
  
 

 

 

 

Sheeting
Color SIA -

Red Regulatory

Yellow Warning

Green Guide

White Regulatory
   

Signs
per State

roadway mile
per county

roadway mile
percity

roadway mile
per town

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

assumed tobe similarto cities.

Based on surveyresults for regulatory signs reported in Chapter2 and factored by theratio of red to white signs
found from actual sign inventories for cities and counties.
Based on survey results for warningsigns reported in Chapter 2.
Based onsurvey results for guide signs reported in Chapter 2.
Based on surveyresultsfor regulatory signs reported in Chapter 2 and factored by the ratio of whiteto red signs
found from actual sign inventories forcities and counties.

RC =SC+TC+(LXR)

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

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

1. Sign Cost (SC) — assumes averagecost 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)—assumesone hourfor two-
person crew membersor 2 man-hours for assembly andinstalla-
tion of a sign and the support, maintenanceoftraffic, and travel
time. Assumescostsfor 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 andfringe.

These cost and hour assumptions were applied to the cost
model with the following results:
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$45 + $65 : i
RC = ashes + (10 miles  $1.00/mile) +

(2 man-hours < $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 replacementcost
to $240 persign. Anyorall 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 implementationstrategies of the minimumretroreflecti-
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 probablynotfeasible, 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 standardsforall 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 standardsforall sign, roadway,and jurisdiction types
within 5 years. It also assumes that jurisdictions would begin
sign replacementactivities immediately.

Option 4— Long-term compliance with standards. This option
assumes complete compliance with all minimumretroreflectivity
standards for all sign, roadway, and jurisdiction types within
10 years. This option could accommodate the use ofcurrently
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 andcritical warning signs. Also, sign
upgrades could be completed by roadwayclassification over a
specified time period starting with high type (i.e., freeways, ex-
pressways,arterials,etc.) facilities. Combinationsof these strate-
gies could be instituted. However, these other strategies identi-
fied here could not be readily evaluated for economic impacts.
Thealgorithm for assessing these strategies would be quite com-
plex and would not provideany significant increase in accuracy.

INSPECTION PROGRAM

In addition to the sign replacement costs the implementation
of minimum retroreflectivity standardswill require theinitiation
ofa sign inspection program. Jurisdictionswill require the means
to identify traffic signs at or near the minimum retroreflectivity
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Figure 6. Operation of retroreflectometer.

standards. Several methodsare available for completingthefield
inspectionoftraffic 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 FHWAto 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
showsthefield operation of a retroreflectometer. This method
is time consuming when measuring a large quantity ofsigns.

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
Departmentin 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.
Thetrained personnelvisually evaluate the retroreflective prop-
erties of the illuminated sign face. This inspection technique can
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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 andnighttime techniques. The follow-
ing tabulation provides the key assumptions and ‘cost break-
downsfor 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 ofinstallation
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, FHWAis currently finalizing models for
predicting required andavailable 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 ofexisting traffic
signs within the jurisdiction. Once the signs have beeninitially
logged the maintenance of the inventory can be accomplished
through the work-order process, thus adding only minorcosts.
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 programshave 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 onsign
age, climatological, and other variables identified from test rack
samples.

Page 21 of 52

13

 
Figure 7. Operation of Q-Beam.

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

Range of Cost For Manual Data Collection  
ge

City $15-$27/mile
County $10-$15/mile

 
 
 Rangeof Cost Per Inventory Method

Photolog Videolog
Urban $80-135/mile $45-$70/mile $30-$70/mile
Rural $15-$45/mile $25-$30/mile $15-$25/mile

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

  
  

ECONOMIC ANALYSIS METHODOLOGY AND
RESULTS

This section presents the methodology andresults of the eco-
nomic impactanalysis ofthe proposed minimumin-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 numerousother information and data are required.
Figure 8 provides a flow diagram ofthe assessment methodology.
Although this methodology was developed specifically for this
research,it is believed that the methodology could be applied to
most otherjurisdictions. The data needs and procedures associ-
ated with the process are presented as follows:

1. Using SIA data collected throughoutthe country, establish
frequency graphsof sign sheeting condition.

2. Select minimum retroreflectivity standardsto test.
3. Apply minimum standards to frequency graphs to deter-

mine percent of signs requiring replacement by sheeting color
and by jurisdiction type.

4. Removedeficient signs from database.
5. Replace deficient signs with new signs using equal mix of

engineering-grade, super-engineering-grade, and high-perform-
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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 numberof signs
per roadway mile requiring replacement by sheeting color and
jurisdiction type.
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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 compareto 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 upgradingtheir signs from the inceptionof the standards.
The implementation schedules of 3, 5 and 10 years assumed an
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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 mileare 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 determinecosts 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 otherrelated 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.

Totest 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 weredevel-
oped. These are presented in Appendix D.Similarto state road-
ways, the majority ofsign replacement budgetsin 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 dueto signsize.

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

On all roadwaysthe need for replacementof 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 maintenancecosts 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 minimumcriteria 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 maintenancecosts on a per milebasis.

Table 18 provides a comparison of the average sign mainte-
nance costs per mile. The comparison is between the projected
costs with the minimum standardsandthe currentcosts 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 theratios
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 maintenancecosts 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-
nancecosts 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.

