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CHAPTER 1. INTRODUCTION
BACKGROUND

Motor vehicle ownership and use continue to rise in all sectors of the nation. The corresponding increasein
accidents, delays, and inconvenience has posed a critical challenge to highway and traffic operations and safety
engineers. In seeking solutions, the emphasis has shifted from new road construction to improvement of existing
roadways.

Roadway delineation techniques have generally kept pace with the development of the national highway and street
systems. Delineation has long been considered essential for effective guidance of the driver. This guidance enhances
traffic flow, driving comfort, and traffic safety. Shrinking highway budgets, however, make it important to use new and
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improved economical delineation methods. A thorough knowledge of the technology and prudent application of
cost-effective techniques are needed.

Definition of Delineation

Delineation refers to any method of defining the roadway operating area for the driver. In this Handbook,
delineation is defined as one, or a combination of devices (excluding guide signs), that regulate, warn, or provide
tracking information and guidance to the driver. These devices include the following delineation materials: painted
markings, thermoplastic and other durable markings, raised pavement markers, and post-mounted delineators. Warning
signs are aso considered part of the delineation system. They are used to complement standard delineation in special
areas, such as at horizontal curves.

The function of roadway markings, as stated in the Manual on Uniform Traffic Control Devices (MUTCD), part 3,
isto “ supplement the regulations and warnings of other devices such as traffic signs or signals. In other instances, they
are used alone and produce results that cannot be obtained by the use of any other device... [by] conveying certain
regulations and warnings that could not otherwise be made clearly understandable.” @

The MUTCD presents standard ways of conveying information to the driver (design, color, pattern, and width). For
example, yellow lines separate traffic flowing in opposing directions, whereas white lines denote traffic flowing in the
same direction. Broken lines are permissive in character; solid lines are restrictive. Width of the lineindicatesits
emphasis. Detailed standards related to color, pattern, and width are presented in MUTCD sections 3A-2 through 3A-6,
whereit is stressed that "each standard marking shall be used only to convey the meaning prescribed for it in this Manual
[MUTCD].” InthisHandbook, it is assumed that personnel who design roadway delineation will be familiar with the
MUTCD or its State-mandated equivalent.

In aproperly designed traffic control system, markings have specific functions. Pavement markings guide the
movement of traffic and promote safety on the highway. 1n some cases, they are used to supplement the messages of
other traffic control devices. In other cases, markings are the only way to convey a message without distracting the
driver. Inaddition, a highway's capacity increases from orderly traffic flow. Pavement markings encourage this kind of
capacity increase.

Markings must be readily understood, and this can be achieved only by a uniform system of markings. A motorist
should see the same type of markings in different localities and these markings should impart the same message
wherever they are encountered.

Initiativesto Improve Highway Safety

Because highway agencies are beginning to concentrate on increasing capacity for existing roadways, safety has
become more important than ever.

While the 1990 rate of 2.1 traffic fatalities per 100 million vehicle miles traveled is the lowest in United States
history, much work remains.(2 There were almost 6.5 million police-reported traffic accidents resulting in more than
44,000 fatalitiesin 1990.)

One of the primary goals of engineers is the application of hew technology to old problems. Engineers attempt to
make life easier and safer for the public. The use of innovative delineation techniques and treatments can have safety
benefits for driversin ways that may not be realized with any other method.

On October 3, 1983, the Secretary of Transportation announced a series of new initiatives directed toward
improving highway safety. The Secretary's initiatives included several items directed specifically toward actions in the
Federal Highway Administration's (FHWA's) area of program responsibilities. The FHWA's memo, dated October 25,
1983, set forth objectives and methods for implementing the initiative on highway safety delineation and markings.
One hundred percent Federal funding was made available for implementing the delineation initiative.
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Cost-Effective M arkings

The best known way to improve capacity and safety on highways is to provide cost-effective delineation. This
means applying markings that provide the longest service life per unit cost, provided performanceis equal .

Benefit-Cost Ratio

Markings should be evaluated by the use of the benefit-cost ratio. First, all options must provide nearly equal
visibility for their effective service lives. Thisis of paramount importance. If this criterion is not adhered to, the most
cost-effective option will seem to be alow-cost, low-performance system that may eventually create a hazard because of
its rapid failure or degraded visibility early inits lifetime.

Appendix A (Cost Analysis Techniques) gives a quantitative definition of how the benefit-cost ratio may be used to
evaluate marking alternatives.

Conditions for Cost-Effective Systems

Cost-effectiveness will be obtained by considering all variables and by thinking of delineation as a system that
consists of the pavement material, the marking material, and the retroreflective material. Itisvital that the delineation
variables for each application (discussed in chapter 2) are treated with an appropriate marking system.

In addition, there are a multitude of other variables that enter the equation. The Iength of time the markings will be
needed, local availability of materials and equipment, and the marking agency's policies and liabilities are just a few.
The highway engineer must realize that trade-offs must often be made among a multitude of divergent and often
conflicting concerns. Thisisthe only way that the optimum cost-effective delineation system can be attained.

SCOPE OF THE RESEARCH

The FHWA, National Cooperative Highway Research Program (NCHRP), and other agencies have sponsored
research to improve roadway delineation. In addition, many States and some large cities have conducted laboratory and
field tests of new delineation techniques. Many of these small agencies, however, do not have the resources to
investigate the devices, materials, or equipment that are a part of an effective roadway delineation system. These
agencies need guidance that is more objective than the persuasiveness of the local vendor.

Recognizing this need, the FHWA initiated a project to develop a Handbook on roadway delineation systems. This
Handbook would be intended to assist the practicing engineer in determining the appropriate system for a particular
situation.

This Handbook does not establish FHWA policies or standards. Rather, it is meant to supplement the Manual on
Uniform Traffic Control Devices, offering guidelines for implementing the standards presented in the MUTCD. This
Handbook is not intended to be atechnical report on research into the latest delineation technologies. However, major
research findings used to develop guidelines are clearly referenced. Those interested in the details of a particular
research project should seek them independently.

This Handbook is intended primarily for use by design, traffic, and maintenance engineering personnel. It may also
prove valuable to consulting engineers, educators, and students. The contents cover current and newly developed
devices, materials, and installation equipment, presenting each item's expected performance based on actual experience
or field and laboratory tests.

While this Handbook is not meant to reflect the state of the art in delineation technology, it does provide
fundamental concepts. The materials used to develop the Handbook reflect the experience of Federal, State, county, and
city agencies. It also summarizes future directions and developments as reported in recent research and by industry’s



Roadway Delineation Practices Handbook

technical representatives.
HANDBOOK ORGANIZATION

The Roadway Delineation Practices Handbook provides the practicing engineer with a guide for selecting the best
delineation technique for a given set of circumstances. The subject matter fallsinto six parts:

Introduction and background (chapter 1).

Delineation visibility factors (chapters 2 and 3).

Technical description of current delineation practices (chapters 4 through 10).
Summary of administrative and management issues and practices (chapters 11 and 12).
Technical supplement (appendices).

When possible, the chapters with technical descriptions of delineation techniques have been written in acommon
format. To avoid redundancy, material that is similar for many techniquesis detailed in chapter 4 and referenced in
subsequent chapters.

The appendices provide detailed technical information to supplement the basic practices described in the text. Of
particular interest to the practicing traffic or maintenance engineer will be the appendix A, which explains the cost
analysis technique for evaluating pavement markings. Appendix B gives the names and addresses of agencies that sell
delineation-related products. Finaly, appendix C gives information about delineation specifications.

CHAPTER 2. CHARACTERISTICSOF RETROREFLECTION AND
QUALITY ASSURANCE

INTRODUCTION

Today, delineation is an established component of the highway system. The question is no longer one of whether
delineation is effective, but rather one of how to provide the best system of delineation for the least cost.

Retroreflectivity is vital for a delineation system to be effective at night. Delineation is intended for visual guidance
of the driver; nighttime visibility is almost directly proportional to retroreflectivity. This chapter, therefore, covers the
most important aspect of roadway delineation: achieving durable retroreflective markings to ensure long-life visibility.
Also discussed are quality assurance through material testing and the programs sponsored by the Federal Highway
Administration (FHWA) to encourage testing.

RETROREFLECTION

Highway agencies' recognition of the importance of retroreflection have made its use nearly universal. According
to the Manual on Uniform Traffic Control Devices (MUTCD), markings that must be visible at night should be
retroreflective unless ambient illumination assures adequate visibility.() Because the percentage of well-illuminated
roadways is so small, the trend among highway agenciesisto make all pavement markings retroreflective. The common
exceptions are painted curbs and parking lines.
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Figure 1. Types of reflection

General Principles

A 1987 FHWA report by McGee and Mace defines retroreflection as the phenomenon of light rays striking a
surface and being redirected directly back to the source of light.® (Seefigure 1.)

To understand this phenomenon, a discussion of optical characteristicsis necessary. Light sources emit some
amount of energy in the form of visible light. Anideal point light source directsits light equally in al directions (figure
2a). If aperfect point light source were enclosed in a perfect sphere, every point on the sphere would be illuminated by

an equa amount of brightness, or intensity.

A directed light source, such as aflashlight, will direct itslight in a cone around the direction that it is pointed, as
seenin figure 2b. If the flashlight puts out an amount of light energy equal to the point source,
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Figure 2. Comparison of point and directed light sources

andisenclosed in an identical perfect sphere, the intensity of light from the flashlight falling on each point will be
greater than that of each identical point on the sphere with the point source. Simply put, the points on which the
flashlight shineswill be brighter than each point illuminated by the point source.

For the sake of complete accuracy, light flux and how it relates to energy are described, since these two concepts are
not strictly identical. Rather, light flux is aflow rate of light energy. Light flux can be compared to the flow rate of
water; it describes how much light is flowing per unit of time.

Using the same analogy, intensity is like the velocity of water flow. If there are two pipes that discharge equal
amounts of water every second, and one pipe's cross-sectional areais half that of the other pipe, it is clear that the
velocity of water in the smaller pipe must be twice that of the water flowing from the larger pipe.

The sameistrue for light. If there are two directed light sources that rel ease the same total light flux, but the first
source illuminates twice the area of the second, the intensity of the second source will be twice that of thefirst. This may
be visualized as “ squeezing” the light rays together to get the same amount of light onto asmaller area. Asaresult, the
areailluminated by the second source will appear brighter, just as the water in the smaller pipe will travel faster and
flow with more water per unit of area.

These concepts can aid in an under-standing of the phenomenon of retroreflectivity. A point light source, like the
one described above, has a uniform distribution of light flux in al directions around it, as shown in figure 2a. A perfect
retroreflector would simply reverse the direction of the light incident upon it. In all directions except that of the source,
the intensity of light emitted from the reflector is zero.

A perfect retroreflector would not be useful for roadway delineation, since all reflected light would be returned
directly to the auto headlights. (Seefigure 3a.)
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Fortunately, retroreflectors are not perfect. Some light is absorbed by the reflector. More importantly, thereisa
scattering of light intensity in directions around that of the source, asin figure 3b. It isthisimperfectly retroreflected
light that returns to the driver’s eyes and allows retroreflection to be useful for pavement markings.

M easuring Retror eflection

Hoffman and Firth suggest an ideal way to measure the retroreflective properties of adevice.® It seemsintuitively
correct to measure retroreflection as aratio of the intensity of light returned in the direction of the driver to the intensity
of the source. Thiswould give ascale for retroreflection that consisted of a dimensionless number between 0 and 1.

Unfortunately, there are pragmatic problems with this approach and there must therefore be a system of unitsto
define light flux, intensity, and other optical quantities. The following sections show how these units have been used to
establish standard test methods for measuring retroreflection.

Unitsof Measure
Metric Units
To aid this discussion of units, the concept of a solid angle will be defined. A solid angle is a measure of how large

an object “looks’ from a certain vantage point. The solid angle subtended by an object (or arbitrary ared) is a function of
the object’ s area projection in the direction of the vantage point and its distance from the vantage point.

Solid angles are measured in units called steradians (s). Steradians are defined so that there are atotal of 4p
steradians in a complete sphere around a source. Thisis analogous to the two-dimensional case where 2p radians equals
acomplete circular angle around a point.

In figure 4, the solid angle subtended by Area ABCD is equal to the area of ABCD, divided by the total area of the
concentric sphere, times the total number of steradians in the sphere.
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Figure4. Intensity of alight source

Having defined the solid angle, the definition of optical quantities can be presented. The basic optical quantity is
the candela. It isameasure of luminous intensity. The concept of intensity was discussed in the previous section. The
official definition adopted in 1979 by the General Conference on Weights and Measuresis. “The candelaisthe
luminous intensity in a given direction of a source emitting a monochromatic radiation of frequency 540 x 102 Hertz, the
radiant intensity of which in that direction is 1/683 watts per steradian.” This definition, while not helpful for an
intuitive grasp of the nature of luminous intensity, does provide a physical means to establish optical units.

With this definition to establish the candela as the basic optical unit, a unit of flux can be defined. As described
earlier, flux is ameasure of total light energy emitted per unit of time. The unit of flux is called the lumen. Onelumenis
defined as that amount of light energy flowing through a solid angle of one steradian from a source having aluminous
intensity of 1 candela.

[lluminance is defined as the luminous flux per unit area. It is measured in units of lux, or lumens per square meter.
In other words, if a uniform light flux of 1 lumen isfalling on an area of 1 square meter, then the illuminance at any point
onthe surfaceis 1 lux. (Seefigure4.) Theilluminance on area ABCD is 1 lux (1 lumen per square meter).

Infigure 4, the area ABCD is 1 square meter. Its solid angle with respect to the point source at the center of the
sphereis 1 steradian. If the point source is uniform with an intensity of 1 candela, then the flux falling on area ABCD is
1 lumen. Theilluminance at any point on area ABCD is 1 lumen per square meter or 1 lux. The sphere has atotal area
of 4pr2 or 12.57 square meters. A flux of 1 lumen falls on each square meter, so the total power output of the sourceis

12.57 lumens.(®

Figure 5 illustrates the difference between intensity and illuminance. Suppose the lines passing through A,B,C, and
D infigure 4 are extended until they subtend an area of 4 square meters. A sphere with aradius equal to their distances
from the source will have aradius of 2 meters.
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Figure5. Distribution of light through space
The solid angle subtended by EFGH will be equal to that of ABCD:

solidangle= _4m2  x4p(s)=1(9)

4p(2m?)

And, since the source’ sintensity equals 1 candela, or 1 lumen per steradian, thereis still atotal flux of 1 lumen on
Area EFGH. However, theilluminance at any point on EFGH is now:

=1 lumen = 0.25 lumen/m2 = 0.25 lux.
4 m?

Obviously, the illuminance on a surface decreases with the square of the distance from the source.

In simpler terms, intensity measures the brightness of a source, and illuminance measures the brightness of light on
asurfacethat isilluminated. These are not the same because the light that a source puts out is spread out over alarger
region asit radiates through space. These statements are generalizations for a spatially uniform point source. They do
not apply to a directed source, because the light is not spread out over so large aregion of space, but they do serveto
help illustrate a concept.

English Units

English units are similar to Metric units. Candelas and lumens are identical in the English system. 1lluminance,
however, is measured with units of lumens per square foot rather than per square meter. One lumen per square foot isa
footcandle and one footcandle equals 10.76 lux (lumens per square meter).

Coefficient of Retroreflected Luminance—Markings

The most commonly used measure of retroreflectivity for markingsis coefficient of retroreflected luminance, R, . It
is defined by the American Society for Testing and Materials (ASTM) to be the ratio of the luminance, L, of asurfaceto
the normal illuminance, E , on the surface. Luminance is defined as the luminous flux of alight ray on a surface per unit
of projected area of that surface, per unit of solid angle.(). One of the main problems with measuring retroreflection in

the past has been that standards like these were written with |aboratory testing proceduresin mind. These standards do
not translate well into test methods that work in the field, however.



Roadway Delineation Practices Handbook

In the field, this definition of R, would translate to measuring the luminance of the marking to the normal
illuminance of the incident light on the marking. In this context, the luminance would be the luminous flux of alight ray
from the marking to the driver, per unit of projected area of the marking in the direction of the driver, per unit of solid
angle. Additionally, since luminousintensity is just luminous flux per unit solid angle, the luminance is simply the
luminous intensity of the light returned by the marking per unit area. The normal illuminance, E , is the illuminance of

the headlights on the marking, measured on a plane perpendicular to the direction of the headlight beams.

Figure 6 helps visualize these quantities. If the car shown is frozen at a specific instant of time, then the observation
and illumination angles are fixed. The headlights direct light of a specific intensity along the illumination axis. Since the
quantities defined in the standards are directional, a single point must be identified on the marking where R_ will be
examined. This point will be point B in figure 6. Having established this, a precise definition of the illumination axisis
possible, directed along line AB infigure 6.

By the time the light reaches point B, it has been “spread out” through space and will have a certain illuminance
associated with it. A planeis placed at point B with an area of 1 square meter, and a normal vector in the same direction
asline AB. Thevalue of illuminance at B will equal the amount of light that would fall on this planeif it were all
illuminated by the same intensity of light as that directed at point B.

Thelight will be reflected back in a cone shape around the direction of the source. It will have a certain intensity in
the observation direction, along line BC.

At this point, the standards are no longer helpful. Using the two values just mentioned, a value for coefficient of
luminous intensity can be calculated. To calculate luminance and derive avalue for R , the luminousintensity per unit
areamust be found. The problem isin selection of the appropriate areato divide by. Up to this point, all the quantities
have been directional, dealing with infinitesimal areas. If avery small areais chosen, the illuminance will be uniform,
but how large should the area chosen be, and at what angle? If alarger areais chosen, illuminance will not be uniform
and the flux must be integrated over the area and then divided by the total area. If aunit areais chosen, thenitsinclusion
does not affect the value of the coefficient at all. If the entire areailluminated by the headlightsis used, thereis again the
problem of nonuniform illuminance, since some areas illuminated are much farther from the headlights than other areas.

C (Driver's eyes)

O

— Normal vector

Area = 1m?2

Figure 6. Physical quabtities related to roadway retroreflection measurement

What really happens is decided by the manufacturer of the retroreflection-measuring instrument. The illuminance
on some arbitrary areais measured and thisis used as the sample area. The problem of non-uniform illuminance is not
so important because the scale of the instrument is usually much smaller than that of automobile headlights, and the
instruments therefore shine light on a small area.
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Such decisions result in coefficients of retroreflection that differ from one instrument to another, depending on each
instrument’ s sample area and method of measuring intensity and illuminance. Care must be taken to prevent use of these
values interchangeably for different instruments.

Each instrument can usually be relied upon to be consistent with itself. The method used by each should be
constant, and will result in units of candelas per lux per square meter. The unit of 1 candela per lux per square meter,
however, istoo large to be practical. The unit used in actual practiceis millicandelas per lux per square meter, whichis
equal to one-one thousandth of the basic unit.

Aswas originally mentioned, much of this problem arises from the attempt to apply laboratory test methods to field
testing. The lack of flexibility in the standards, and incompl eteness of terms and methods defined by the standards result
in makeshift, inconsistent retroreflection-measuring instruments. At the time of publication of this Handbook, no official
ASTM standard exists for afield test method for measuring retroreflection, but plans are reportedly being made to
develop one.

Coefficient of Retroreflection—Signs

Coefficient of retroreflection (R,) is the standard used for signs and is described by ASTM Standard E808-91.®) |t
is defined as the coefficient of luminousintensity, R,, of a plane retroreflecting surface to its area, expressed in metric
units of candelas per lux per square meter. The coefficient of luminous intensity is defined as the luminous intensity, |,
of the retroreflector in the direction of observation to the illuminance at the retroreflector on a plane perpendicular to the
direction of the incident light. After all of the units and other considerations are taken into account, R, is conceptually
identical to coefficient of retroreflected luminance, but is simpler to implement for signs. Also, the English units of
candelas per footcandle per square foot are often used for R,, and it is also often referred to as specific intensity per unit
area (SIA).

R, isstill aratio of returned intensity to incident illuminance divided by the area of the retroreflector. Signs make
the measurement of these quantities simpler, however, because they have afixed area. The measuring geometry is
arranged so that the plane of the sign is perpendicular to the incident illumination; the illuminance is uniform across the
face of the sign. This makes measurement much simpler and more accurate.

Glass Beads
Definition

Glass beads are small glass spheres used in highway signs and pavement markings to provide the necessary
retroreflectivity. The beads are applied to pavement markings in one of three ways. They can be dropped on, they can
be premixed in marking materials before application, or a portion can be dropped onto premixed materials.

The most commonly used technique is spraying (under pressure) or dropping (by gravity) a quantity of beads onto
the wet material. The bead nozzle is located immediately behind the paint nozzle or extrusion shoe so that the beads are
sprayed or dropped almost simultaneously with the paint application. For beads to retroreflect light, two bead properties
are necessary: transparency and roundness. Beads made of glass have both of these properties. Early experimentsin
the use of crushed glass and aluminum or brass beads proved these materials to be unacceptable because they failed to
meet these criteria

The need for transparency and roundness can be explained by examining the path of light as it enters abead
embedded in a painted marking. First, the glass bead must be transparent so that light can pass into the sphere. Asthe
light ray entersthe bead, it is bent (refracted) downward by the rounded surface of the bead to a point below where the
bead is embedded in the paint. Light striking the back of the paint-coated bead surface is reflected back toward the path
of entry (figure 7). If the paint were not present, the light would continue through the bead and bounce in many
directions. Characteristics, typical uses, and major factors influencing the application of glass beads are discussed in the
following sections.
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Figure 7. Glassbead retroreflection
Physical Description

The light that glass beads retroreflect is a function of three variables: index of refraction; bead shape, size, and
surface characteristics, and the number of beads present and exposed to light rays.

The refractive index (RI) is afunction of the chemical makeup of the beads. The higher the RI, the more light is
retror-flected. Beads used in traffic paint commonly have an RI of 1.50. There are some 1.65 Rl beads used with
thermoplastic; 1.90 Rl beads are often used in retroreflective airport markings.

The chemical composition of glass beads differs for each refractiveindex. The 1.50 RI bead is a hard sodalime
glass made from crushed scrap windowpane glass, called cullet. Both 1.65 and 1.90 RI beads are manufactured from
raw materials.

Despite the increased brightness gained with the higher refractive index, most State and local highway agencies use
1.50 RI beads. Because these beads are made from cullet, arecycled product, they are less expensive than those
manufactured from raw materials. They are more stable chemically and require fewer pounds per gallon of marking
material because they are less dense than higher RI beads. Also, the higher index beads are more brittle and therefore
need to be replaced more often. Some highway agencies use a mixture of 1.50 and 1.65 RI beads on roadways, and a
few supplement the 1.50 RI beads with 1.90 RI beads.

Glass beads range in size from 60 micrometers (0.0024 inches) to 850 micrometers (0.034 inches). Bead size
usually is expressed in terms of U.S. sieve number, or the size of the mesh screen that a bead will pass through. For
example, aU.S. Sieve Number 20 will permit beads with a diameter of 840 micrometers (0.033 inches) or less to pass
through the mesh; a number 200 mesh will allow only those beads of 74 micrometers (0.0029 inches) or lessto pass.

A typical application of drop-on beads will use from 20 to 100 mesh. The specified gradation, or percentage of
weight for each size bead, is a subject of some debate. It isusualy alocal policy decision based on severa factors.
First, the realities of marking application and the uncertainties of weather and material control must be considered when
selecting bead gradations. Second, the drying time of the marking material affects settlement of the beads into the
binder. Obtaining equal embedment in a quick-drying material requires smaller beads. Third, servicelife of the
material and number of beads applied affect bead gradation. A durable thermoplastic materia application with 10
pounds per gallon of premix and drop-on beads requires awide range of bead gradation. Conversely, a painted marking
with an expected service life fewer than four months and an application rate of 4 pounds per gallon of beads has a
narrower range of sizes. Finaly, beads that are too small (80 to 100 mesh) are very light and may be blown away. Also,
very large beads may be lost early because they are poorly anchored. New binder materials alleviate this problem.

Retroreflective Properties

Each glass sphere works like a light-focusing lens. Each has a definite focal point outside the back of the bead. The
closer the focal point is to the back surface of the sphere, the brighter the light return. For example, as shown in figure
8, the 1.50 RI bead has afocal point further behind the back of the bead than does the 1.65 RI bead. With the 1.90 RI
bead, the focal point is very close to the bead' s back surface. Consequently, a marking with 1.90 RI beads will be
brighter than one using 1.65 or 1.50 Rl beads.
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Figure 8. Effect of refractive index on glass bead retroreflection

Sincethe light is actually focused outside the back of the sphere, the light that is incident on the back of the bead is

in the shape of a semicircular bright “spot.” (Seefigure 9.)

This light passes through to the paint binder, whereit is scattered. This makes the binder act as another light
source, located on the side of the bead opposite the driver. Good retroreflection, therefore, is dependent not only on the
quality and quantity of beads, but also on the quality and quantity of high index pigment in the pavement marking's

binder.
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The light that is retroreflected forms a cone directed toward the driver, after it is focused by the glassbead. Asa
direct result of the glass bead’ s optical characteristics, the bright spot on the back of the glass bead turns out to be about
60 percent of the diameter’ s distance from the top.(® Accordingly, the bead’ s retroreflectivity should rise sharply at
about 60 percent embedment, as the bright spot must strike the binder and undergo diffuse reflection for the bead’ s
proper functioning. Also, retroreflectivity would be expected to fall off gradually as embedment increases and the
proportion of the reflected cone that is returned toward the driver decreases. Thisisin fact what occursfor asingle
bead. (Seefigure 10.)
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Figure 10. Optimum glass bead embedment

For amarking on the road with many beads, other factors (such as meniscus formation of paint on the bead, and
collected light being passed on to beads farther away from the driver) change the optimum value. For a pavement

marking, the actual value for optimum performance is between 55 and 60 percent embedment.(©)
Bead Size
Until recently, the use of very large glass beads to increase retroreflectivity of pavement markings has been limited.

The materials experienced asignificant lossin retroreflectivity over time due to increased wearing away of the large
glass beads.
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In recent study, Kalchbrenner investigated the feasibility of using these very large glass beads in a pavement
marking system implementing improved synthetic binders and resin materials, especially thermoplastic, polyester, and
epoxy markings.(® He found that large beads (40 mesh or greater) enhance amarking's retroreflectivity. When used
with an appropriate binder system, they can be quite durable aswell. Figure 11 shows large versus standard bead
performance as measured with a Mirolux retroreflectometer.

Large glass beads are especially effective when roads are wet. Figure 12 shows how awater film (thickness equal
to 10 percent of the bead’ s diameter) influences the lens effect of aglass bead. The top figure shows the same bead in
dry conditions. Calculations show that a bead having a diameter two or three times larger will make the effect of the
same thickness of film negligible, as this thickness will be very small compared to the large bead' s diameter.(19

Large glass beads can have a beneficial effect under certain conditions. Once again, it is stressed that delineation
systems must consider all the important variables when selecting bead gradations.
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Figure 11. Large vs. standard beadperformance in epoxy pavement markings
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In an effort to provide for all-weather pavement markings, the FHWA has developed three new gradations of large
glass beads, as dternative beads, for use in water base paint, epoxy, polyester, and thermoplastic marking materials.
These gradations, which range from sieve size No. 8 to No. 25, are shown intable 1. Application rates of the larger size
beads in the above materials are shown in FHWA's FP-92.(11) Field tests show use of the larger beads provides good
visibility of markings at night in the rain.

Premixed Paint

To obtain greater durability and better distribution of beads, fine gradation beads (60 to 200 mesh) can be added to
the paint formulation to produce a “retroreflective paint.” Theinitial retroreflectivity of premixed paint is poor since
very few beads are exposed. Asthe marking is subjected to traffic, the thin coating covering the beads is worn away.
The retroreflectivity improves markedly and is retained for a significantly longer period of time. Initia retroreflectivity
can be achieved by dropping coarse gradation beads on the premixed paint.

Table 1. Gradations for FHWA Type 3, Type 4, and Type 5 large glass beads.

Percent by Weight Passing

Designated Sieve
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Sieve Size (ASTM D 1214)
Grading Designations

Type3 Type4 Type5
No. 8 (2.36 mm) 100
No. 10 (2.0 mm) 100 95 - 100
No. 12 (1.7 mm) 100 95 - 100 80 - 95
No. 14 (1.4 mm) 95 - 100 80 - 95 10 - 40
No. 16 (1.18 mm) 80 - 95 10- 40 0-5
No. 18 (1.0 mm) 10- 40 0-5 0-2
No. 20 (850 pum) 0-5 0-2
No. 25 (710 pm) 0-2

During the 1960s and early 1970s, about 20 percent of the State highway agencies used premixed paint
supplemented by drop-on beads. Although the durability and brightness of the markings was judged superior, a number
of problems were reported. The settlement of beads in the paint during storage was an acute problem at first, but was
solved in part by using smaller beads and a suitable suspension agent in the paint formulation. Drum rolling equipment
and stirring devices were also devel oped to aleviate the problem.

A number of premix users reported excessive wear of paint spray nozzles. Paint crews generally exhibit little
enthusiasm for this technique as they perceive it to be “ more trouble than it’ sworth.” Asaresult, only afew major
premix users remain despite the technique' s superior performance.

Flotation Beads

To improve the performance of conventional glass beads, manufacturers have developed a flotation bead. Flotation
beads are standard glass beads treated with a special chemical substance that causes al of them, large and small, to float
inwet paint rather than sink completely into the paint film (figure 13). Because al the beads are thereby exposed, a
brighter marking is theoretically attained.

The two mgjor advantages associated with flotation beads involve application and performance. Flotation beads
provide a more consistent level of brightness. All beads float so that half of the bead is exposed regardiess of variations
in paint film thickness. With standard beads, a heavy application of paint will submerge alarge portion of beads,
thereby reducing initial brightness.

Flotation beads are more expensive than standard beads by several cents per pound, which could be significant to
highway agencies purchasing millions of pounds of beads annually. This additional cost can be partially recovered,
however, because fewer pounds of the smaller beads are required to provide the same level of retroreflectivity. For
example, 4 pounds (1.8 kilograms) of the smaller beads produce more reflective bodies than 6 pounds (2.7 kilograms) of
the mixed gradation.
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Knowing this, a highway agency can specify alower number of pounds of beads per gallon of marking material,
with an increased percentage by weight of smaller beads. Thiswill effectively increase, or at least keep constant, the
total number of retroreflective bodies in the marking. This technique would be ineffective with a standard-beaded
marking because many of the smaller bodies would sink below 50 percent of their diameter, and therefore become
nonretroreflective, especially in thicker marking materials.

A problem with flotation beads arises under certain conditions. In areas where roads are often wet and the markings
are covered by awater film, flotation beaded markings might experience decreased retroreflectivity. If the percentage by
weight of smaller beads isincreased, wet retroreflectivity will be reduced due to the effect of the water films discussed in
the previous sections.

STANDARD BEADS

FLOTATION BEADS
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Figure 13. Flotation beads

Also, flotation beads are of limited use in systems requiring the application of beads by pressure spray. For
example, in systems using hot-applied, fast-drying paints, the paint skims over so rapidly that the beads are applied only
partly into the paint spray under pressure. Some of the beads are therefore covered by the paint and will not float.

Because no flotation beads are sunk under the surface of the marking, a flotation beaded marking is often not as
durable as a standard beaded marking. Asthe paint film wears, the larger beads will be lost quickly because they are not
embedded as deeply as they might be in a standard beaded or premixed marking. There are no beads under the surface
to become exposed as the paint wears. Asaresult, flotation beads normally are used as ameansto increase initial
retroreflectivity when along service lifeis not as important.

Common Problems

In areas of high humidity, drop-on glass beads tend to absorb moisture and lose their free-flowing property.
Moisture absorption is due to the bead' s large ratio of surface areato volume. The beads stick together, falling as a
mass rather than as individual beads, thus clumping in the paint film. It is not uncommon for beads to clog the
dispensing equipment, which often must then be cleaned for marking to continue. To avoid clumping, beads can be
moisture-proofed by adding a small amount of absorbent powder, such as china clay, or by coating the beads with a
proprietary silicone-based material.

Aswith the gradation of beads, the proper rate of bead application for a given quantity of marking materia is
uncertain. Itisgenerally agreed, however, that factors such as the size of beads, the thickness of the binder, the type of
bead (flotation or nonflotation), and the expected service life of the retroreflective marking all exert an undeniable
influence on optimum rate of application. Numerous research studies involving both field and laboratory tests have
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addressed the effect of each of these factorsin terms of durability and cost-effectiveness.(1213)
Prismatic Cube-Corner Retroreflection

The most common use for prismatic cube-corner retroreflection isin raised pavement markers (RPMs). Prismatic
sheeting is also used for retroreflective buttons for post-mounted delineators. For simplicity, this discussion will
concentrate on the use of prismatic retroreflection in RPMs.

Physical Description

Raised pavement markers (RPMs) comein avariety of configurations, some with the characteristic wedge shape,
someround or oval markers, markers with and without replaceable retroreflective inserts, and so on. A more complete
review of the physical characteristics of RPMsis found in chapter 7.

Most retroreflective RPMs employ prismatic cube-corner reflectors to achieve the necessary retroreflective
properties, but some also use glass beads. Glass beads used in RPMs function in much the same way as those for
pavement markings, except that the bright spot created by the beads’ focusing effect is diffusely reflected by the RPM’ s
plastic housing, or base layer of the retroreflective element, instead of the pigments in the paint binder. Since the
physical characteristics of retroreflection of glass beads have been discussed in the previous sections, the following
discussion will focus on prismatic cube-corner retroreflectors and their usein RPMs.

Retroreflective Properties

Prismatic retroreflection of RPMs is achieved through the use of many tiny cube-corner retroreflective elementsin
aninsert or retroreflective sheeting on the face of the marker. Each element is atiny half-cube, open in the direction of
the driver. When alight ray enters the cube, it bounces off each mirrored face of the cube-corner element. The beam’s
directional component perpendicular to the plane of the surface isreversed. Eventualy, al three components of
direction have been reversed, and the exit direction of the light ray is nearly equal, but opposite, to that of the incident
light ray. (Seefigure 14.)

Laboratory measurement of retroreflection of RPMs is similar, but simpler, than for pavement markings. Each
marker tested will have definite area and geometry in each test, which will probably be more consistent between
different testing agencies. The ASTM standards originally were written with the intention that they be used for testing
retroreflectors of finite areawith afixed test geometry. The geometry and area must be constant to ensure

Reflected light beam

Figure 14. Prismatic cube-corner retroreflection
consistent results for coefficients of retroreflection.
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Figure 15, taken from the Standard Practice for Describing Retroreflection (ASTM Standard E808-91), illustrates
amethod of testing retroreflection that is naturally compatible with laboratory testing of RPMs or their retroreflective
inserts.® The figure again makesit clear that the test methods were not devel oped with pavement markings as a
primary consideration. Care should be exercised not to compare results for coefficient of retroreflection for RPMs to
coefficient of retroreflected luminance, R, for pavement markings. These coefficients are measured differently; results
will not be consistent.