1 YEAR (BASE CASE)-lower standard
-upper standard

3 YEAR PROGRAM
-lower standard
-upper standard

5 YEAR PROGRAM
-lower standard
-upper standard

10 YEAR PROGRAM
-lower standard
-upper standard

 
T Represents low and high range valuesforthe specified maintenance activity. Thedifference in cost
between the low and high valuesis 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 columnis 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.

Theresults indicate that there would be a substantial economic

impactif the standard were to be implemented within a 1-year
period. The incrementalcost decreases significantly as the imple-
mentation periodis 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 andeffective 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-
placementof signsusing different retroreflective sheeting types,
and on jurisdiction reported values for average per mile mainte-
nancecosts 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 maintenancecosts.

Projected sign costs per mile with standards
Implementation

1 year program
- lower standard
- upper standard

3 year program
- lower standard
- upper standard

S year program
- lower standard
- upper standard

10 year program- lower standard
+ upper standard

 
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 maintenance maintenance

Schedule maintenance|maintenance costs costs in
costs! costs? per mile? millions*

1 year program- lower standard
- upper standard

3 year program- lower standard
- upper standard

5 year program
- lower standard
- upper standard

10 year program- lower standard
+ upper standard

' Weighted average ofState, county,city, and town costs per mile.
? Estimate ofexisting 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
numberofdeficienttraffic signs in the field today, and (4) evalu-
ate the economic consequencesofestablishing minimumretrore-
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 theother juris-
diction’s signs. The population of red and green signs was found
to havelow retroreflectivity values as compared to the minimum
standardstested.

State, county, and city agencies provided sign maintenance
and replacement costs. The materials, labor, travel, and equip-
mentcosts 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 andrural areas.

Once minimum standardsare established agencies will need
to consider implementing sign inventory and inspection pro-
gramsto 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.

Twolevels 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 standardstested here. It should be emphasized however,
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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 dueto insufficient
retroreflectivity that vary somewhat from the average costs re-
ported here.

The economic impactof the higherretroreflectivity standards
was found to be considerable. The annualcosts for replacement,
inventory, and inspection could be as muchas 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 seemsto haveidenti-
fied the reasonable economic impact boundaries through the
testing of two sets of minimum standards.

The algorithm applied to estimate sign replacementcosts 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

Throughthis 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 shouldinclude identifica-
tion of funding sources.

5. Research onliability costs from accidents involving inade-
quate signing should be included in future economicanalysis.
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APPENDIX A—LITERATURE REVIEW

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

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, fetrarelleetion is the

most commonly used means of makingsigns visible to the driver at night. Three reports,

"Retroreflectivity of Roadway Signs for Adequate Visibility: A Guide" (4),"Maintenance

Managementof Street and Highway Signs" (5) 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 topillustration

of Figure A-1, incominglight hits the first surface and reflects to the rear surface which

reflects it to the last surface whichreflects 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 shownin the bottom illustration of Figure A-1 an incomingray is bent and

A-l
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Figure A-1. Two types of retroreflection, cube-corner (top) and

spherical lens (bottom).

61
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directed inside and toward the back of the sphere, reflecting off the reflective surface, and

after being bentat 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 transparentplastic film. To reflect color, pigment ordye 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 propertyofthis sheetingis its high coefficient of retroreflection

at low entrance angle, which meansit appearsbright at long distancesif the device is not too

far laterally removed from the light source.

There are three types ofspherical 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 whenit rains and can greatly reduce the

retroreflectivity of the beads. Hence, this type of sheeting is not recommendedfortraffic

signs and generally is not included in State or federal specifications. Nonetheless, exposed
lens sheetingis still found on traffic signs on some low-volumerural 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

A-3
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Back Coat Prismatic Film .Air Space inert
(see top view)“ filler

Release Liner Adhesive LayerCROSS-SECTION VIEW

TOP VIEW

 
Figure A-2. Cross-section and top view of cube-comerretroreflective sheeting.
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Figure A-3. Cross-section view of three types of spherical lens retroreflective sheeting.
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c) Encapsulated Lens Sheeting

 
weather conditions.

With encapsulated lens sheeting the glass beads are also protected by a transparent

material thatis supportedslightly above the beads by wallscreating an air filled compartment.

The backof the beads are covered with a reflective surface. The resulting airspace in front

of the beads makesit morereflective and, hence, is known as high performancesheeting.

PROPERTIES OF RETROREFLECTIVE SHEETING

One of the most important properties of retroreflective sheeting is the ability to return

light which is commonlydescribed by a variety of termsincluding brightness,retroreflectance,

luminance or candlepower. The International CommissionofIllumination (CIE)(6) uses the

term coefficient of luminousintensity, 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), ie. the metric

system, it is expressed as candelas (cd) per lux (Ix). It is a measure ofefficiency of the

retroreflector becauseit describes the amountof luminance (candelas) that comes out from

the retroreflector per amountoflight (lux) coming in from thelight source,i.e., the vehicle

headlights. This definition treats the retroreflectoras a point source. But because signs have

a relatively large area, they are treated as an extendedlight source which may be thought of

as consisting of many point sources each with a luminance intensity of one candela. To

accountfor 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 expressedin SI units

as candelas perlux 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 termsis the

A-6 17
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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 betweena 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 andis 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 andis 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 supposedto 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 muchas 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 entranceangles, and the different colors.