Fixed axle, providing for motien about

e‘"‘“

the firet axis

Meveable axle, which
provides motion mbout the second axie

Figure 15. Retroreflection test geometry

Though the standards are suited to measurement in the laboratory of RPMS' retroreflectivity, there is still difficulty
with field measurements. There are numerous problems with creating a device that will measure the retroreflectivity of
RPMs in the field because of the need for collimation and problems with placement and light exclusion.

One erroneous method that is often used by researchers and highway agencies entails simply measuring the distance
at which RPMs are visible under the illumination of standard automobile high-beam headlights. This method is
discouraged because drivers seldom drive with high beams, and the results for visibility distance are very misleading.
Thereislittle evidence that correlates performance of RPMs under high-beam illumination to their performance when
viewed using low beams.

The main problem with the retroreflective performance of RPMs is how quickly their performance is degraded.
Van Gorkum states that markers, on average, lose 95 percent of their retroreflectivity in the first six months of use.(14)
However, much of thislossis recovered during periods of wet weather when water fills in surface scratches on the face
of the RPMs. Moreinformation on retroflectivity problems with RPMs and possible solutionsis given in chapter 7.

QUALITY ASSURANCE

One of the problems with pavement markings is their inconsistency. Highway agencies cannot reliably predict
performance. Some of the methods that have been instituted to remedy inconsistency and ensure quality of materials are
discussed in the following sections.

Vendor Certification

Vendor certification for marking materialsis of increasing concern. Retroreflective performance is probably
the main barometer of overall effectiveness of pavement markings. However, it is difficult to test, aswell as costly to
implement testing for all markings applied.

Many State DOTs now maintain alist of “prequalified” vendors. Prequalification is accomplished through
procurement and testing of many different vendors’ products on aregular basis, and keeping alist of those vendors
whose materials can be relied upon to perform well. An improved marking system is obtained, |ess rigorous pavement
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marking inspection is required, marking uniformity isincreased across the State, and, it is hoped overall
cost-effectiveness is achieved.

Procurement

To maintain acomprehensive list of qualified vendors, a variety of vendors, products, and marking materials must
be sampled. Therefore, the procurement of materials to be tested is an important process. Obtaining a variety of
materials to test can be costly. Sources must be reviewed carefully so that only promising vendors and materials are
selected to minimize waste of time and money.

Testing

After alist of potential sourcesis created and samples obtained, tests must be conducted on the material’s
performance. Evaluation usually consists of both laboratory tests and field tests of actual performance.

Laboratory testing consists of chemical and other types of testing to be sure that the materials used meet State
specifications for composition, brightness, resistance to gelling and caking, and so on. Each State normally has some
type of materials or chemistry laboratory where those tests can be performed.

Each State also will normally have a paint test facility where markings are painted on the road and observed for
durability and visibility. Often these markings are painted transversely so that wear is accelerated. There are correlative
equations to compensate for durability in the wheel path versus durability of longitudinal markings.

Markings also can be tested for retroreflectivity and skid resistance in the laboratory and in the field. The results of
all the tests will be collated to produce a list of vendors and products that meet State standards.

Regional Test Facilities

Procurement and testing can be expensive and time-consuming. A program has been initiated to develop regional
test facilities so that States within that region will not perform redundant testing.

Regiona test facilities have the responsibility of performing testing and specifications writing to be used by all the
Statesin their respective region. The number of regional test facilities should be large enough that the conditionsin each
region would be similar for al its component States with regard to delineation needs, climatic characteristics, and price
of materials and contractors. Two regional test facilities have been established, one in the Northeast and one in the
Southeast.

In the Northeast, there is a single test facility, established by the Northeastern Association of State Highway and
Transportation Officials (NASHTO), which resides with the Pennsylvania Department of Transportation (PennDOT).
NASHTO does not now maintain its own list of prequalified vendors, but it cooperates with 11 other Northeastern
States to test possible material sources for use by all.(39 The facility islocated in the PennDOT materialstesting
laboratory, keeping costs at aminimum. PennDOT acts as an organizing force to coordinate and collate testing efforts
throughout the Northeastern States. It was funded initialy in part by a FHWA contract on testing of pavement traffic
marking materials.

The Southeastern Regional Test Facility (SRTF) was created by a Southeastern Association of State Highway and
Transportation Officials (SASHTO) Ad Hoc committee in 1988 with the objective of organizing the States' separate

material testing efforts.(1®) The SRTF differs from the NASHTO facility in that it has no central location. Rather, itis
simply an organiza-tion of existing highway personnel, buildings, and equipment within the SASHTO region. Of the 12
SASHTO States, 11 are currently involved in some type of material testing for the program. By combining the States
resources in this manner, the program encourages cost-effectiveness for the participating States. It also createsa
uniform marking system throughout the participating States.

One problem with pavement marking systems in the past has been inadequate technology transfer between highway
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agencies. Much of this has been caused by alack of standards addressing the pavement marking issue, and the
inconsistency of the standards that do exist. The wide variety of laboratory and field test methods used by States has also
contributed to the problem. The regiona test facility network promoted by the FHWA should alleviate these problems.

CHAPTER 3. DRIVER VISIBILITY NEEDS

INTRODUCTION

The primary purpose of aroadway delineation system is to provide the visual information needed by the driver to
steer avehicle safely in avariety of situations. The delineation technique used must define the field of safe travel, and it
must be visible in daylight and darkness, as well as in periods of adverse weather such as rain and fog.

This chapter will discuss how to accomplish the task of providing adequate delineation, and what physical
parameters, such as luminance and contrast, affect the communication of visual information. Recommendations will be
made about minimum values for these parameters and visibility distances for avariety of situations. Also discussed is
why visibility should be increased to its maximum level (increased brightness needed by older drivers, for example).

Finally, roadway and traffic characteristics that affect the retroreflectivity of delineation systems are reviewed. The
properties of retroreflective materials (and the pavement surface) affect many of the pavement marking materials and
devices. A short discussion of these variables also isincluded to provide the background for subsequent chapters.

Driver Visibility

The ideal form of delineation isthat which provides the most guidance and warning to the driver. Research has
been directed at defining the behavioral and perceptual characteristics of drivers and relating these human factors to the
safety and operational efficiency of the nation’ s roadway system. This research has played a major rolein the
devel opment of new materials, specifications, and standards. The field of human factors research related to the driving
task is much too complex to be included as part of this Handbook. This discussion is limited to a summary of driver
characteristics that influence the design and installation of delineation systems.

Generally, the ability of the driver to operate a vehicle safely is based on the driver’ s perception of a situation, level
of aertness, the amount of information available, and the driver’ s ability to assimilate the available information. The
driver’ stasks are the following:

e  Control; the physical manipulation of the vehicle. By this overt action, the driver uses the steering wheel to
maintain lateral and longitudinal control of the vehicle.

e Guidance; the selection of safe speed and path. In this decision process, the driver must first eval uate the situation
to determine the speed and path appropriate to existing conditions. Then the driver must translate these decisionsinto
control actions (lane positioning, headway, passing, and so on).
o Navigation; the planning and execution of the trip, from origin to destination.

Of these three tasks, failure in control has the most severe consequences of accident potential.

Older Drivers

In addition to the stringent requirements for delineation created by the general populace, there are individuals whose
visibility needs are even greater. These include persons with reduced or impaired vision, color vision deficiencies, or
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those driving under the influence of intoxicants. But perhaps the most important group is drivers 55 years and ol der.
This group is the most rapidly growing segment of our country’ s population and there is significant research indicating
that they need improved visibility on highways.

A recent study for the Transportation Research Board gives a quantitative measure of the difference in visual
capability due to age.t? The report defines threshold contrast as the minimum difference between luminance of a
target and the luminance of its background for detection. In figure 16, the threshold value for a 65-year-old is seen to be
an average of about twice the value for aless than 23-year-old.
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Figure 16. Threshold contrast requirements
as age increases

Mace showed that adriver’s perception-reaction time continually increases with age.(8) This means that the
minimum required visibility distance for older drivers also increases with complexity of decisional tasks. These changes
are caused by the decreased cognitive abilities and psycho-motor skills associated with advanced age. In terms of
roadway delineation, these demands require the use of brighter delineators to increase visibility distances and additional
types and amounts of delineation to increase available information.

For these reasons, highway marking, signing, and other safety features provided for roads may not work adequately
for all ages of drivers. In some cases, drivers aged 65 and older may require four times as much light to seeaswell asa
39-year-old. Also, evidence supports the fact that older drivers adopt aless flexible searching strategy. They look at
fewer items in the roadway in a given time than do younger drivers. It isimportant to provide older drivers with more
redundant and brighter forms of delineation. Recommended delinea-tion treatments to supply older drivers the visibility
they require include such enhancements as 8-inch (20-centimeter) edgelines, special posts for post-mounted delineators,
and improved retroreflectivity to increase the brightness of pavement markings and their contrast with the pavement.

VISIBILITY CRITERIA

Severa criteriadetermine delineation visibility. These criteria are used in asimilar manner to those for traffic
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signs. The following discussion of these criteriais derived from a FHWA research program concerning visibility of
highway signs.(29)

Luminance

Luminance, in the context of delineation visibility, is the total amount of light the driver receives from a marking.
Asshown in figure 17, light from automobile head-lights is retroreflected by the marking back in a cone around the
direction of the head-lights. Luminance of the marking is directly proportional to the amount of this light energy that is
directed toward the driver’s eyes.

Small portion of cone Returning light cone
directed back to

driver's eyes

Incident light

Retroreflector

Figure 17. Light return by pavement markings
Contrast

Contrast is the ratio of luminance from the marking to luminance from its surroundings, measured from the driver’s
position. Much more important for overall visibility than luminance, contrast tells how clearly atarget stands out from
its background. Therefore, contrast is amuch better measure of a marking’ s visibility.

Conspicuity

Conspicuity refersto the likelihood that a driver will notice a certain target at a given distance. It is probably the
best measure of visibility, but also the most difficult to quantify. Unlike luminance and contrast, conspicuity isnot a
simply determined optical quantity. It is dependent on avariety of factors, many of them unpredictable.

Conspicuity is probably more related to contrast than to luminance, since contrast defines how easily an object can
be seen against its background. Unfortunately, it depends also on the driver’ s capabilities, mood, and degree to which
the target is expected. It alsoisdirectly related, but in a cryptic manner, to the visual complexity of the scene that the
driver views.

Like many of the other conspicuity factors, visual complexity is an enigmatic phenomenon. It is difficult even to
determine an estimate for the conspicuity factors and very difficult to combine them in away that will yield a numerical
measure of conspicuity. Conspicuity isa quantity that can be tested only empirically.

However, Schwab and Mace researched the effects that a complex background has upon sign visibility.(29 Those
interested in the methods of this research may refer to the original work.

Legibility

Legibility refers to the probability that a driver will understand the message that delineation is meant to convey. Itis
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an even less tangible quantity than conspicuity.

Legibility relies upon a nearly infinite number of factors, few of which are well-understood. Further, the criteria by
which legibility may be judged differ for different types of delineation.

Inthefield of highway signing, empirical relationships have been found for legibility based on such variables as
character height, color, spacing, and stroke width. These same criteria apply to such forms of delineation, including
Chevron, Large Arrow, Turn and Curve signs, etc.

These variables have little or no meaning, however, when applied to pavement markings or raised pavement
markers (RPMs). For these types of delineation, it may be much more important that they have sufficient contrast with
the pavement, are consistent with other similar markings, and do not conflict with other types of delineation or signing
nearby.

PAVEMENT MARKING VISIBILITY DISTANCE

Visibility distance refers to the range at which amarking can be seen. It does not guarantee that a given driver will
actually notice the marking or correctly perceive its meaning. Those actions are related to conspicuity and legibility.
Visibility distance specifies only the distance at which a given driver is capable of seeing a marking.

Since visibility distance does not incorporate human reaction into its definition, it is quantifiable and is directly
dependent on the luminance and contrast of the marking and on the contrast sensitivity of the driver.

Driver Events

In highway signing, minimum visibility distance is determined by certain driver events. The visibility distance must
be large enough for al the driver events to occur before the information conveyed by the sign must be acted upon.

Delineation markings are different from highway signing because markings convey a continuous message.
However, delineation is similar to highway signing because visibility distance of pavement markingsis vital for giving
ample warning of changing roadway alignment. Based on the driver events that must occur for signing, the following
driver events apply to delineation: (19

Detect change in delineation (turn, curve, freeway exit ramp).
Recognize message that delineation conveys.

Decide appropriate reaction.

Initiate response.

Complete vehicle maneuver.

Adequate visibility distance will provide the driver sufficient time to perform all of these actions.
Guiddinesfor Effective Delineation

A 1988 FHWA study combined use of computer simulations, observational field studies, and laboratory
experiments to determine requirements for effective delineation.?Y) Two conclusions were reached about the preview
distance that delineation should provide.

First, delineation should provide a minimum of 2 seconds of preview distance for short-range guidance in extreme
situations. This value agrees with that established by Allen for short-range visibility distance.(?2 This value appliesto
extreme situations, including heavy rain or fog or glare from opposing headlights. Preview distance is important
because the view of the road ahead is very limited, forcing drivers to rely on roadway and traffic information that is
visible from only a short distance. The driver must respond quickly to perceived hazards or changes in alignment,
making frequent steering and speed changes to correct for errors. Driver response requires heightened attention and
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concentration on brief glimpses of delineation from one moment to the next. The visibility distance to the delineation
must provide sufficient time for the driver to detect it, recognize the roadway features and alignment ahead, and respond
with steering and speed adjustments. A preview time of 2 seconds has been found to be the safe minimum acceptable
limit. At 25 miles per hour (40 kilometers per hour), delineation must be visible at least 75 feet (25 meters) ahead; at 55
miles per hour (90 kilometers per hour), delineation must be visible at least 160 feet (48 meters) ahead. Surface
pavement markings typically are adequate to provide these visibility distances.

Second, delineation should provide a minimum of 3 seconds of preview distance so that drivers are provided
long-range guidance information. This value agrees with that established for long-range delineation in earlier research
done by Godthelp and Riemersma.(23 When drivers are provided 3 seconds or more to view delineation, the task of
guiding the vehicle is substantially easier. The driver isno longer constantly making rapid compensations for guidance
errors, but can rely more on roadway information farther ahead. Long-range information enables well-learned and more
automatic driving skills that result in smoother steering and speed control. At 25 miles per hour (40 kilo-meters per
hour), delineation must be visible at least 110 feet (34 meters) ahead; at 55 miles per hour (90 kilometers per hour),
delineation must be seen at least 250 feet (76 meters) ahead. RPMs or PMDs are usually needed for this length of
visibility distance.

VISIBILITY PARAMETERS

There are anumber of parameters that limit delineation visibility. The first category, physical parameters, are
created by limits of the driver’ s sensory perception. A particular driver’ s sight and hearing are capable only of
perceiving a certain threshold of sensory phenomena. An important concern when designing delineation systems is how
adverse westher and other conditions decrease the stimuli available for the driver.

The second category of parameters limiting delineation visibility, psychophysical parameters, are the limitations of
driver performance created by the driver’s own limited ability to assimilate and understand the available stimuli that his
senses are capable of perceiving.

Physical Parameters

Visual perception is critical to the driving task. To be effective, pavement markings must present the appropriate
visua clues. Asabasisfor vehicle control, the ability to see and perceiveis afunction of contrast between background
and the roadway, particularly at night. The need for contrast decreases with greater background luminance; therefore,
thereis better detection in daylight. During clear daylight hours, visibility presents little problem because visual
information is indirectly available from roadway features and surrounding terrain; hence, delineation isless important to
the driving task. At night, these indirect delineators are less effective and the motorist must rely on pavement markings
to perceive a safe route of travel. Long-range visibility is restricted when contrast and luminance are reduced. Rain and
other adverse weather conditions further degrade the visibility of delineation to the driver.

Recommendations for Physical Parameters

Because visibility is crucial to the driving task, significant research has been devoted to defining minimum values
for physical parameters that will result in adequate visibility. Freedman and associates concluded that delineation should
provide a minimum luminance contrast of 1.0 for drivers to have adequate visual guidance when thereis glare on dry
pavement surfaces.(?) Analytical studiesindicated that under ideal conditions, a contrast of 0.5 is necessary for the
average driver. However, conditions are seldom ideal. In fact, wet pavement conditions can become much worse than
dry glare conditions. A study at the University of North Carolina showed the importance of retroreflection for wet night
visibility.(4 The minimum visibility established for dry conditions corresponded to a Mirolux reading of 93
millicandelas per lux per square meter. However, another marking would need a dry reading of 180 millicandelas per
lux per square meter, nearly double that for the first marking, to receive an equivalent subjective effectiveness rating
when the pavement was wet.

In addition, older or impaired drivers often require longer preview times. Freedman and associates recommended
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doubling the value for luminance contrast to account for these factors.(2) Or, to achieve 3 seconds of preview distance
for older drivers, or for younger drivers on wet roadways, a contrast of 2.0 to 3.0 is acceptable. For dry roadways, this
can be achieved if the markings provide a retroreflectivity of 64 to 127 millicandelas per lux per square meter.

In other research, both Henry and Attaway established 100 millicandelas per lux per square meter as the minimum
level of retroreflectivity on dry roads.(2526) A higher value for retroreflectivity is recommended to account for
less-than-favorable conditions and drivers with reduced visua or psychophysical capabilities. Where such levels of
retroreflectivity cannot be achieved or maintained, supplemental delineation, such as specia surface markings or RPMSs,
may be appropriate.

Effect of Adverse Visibility

Because adequate visibility has proven to be vital to driver performance, much research has been devoted to the
effect that decreased visibility will have on the driver.

Simulation experiments and field tests conducted by Allen and associates provided severa insights into driver
performance under adverse visibility.(22

First, as visibility distance is reduced, delineation configuration or pattern becomes more important. Solid
edgelines, longer dashes, and shorter cycle length tend to counteract some of the effects of reduced visibility.

Second, the automobile hood restricts minimum forward view to approximately 20 feet (6 meters) ahead of the
driver’s position. When one marking segment disappears below the hood line before a succeeding segment is visible,
steering performance becomes erratic. Delineation gap length is akey variable.

Third, longer marking segments can give some indication of road curvature even though only one segment is
visible. Retroreflective RPMs do not provide curvature information unless more than one marker isvisible. Thus,
RPM s should be spaced more closely on curved sections. Finally, preferred speed decreases with reduced visibility or,
at constant speed, steering performance degrades.

In summary, the simulation experiments indicated that steering performance is related to the combined effects of
reduced visibility and delineation configuration. Thus, steering performance degrades with decreased visibility distance
and with areduction in the total amount of information available to the driver. This suggests that visibility distance and
delineation configurations are important variables in the design of delineation systems.

Under good visibility conditions, drivers tend to position their vehicles somewhat to the left of the center of the lane.
Thisis because the driver is sitting on the |l eft and has a better view of the left side of the vehicle. This position also
permits the driver to maintain arelatively constant lateral position in relation to the left lane or centerline.

The field test revealed interesting variations on this expected behavior. When delineation visibility was degraded,
either by reduced contrast or by a covering film of water, the drivers shifted their vehicles' mean lateral lane positions
away from the | eft lanelines to approximately the center of their traffic lanes. Anincreasein the vehicles' lateral position
variation showed a decrease in lateral control performance. Mean speed was not affected significantly except inrain
conditions. Intherain, average speed reduction was about 2 miles per hour (3.2 kilometers per hour) under the worst
visibility condition. Finally, speed control seemed to be unaffected generally although the vehicles' speed variability
was uniformly higher in the rain.

These experiments demonstrated a systematic relationship between pavement marking contrast and the ability of the
driver to constantly maintain the position of the vehicle on the travel path. The expression for this relationship may be
used to predict inadvertent vehicular excursions from atraffic lane as afunction of marking contrast. Thus, a
relationship between contrast and accident potential can be established.

The rain experiment indicated the effectiveness of retroreflective RPMs and the inadequacy of pavement markings
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for guiding driversin the rain. With only pavement markings for guidance, wet-wesather drivers demonstrated a
potentially dangerous combination of increasing lateral placement variability and decreasing mean distance from the
laneline. At the same time, they showed signs of heightened agitation, indicating they were exerting greater effort.
When they returned to aroadway section where RPM s supplemented the pavement markings, their performance
recovered and their psychophysiological stress returned to normal levels. Even in dry weather, lateral position variation
was lessened when RPMs were used with markings. 1t can not be concluded that the addition of RPMsimproves driver
performance under al circumstances, though it is likely that such improvement occurs.

Advances in material technology may improve the performance of pavement markings alone. The delineation
research at the University of North Carolina studied the effectiveness of large glass beads for increased
retroreflectivity.(29 The study evaluated the performance of pavement marking materials under wet, nighttime
conditions. Seven different marking tapes and one formulation of thermoplastic marking were evaluated under wet and
dry conditions with aMirolux retroreflectometer. According to the study, “under actual rainfall conditionsin the field,
VISIBEAD™ (Potters Industries, Parsippany, NJ) markings gave visibility distance double or greater than visibility
distances for similar lines with standard beads.”

In the past, the use of these large glass beads has been restricted to materials with strong binders and resins, such as
thermoplastic, epoxy, and polyester. Potters Industries has formulated aline of VISIBEADs™ for use with latex traffic
paint. The formulation has just completed a nine-month evaluative test in which the beads held firmly in the marking
after three snowplowings.(29)

These types of advances in marking technology may eventually make markings alone as good as markings with
RPMs but at alower cost.

Psychophysical Parameters

A FHWA report defines the following psychophysical parameters that affect driver performance: driver perceptual
abilities, driver cognitive abilities, and driver psychomotor abilities.(19 Thefield of human factors research attempts to
define how these parameters affect drivers so that a more effective delineation system can be designed.

However, this Handbook will concentrate simply on empirical relationships to determine how these parameters
affect performance in specific roadway conditions. By comparing performance with avariety of delineation treatments,
relative levels of effectiveness can be determined. Research conducted in this manner is discussed below.

Freedman and associates made observations concerning effects of psycho-physical parameters, focusing on the
effect that visual complexity of a scene has on driver performance.(2)

Their laboratory studies indicated that in situations where few demands are made for the driver’ s attention, the
presence of stationary roadside objects, such aslights, signs, and buildings, tends to reduce the need for high-level
delineation. However, where visual complexity coexists with demanding traffic operations, high-level delineation,
including more visually prominent markings, RPMs, and post-mounted delineators (PMDs) (where appropriate), are
preferred by drivers.

For simulated horizontal curves on wet and dry surfaces, the combinations of markings with RPMs and markings
with PMDs were associated with smoother vehicle control and better lane tracking. The presence of simulated visual
complexity did not reduce driver performance. For simulated bifurcations on wet surfaces, delineation treatments
containing markings and RPMs or markings and PM Ds were associated with smooth vehicle control, especially where
background visual complexity was high. For simulated left-turn lanes on wet surfaces, delineation treatments containing
RPMs were associated with smooth driver performance, especially where surrounding visual complexity was high.

The researchers noted that current guidelines for the selection of delineation treatments do not account for visual
complexity of the surroundings.
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The results of the laboratory tests agreed with results from the researchers’ observational field study on a horizontal
curve. Markings compared to markings with RPMs, PMDs, and chevron signs produced findings similar to previous
speed and lane-tracking studies. The individua effects of RPMs, PMDs, and signs could not be analyzed separately, but
their combination with highly visible pavement markings demonstrated improved lane tracking and suggested that
drivers more easily obtained proper visual guidance with the upgraded delineation.

Hoffman and Firth studied visibility of pavement markings.(®) They found that instrument readings for
retroreflectivity corresponded linearly with observers' ratings of appearance of markingsif plotted on alogarithmic
scale. (Seefigure 18.) Thisfinding suggeststhereisan optimal value, near the break of the curve, after which
increasing retroreflectivity will do little for increasing visual performance.

Hoffman and Firth also noted that amarking's visual performance was not a function solely of its retroreflectivity.
Their studies confirmed that awider marking of lesser brightness can be just as visible as a narrower marking of greater
brightness. Therefore, it is necessary to examine al options and match a delineation system with all aspects of the
roadway and application equipment, including marking width, color of pavement, climatic characteristics, pavement
substrate type, and marking cost.

Inlight of these findings, it is vital to adopt a“systems’ approach to delineation design. Delineation effectiveness
depends largely upon the complex interaction of many variables that affect visibility. Recognizing the importance of the
interaction of these variables, Kalchbrenner stated: “Theterm ‘ system’ implies design and synergy. Improved roadway
performance and service life have been demonstrated at multiple locations in durable materials by properly sizing and
treating beads for the thickness and type of binder used.” 10)
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Figure 18. Subjectiveratings of visibility vs. retroreflectometer readings on alinear and alogarithmic scale.

In ageneral sense, effectiveness may be drastically increased by treating the roadway itself as a system.
Consideration of factors, such as visibility demands on drivers, pavement material, visual complexity and luminance of
surroundings, and types of marking materials available and their differing properties, is critical to selecting a roadway
marking system appropriate for a particular application.

DELINEATION VARIABLES

When adopting a systems approach to delineation design, key variables that should be considered in determining the
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most appropriate delineation treatment and technique are roadway geometry, weather and climate, traffic volume and
composition, and type of substrate. The way that these variables interact with the marking material and application
technique will determine the marking’ s visibility and durability. A review of the significant effects of these variables
follows a discussion of each variable. Detailed descriptions of the research and demonstration projects are available in
the referenced reports.

Roadway Geometry

Roadway geometry has more effect on the delineation treatment than on the various delineation techniques. In this
context, treatment refers to centerlines, edgelines, PMDs, including width, spacing, gap-to-segment ratio, and colors.
Technique refers to the various delineation devices, materials, and application procedures.

In a definitive study of roadway delineation systems conducted by the National Cooperative Highway Research
Program (NCHRP), the research centered on the following set of geometric situations: tangent sections, horizontal
curves, no-passing zones, pavement width transitions, merging-diverging areas, turns, turns with decel eration and/or
storage lanes, stop approaches, railroad crossings, and crosswalks. ()

Each geometric design aspect studied had a unique set of driver information needs and associated delineation
requirements. These“classic” situations were used to evaluate the safety of various delineation treatments and their
impact on driver behavior and traffic performance.

The study showed that areas with no previous delineation were made safer by application of standard delineation
treatments. Accident rates were reduced significantly. Major changes in delineation treatments can produce measurable
changesin traffic performance. However, minor variations of delineation treatments, such as spacing, gap-to-segment
ratio and color, did not affect accident rates or show significant differences in traffic performance measures. It was
concluded that minor variations of delineation treatments must be judged on factors other than accident reduction.

In addition to the NCHRP research, there have been a series of before-and-after studies of the effect of edgelines on
traffic performance and accident rates. In general, these studies are not comparable even though most of them
concentrated on rural two-lane roads. Theinability to make direct comparison was aresult of the vastly different
conditions that were present, such as lane width, the absence or presence of shoulders, and other environmental factors.

Nonetheless, the studies indicated that edgelines on tangent sections tend to decrease variability in lateral
placement. Average lateral placement shifted away from the roadway edge. Because of the increased potential for
head-on collisions inherent in shifting vehicles toward the centerline, many States prohibit edgelining pavements
narrower than 18 feet (5.5 meters).

Another study showed that edgelines reduce speed through horizontal curves and minimize centerline straddling.(2)

The safety and cost-effectiveness of six delineation treatments for various geometric situations was studied.®3® The
treatments consisted of no delineation, centerline, centerline plus edgeline, centerline plus PMDs, and centerline plus
guardrail. The study examined the effect of the various combinations of delineation treatments on mean accident rates.
The more sophisticated treatments, such as centerline plus edgeline, or centerline plus PMDs, produced a decreasein
accident rates.

It should be noted that some recent experience on winding and/or mountainous roadways demonstrated a driver
tendency to increase speed beyond safe levels where edgelines were provided. The decrease in head-on collisions was
offset by an increase in run-off-the-road accidents. It has been suggested that enhanced guidance provided by edgelining
givesthe driver afalse sense of security. It may result in overconfidence in the driver’ s ability to control the vehicle and
maintain a safe position in the roadway.

Weather and Climate
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Prevailing climate and weather conditions influence the effectiveness of delineation. Durability of materials and
installation techniques are a so influenced by weather.

During daylight hours, rain reduces the driver’ s ability to see the surroundings. At night, headlight glare from
oncoming vehicles, windshield wiper action, and the slippery pavement surface, coupled with degraded retroreflectivity
of pavement markings, makes driving particularly hazardous and difficult. RPMs and PMDs are much more effective
than pavement markings in these conditions. Markings quickly lose their retroreflectivity due to surface-water film.
During daytime rainy periods, RPMs do little to improve visibility, but the audible rumble when passing over the
markers aerts the driver of lane straddling.

Rain does not affect the durability of pavement markings. Tire action on wet thermoplastic has been known to clean
the markings. Maintenance personnel cite numerous incidents of improved visibility of thermoplastic lanelines after
several hours of rain. Conversely, PMDs are subject to splashing from wet highways, which degrades their
retroreflectivity. Cleaning of the retroreflective tabs may be needed.

More than rain, snow reduces the driver’ s visibility. Even moderate snowfall usually obliterates all pavement
markings. Also, pavement markings can be damaged from snowplow activity and the use of chemicals and deicing salts.
PMDs (with extension posts where drifts are high) provide effective edgeline and roadway alignment delineation, but are
vulnerable to knockdowns by snowplows.

Fog also reduces adriver’ s visibility. No cost-effective delineation techniques are adequate in dense fog. However,
experiments with various forms of surface highway lighting have been undertaken.(31:32) Roadway delineation has been
improved by closely spaced, high-intensity, retroreflective RPMs combined with nonretroreflective RPMsto create a
rumble effect when passing over the marking. Similarly, where short-range visibility is arecurring problem, thegap ina.
skip line has been decreased in the problem location so that at least one or two marking segments are always visible.

Like fog, blowing sand reduces the driver’ s visibility. It can also collect on the roadway and obscure pavement
markings. The abrasive effect may damage paint and thermoplastic markings. Some agencies close highways or
provide platoon escorts through areas affected by fog or blowing sand.

The reduced visibility associated with the effects of weather, such as rain, snow, and fog, makes driving difficult. In
these situations, safety considerations always transcend cost-effectiveness concerns.

In addition to the physical presence of rain, snow, fog or blowing sands, or temperature extremes can influence
delineation. Thermoplastic materials and some paints are often formulated to withstand specific temperature extremes.
For example, athermoplastic product formulated for the Northeast would not be applicable in the Southwest. In cold
climates, the freeze-thaw cycle can cause early failures by weakening the marking' s bond with the pavement surface.

Summer hest also affects pavement markings. In parts of Arizona, California, Nevada, Texas, and other States with
hot climates, surface temperatures frequently exceed 120 degrees Fahrenheit (49 degrees Celsius). Under such thermal
stress, thermoplastic on asphalt pavement will “crawl,” distort, and become badly marked with tire tracks, resulting in
reduced daytime visibility. However, tire tracks on the markings will not significantly affect nighttime retroreflectivity.
In addition, the ultraviolet rays of strong sunlight can affect the color and life of conventional delineation materials.

Traffic Volume and Composition

Traffic volume and composition can affect the choice of delineation treatments and techniques. Traffic volumeis
important because average daily traffic (ADT) is often the major criterion used to select delineation techniques. For
example, roadways with high-traffic density may be better served by the installation of highly durable devices, such as
RPMs, hot-laid thermoplastic materials, or epoxy. These durable materials will provide long-term delineation, thus
avoiding the need for frequent maintenance. They also reduce the exposure of maintenance crews to traffic and the
disruption of traffic. The higher initial cost can be balanced against the safety and long-term economic benefits of the
more-durable techniques.
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Low ADT may indicate that painted markings alone or in combination with RPMs or PMDs are adequate and may
last one or more years without repainting. States must experiment to determine the optimum periods for repainting in
these locations.

Traffic composition can affect the service life of delineation materials. A high percentage of trucks, buses, and
other heavy equipment can damage or wear out markings much faster than passenger vehicle traffic. For example, rural,
farm-to-market, low-density roads or industrial access roadways may need more durable applications than their ADT
might indicate.

Another characteristic of traffic flow that influences selection of delineation systems is location of the markings.
Longitudinal markings last longer than transverse markings, and edgelines last longer than lanelines because of fewer
Crossovers.

Asaguideline for selection, ADT isloosely correlated with servicelife. A graph is developed, like the example
shown in figure 19. Some agencies develop more complex correlations. Rather than simple ADT, the District of
Columbia uses the number of wheels crossing a point on the road as an indicator. The reasoning is that traffic abrasion
occurs only when the wheels of a vehicle pass over amarking. Edgelines or heavily traveled freeway lane-lines may not
experience the same wear as markings in areas with lower ADTS, but in the latter, crisscrossing or encroachment is
often more pronounced.(33)

The technique used by Washington, D.C. for calculating the expected service life as a function of traffic flow is
based on several assumptions.

o Expected service life is measured by the total number of vehicles per lane that have passed over the marking when
it isworn completely from the wheel paths.

e Wear of pavement marking materialsis a function of the second power of the number of vehicles per lane passing
over the materials laid normal to the direction of traffic flow.

e Servicelifeisameasure of the number of vehicles per lane that have passed over the material when the marking is
no longer serviceable on account of having lost its luster, lost its retro-reflectivity, or of having been worn completely
from the surface in the wheel paths.

e Markings of conventional traffic paint or other quick-drying materials should be renewed when material in the
wheel paths has been worn to half its original area. It is approximately at this point that the marking can be expected to
lose its luster, and beads to lose their retroreflectivity.
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Figure 19. Effect of ADT on service life of thermoplastic markings

e Thermoplastic markings retain brightness and beads and are still retroreflective until al the materia in the wheel
paths has been worn away from the pavement.

o Cost-effectivenessisthe ratio of the cost per linear foot of marking to servicelife. The servicelifeisexpressedin
millions of vehicles per lane of traffic.

This technique appears to work well for high-density facilities. Whether simple or sophisticated correlations are
devel oped depends on the type and function of each specific site. Different traffic characteristics for a site can greatly
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affect service life. Traffic characteristics are important when judging the cost-effectiveness of the more durable
delineation techniques.