SPECIFICATIONS FOR RETROREFLECTIVE SHEETING

Thereare 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

HighwayProjects (FP-85).

3: AASHTO M268- Retroreflective Sheeting for Traffic Control by the

A-7
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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. Thefollowing ASTM standards on color and appearance measurement

e E808-81,"Standard Practice for Describing Retroreflection"

e E809-81,"Standard Practice for Measuring Photometric

Characteristics of Retroreflectors”

e E810-81,"Standard Test Method for Coefficient of

Retroreflection of Retroreflective Sheeting”

° E811-81,"Standard Practice for Measuring Colormetric

Characteristics of Retroreflectors Under Nighttime

Conditions"

In the FP-85 three typesofretroreflective sheeting are recognized. Thefirst 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 II 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 TypeII.
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Table A-1 Specific Intensity Per Unit Area (SIA) for Type II sheeting.

Table A-2 Specific Intensity Per Unit Area (SIA) for Types IIIA, B and C.

A - Glass Bead Retroreflective Element Material

 

 

 

Type II Sheeting

Observation Entrance Whit
as retin ite Red Orange Brown Yellow Green Blue(0) (0)

0.2 -4 70 14.5 25.0. . 2.0

ae ipa 30 6.0 7.0 1.0 22 ae 1
a 7 30 7.5 13.5 1.0 25 4.5 2.03 +3 15 3.0 4.0 0.5 13 2.2 0.8

Type I-A Sheeting
ee———_—S—wX—

Observation Entrance Whit Red
ck oo ite e Orange Brown Yellow Green Blue(0) (0)

0.2 -4 140 30 60 5 1

cH +30 60 12 22 2 4 1 "so-3 “4 50 10 20 2 33 9 :35 +30 20 6 12 1 20 6 : 

 

 

Observation Entrance
Angle Angle White Red Orange Yellow Green Blue(0) (o)

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 MaterialonWesaeeeee,
Observation Entrance .

hin Angle White Red Orange Yellow Green Blue(0)eeUULUtEdtaSStISEISSESSEEESSE?
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 5.0EE
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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 madeof glass beads and Types III B

and III C made ofprismatic reflectors. All types provide much higher brightness than both

Type II and Type II A. Their respective minimumreflectance 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 appliedto flexible impactresistantplastic devices such

as plastic drums used as channelizing devices in work zonetraffic control. It is referred to

as "reboundable" because it can withstand expansion andcontraction andwill not crack easily

whenhitby a vehicle or roughly handledas is the case for standard TypeIII A sheeting used

on permanentsigns.

Thelast type of sheeting recognized in the FP-85 is labeled as Type IV. This typeis 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 byutility

companies. The primary distinction between the sheeting typesis 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 Highway 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 manufacturersof retroreflective highway sign sheeting.
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Table A-3. Comparisonofretroreflective sheeting typology classifications.
—=—=—=—=——=—=—=£=£=—_=—_$—_=—£_£_£_= prey

TYPOLOGY CLASSIFICATIONS
Super Engineering High Performance

Engineering Grade Grade Grade

Specification = (SEG) a
Lsso0c_|Releewvity1[nsReeves24

AASHTO M268 een|=oePeaed
D-4956

Ns - not aad-©.
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Table A-4. Comparison ofretroreflective sheeting SIA specifications. Table A-S. Known manufactures of various sheeting types.

Sheeting Type (as per FP-85)

 Sheeting Type II Type ITA Type ILA Type III B Type III C

oe Avery/Fasson Seibulite Seibulite Stimsonite
Seibulite Kiwalite 3M Reflexite*

(Sakai Trading)
3M

Kiwalite

(Sakai Trading)

Notes: ns - not specified American Decal
1 applies to both Type III A & B (Adcolite)

 
? applies to TypesIII 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

SzA-13 A-14
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Theprocedurefor testing the SIA ofretroreflective sheetingis 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 shoporin 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 usedin 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 ofretroreflected light. It essentially involves

the measurement of normal illuminance at the face of the sample by substituting the

photoreceptor for the snipe
The ASTM standard E810-81 "Standard Test Methodfor Coefficient of Retroreflection

of Retroreflective Sheeting" describes the method for instrument measurement of the

retroreflective performance of retroreflective sheeting. Measurements made by this test

methodare related to visual observations ofretroreflective sheeting as seen by the human

eye whenilluminated by tungsten filament light sources. This method is intended as a

laboratory test and requiresa 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 appearanceofretroreflectors as seen under nighttime conditions of

illumination and viewing. The procedureinvolves spectral measurementsofthe incidentlight

and ofthe retroreflected light underthe test-geometry required with eithera telecolorimeter

or telespectroradiometer.

MOTORISTS NEEDS

The current SIA standardsprovided in FP-85 merely reflect the available products and are

purchase specifications not necessarily related to driver visibility requirements and
environmental conditions.