Substrate M aterial

Variations in type and condition of the substrate determine, to alarge extent, the durability and visibility of the
pavement marking. The substrate materials upon which pavement markings are applied fall into two categories:
asphaltic concrete (AC) or Portland cement concrete (PCC). Asphaltic concrete denotes a dense-graded road surface
made of hot mineral aggregates plant-mixed with hot asphalt. Bituminous concrete includes both asphaltic concrete and
similar mixtures made with refined tar. The coarse aggregate is generally crushed stone, crushed slag, or crushed gravel.
Sand and filler or sand only is usually added. Bituminous concrete has the advantage that it can be driven on

immediately after construction.(39

Another form of asphaltic concrete is open-graded, which uses only coarse aggregate. When applied as a surface
course, it has a high porosity and permea-bility, as well as arough surface texture. The porous feature minimizes the
potential for hydroplaning by allowing numerous escape channels for water beneath a moving tire. Water ponding
prevents markings from retroreflecting incident light. Therefore, use of open-graded asphalt minimizes the time during a
rainstorm that the delineation isineffective.

Portland cement concrete consists of arelatively rich mixture of Portland cement, sand, coarse aggregate, and
water. Itislaid asasingle course. When properly designed and constructed, it has along service life and relatively low
mai ntenance requirements. A minimum of five to seven days curing time is required before the pavement is ready to be
driven on.

Because the service life of AC is dependent on so many variables (for example, type of aggregate, type of base,
traffic density, climate conditions), an average value for expected service lifeis of little value. In general, PCC
pavement will last about twice aslong as AC. PCC is much smoother than AC. The PCC often is scored or treated to
increase its skid resistance.

The life of pavement is significant particularly when considering the application of long-term delineation. For
example, RPMs or thermoplastic markings could outlive an aging AC surface under certain circumstances. The high
initial cost of these treatments is justified by their durability and longevity. Since imminent resurfacing or reconditioning
of AC pavement cancels out this advantage, alternate methods should be considered for the interim period.

Greater quantities of paint or hot-applied thermoplastic materials are required with the open-graded AC pavement
surface because of its porous nature. However, such a surface provides better wet-night visibility. With RPMs, the
problems in obtaining a secure bond with the rough surface resultsin a higher percentage of dislodged markers.

Implication of Variables

Theideal form of delineation is that which performs best based on driver behavior, safety, free movement of traffic,
and cost. Various marking and delineation techniques may be used individually or collectively as appropriate.

The advantages or disadvantages of each of these techniques and treatments and their general characteristics are
described in the following chapters. Highway designers must be knowledgeable in this areain order to specify
economical, effective delineation.

The selection and purchase of delineation techniques and materials is a recurring activity for highway agencies.
Thereis no universal delineation configuration that equally serves all needs. To achieve the best balance among driver
requirements, safety aspects, and economic considerations, each of the variables discussed must be assessed to
determine its impact on effectiveness. The following chapters place current practices in perspective and clarify the
rationale used in the decision process.
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CHAPTER 4. TRAFFIC PAINTS
INTRODUCTION

The use of painted markings on the roadway surface to divide the traffic stream and provide guidance to the
driver has existed since the dirt road gave way to the paved road. Today, painted markings used alone or in combination
with other devices comprise the most commonly used delineation technique. This chapter covers the various uses,
materials, equipment, installation procedures, and other factors associated with painted pavement markings.

TYPESAND APPLICATIONS OF PAINTED MARKINGS

Painted markings are classified as either longitudinal or transverse. They provide positive guidance by defining
the limits of adriver'sfield of safe travel, such as lanelines, centerlines, edgelines or crosswalks, and stop bars. They
also provide negative guidance, which defines where drivers are not permitted to travel, such as gore areas, islands, and
painted medians.

The specific application of standard colors, widths, patterns, and placement are defined in the Manual of
Uniform Traffic Control Devices (MUTCD).(Y Some basic concepts are addressed in this Handbook, but the MUTCD
should be consulted for more precise installation information.

In addition, table 2 presents definitions of the basic types of pavement markings. Thisincludes guidelines for
selecting the physical characteristics of a marking depending on the purpose of its application.

Figure 20 illustrates basic patterns and colors that are used in a variety of common roadway situations.

Table 2. Types of pavement markings

DESCRIPTION

COLOR WIDTH APPLICATION
Single White 4in Separation of lanes upon which travel isin the same direction, with
Broken (10omm)  crossing from oneto the other permitted; i.e., lane lines on permanent

multilane roadways.
Yellow 4in Separation of lanes upon which travel isin opposite direction, and
(:oomm)  where overtaking with care is permitted; such as centerlines on
2-lane, 2-way roadways.

Single White 4in Separation of lanes, or of alane and shoulder, where lane changing is
Solid (:oomm)  discouraged; such aslane lines at intersection approaches,
right edgelines.
6in Lane lines separating a motor vehicle lane from abike lane.
(150 mm)

8in Delineation of locations where crossing is strongly discouraged; such
(200mm)  as separation of specia turn lanes from through lanes,
gore areas at ramp terminals, paved turnouts.

Double White 4-4-4int  Seperation of lanes on which travel isin the same direction, with
Solid crossing from one side to the other prohibited in both directions.
Left turn manuevers across this marking are permitted. Also used to
delineate edges of a continuous left turn lane -- solid lines on the
outside, broken lines on theinside.
Yellow 4-4-4int Seperation of lanes upon which travel isin opposite directions, where
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overtaking is prohibited in both directins. Left turn maneuvers across
this marking are permitted. Also used in advance of obstructions which
may be passed only on the right side.

Solid plus Yellow 4-4-4int Seperation of lanes on which travel isin opposite directions, where
Broken overtaking is permitted with care for traffic adjacent to the broken line,
but prohibited for traffic adjacent to solid line. Used on 2-way
roadways with 2 or 3 lanes. Also used to delineate edges of a
continuous lft turn lane -- solid lines on the outside, broken lines on
theinside.
Double Yellow 4-4-4inr Delineates the edges of reversible lanes.
Broken
Single Either 4in Extension of lane lines through intersections. Color same as than of line
Dotted (:00mm)  being extended. Also used to extend right edgeline of freeway shoulder
lanes through off-ramp diverging areas in problem locations.
White 8in Separation of freeway through lane and auxiliary lane or exit lane.
(200 mm)
Transverse White 12in  Limitlinesor STOP bars; aso crosswalk edgelines (minimum 6 feet [1.8
(300mm)  meters] apart)
when not in the vicinity of school grounds.
Yellow 12in  Crosswalk edgelines contiguous to school buildings and grounds; also
(300mm)  optiona for crosswalk edgelines located within 600 feet (183 meters) of
school buildings or grounds and, under special circumstances, within
2,800 feet (854 meters).
Diagonal White 12in  Crosshatch markings, placed at an angle of 45 degrees, 200 feet
(300mm)  (61lmeters) apart, on shoulders or channelization islands to add

emphasis to these roadway features.

* 4-4-4 inindicates width of stripes and gap between them. Metric equivalent is 100-100-100 mm.
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i White

Yellow

Passing Zone Passing Zone No Pamssing Zone
Both Directions One Direction Both Directions

a) Two=-Lane, Two-Way Roadways.

MNermal Reversible Center Lane Two-Way
Treatment Left—=Turn Lane

b} Multilane Roadways.

Figure 20. Typical applications for longitudinal roadway delineation.
MATERIALS

Conventional traffic paint continues to provide the nucleus of the nation's roadway delineation system.
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Continual improvements have been made in paint composition and application techniques to provide increased
cost-effectiveness. A number of factors interact to determine the perform-ance of the various types of traffic paint.

Any discussion of the materials used in painted markings must consider the three interactive elements of the
paint system: the paint itself (pigment and binder), beads (retroreflective glass spheres), and pavement surface
(substrate). For example, different paints react differently on asphaltic and concrete pavements. Glass beads reflect
differently depending on the binder used, its thickness, and percentage of pigment.

The following background on painted markings will provide the substance for a subsequent discussion of the
major factors that influence selection of agood paint for a given situation. It includes areview of the categories of paint,
essential properties, and performance criteria. The use of glass beads to create retroreflective pavement markings is
discussed in chapter 2.

Categories

There are several waysto classify paint. It can be classified by retroreflectivity, that is, whether glass beads
have been added for nighttime visibility. Paint without beads generally is used for markings not requiring night
visibility, such as parking spaces and curbs.

Paint can be classified by whether it is cold-applied or hot-applied. The temperature at which paint is applied
has a direct relationship to drying time which is the third method of classification. Drying timeisinfluenced by the
atmospheric dew point, the paint's chemical composition, the temperature of the paint and pavement during application,
wind velocity, and paint thickness.

The categories of paint based on drying time are defined as follows: (3%

. Conventional. Cold-applied paints with a standard value of viscosity. They require more than 7 minutesto
dry.

. Fast Dry. Hot-applied paints that dry to a no-track condition within 2 to 7 minutes.
. Quick Dry. Hot-applied paintsthat dry to a no-track condition within 30 to 120 seconds.
. Instant Dry. Hot-applied, heavy-bodied paints that dry in less than 30 seconds.

Types

The three main components of paint are binder (base material), pigment (for color and retroreflectivity), and
solvent. While in containers, paint maintains its liquid form because of the solvent. When applied to pavement, the
solvent evaporates, leaving ahard film. Paint is sometimes classified according to the base material used in the paint
composition. The base material alsoisvital to apaint's drying time. Some commonly used base materias are oil (alkyd
resin), oleoresin (modified alkyd, drying oil [dispersion] varnish), rubber base (chlorinated rubber), and water.

In this chapter, we will also briefly discuss some aspects of the environmental impact of the use of traffic
paints. The high Volatile Organic Compound (VOC) content of traffic paints employing aliphatic and other thinners has
resulted in increased use of water-based latex paintsin recent years.

Alkyd and Modified Alkyd Paint
The alkyd and modified alkyd paints are generally the cheapest and fastest-drying of common materials.

Experience shows them, however, to be the least durable. Though there have been attempts to increase their durability
through formula variations, these usually are achieved only at the cost of increased price and/or drying time.
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Alkyd paint is the workhorse material normally referred to as traffic paint. It is the most widely used material,
and its lack of durability (Iess than three months in harsh conditions) has given rise to the devel opment of the numerous
new technologies.

Chlorinated-Rubber Paint

Chlorinated-rubber paint is an experiment into varying the base materials for paints to increase their durability.
This material became available around 1964. One of the major users of this type of paint isthe Texas DOT, which
switched to the use of chlorinated rubber in 1966. At that time, the State was displeased with the long no-track times for
alkyd traffic paints. Recently, Texas DOT has switched paints again, this time to a formulation of chlorinated polyolefin
that is similar to chlorinated rubber. This material is often still referred to as chlorinated rubber.

The State has been pleased with the performance of this material, though environmental concerns with its use
have created plans for the State to switch to water-based latex paintsin the future. Currently, the chlorinated polyolefin
is applied by the State's maintenance forces at a cost of 6 to 7 cents per linear foot. Durability is approximately 1.5
times that of standard alkyd traffic paints, with 1- to 2-minute no-track times.

The New York State DOT is another major user of this type of paint. In 1987, 90,000 gallons of the paint were
applied as part of aresearch project.®® The NY SDOT's goal has been to achieve a paint system that will provide
year-round durability at a price similar to its current modified alkyd paint. Though not al theinstallationsin 1987 lasted
12 full months, all lasted at least nine months, including awinter season.(®® This s about three times longer than the
standard paint would be expected to last under similar conditions.(37)

The only problems cited with the chlorinated rubber paint wereits drying time and odor. The methyl ethyl
ketone (MEK) solvent in the paint is strong, with an olfactory detection threshold about eight times lower than that of the
toluene normally used in alkyd traffic paints.(®® However, chlorinated rubber paint does not appear to pose any more of
a hazard to workers since concentrations are approximately equal .

Chlorinated rubber paint has adrying time of 3 to 6 minutes. NY SDOT personnel found that this could be
reduced to about 1.5 minutes by varying application temperature and pressure. These no-track times, which are still
longer than times for modified alkyd paint, may make the application of the chlorinated rubber paint impractical in areas
with high traffic volumes or complex traffic patterns.

Water-Based Latex Paint

One type of paint that is constantly experiencing increased usage is latex paint. More importance has been
placed on the environmental considerations involved in the use of traffic paint. Alkyd paints, and any other materials
employing toluene or similar thinners as a solvent, release volatile organic compounds (VV OCs) into the atmosphere
when they are used. As aresult, State highway agencies are mandating the use of V OC-free paints, such as latex
formulations, on their roadways.

Specific concerns related to performance, application, and maintenance of water-based latex paints are
examined in detail with other marking materialsin chapter 8.

Essential Properties

In general, there are two criteria by which paint performanceisjudged: durability and visibility. Durability
involves service life of the painted marking. Thisis measured as the amount of material remaining on the pavement
surface over time. Visibility relates to brightness of the material, particularly at night. These properties are described by
the American Society for Testing of Materials (ASTM) Standard D-7B-66T.(9)

Drying time also isamajor performance consideration. Faster-drying paints reduce coning for an extended
drying period, decrease the exposure of the paint crew to traffic, and lessen the disruption to traffic. Other requirements
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typically included when specifying traffic paint are:

. Before Application. Paint should be chemically stable with an adequate storage life. It should maintain a
constant viscosity, and be able to resist caking, settling, gelling, skinning, or color changes.

. During Application. The paint should adapt easily to application by commer-cial marking equipment.
Clean-up should be kept simple. It should have a strong wetting action to permit penetration of a contaminated
substrate, such as by dirt, oil, or sand. Thiswill help provide good adhesion.

. After Application. The paint should not bleed or become discolored on bitumin-ous surfaces and should resist
the chemical action of alkalis characteristic of PCC surfaces. Paint also must be able to withstand chemicals used for
snow and ice control. Traffic paint must be flexible enough to expand and contract with day and night temperature
changes. It should be resistant to sunlight and water but sufficiently permeable to allow moisture to escape from the
substrate.

The importance of each of these requirements may vary among highway agencies. Their degree of emphasisin
the paint specification may also vary.

Additionally, formulation of the paint will be affected by the delineation variables discussed in chapter 3. As
noted in chapter 3, roadway geometry affects treatment more than technique, and as such will not influence paint
formulation. However, substrate, climate, and traffic characteristics should be carefully considered when selecting a
paint.

Paint Formulation

The major elements of paint formula-tions are binder, pigment, and solvent. The binder provides bulk for the
film. It ismade of drying oils, resins, or plasticizer in aformulathat provides adhesion to the substrate and cohesion to
hold the paint together. It also provides most of the resistance properties. The pigments give opacity, color, hardness,
and specia weathering properties. Optimum pigment volume concentration for good durability lies in the 42- to
59-percent range.0 Solvents dissolve the binder and regulate the rate of film drying by controlling the rate of
evaporation. They are also associated with adjusting the film solids and with the ease of application.

Modified alkyd paints, like the paint used in New Y ork, are probably the most common marking material.
These paints are normally heated to 122 degrees Fahrenheit (50 degrees Celsius) for application. They dry to the
no-track condition in 1 to 5 minutes due to fast solvent release. The hard and durable resin produces a tough,
wear-resistant film. It works in extreme climates as demonstrated by successful use in Saudi Arabia, Finland, and
Brazil. Modified alkyd paints have good adhesion on asphalt, bitumen, and concrete surfaces.

Traditionally, the paint-bead combina-tion used is on the order of 15 to 17 mil (0.38 to 0.43 millimeters) wet
paint thickness with 5 to 7 pounds per gallon (0.6 to 0.8 kilograms per liter) of beads within the No. 20 to No. 100 mesh
range. The FHWA recommends the use of 16-mil (0.4-millimeter) wet film thickness of paint, with 6 pounds per gallon
(0.7 kilograms per liter) of applied beads.

Many States seek a retroreflective painted marking with equal performance at areduced cost. Some agencies
havetried 10 to 11 mil (0.25 to 0.28 millimeters) wet paint thickness with 4 pounds per gallon (.48 kilograms per liter)
of No. 40 to No. 80 mesh beads, with good results.(404142) A number of States, including California, Pennsylvania,
Colorado, and Kansas, have adopted this paint-bead combination and have reported significant cost savings and no
appreciable loss of effectiveness.

Purchase of M aterials

Specifications for purchasing pavement marking paint are usually written in the form of a chemical
composition or performance specification. The cost and availability of some of the chemical components used in the
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manufacture of paint vary radically from week to week, and detailed composition specifications favored by highway
agencies in the past are being replaced by performance specifications. In some cases, a combination
performance-composition specification is used that indicates the percentage by weight of each ingredients by generic
classification without specifying a brand name or chemical formula.

Each specification has its own unique advantages and disadvantages. One study surveyed 24 States and 15
national paint manufacturers.43 The majority of the States surveyed still use composition specifications, but the
manufacturers favored the performance specifications.

The performance specification enables a user to realize the advantage of current paint manufacturing
technology. The state of the art in paint manufacturing has progressed so rapidly that it is difficult for the engineer to
understand this technology and keep pace with the paint chemist. Furthermore, manufacturers indicated that the best
way to lower cost is through their own research and development technology. For example, during the 1978-79 study,
the average bid price for the chemical composition specification was $3.60 per gallon ($0.95 per liter) for yellow and
$3.36 per gallon ($0.89 per liter) for white paint. With the performance specification, the average bid price was $3.15
per gallon ($0.83 per liter) for yellow and $2.95 per gallon ($0.78 per liter) for white paint.

The major problem with using the performance specification is in judging performance. Most States use a
point system for evaluating the paint. The method is highly subjective and depends on the opinions of the individual
members of the evaluation team. During the study, values assigned to color, durability, contrast, and appearance varied
in many States depending on the priorities of the specific highway agency.(43)

Another disadvantage is the potential difficulty in getting suppliers to replace paint that does not meet the
performance specification. This can be time-consuming and may require legal action.

The advantage of a composition specification is the assurance that the purchasers are getting a paint based on
their own formulations. The development of a composition specification is normally the function of the materials or
testing department of each highway agency. In this process, severa different paints are applied on asphalt and concrete
pavement surfaces for evaluation. Based on the results, a composition specification is then written to ensure that the
user obtains the product that gives the longest service life. Quality control testing in the laboratory isincluded in the
specification to ensure that the product furnished is the same as was requested.

After carefully weighing the advantages and disadvantages associated with paint specification, the previously
mentioned specification study concluded that, "paint purchased using performance specifications appearsto resultin a
lower average price than paint using chemical compound specifications."(43)

It also concluded that when the composition specification is used, chemical components should be reviewed
annually to determine the most cost-effective composition. It is frequently possible to substitute or reduce the quality of
achemica compound without sacrificing performance or color.

Testing

The prediction of the service life of paint is a critical factor in evaluating candidate paints. Field tests of
various paint compositions is time-consuming and conventional laboratory tests, such as falling sand, the Taber abrasion
test, and the WeatherOmeter, do not produce the best resullts.

A magjor study has been undertaken to develop an economical and practical accelerated laboratory test to
estimate pavement marking material durability.#4 Two conclusions emerged from this study. First, field tests can be
performed to give an overall durability ranking. Second, laboratory tests can be performed to provide data that can
predict field test results with a high degree of reliability. If field tests are performed in parallel with the [aboratory tests,
statistical methods can be used to select the least number of tests required and provide the coefficients for predictive
equations.
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If field tests and subsequent regression analysis are not performed, laboratory test data for the predictive
equations can be obtained from the study.

The testing and laboratory analyses to be performed can be time-consuming and costly. Furthermore, the work
is essentialy the same for nearly all the States. At the very least, those States that have nearly the same delineation
variables, such as climate, affecting their paints would benefit if some type of technology transfer program were initiated.

The FHWA recognized these concerns several years ago when it began the regional test facility program. The
concept began simply as away to reduce the redundancy of testing. The regional test facility at the PennsylvaniaDOT
resulted from a FHWA contract that concerned material testing the department had been awarded. Gradually, with
encouragement from the FHWA, the program began to evolve into aregional facility that al the States in the
Northeastern Association of State Highway and Transportation Officials (NASHTO) Region could access.

The concept has been extended so that al the NASHTO States have begun to coordinate their effortsin the
field of material testing. There are now cooperative testing programs, administrated by the central Pennsylvania DOT
facility, where results of tests on different materials by separate States are shared by all.(1%

Similarly, the Southeastern Association of State Highway and Transportation Officials (SASHTO) has created
an organization to promote technology transfer among its constituents' States. The SASHTO facility isamore
cooperative venture, comprised simply of an organizational plan to coordinate testing efforts of existing highway
agencies' personnel.

PERFORMANCE

A great dedl of attention has been paid the properties of traffic paint. This has aided research aimed at
developing a paint formulation that will produce improved durability, appearance, and visibility. Asaresult, a number
of paint families effectively meet agency specifications.

There are three reasons for evaluating the performance of paint. First, performance evaluations help assess the
cost-effectiveness of painted markings compared with other forms of delineation. Second, if paint is selected, it is
necessary to evaluate paint samples to determine the best product to purchase. Third, it must be known how long a
pavement marking will provide adequate delineation so that repainting can be schedul ed.

Research indicates that the precise composition of paint is not as important as precise application of paint. It
has been suggested that "a poor paint properly applied will out-perform agood paint improperly applied."®® Itisaso
well-documented that 90 percent of all paint failures are due to the type of substrate and the condition of the surface.“4

Performance Descriptors

A number of terms are used by various highway agencies to describe paint performance. Some of these terms
such as "service life," "expected life," "lifespan or useful life," and "paint failure," often have different meanings and
should not be used interchangeably. It is difficult to define these descriptors in quantitative terms since they are normally
judged on a subjective basis.

Any pavement marking deteriorates gradually with time and exposure to traffic and weather. Highway
agencies often define the service life of the marking as the time between application and the time the marking should be
replaced. Hence, the service life is dependent upon the extent of deterioration that can be tolerated before replacement is
necessary.

As mentioned earlier, the service lives are used to eval uate painted test markings and to compute the economy
of various materials. Evaluation is based on appearance, durability, and night visibility of sample materials placed on
test sections. Each of these three characteristics are rated numerically from O to 10. A rating of 10 indicates perfect
condition and O represents complete failure (that is, no appreciable paint remaining). Many highway agencies assume
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that service lifeis at an end when the combined weighted ratings fall to 4 or below. Thisis sometimes referred to as
"effective life.”

It has been suggested that using a rating scale with 11 grades (0 through 10, inclusive) is somewhat
cumbersome. For example, on this type of scale, the difference between 7 and 8 is so small that it is difficult to maintain
consistency for different ratings. Accordingly, it might be desirable to use arating scale with fewer grades between
"perfect” and "complete failure."4®)

Performance is a function of numerous variables, not just the paint itself. The performance of identical
materials will depend on the interaction of the delineation variables discussed in chapter 3. In addition, several factors
involved in the application of the material affect its performance. These reasons make it impossible to determine a quick
and simple formulafor servicelife.

Causes of Failure

The integrity of a pavement marking can suffer from at least three mechanisms: loss of substance by abrasive
wear on the upper surface, cohesive failure of the paint (within the paint layer), and/or adhesive failure at the interface
with the concrete substrate.

Another possible cause of failure often overlooked is within the PCC or asphaltic concrete (AC) region just
below the paint-concrete interface. Stresses that cause such failures arise from the reaction of the pavement surface to
the forward forces and the weight of vehicles.(44

Since single stresses obviously do not cause failures, fatigue must be the mechanism. Factors contributing to
loss of strength of the paint, interface, and concrete may include temperature and humidity cycling, light radiation
damage, chemical attack by salt and acids (from nitrogen and sulfur oxides in the air), physical attack by solvents (such
as gasoline and ail), tire studs and chains, and snowplows.

With so many possible failure mechanisms, it is not surprising that there is awide variation in the reported
perform-ance of various types of material. It is also the reason that abrasion tests have not been completely successful in
predicting the service life of painted markings.

Ranges of ServicelL ife

Although the estimated service life of painted markings is a function of numerous site-specific variables,
average daily traffic (ADT) is more commonly used than any other variable. Most highway agencies consider a
reasonable target to be 6 to 12 months under "normal" conditions. Three months' service may be acceptable for
roadways with very high traffic density, whereas some paints may last well more than a year on roadways with low
ADTs.

The amount of wear experienced by the paint is a function of the interaction between the delineation variables
discussed in chapter 3. The variables that affect paint in particular are discussed below.

As presented in chapter 3, roadway geometry and traffic characteristics will determine the number of wheels
passing over acertain portion of the marking. Also, the traffic composition will determine the average loading cycle for
each wheel pass. These factors are directly proportional to wear of the marking. In combination with the effects of the
other delineation variables, they will usually correlate well with service life.

The type and condition of pavement surface is another variable that affects service life. Paint normally lasts
longer on bituminous asphalt than on PCC. On the average, centerlines placed on PCC may require repainting each
year, whereas similar markings placed on AC may require remarking every two years. It has also been found that paint
laid over paint will perform better than on new installations, assuming that the base layer of paint isin fair condition and
ison astable substrate.
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The climate will have a direct effect on service life of apainted marking. It is particularly important for paint,
which often has a service life of less than a full weather cycle of four seasons. Paint wear is especially heavy in cold
weather. In certain climates, painted markings applied in the fall will have a shorter service life than those applied in the

spring.

Aside from the rate of wear, the marking's service life will be determined by the mode of failure and the paint's
formulation and thickness. Different paint formulations affect service life, but the more durable paints tend to be
proportionately more expensive.

Thicker paint films on stable pavement surfaces usually provide increased durability. However, thisisnot a
linear relationship. The additional service life of amarking thicker than 15 mil (0.4 millimeters) is proportionally less
than the increase in thickness.

Additional thickness of paint will lengthen service life only if the failure is caused by wear. Sometimes the
failure mode is by loss of bond within the paint or at the paint-substrate interface. In this case, the additional thickness
of paint normally does not extend service life.

Because of the variations in the parameters associated with service life of paint, each highway agency should
develop its own estimated service life based on local conditions and experience. An "average" servicelife based on a
compilation of nationwide experience has little meaning.

INSTALLATION, MAINTENANCE, AND REMOVAL

The equipment, procedures, and policies involved in the application of paint have a profound influence on the
ultimate perform-ance. Thisisequally true for all forms of delineation treatments. Among the major concerns are
compatibility of materials and equipment, size and capabilities of crew, protection of crew, and traffic control during the
application process.

While it might be assumed that the material chosen would dictate the type of equipment, in practice the
oppositeis usualy true. That is, the material is often selected based on the capabilities of available equipment. Thisis
one reason for the resistance in State highway agencies to the use of new materials.

For example, it may be determined that a rapid-drying, hot-applied paint will be economical, durable, and
safely applied for a certain project. If the highway agency's equipment is compatible only to cold-applied paint, most
highway agencies will use the cold-applied materials. Capital expenditures for new equipment or the use of a contractor
are often beyond available budgets.

Thisillustrates that compromises must be made among all elements of the delineation treatment. Few
decisions are simple enough that they can be made independent of other concerns.

Application Equipment

Painted markings can be applied with a variety of equipment. Selection of the proper equipment will depend
on the size of community, miles of roadway, geographic characteristics, pavement surfaces, and the types of markings.

Equipment fallsinto two broad categories. Thefirst isthe small, self-propelled, manually-controlled striper
with very low material capacity. The other is the heavy-duty, multilane, truck-mounted striper.

The smaller striper is generally used for marking crosswalks and other transverse markings and legends.
Commercially developed stripers may have several unique characteristics. One type may be self-contained with a small
engine to propel and operate the air compressors, paint and bead tanks, spray gun, and bead dispenser. In other stripers,
the compressor may be an auxiliary unit with a hose connecting it to the spray gun. Typical small-scale stripers are
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illustrated in figure 21.

Figure21. Small paint application units

Thelarger truck-mounted striper is almost always used for longitudinal markings. These stripers are available
commercially or can be customized to a highway agency's specifications. While the specifics may differ, heavy-duty
stripers typically have the following characteristics. The bed must be large enough to carry all the necessary marking
equipment. The engine should have sufficient power to maintain a steady speed up grades. Thisis needed for the spray
equipment to produce auniform marking. The striper is equipped with special warning lights. Arrow panels should be
mounted on the striper if it is not followed by a shadow vehicle. The front of the striper is usually equipped with a
device, such asasmall caster, that will enable the operator to follow atarget on the pavement or to follow a previous
marking. The device must be retractable so that it can be lifted free of the pavement when the marking operation is
discontinued or the deviceisnot in use. A typical layout of alarge-scale stiper is shown in figure 22. Photographs of
some current models of stripers are shown in figure 23.
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Two different methods are used to supply the traffic paint to the spray guns. In thefirst, the paint drums are
lifted from a supply truck to the striper by a hoist and the paint is pumped directly from the drumsto the paint guns. A
valve in the hose permits pumping from either of two drums. In the second method, paint tanks are located on the
striper. These may be filled from drums or tankers by either mechanical pumps or air pressure. In both methods,
screens must be used in the lines to help prevent contaminants in the paint. The screens must be freely accessible so
they can be cleaned frequently. Additional screens should be located close to the paint spray guns. The hoses must be
resistant to the cleaning solvent and to the solvent used in the paint.

The striper should be equipped with an accurate speedometer so that a consistent speed can be maintained. A
volume meter for each paint supply is valuable for monitoring the quantity of paint applied.

An air pressure system transports the paint to the spray guns at a pressure determined by the quantity of paint to
be delivered. It also suppliesair at alower pressureto ajet at the paint nozzle to atomize the paint. Air also movesthe
glass beads from the bead tank to the gravity-type bead dispensers. When hot paint is used, the glass beads are applied
pneumatically. Airisalso used in control valves for the paint guns. Some highway agencies use an air blast just ahead
of the paint gun to blow loose paint chips and other debris from the area being painted.

Figure 24. Paint and glass bead spray applicator

The air supply comes from a compressor that is driven by a gasoline or diesel engine. Thisis mounted on a
skid frame bolted to the bed. There should be instrumentation to ensure that the engine power matches the load on the
compressor. Protective devices are desirable to shut down the engine in the event of a malfunction.

The air pressure is also connected to the cleaning system, which is atank of paint solvent that can be connected
to the paint lines and nozzles by supply valves. The lines, nozzles, and screens must be cleaned only after use. The
cleaning solvent is returned to a drum on the striper.
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The paint spray guns and bead dispensers are mounted on carriages underneath the truck bed; they attach just
behind therear axle. Thisisillustrated in figure 24. The carriages can be moved laterally by the spray gun operator. A
positive placement of the carriage is applied. If edgelining is done at the same time as centerlining, two carriages are
needed.

The paint spray guns and bead applicators are timed so that the bead applicator starts at the appropriate time
after the paint spray gun starts. All spray guns and bead applicators are controlled by an intermittent timer. This device
consists of atiming mechanism driven by a ground contact wheel. A typical control panel for these devicesis shownin
figure 25.

Heating the paint prior to application has proven effective at achieving more uniform consistency under
changing temperature conditions and in reducing drying time. Low temperatures (up to about 120 degrees Fahrenheit/49
degrees Celsius) can be obtained by using a heat exchanger in the paint supply tank. This uses hot water from the truck
radiator or from the compressor radiator. Temperatures higher than this require that the paint supply lines be jacketed
and hot water must be supplied to the jackets.

Temperatures above 180 degrees Fahrenheit (82 degrees Celsius) generally require an external heating system
to supply heated liquid (a coolant or specia fluid) to the heat exchanger and to heat the paint lines. Some stripers that
are used for application of quick-drying heated paint have a compressor located behind the operator and a heat
exchanger mounted on the bed.

One type of striper is capable of applying material at pressures up to 2,000 pounds per square inch (14,000
kilopascals) and temperatures up to 350 degrees Fahrenheit (177 degrees Celsius). A striper used by the FloridaDOT
has a million-Btu (293-kilowatt) heater, a 250-cubic feet per minute (0.12 cubic meters per second) compressor, dual
steering, and a paint temperature capability of 225 degrees Fahrenheit (108 degrees Celsius) while painting three
markings.
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Figure 25. Paint control panel

One type of California striper generates heat in a rotational mechanism that uses mechanical energy to heat
paint. No heat exchanger is needed. Temperatures can be controlled to within 1 degree Fahrenheit (0.6 degrees
Celsius) over arange of ambient to 400 degrees Fahrenheit (204 degrees Celsius). It has been used with various
materials and at speeds up to 20 miles per hour (32 kilometers per hour). Paint drying time, depending on material,
ranges from 6 to 90 seconds. Operation is by atwo-person crew plus a follow-up truck with warning sign. This striper
can mark from the right or left side (retractable spray guns at the centerline of tandem axles) or straddling the marking
(sulky in front of truck). Up to three markings can be applied simultaneously. Another feature of this striper isa
multiple-nozzle airless spray gun capable of layer operation; e.g., two thin layers of paint, followed by beads, then
another layer of paint and atop course of beads. Becauseit is not necessary to clear the pain lines and spray guns at the
end of aday's work, afull day of marking is possible. This striper is reported to reduce bead use by 15 percent and paint
by 10 percent over older designs.(4”)

Missouri, North Carolina, and severa other States have stripers that use a high fluid pressure (1,400 to 1,800
pounds per square inch/9,600 to 12,400 kilopascals) spray system. Air atomization of the paint is not required.
Wyoming has stripers with motors to drive the high-pressure pumps.

Crew Sizefor Installation
Although heated and quick-drying cold-applied paints do not require protection of the freshly painted marking
from traffic, slower drying paint materials require some form of protection. The type of protection required dictates the

size of the crew.

The most common form of protection istraffic cones. The striper may be equipped with an apparatus that sets
the cones. Alternately, a platform at the rear or side of the striper can accommodate a crew member who sets the cones
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manually. In other operations, the cones are placed from a following truck equipped with an arrow board. An example
of how these cones may be placed is shown in figure 26.

Figure 26. Coning for paint application

Some highway agencies pick up cones manually. In other States, machines for picking up cones have been
developed. One such machine developed by ADDCO (St. Paul, MN) and marketed commercially, consists of alarge
wheel that will pick up or set down cones, allowing the operator to remain in the bed of a standard pickup truck.

On heavily used roadways, some highway agencies will use one or more trucks with arrow boards following
the striper. These following trucks direct traffic and protect the marking from traffic. Extreme care and caution in these
situations are required to protect the work crew.