In orderfora traffic sign to be effective it must deliverits information to the driver soon

enoughto react appropriately and safely. The sight distance requirementof 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. McGeeetal. (9) developed andfield tested

a decision sight distance model based on detection, recognition, decision making, response

and vehicle maneuver. The time requirements for each step wereinitially estimated based

on an extensiveliterature review, then adjusted accordingto the findings of an empirical field

study. The decision sight distance model elements were later reexamined by Perchonok et

al. (10) to develop a version applicable to determining nighttimevisibility requirements for

retroreflective devices. The model determines minimumdetection distance requirementas

the summation ofdistances 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 Maceetal. (11) as

A-16
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a computerized program to evaluate luminance requirement to aid in sign maintenance

decisions. This sign maintenance management program modelssign visibility requirements

in terms of time and distance requirements. However, it does not model the visibility

requirements ofsigns based on human performancecapabilities in terms of luminance and

contrast needs.

The human visual performance model most generally accepted among highwayvisibility

researchersis 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, Anobjectis visible or detectable at threshold level if the objects contrast

meets or exceedsthe contrast required by an observer when adoptedto the luminance ofthe

objects background,also taking into accountthe 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 whichis a part of

the Comprehensive Headlamp EnvironmentSystems Simulation Model (CHESS). The

program calculates the thresholdvisibility 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 beento research the various parts of the information processing model such as

detection distance, consipicuity distance, legibility distance, response latency and maneuver

time. This minimumvisibility study has addressed theissuesofindividual differencesrelating

to contrast sensitivity and traffic control device differences during the laboratory studies of

conspicuity andlegibility. After the comparisons between the laboratory andfield control
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studies, the field validation study, and the minimum visibility model, the minimum visibility

requirementfor each traffic control device class will be studied.

PERFORMANCE STANDARDS

Drivers require a minimum amountofluminancefor both detection and legibility ofsigns.

The specification of minimal luminance requirements fortraffic signs has been addressed by

a numberofresearchers. Historically, a sign was consideredsufficiently brightif 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 minimumlegibility 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-luminanceacuity. This acuity level corresponds to

a legibility of approximately 30 feet per inch ofletter height.

Another approach that has been used is to consider a sign’s level of brightness. Sign

brightness is considered satisfactory if it providesa legibility distance that is greater than or

equal to 85 percent of the maximum obtainable nighttime legibility distance. Like the first

approach,thecriterion is also too arbitrary as it does not accountfor the driving situation.

The other measures that have been used to develop the relationship between sign

brightness andlegibility have been uniformity of sign background,level of internal contrast,

and luminanceoflegend or background. If a sign face degrades unevenlyas it ages, then the

legibility of the sign is impaired. The Institute of Transportation Engineers recommends a

ratio of 5:1 as the maximum acceptableratio of luminances for externally lighted traffic signs.

(14) Anotherstudy conducted byAllen 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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designedto establish the relationship between the luminance uniformity ofsign background

andlegibility found that for externallyilluminated 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 obtainablelegibility of 50 percentis assumed to be the maximum

acceptable performance decrement, then the maximum acceptable ratio of background

luminancesis 6:1. However, the luminance of Type II and TypeIII white sheeting rarely

exceed 9.9 FL. For these reasons, the luminance uniformity of background maybe relevant

to the legibility of illuminated signs but may notbe relevant to retroreflective signs.

The contrast between the luminance of the sign legend and the luminance of the sign

backgroundis the second measure that has beenrelated to sign brightness and legibility. A

common measureofinternal contrast is the luminance ratio of the legend and background

of the sign, with the greater of the two values used in the numeratorofthe expression. For

signs with a black legend on color backgroundthelegibility is determined by the luminance

or the color portion of the sign. Therefore, a minimum brightness standard based solely on

internal contrast would havelittle applicability to signs having either a black legend ora black

background. Also, mostsigns will not be taken outofservice until there is a complete loss

of retroreflectivity, which meansthat the internal contrast of the sign is essentially fixed for

the duration of the seni servicelife by the material with whichit is constructed. Therefore,
internal contrast is most relevantin sign design and construction.

Thethird measure ofsign brightness that can berelated to legibility is sign luminance.

Legibility as a function ofsign luminance has beenstudied to a greater extent than any other

measure ofsign 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 use. 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 ambientlightlevels in the immediatevicinity of the signing location. The complexity

is typically described as low, medium and high corresponding to rural, suburban and urban

areas. Table A-6 showsthe SIA values of 30" x 30" red STOP signs. Based on those values,

engineering grade sheeting would besufficient for low speed and low complexity areas and

high performance sheeting would be required for mostsituations, For high speed and high

complexity areas, supplemental warningsigns 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 sheetingis sufficient in low-complexity areas. This findingis

consistent with the guidelines for warning signs presented by Maceetal. (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 minimumSIA values for overhead guidesigns

as derived by Olsonin the same study. The research by Olson and Maceisolated 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

STOPsigns for various approach speeds underideal 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 andits photometric characteristics. This is based on the fact that due

to the unique shape of STOPsigns they are recognized and not read to be understood.

A study conducted by the Florida DOT (19) recommended"endofservicelife" SLA values

for various sheeting colors and types. The study used several observersat night in the same

vehicle. Each observer recorded whensign detection, shape recognition, color recognition,

A-20
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Speed
(mph)

65

60

55

50

45

40

35

30

Table A-6. Stop sign minimum SIA values.