The size of the crew depends on the nature of the operation and on each highway agency's policy. If
centerlines, edgelines, and no-passing lines are applied simultaneously, two spray gun operators are needed. Thus,
considering that the striper has a driver and assistant, a crew of four isrequired. A supply truck and operator is required
for most operations. If cones are needed, another worker is required. The crew coordinator usually follows the striper.
The cones must be retrieved by another truck with two or three workers. If cones are not needed, supporting trucks are
used for protection of the marking and generally follow at intervals of about 500 feet (150 meters).

The simplest marking operation requires about five workers and two trucks, in addition to the striper.
Considerable planning and coordination are needed to attain an efficient and low-cost operation. Because the marking
operation is seasonal in many States, the markings should be placed as early in the morning as possible, but not before
conditions are suitable. Because of rigid work hours, marking is too often started in the morning before the pavement
surface has dried.

Asin many other fields, quality is often sacrificed because of the push for increased production. Shortcutsin
application are seldom cost-effective. Materials can be wasted, machinery clogged, and the quality of the marking
degraded if proper attention to detail is abandoned in favor of afew additional miles of marking.

Pretreatment of Pavement

Early experience with traffic paints suggested that better adhesion might result from pretreatment. It was fairly
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well-documented that repainted markings performed better than the initial application on bare pavement. It was
hypothesized that pretreatment, particularly on PCC, would lengthen the service life of paint.

However, actual performance of pretreatments has been erratic; several methods have been used without
significantly increasing durability. Applying alight coating of paint without beads as a sealer on new pavement surfaces
has proved a successful practice used in some States.

Thefirst (primer) coat, laid at 4 to 5 gallons per mile (9.4 to 11.8 liters per kilometer), dries rapidly and seals
the pavement. This eliminates discoloration of asphalt from the solvent in traffic paint. 1t also improves adhesion on
PCC.49)

Another problem isinadequate cleaning of pavement surfaces. Tests have shown that clean surfaces improve
adhesion. A field study was conducted to assess the various types of surface preparation techniques.® The techniques
studied included grinding, airblasting, sandblasting, burning, washing (hydroblasting), acid etching, and wire brushing.

Of the different methods, wire brushing worked best with the application technique used. It was easy to use,
worked well on irregular surfaces, did not damage the surface, had no logistics or time lapse problems, and effectively
removed road film. In this method, awire brush is mounted in front of the centerline spray gun and is controlled by the
same circuit. The gun and brush thus activate and deactivate simultaneously.

Brushing pressure on the road is controlled by aregulator on the air supply. It appeared that optimum brushing
occurred when the brush was at its highest speed (600 revol utions per minute) and a broom pressure that caused a
0.25-inch (0.17-millimeter) deflection of the side bristles. Too much pressure resulted in excessive fiber deflection,
early failure, poor cleaning action, and unnecessary strain on the drive parts.

The cost for the wire brushing operation during this 1979 study totaled about $0.26 per mile ($0.16 per
kilometer). It was concluded that the service life of paint was not noticeably improved by brushing under the conditions
of the field tests (hot, dry weather, relatively clean roads). It may still be useful for other road conditions and is probably
more important when applying spray or extruded thermoplastic markings, since they do not have the wetting capabilities
of solvent-based paint.

Premarking of Roadway

It is generally necessary to premark the pavement surface before applying a new pavement marking. The
customary method of premarking isto use a string or pieces of pavement marking tape and make spots approximately
every 5 feet (1.5 meters). When working in traffic, the workers applying premarkings must be protected with signing,
flaggers, and lane closures. Another procedureisto premark the pave-ment with a dribble line using a small-scale
striper. Using the striper ensures rapid placement of a guideline with a minimum number of control points (figure 27).
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Figure 27. Premarking technique

For resurfacing jobs, atemporary offset marking is painted on the shoulder before the overlay is placed. The
striper then paints the marking on the new surface using the offset marking as aguide. This method has proven itself in
the past.

If a pavement marking has been obliterated by resurfacing, FHWA policy reguires that markings bein place
before the roadway is opened to traffic. 1n some States, heavy dribble lines are placed to serve traffic until the surfaceis
cured and the standard markings can be painted. If used, dribble lines should not be more than 3 inches (7.6
millimeters) wide, so that they can be completely covered when the standard marking is applied. Use of dribblelinesis
discouraged by the FHWA, however.

Scheduling of Marking Activities

Proper maintenance requires repainting of markings when the contrast, base film, or retroreflectivity islost.
The decision to repaint and schedule the activity are duties of the highway agency’'s maintenance chief. The highway
agency usually has an established policy to help in this process. The availability of materials, equipment, and crewsis
also important. Materials must be selected, purchased, and stored. Equipment must be serviced and maintained to
ensure proper operations and prevent breakdowns while on the road. Trained crews must be available and appropriately
scheduled.

Some highway agencies have predetermined schedules that identify sections of roadway to be marked
periodically. A computerized marking program should be used for alarge volume of roadways to assure a cost-effective
allocation of equipment, crew, and materials. When less mileage isinvolved, a manual scheduling processis commonly
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used. In either case, past experience and the highway agency's policy define the number of times aroadway must be
marked per year.

Other highway agencies may prefer to schedule remarking based on night inspection of the various facilities.
In some cases, residentia streets and other low ADT roadways are simply marked on aperiodic basis. The busier,
higher ADT roads are scheduled on an as-needed basis using night appearance to judge overall performance.

Determining when to replace painted markingsis, at best, an inexact science vulnerable to subjective
judgement and budgetary pressures. Severa highway agencies have reported that overtime cost for night inspection
cannot be justified, especialy since the resulting evaluation is based on a subjective opinion.

Whatever the method used, maintenance personnel should have knowledge of local traffic and climatic
conditions and must be experienced with avariety of delineation materials. These two criteriaare considered equally
important for scheduling remarking activities.

The weather patterns of the area determine, to alarge extent, the time period available for maintenance. In
high snowfall areas, for example, painting is usually limited to the late spring, summer, and early fall months. The
treatments and techniques used reflect the short service life of painted markings under heavy winter conditions.

Repainting activities should be scheduled in coordination with major improvement programs and with other
maintenance activities. Resurfacing, realignment, or changes in traffic patterns that would require new or repainted
markings may render previously scheduled repainting unnecessary. If marking activities are not coordinated with other
mai ntenance, new markings may have to be removed. Thisis an expensive mistake. Unfortunately, this type of
oversight is a common occurrence.

Thisis not to suggest that repainting should be indefinitely postponed because of planned changes or
improvements, particu-larly if the markings are significantly degraded in a hazardous location. Other options are
available, such as varying the type of paint, reducing the marking's thickness, or using temporary markings. These
options should be carefully considered when changes are anticipated. If a highway agency is planning to postpone
remarking, it should be aware of the potential safety hazard and legal implications from the lack of adequate delineation.

Warehousing and Storing of M aterials

Traffic paint is usually furnished in accordance with a highway agency's specifications. It istested at the
factory, placed in sealed containers, and shipped ready to be used. The size of containersis specified by the highway
agency and will usually be 5-gallon (19-liter), 30-gallon (114-liter), or 55-gallon (208-liter) drums.

Specifications for traffic paint are written to ensure against caking and excessive settling of the pigment.
However, it may be necessary to stir the paint to ensure complete remixing prior to use. Paint that has settled and
formed a hard cake at the bottom of the container should not be used. Instead, full data regarding lot number, quantity,
and other pertinent information should be reported and arrangements made for such paint to be returned to the
manufacturer.

Traffic paint that will remain in storage for some time should be stored upside down so that any deposit or
settling will occur on the lid of the container. When it is opened, the settled pigment may easily be scraped off the cover
and incorporated with the balance of the mix.

Occasionally a container of traffic paint will show agreen film on the top and along the edges of the container.
This discoloration, which disappears immediately upon mixing, is of no significance in the perform-ance of the paint.
However, sometimes traffic paint will contain "skins." Specifications usually require the lining of traffic paint containers
to be resistant to the solvent and prevent skins from forming. A skin might form as aresult of a manufacturer using the
wrong materials for linersin paint containers. Thislining will loosen and form skins. Paint containing skins of this
character should not be used, and arrangements made to return it to the vendor.
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Paint should be mixed thoroughly before being placed in the paint tank of the application equipment. Thinner
should not be necessary. (The wash thinner usually furnished isintended solely for cleaning equipment and not for
thinning the paint).

A 1979 study of the cost-effectiveness of various storage and warehousing practices specifically addressed the
economic feasibility of recycling drums for shipment and storage of paint, the use of 55-gallon (208-liter) drums versus
30-gallon (114-liter) drums, and bulk paint storage versus drum storage.(43)

Severa States tried using recycled drums, but the drums had a significant leakage problem because the lids did
not fit properly. It was concluded that this did not represent an economically feasible alternative, considering the loss of
paint through leakage and the relatively small cost saving realized by using recycled drums.

The study showed that the use of 55-gallon (208-liter) drumsin lieu of 30-gallon (114-liter) drumsresulted in a
40 percent reduction in the number of drums. Based on a comparison of drum costs and their resale values for both
sizes, it was determined that considerable savings in purchasing costs alone could be realized.

In addition to the obvious savings of about $0.35 per gallon ($0.09 per liter) afforded by eliminating the cost of
the drums, it was estimated that about 3 gallons (11.4 liters) of paint remain in each discarded barrel. Thus, there would
be an additional saving dueto reduction in waste. The installation, maintenance, and energy costs of storage facilities
will offset some of these potential savings.

The main problem in converting to the larger drums lies in handling these drums at the various storage areas.
The full 30-gallon (114-liter) drums can be loaded by hand into supply trucks. To handle the 55-gallon (208-liter)
drums, forklifts or other equipment are needed. Additional cost for equipment may therefore offset some of theinitial
savings.

A real potential for saving appearsto exist in the bulk paint storage concept. Possible cost saving, as well as
the ability to store large quantities of paint in asmall area, make the bulk storage method an attractive aternative.

Removal of Painted M arkings

Every highway agency needs to provide a capability for removing existing markings that no longer define the
safe path of travel. The difficultiesinvolved in the removal of markings have been compounded by the increasingly
successful effort to improve paint durability and adhesion.

Traditional Methods

A 1986 study by the New Y ork State DOT investigated the traditional methods of pavement marking
removal .49 Those methods are discussed below.

Chemical. Chemical paint remover can be applied to the unwanted pavement marking by hand or machine. It
is allowed to react for 10 to 20 minutes, depending on pavement temperature. A water jet--500 to 2,500 pounds per
square inch (3,400 to 17,000 kilopascals)--then flushes the chemical and paint from the pavement. This method was
claimed effective on both AC and PCC pavements, but damage may result if the chemical is left on the pavement too
long or if water jet pressureistoo high. This procedureis limited to temperatures above freezing and is most effective
for markings 10 to 20 mil (0.26 to 0.53 millimeters) thick. Thick paint buildups require a second or third applica-tion,
thus slowing the operation and increasing cost.

Grinding. This method was reported to remove markings effectively from both concrete and asphalt
pavements. Because pavement marking thickness does not affect the extent of removal, grinding may also be effective
on thermoplastic. However, pavement damage is a problem because grinding aters pavement surface texture and
appearance and may even gouge the surface, thus creating a scar in place of the obliterated marking. Grinding was
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reported to be slow and expensive, and not recom-mended for open-graded asphalt or rough-textured pavements.

High-Pressure Water Jet. A high-pressure water jet--2000 to 3000 pounds per square inch (13,700 to 20,500
kilo-pascal s)--was reportedly effective in removing pavement markings from PCC. It was claimed to remove about 90
percent of the marking from AC, but an outline of the obliterated painted marking may remain. This method, which is
restricted to temperatures above freezing, may also remove some fine aggregate from asphalt pavement.

Hot Compressed-Air Burning. This method uses a high-temperature blast (more than 2400 degrees
Fahrenheit/1315 degrees Celsius) of exhaust gases from propane combustion in a high-velocity compressed-air steam to
oxidize the marking. Good results were reported in removing the marking, but the air blast also removed some
pavement material. The obliterated paint and beads remain bonded to the pavement surface, creating ascar. A wire
brush removes some of this smudge, but the scar is still visible during the day as well as at night. Weathering and traffic
wear tend to make this pavement discoloration less obvious, but it may still be visible after three months. Asin any
burning method, asphalt pavement and preformed expansion joint material in concrete pavement may be damaged if the
burner head moves too slowly.

Excess-Oxygen Burning. In this system, two wide, flat burner heads are mounted in tandem on asimple
hand-propelled cart. The first burner creates a high-temperature flame (4,500 to 5,000 degrees Fahrenheit/ 3,800 to
2,760 degrees Celsius) of propane and oxygen directed at the pavement surface. A second burner tip directs pure
oxygen at the burning surface to accelerate oxidation of the marking. Best results are achieved on paint layers that are
thin, and markings more than 20 mil (0.53 milli-meter) usually require more than one pass. Obliterated paint and beads
remain bonded to the pavement surface, but can be removed using awire brush. After a few weeks of weathering and
traffic wear, this scar normally blends into the surrounding pavement and is no longer visible. The rate of removal
varies with the thickness of the marking. Up to 20 mil (.53 millimeters) of atypical alkyd-chlorinated rubber paint
marking can be removed each pass at arate of 7 to 15 feet (2 to 5 meters) per minute. For thicker paint, more than one
pass may be necessary. As the ash residue accumu-lates, it shields the marking from further penetration of the flame.

Hydroblasting. This method uses a high-pressure water blast in combination with sand to sandblast pavement
markings hydraulically. Blasting is performed at pressures of 5,000 to 10,000 pounds per square inch (34,250 to
68,500 kilopoascals), and sand is used at arate of 300 pounds per hour (136 kilograms per hour). Hydroblasting
reportedly removes all paint and beads from PCC with no apparent damage. A thin, white-gray slurry remains on the
pavement, but after a few weeks of weathering and traffic wear, the scar is no longer evident. This method isless
effective on AC than on PCC, and in some cases surface aggregate may be scoured or polished, resulting in a scar that
can be visible at night and during conditions of low visibility. Weathering and traffic abrasion eventually remove this
scar. Hydroblasting, which requires along equipment train and is confined to temperatures above freezing, is slow.
However, some promise has been reported for removing painted markings from asphalt pavement.

Sandblasting. One of the more widely used methods for marking removal, sandblasting achievesfair to
excellent results on both AC and PCC. However, operator skill is necessary for effective removal of markings without
pavement damage. Sandblasting is not effective on open-graded asphalt pavement because it is difficult to remove
markings completely without damaging the pavement surface. It is generally slow, requiring alarge equipment train,
and leaves residue that must be cleaned up.

Table 3 compares the effectiveness of the various methods in removing different types of marking materials.

Painting over incorrect markings with black paint or bituminous solutions is specifically prohibited by the
MUTCD. Such treatment has proved unsuitable because the original marking eventually reappears as the overlaying
material wears away under traffic. In addition, markings that were covered in this way are till visible under certain
conditions (low angles of illumination) due to preferential reflection from the two contrasting surfaces--the painted
marking and the adjacent road.

Table 3. Effectiveness of remova methods
| Remova method Paint Thermoplastic Epoxy Plastic Tape Foil Tape |
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Sandblasting Good Slow Good Ineffective Very slow
High-Pressure

Water Good Slow Good Ineffective Ineffective
Hydroblasting  Good Slow Good Ineffective Ineffective
Grinding Good* Good* Good* Ineffective Ineffective
Excess-Oxygen Burning

Thin only Ineffective Ineffective Ineffective Good

Chemicals Slow Ineffective Ineffective Ineffective Ineffective
Hand Removal NA Very slow NA Very slow Ineffective

* - Heavy scarring to pavement
NA - Not applicable to this material

The best method for marking removal is a treatment that affects the roadway surface as little as possible. It
should not materially damage the pavement surface or texture. Because chemical treatment may cause damage to the
pavement surface or drainage channels, it is seldom completely satisfactory. Removal of markings by grinding is not
considered completely successful as some remnants of the marking usually remain. Sandblasting has been the preferred
method of treatment.

Sandblasting is effective particularly when the pavement is rough and porous. The process does little damage
to asphalt and the resulting scarring is barely noticeable. Sand deposited on the pavement should be removed to prevent
drainage problems or atraffic hazard.

New Techniques

A new method similar to excess oxygen burning was devel oped by an independent contractor a few years ago.
It consists of a specially designed burner to combust propane and oxygen in awide flame composed of alarge number of
separate tips.®9) After combustion, the marking is treated with amild scarifier. Thefield testsindicated that use of the
cooler flame results in scarification and more damage to the pavement than excess oxygen burning. Field experience has
been limited.

Another independent contractor developed a new mechanical removal technique.®» This method applies
hardened steel cutter wheels to the marking to weaken the paint-pavement bond. Application of high-pressure water jets
completes the paint removal. This method showed significant promise in small-scale tests but has not been used in
large-scale application.

INSPECTION

Inspection of painted markingsis vital for cost-effective applications. Inspectors must be on the job siteto
ensure that the contractor is correctly applying the markings. Use of performance specifications has reduced the
importance of inspection. However, there are legal problems with trying enforcement of performance specifications.
The main points for inspection of painted markings is discussed in this section.

Preapplication I nspections
Before application, the inspector must check the following:

. Materials used must be from a prequalified vendor or must be specifically approved by the State's material
laboratory.

. The pavement being marked must be in appropriate condition for the material being applied. Some materials,
such as two-component epoxy paints, have different requirements. They may be applied on damp pavements at low
temperatures. However, they may not be applied over other pavement marking materials. The material being applied
will dictate the pavement condition requirements. It is most important that the pavement be clean and dry. If marking is
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begun early in the morning, moisture tests should be performed. Marking should be postponed until these tests are
successfully completed.