Recommended Minimum SIA Values for a STOP Sign

Stopping
Distance
(feet)

569

484

407

337

272

215

164

121

High
*

*

*

170

70

30

16

8

* Supplemental Warning Required

Source: Olson (17)
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Area Complexity
Medium

*

*

155

63

25

ll

150

71

30

14

Speed
(mph)

65
60

55

50

45

40

35

30

*Supplementary devices required.

Source: Olson (17)

Table A-7. Warning signs minimum SIA values.

Recommended Minimum SIA Values for Warning Signs (Yellow)

Area Complexity
Low

Number of Choices
0-3 3_or more

15 31
15 25

15 21

25 17

15 15

15 15

15 15

15 15

Medium
Number of Choices

Q-1 2-3 3 or more

15 86 630
15 63 414

1S 52 276

15 38 180

15 29 126

15-23 80

iS 17 52

15 15 35

A-22

Hi.
Number of Choices
Q-1

230
173

144

110

80

63

52

38

2_or more
*

1115

750

520

345 -

230

150

100

67
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Table A-8. Overhead guide signs minimum SIA values. message recognition, and legibility occurred. The times were converted to distances. Each

sign was then screened, thereby reducing SIA, until the sign was determined to be barely

Recommended Minimum SIA Values for Overhead Guide Signs (Green) adequate. Table A-9 provides the recommended "endofservicelife" valuesfor white, yellow,

Area lexi: green, and red sheetingcolors.

en)ao7a>anas oe The Oregon DOTprovidesa specification for retroreflection at 7 and 10 yearsof inservice
70 8 15 27 13 31 70 35 82 200 performance. Under this specification the manufacturer is responsible for all cost in

60 8 13 22 12 25 54 32 70 150 restoring sign panels to the original effectiveness if the retroreflection falls below the values

50 T ll 17 ll 20 37 28 54 100 specified in Table A-10. For years 7 and 10 ofinservice placement the manufactureris

40 7 9 13 10 15 25 25 40 68 obligated to replace the sheetingtoits original effectiveness if the retroreflectivity falls below
30 6 8 10 8 12 7 22 33 46 the standardslisted on the right column of Table A-10. In addition, Sign agencies are

Sign placement is 20 feet high over a 24 foot rosdey. responsible for datingall signs at the timeofinstallation.

Research has been conducted which is relevant to the question of standards, but standardsSource: Olson (17)

have notyet been implemented whichreflect fundamental driver needs. This is because the

problemofspecifying luminance standardsfortraffic signsis complex and multidimensional.

Driver requirements ofdifferent signs change across situations. Also the populationofsigns

is not uniform in purposeor function. Signs are createdin different designs to serve various

needs, and these differences create varying levels of luminance requirements for signs to

function properly at night.

The ongoing Federal Highway Administration (FHWA) project entitled "Minimum

Visibility Requirements for Traffic Control Devices" is to determine the minimum visibility

requirements for signs and markings. Based on these minimum visibility requirements,it will

be possible to determine the retroreflectivity needed to make a sign visible at a given
distance.A-23
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Table A-9. End ofservice life SIA values

EndofService Life SIA Values!

Type II? Type II A, III A, IIT B*

Sheeting Color

a
yeree

na - not available

1 SIA values measured at 0.2° observation and -4° angles.
2 Engineering grade sheeting (Type II).
> Super-engineering grade (Type IA), high performance (Type III A), and prismatic

(Type III B) sheeting.

Source: Florida DOT (19)

A-25

Page 39 of 52

Table A-10. Minimum warranties for retroreflective sheeting as specified by Oregon
DOT.

Minimum Coefficient of Minimum Coefficient of
Retroreflection Retroreflection

Sheeting Color (Seven Years) (Ten Years) 
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Anotherdifficulty in the implementation of standards has been an absenceof conclusive

performance data. The FHWAprojectentitled "Service Life of Retroreflective Traffic Signs"

(20) investigated the relationship betweenthe retroreflectivity performanceofsign sheeting

with respect to such factors as sheeting age, weatherconditions, groundelevation, etc. Based

on these relationships, equations were developed to predict approximate inservice SIA of

signs. The accuracy of the equationsin predicting inservice SIA is limited since the initial

SIA values of new sheeting are quite variable.

Finally, there is no fast, practical, and reliable way of measuring luminancein the field, and

therefore one cannot easily determine if the requirements are met. The National

Cooperative Highway Research Program (NCHRP)study 5-10 "Mobile System for Measuring

Retroreflectance of Traffic Signs" (3) has determined the feasibility of developing

instrumentation suitable to rapidly measure retroreflectivity from a moving vehicle during

daylight hours. A prototype of the system has been constructed and consists 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 backgroundretroreflectance. Figure A-5

is a schematic illustration of the system components which are housed in the van shown in

Figure A-6. The results of the above three projects and this project will help in

development, measurement and implementation ofsign performance standards.

SIGN MAINTENANCE PRACTICES

The existing federal standards for luminanceofretroreflective materials for traffic signs

are purchase specifications and provide no differentiation based upon driver needs. The

Manual on Uniform Traffic Control Devices (2) simply specifies that all traffic signs be

retroreflectorized orilluminated to show the same color and shape by day and nightunless
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Figure A-5. Schematic illustration of system components.
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Figure A-6. Prototype mobile retro-reflectivity measurement system.
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specifically excepted in the standards. There are no minimum initial or replacement

requirementsfor retroreflective signs. Based on the agencies surveyed, replacementisleft

to practices which vary between States, counties and cities. The need for inspectionof signs

for retroreflectivity is typically not determined under a regimented policy but scheduled by

casual, visual inspection. This deficiency is due to the lack of a minimum legibility standards,

the competing demands on personnel’s times, and the absence of a rapid and reliable

retroreflectance measurement device. However, the development of automated sign

inventories, minimum performance standards, mobile system for measuring retroreflectance

and implementation strategies will provide an opportunity for more efficient and objective

solutions to the problemsof sign maintenance management.
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APPENDIX B—COLLECTION OF RETROREFLECTIVITY DATA

The objective of the national data collection effort was to obtain estimates of sign

retroreflectivity conditions across several subgroups including: sign type, sheeting type, and

jurisdiction control. To achieve this goal a intensive data collection plan was developed and

initiated. The data collection plan addressed the following:

e Identification of key variables

e Determination of sample size

e Selection of study locations

e Developmentofeffective data collection methodology

Each of these data collection plan elements are discussed in the following subsections.

VARIABLES OF INTEREST

Initially, the dependent and independent variables were identified. The dependent

variable, the object of effort, was the measure (i.e., SIA value) of retroreflective condition

oftraffic signs. The independent variables were segregated into four main categories.

1. Geographic Area - Weather conditions presumably influence the retroreflectivity and

service life of sign-sheeting. However, as found in the FHWA "Service Life of

Retroreflective Traffic Signs" project (20) the effects of climate aredifficultto isolate as the

climatic influences are very interrelated and tend to disguise the impacts of any specific

element. Due to theinterrelationship of climatic variables and the influences of highly

variable SIA values of new sheeting, the geographic zone system derived for the FHWA

project was removed fromthefinal service life models. However, prior to the results of the

FHWAproject an eight geographic zone system was developed for the data collection effort
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described here. It is still reasonable to expect climatic/geographic influences on sheeting

deterioration but quantifying these influences remains difficult. The zone system

encompassed the continental United States as the goal of this project was to conclude with

national estimates of sheeting retroreflectivity conditions.

2. Jurisdiction Levels - Adopting retroreflectivity standards could have different economic

implications depending upon the type andsize ofjurisdiction. Data was collected across

various jurisdiction types to assess the economic impacts of a retroreflectivity standard. The

jurisdiction levels identified for sampling were State, county,city, and town/township. The

jurisdiction levels generally follow the levels delineated in the Highway Performance

Monitoring System (HPMS) from which total roadway mileage was obtained. No data was

collected on Federally controlled roadways.

3. Sign Type -- Traffic signs are madeof different colors andvary in criticality; therefore,

they require different retroreflectivity levels. To accommodate these differences it was

necessary to develop the retroreflectivity condition estimates by sign type and color. The

MUTCD classifies signs into the following categories:

e Regulatory - black and white, red and white

e Warning- yellow and black

e Guide - green and white, blue and white, brown and white

Data was collected for the following four sign colors by sign type:

e White (Regulatory)

e Red (Regulatory)

° Yellow (Warning)

ve
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e Green (Guide)

Parking series regulatory signs and blue, brown, andall street name guide signs were

excluded from the sampling effort.

4. Sheeting Type ~ Differencesexist in retroreflective properties, service life, and per unit

cost among sheeting types. Therefore, it was desirable to sample the various types of

sheeting. However,fromavisual inspectionofinservice signs it is possible to distinguish only

two types ~ enclosed lens sheeting (Types II and II A from FP-85) and encapsulated lens

sheeting (Type III A). Type II and II A material appear the same during daytime inspection,

although in recent years the major manufacturer of Type II A has a symbolonits sheeting

that may be distinguishable on some signs. Hence,all signs were identified as either Type

II (Engineering Grade) or Type [II (High Performance Grade). In the presentation of the

results of the condition of signs, this classification was eliminated andall signs of the same

color were grouped. Theoretically, the randomness of the data collected resulted in a mix

of sheeting types representative of the Nation’s population ofsigns.

SAMPLE SIZE DETERMINATION ANDSITE SELECTION

Theoverall objective of the data collection was to obtain a representative sample ofsigns

for statistically valid estimates of retroreflective condition and ofsign density by roadway

jurisdiction control. In order to meetthe stated objective a sample of different area types,

sign types, sign materials, roadway categories, and jurisdiction level of responsibility was
needed.

A cluster sampling approach was selected for developing the data collection plan. It

involved dividing the population, the entire country, into heterogeneous subgroups or
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clusters. States were used to form clusters because they have well defined boundaries.

Weatherconditions influence the retroreflectivity andservice life of signs and, therefore,it

was believed that grouping the States by similar weather conditions would be an effective

strategy to define the study areas from which to sample. The eight geographic zones

developed for the FHWA "Service Life of Retroreflective Traffic Signs" project were

modified slightly to maintain state boundary lines. This zone system considers general

climatic conditions andsolar radiation levels.

Within each zone a minimum of two primary sampling units (PSU) were selected. Each

PSU neededat least three different jurisdictions (city, county, State or town). Individual

counties were selected as the most appropriate PSU. Using FHWA’s HPMSdata, counties

with three or more different jurisdictions were segregated. The counties were further

segregated by urban and rural designations based on population density.

Establishing the samplesize usually involves tradingoffstatistical requirements against time

andfunds available. Using cost and variance models alternate combinations of total PSUs

and roadway segments wereselected. The cost modelis described as follows:

Total Budget = (Cpsu)(M) + (Cseg)(M)(N)

where:

Cpsu = Cost per sampled PSU

M = Numberof PSUs

Cseg = Cost per sampled segment

N = Numberof segments within each PSU
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Judgementwas usedto select the following reasonable alternatives:

° 10 PSUsand 40 segments

° 25 PSUs and 12 segments

e 40 PSUs and 5 segments

Eachofthese alternatives satisfied the budget constraints.

A variance modelwas developedto evaluate the variance in SLA conditions between PSUs

and within PSUs. The goal of the model was to establish if the between or within variance

is greater and then optimize the sample of PSUs and segments. The variance model had the

following form:

V(x) = Bm + Wmn

where:

Vix) = Total variance

B? = Between PSU variance

wos Within PSU variance

m = Numberof PSUs

n = Numberof segments

B? and W? wereestimated from data obtained from the FHWA "Service Life of

Retroreflective Traffic Signs” project. B? and W?vary by sheeting color and type. B* was
found greater than W?; therefore, it was concluded to increase the numberof PSUsrather

than increase the numberof segments within each PSU. Table B-1 provides the variance

estimates for several alternate design options. It was determined to sample 25 PSUs with 12

segments in each PSU,as minimal improvementin variance was afforded beyond 25 PSUs.
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Table B-1. Estimated variance for three sample designs.

Number PSUs

Numberof segments

Sheeting Color and 10 235 40
Type 40 12 5

  
 
 

 

  

 
Note: EG = engineering grade sheeting

HP = high performance sheeting
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Also, as the number of PSUsincreasesthe total signs to sample greatly decreases.

The 25 PSUs wereallocated to the eight zones based on that zone’s proportion of total

national roadway mileage. Depending on the numberofdifferentjurisdiction roadways (i.e.

State, county, city or town/township) within a county,four or five segments were selected for

each jurisdiction type. The roadway segments undereach jurisdiction within a county were

identified on county mapping. Approximately 15 traffic signs per segment were measured.

Givena starting point on a segmentthefirst 15 traffic signs were selected and measured to

insure randomness.

The candidate counties were screened for three or more different jurisdictions roadways

and for urban and rural population densities. From the screenedlist, counties were then

randomly selected using the HPMS numbering system. At least one rural and one urban

county were selected in each zone. Again, the total number of PSUs per zone was

determined by the total roadway mileage. Certain manual selections were necessary for

travel andlogistical considerations. Figure B-1 provides the geographic location of the data

collection sites with the zone system boundaries. As shown 28 sites, or 3 more than the

original plan, were actually sampled. This was attributed to the efficiency of the data

collection crews.

DATA COLLECTION METHOD

Two teams of two technicians each were used to collect the retroreflectivity data

throughoutthe country. The Advanced Retrotechnology model 920 retroreflectometer with

extension pole and remote display was used to collect the measurements. Thetraffic signs

were not cleaned prior to measurement because it was desirable to measure the

B-7
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DataCollectionSites(County)

Delaware, NY (2) Shawnee, KS (34)
Berkshire, MA (5) Vanderburgh, IN (35)
Hillsborough, NH (8) Fillmore, MN (37)
Westchester, NY (9) Oneida, WI (39)
Calvert, MD (12) Wayne, MI (40)
Montgomery, TN (13) Madison, MT (41)
Washington, AL (16) Iron, UT (42)
Levy, FL (17) Yuma, AZ (43)
Pittsburg, OK (20) Pima, AZ (44)
Greensville, SC (23) Wasco (46)
Dallas, TX (25) Mendocino, CA (47)
Butler, NE (27) Sacramento, CA (50)
Adair, LA (28) King, WA(51)
Bureau, IL (31) Clark, NV (52)

Figure B-1. Location of data collection sites.
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retroreflectivity as the drivers view the sign. (The FHWA “Service Life of Retroreflective

Traffic Signs" project found that sign washing increased SIA by 12% and 8% for Type II and

Type III A sheetingsigns, respectively). The retroreflectivity readings, segment and county

coding, sheeting color, and sheeting type were manually recordedin the field and transferred

to computer databasein the office. Four readings persign were taken and later averaged.

B-9
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APPENDIX C— QUESTIONNAIRE SURVEY RESULTS

Questionnaire surveys were used to obtain dataincluding:sign population,existence ofsign

inventory, sign replacementcosts, sign maintenancecosts, inventory inputs, etc. The surveys

weredistributed to 50 state, 790 county and 85city agencies. Responses were received from

48 states, 170 counties, and 20cities.

The following paragraphs provide a summary ofthe responses to key questions. The

summary of responsesis groupedinto two areas -- 1) sign inventory and 2) replacement and

maintenance.

SIGN INVENTORY

Question A. Does your agency have a sign inventory?

Agency Yes No

State 14 33
County 129* 41
City 13° 7

. This is not the result of a random sampleofjurisdictions. Those agencies

with computer inventories were morelikely to respond to the questionnaire

survey.

Only 30 percentof state agencies were found to maintain statewide sign inventories. For

counties and cities, generalizations cannot be made from the survey because this was not a

random sample of these agencies. However, from the considerable contact with local

jurisdictions it can be stated that few of these agencies maintain inventory systems.

woo
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Question B. Whatis your inventory format?

Agency

Format tat County City

Card/Paper 11% 43% 24%
Main/Mini Computer 37% 20% 23%
Micro Computer 48% 32% 30%
Other (photolog,maps,etc.) 4% 5% 15%

Approximately 85 percentof statewide inventories are computerized. Only approximately

50 to 60 percent of the counties and cities responding with inventories had computerized

systems. Over 40 percentof the counties responding as having inventories maintained card

or paper records. The majority of the "other" responses were inventories on aerial

photography and other mapping materials. The percentage of county and city agencies

having micro-computer formatis likely to increase as these programs are becomingreadily

available.

Question C. Does your inventory include the following elements?

Agency

Data Element State County City

Sign Type 93% 97% 92%
Installation Date 78% 82% 11%

Replacement Date 74% 83% 71%
Sheeting Type 56% 50% 54%

C-2
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SIGN REPLACEMENT AND MAINTENANCE

Question D. Approximately how many signs do you replace per year due to

vandalism, knockdown,poorretroreflectivity and other causes?

Reason for Replacement

Vandalism and Theft
Knockdown
Poor Retroreflectivity
Other

Percent of All Replacement

County

39%
23%
16%
22%

Agency
City

24%
27%
30%
19%

Question E. Whatis your total annual-cost for sign maintenance and replacement?

Item

Total Cost
Per Mile Cost

Per Capita Cost

County
Average No.of
Cost Responses

$96,000 148
$92.00 141
$1.00 72

City
Average
Cost

$277,000
$132.30
$1.20

Question F. Whatis your average cost to replace a sign?

County
Average No. of

Item Cost Responses

Materials Cost/SF $5.17 7
Labor Cost/Hour $14.97 19

Equipment Cost/Hour $10.35 16
Material Cost/Sign $38.24 117
Labor Cost/Sign $18.92 103
Equipment Cost/Sign $10.81 98
Total Cost/Sign $65.72 168

NA - Not Available

C3

City
Average
Cost

NA
NA
NA
$29.56
$14.49
$9.84
$54.66

No. of
Responses

16
10
16

No. of

Responses

6£
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Question G. How manytraffic signs are under the control of your agency?

 
TOTAL SIGNS PER CAPITA AND PER MILE!

Signs

rer eae os rei No. of Per No, of
|.=nam|Region||Region|

Signs?

eeeeeeeabes[1as|
'yciudes actual and estimated sign totals
2Does not include parking series signs
Does not include street name signs

  
  

The replacementcost andsign density information obtained here becamethebasis for the

economic analysis and the developmentof the implementationstrategies.
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APPENDIX D—SIGN REPLACEMENT COSTS

Sign replacementcost for State, county, city, and town controlled roadways were developed for

red, yellow, green, and white sheeting based on the minimum SIA criteria identified in Chapter 3.

Each sheeting color was tested using the lower and upper minimum SIA standards. The economic

mode! was run foratotal of 11 years to obtain the annual replacement costs for the years after

implementation of the minimum standards.

Tables D-1, D-2, D-3, and D-4 provide the sign replacementcostin terms of dollars per roadway

mile for State, county, city, and town controlled roadways, respectively. The shaded boxes in the

tables highlight the annual replacementcosts for each year of the implementation schedule. The

unshaded boxes show the annual cost to maintain the minimum standards after implementation is

completed.

There is a considerable difference in replacement costs between the lower and upper standards,

especially for the red, green, and white sheeting. The replacementcost for green sheeting represents

65 to 75 percent of the total replacementcost. Several reasons for this are apparent:

1, Average cost per sign to replace green guide signs is nearly twice the of standard

warning andregulatory signs dueto sign size.

2s Majority of green guidesigns are constructed using engineering grade sheeting which

has lowerretroreflectivity characteristics than the other sheeting types.

3. Minimumretroreflectivity standards for green sheeting tested here were high and in

the case of the uppervalue(i.e. 10 SLA) higher than the delivered new specification

for green, engineering grade sheeting listed in FP-85.

4. Manyofthe green sheeting samples collected across the country had SIA valuesless

than 8 SIA which was the lower minimumstandardtested here.
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 Table D-1 Sign replacementcosts for state roadways.
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Table D-3 Sign replacementcosts for city roadways.
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Onall roadways the need for replacementofred sheeting signs was quite high. The problems of

color fade of this sheeting type contributes to the overall poor condition of these signs. In several

instances the annual maintenance cost actually increased after the implementation schedule was

completed. The population ofsigns for this evaluation was deteriorated using the equations and

relationships developed in FHWA’s "Service Life of Retroreflective Traffic Signs". High annual costs

after the standards implementation are the product ofa large population ofsigns ofsimilar age(i.e.,

5 or moreyears) failing to meet the minimumin the years after the schedule has beenfulfilled.

D-4
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