. Premarkings should be adequate to guide the marking truck operator in applying well-aligned markings. They
should be less than 3 inches (7.6 millimeters) wide to ensure complete coverage by the pavement marking application.

. Air and pavement temperatures must match the requirements of the material being applied. Again, different
materials will have different requirements. Check actual conditions against the manufacturer's recommendations. Table
3 givestypica ranges of temperatures allowed for various materials. If any tempera-tures are outside the recommended
values, marking should be postponed.

Application Inspections

Inspectors must check the following during application:

. Exposure to traffic should be minimized. Coning or other measures must provide good protection for both
workers and the new pavement marking.

. New markings must be protected for all of their no-track times. No-track times for the different classes of
materials are listed in table 3. These values will vary dlightly based on specific material formulation.

. Tests should be made of application rate of glass beads by putting bags over the bead dispenser and driving a
predetermined distance at normal marking speeds. The beads can then be weighed and application rate calculated.

. Materia application temperatures should be within the manufacturer's recommended ranges.

. Inspection of handling procedures and safety measures is vital for liability reasons. Many paints, such as
polyester, involve handling of potentially hazardous solvents or other materials.

Postapplication I nspections
After the marking has been applied, the following should be checked to test the application technique:

. Color should be checked with a standard highway color chip or a Tristimulus colorimeter (figure 28). Colors
must conform to FHWA requirements for standard highway colors.
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Figure 28. Portable Tristimulus colorimeter

. Thickness can be checked by placing duct tape in the marking truck's path, removing the duct tape and
measuring thickness with amicrometer. The contract will probably specify the thickness to be applied and allowable
tolerances. Typical thicknesses for paint systems are shown in table 4.

. The marking can be checked for adequate retroreflectivity using the sunlight/shadow technique or a portable
retroreflectometer; the embedment and distribution of glass beads can be checked using a pocket microscope.

For detailed material on inspection, see chapter 11.
ENVIRONMENTAL CONCERNS

The use of volatile organic compounds (V OCs) in oil-based paint formulations is the subject of increasing
concern to environmentalists. In fact, according to the California Air Resources Board, petroleum-based solvents used
in paint and for cleanup purposes are the third largest source of air pollution in Los Angeles, San Diego, San Francisco,
and Sacramento.(52)

Because of the VOCs released in marking operations, they can be subject to certain environmental regulations.
In fact, certain governmental agencies have begun to develop regulations specifically to regulate VOC release from
marking activities. Some of these agencies and the regulations they have devel oped are discussed here.

Stateand L ocal Regulation

Following the lead of the Environmental Protection Agency and the latest research, the States have begun their
own programs for ingtituting regulation of the environ-mental hazards created by marking activities. States that have
done the mgjority of the work to date have been those with a serious pollution problem, such as California (Los Angeles)
and New Y ork (New Y ork City). These regions have a particularly high population density and, therefore,
correspondingly high pollution. The release of VOCs and other hazards from pavement marking operations only
worsens the problem. These States have, therefore, begun to exercise control over these activities.

The need to reduce pollution resulting from the use of solvents, such as toluene, led to the development of a
Model Rule in Californiafor the control of hydrocarbon emissions. Approved by the California Air Resources Board in
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July 1977, the Rule prohibits selling or applying any coating containing more than 250 grams of VVOCs per liter of
coating (1.92 pounds per gallon). This ruling became effective September 2, 1982.(53) In most cases, exemptions were
granted that extended this date to September 1984.

In 1982, The South Coast Air Quality Management District (Los Angeles basin) enforced Rule 442, which
limits V OC emissions to 600 pounds (272 kilograms) per day. Thislimits the application of solvent-based paint to 175
gallons (662 liters) per day for each marking truck.

The trend to restrict the volume of VOCsin commonly used solvents indicates that paint formulations are
changing dramatically. Commercial paint manufac-turers, as well as State materials laboratories, are seeking to reduce
organic gas emissions. They are shifting from the conventional formulations to those using nonvolatile solvents. They
are a'so using materials with solvent ratios, such as water-based or epoxy coatings.

Hazardous M aterials

Before the development of the 1984 Model Rule by the State of California, Los Angeles had introduced Rule
66, which specified the type of solvent that could be used in white and yellow traffic paint for air pollution control
districts.

Table4. Application characteristics for inspection

Recommended Temperatures No-Track Typical
(°F) Time* Thickness
Marking M aterial Pavement Air M aterial (Minutes) (Mil)
Alkyd or Modified >50 >50 120 7 or more 15
Alkyd Traffic Paint
Chlorinated-Rubber Paint  55-85 55-85 110-130 3-6 15

* Note: These aretypical values only, for standard applications. Actual experience varies greatly depending on material type and formulation.

Type | solvents, based on toluene and aliphatic thinner, can be used in all areas of the State, except in counties
that comprise air pollution control districts. For countieslocated in air pollution control districts, Type Il solvents
consisting of methyl ethyl ketone, ethyl amyl ketone, and special aliphatic thinners have been specified.

L ead-Based Pigments

In addition to the hazard created by the solvents used in traffic paint, thereis another environmental problem
from the lead-based yellow pigment that has traditionally been used. The State of California recognized this problem
also and initiated a research program to investigate lead-free yellow pigments.53)

The research found that it was simple to match the yellow color required for traffic paints with alead-free

pigment. However, in an exposure test with alead-based pigment as a control, only the lead chromate pigment retained
apositive yellow color after an appreciable exposure time.

CHAPTER 5. THERMOPLASTIC MATERIALS

INTRODUCTION

The search for highly durable markings as an alternative to conventiona traffic paint has been under way for more
than 20 years. The growing popularity of thermoplastic has been attributed to its readiness for immediate use, superior
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durability, and potential for long-term economy and traffic safety. While the initial cost of thermoplastic can be as much
as 15 times the cost of conventional painted markings, its long service life and improved visibility make it an attractive
alternative in many situations. This chapter summarizes the current uses and suggested procedures for installation of
hot-applied thermoplastic materials.

Hot-applied thermoplastic materials have been in use for many years and are considered a cost-effective alternative
to conventional paint markings when durability is a prime concern. Because of the wide operational experience, the
emphasis in this chapter is on the traditional applications of thermoplastic.

USES

Thermoplastic materials have the same basic uses as traffic paint (chapter 4). The application guidelines provided
in the Manual for Uniform Traffic Control Devices (MUTCD) concerning standard colors, widths, patterns, and
placement of painted markings also apply to thermoplastic.(®

Experience has shown that various thermoplastic materials serve some uses better than others. The most
cost-effective and safest use is a function of the site-dependent variables. Hydrocarbon-based thermoplastic should not
be used as transverse markings because oil drippings tend to dissolve them. Thislimits their use for crosswalk or stop
bar applications. The decision to use thermoplastic must weigh the site and material characteristics against the increased
cost.

Because of the long service life and inherent difficulties in removing permanent thermoplastic markings, exercise
careintheir application. Changesin marking patterns should be kept to aminimum. Maintenance programs, permit
work, and utility repair programs are examples of projects that may disrupt the marking schedule. All these possibilities
should be considered for the roadway that is to be marked. Thiswill help avoid installation of thermoplastic on a
roadway that will be resurfaced soon after marking.

There are severa clear-cut advantages of thermoplastic markings when compared with paint. Perhaps the most
apparent advantage lies in the replacement factor. A single application of thermoplastic might replace 20 or more
applications of paint (dependent upon site-specific variables and application characteristics). Thus, even though
thermoplastic materials may cost 15 times as much as paint, they can be cost-effective when used properly. In addition,
thereis an advantage to having constant delineation on the road, as opposed to a short-lived paint. With a nondurable
material, asignificant fraction of the marking cycle takes place when amarking is no longer adequate and the roadway is
simply waiting to be marked.

Various agencies have reported that thermoplastic markings typically last 3 to 15 timeslonger than paint. This
number depends on the paint replacement policy and the specifications for the thermoplastic installation. The
break-even point ranges from three to six years. That is, to be cost-effective, the thermoplastic markings must remain in
place, with satisfactory retroreflectivity, for a minimum of three to six years. By carefully selecting material and
application technique for a given installation, a balance can be achieved between service life and the higher initial cost.

While thermoplastic installations are frequently practical in terms of durability and visibility, users agree that it
should not be assumed that such installations are appropriate for all situations. The following observations represent a
summary of experience to date as reported by user agencies.

e Thermoplastic should not be applied on new Portland cement concrete (PCC) facilities. A one-year curing period is
recommended prior to installing thermoplastic. Even after this one-year period, a primer-sealer should always be
used when applying thermoplastic to PCC.

e  Alkyd-based thermoplastic markings perform exceedingly well as transverse markings. Hydrocarbon-based
transverse markings, however, tend to deteriorate rapidly because of motor oil drippings.

e Thermoplastic materials are rated as the best marking material by more highway agencies (36.5 percent) than any
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other. However, highway agencies generally consider it to be one of the more sensitive materials to apply.>4
MATERIALS

Hot-applied thermoplastic materials are synthetic resins that soften when heated and harden when cooled without
changing the inherent properties of the material. The formulation of thermoplastic pavement markings includes three
basic components: plastic and plasticizer (binder); pigment and fillers; and glass beads. The exact chemical
composition varies considerably. Formulas of commercially available materials are proprietary and continually change
as the price of chemical components fluctuates. For this reason, composition is usually specified in terms of minimum
percentage by weight of each basic component. A list of specification sources is given in appendix C.

Although the percentage by weight of the components varies among specifications, atypical rangeis as follows:

Binder............o i 15 to 35%
Glassbeads. . ...........cciiiii.. 14 t0 33%
Titanium dioxide

(TIOD) oo 8t012%
Calcium carbonate

(or other inertfiller) .................. 48 to 50%

Types

Thermoplastic materials are classified by the type of binder used. Two materials receive the mgjority of usein
current applications. Alkyd-based thermoplastic markings have probably the largest variety of uses. They use synthetic
alkyd resins for abinder. For thisreason, they do not deteriorate from motor oil drippings in the way that
hydrocarbon-based thermoplastic does. Hydrocarbon-based thermoplastic markings are generally used for longitudinal
marking applications because of their susceptibility to oil droplets. They use petroleum-based organic compounds as a
binder.

Properties of Thermoplastics

Thermoplastic materials are, by definition, materials that can be heated to aliquid state, reshaped, and cooled to
form anew object. For thermoplastic materials, this cycle can be repeated any number of times without significantly
influencing material properties.

In early uses, thermoplastic was heated to above 375 degrees Fahrenheit (191 degrees Celsius) and extruded onto
the pavement at approximately 90- to 125-mil (2.2- to 3.2-millimeter) thickness. Retroreflective glass beads were
premixed in the base material and atop dressing of beads was applied as the molten plastic was extruded. The material
solidified, ready for use, within minutes. This marking was at least six times the thickness of conventional traffic paint.
In addition to the inherent durability of the plastic itself, these markings provided alimited level of wet night visibility.
The thick markings extended above the surface water film, negating some of the focusing effects of the film. This water
film forms on wet roads, causing markings to lose their retroreflective properties. The physical mechanisms by which
this phenomenon occurs, and how it affects retroreflectivity, are discussed more thoroughly in chapter 2.

Early hot-extruded installations had problems. Performance was erratic on PCC. Poor bonding and the formation
of blisters within the marking were problemsin high snowfall areas. Because of the poor bond, snowplow blades
severely damaged the markings, especially on PCC.(35 Many of these problems were due to alack of standard
installation procedures. Pavement pretreatments were widely varied. Often the pavement was left uncleaned except for
surface sweeping. Where primer coatings were used, their formulations also varied considerably. Given these
circumstances, the performance of the early thermoplastic was unpredictable. Even when the major factors were held
constant, unexplainable variations in performance remained.

One of the main contributors to erratic performance of thermoplastic is the lack of quality control over temperature
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variables during the application process. Because of their flexibility, temperatures are probably the single most
important concern when dealing with thermoplastic. Thermoplastic is designed to be easily melted and reformed. To
accomplish this successfully, the required temperatures must be closely monitored. In addition, the material formulation
must be exact to ensure that the material responds correctly to the predetermined temperatures.

Temperatures that are too high during the melting process can scorch the material. |nadeguate temperatures may
not melt the material fully, resulting in inadequate bonding. In addition, thicknesses must be monitored to ensure a good
bond. If an application is not thick enough, the material on the pavement will not retain heat long enough for the
thermoplastic to penetrate the substrate and become well-bonded.(5® Pavement and air temperatures that are too high or
low will obviously affect heat transfer characteristics and thus adversely affect bonding.

Thermoplastic can be the most successful of all marking materials when properly applied. However, the material
properties (melting temperature, formability, heat retention characteristics, and so on) that make them so useful also
make them possibly the most sensitive material to apply. Control of application variables must be meticulous to achieve
excellent marking performance.

Despite its problems, hot-applied thermoplastic shows much promise for improvement. Research continues into
improved material formulations and application techniques. Asaresult, thermoplastic markings have changed and
evolved. In addition to improvements in the base thermoplastic materials and primer, modern equipment has made
control of application variables much more precise. Hot-spray application may solve some of the problems with the
process. Also, with more operational experience, performance and cost-effectiveness can be predicted more accurately.

PERFORMANCE

Thermoplastic markings, when properly applied, perform excellently. They are probably the most durable
delineation technique, and their thickness also gives them some capability of providing delineation at night on wet roads.
This section will discuss methods of measuring the performance of thermoplastic markings.

ServiceLife

Under some situations, hot-extruded thermoplastic pavement markings may be severely damaged by snowplow
operations. Early research related the intensity of snowplow activity, as measured by mean annual snowfall, to
thermoplastic durability.5® This relationship is shown in figure 29. No correlation was found between other variables,
such as traffic density, pavement pretreatment, primer type, and pavement age in this 1969 survey.
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Figure 29. Average thermoplastic life vs. annual snowfall

The variety of opinions, procedures, and experiences implies that the service life of thermoplastic markings depends
ontheinstallation site. Also, research project results should be tempered by the judgment and experience of personnel
at each highway agency.

Although thermoplastic markings have been in use for anumber of years, thereis little agreement on their service
life. Their excellent durability is established. However, establishing an expected service life for a particular material on
aparticular roadway is difficult. There are too many factors influencing performance to permit an average service lifeto
be predicted with any confidence. Figures 30 and 31 express average service life as a function of volume and the
durability of material as afunction of traffic flow, respectively. These figures are representative of two of the more
common methods used to predict service life.
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Figure 31. Performance of thermoplastic markings as a function of traffic flow

The remaining thickness or the percentage of retained area are the most common measures of servicelife. For
example, the marking is assumed to be ineffective when the thickness falls below 10 to 15 mil (0.25 to 0.38
millimeters). Thelongitudinal loss of areais used more often in determining service life, aswell asloss of
retroreflectivity.

Determining Service Life

Laboratory tests suggest that where an adequate bond is established, the action of the snowplow is only a minor
contributor to thermoplastic marking loss.6”) The failureis probably caused by the freeze-thaw cycle characteristic of
many snowfall areas. In any case, winter failures are more frequent on PCC than on AC because thermoplastic bonds
better to asphalt surfaces. Thermoplastic is considered impervious to deicing chemicals and sands.

One survey of State highway agenciesin a 1969 study reported a wide variation in thermoplastic performance and
in agency expectations.(53 A suggested percentage of retention for contract warranty is given in table 5. This
requirement is based on a hot-extruded application with 90- to 125-mil (2.3- to 3.2-millimeter) thickness.

Table 5. Warranty requirements for thermoplastic

Minimum Retention

Duration
After Longitudinal | Transverse
Acceptance Lines Lines
12 Months 90% 0
24 Months 80% T 5%
36 Months 60% ol

The Texas Transportation Institute devel oped the following technique for determining percentage of thermoplastic
retained.5”) The percentage retained is defined as the nominal area of the marking, minus the area of loss, divided by the
nominal area, multiplied by 100.

Edge loss isloss from one edge that does not continue entirely across the marking. The area of loss is one half of
the nominal width, minus the minimum remaining width in the loss area, times the length of loss aong the edge.

Length of Loss Along Edge Nt:minll
' | Width

[ qi L1
I-L

Minimum
Remaining
Width "R"

Il‘le

EdgelLoss=L,=12(W-R) L,

End lossis defined as the loss of thermoplastic at the end of the marking. The area of loss is the product of the
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remaining length measured along the centerline multiplied by the nominal width of the marking and divided by the
nominal area.

Remaining Length "Lg"

Mominal

Width »w*

Nominal Length "L." L

EndLoss=L,=(LXxW) - (LgxW)

Center lossis defined as any loss of thermoplastic that extends entirely across the marking between its two ends.
The lossis determined as the length of loss along the centerline multiplied by the nominal width of the marking.

lILLh

Nominal
nwl Wid‘th

Center Loss=L;= (L, x W)

Interior lossis the loss of thermoplastic contained entirely within the edges of the marking. The area of lossis
calculated as the length of loss in the longitudinal direction multiplied by the width measured in the transverse direction.

"L L"

1lw Llll

Interior Loss=L,=L, x W,
Total Percentage Retained Calculation:

Total Loss=L,+L,+L;+L,
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% Retained = Nominal Area- Total Loss x 100
Nominal Area

INSTALLATION, MAINTENANCE, AND REMOVAL

Thermoplastic is regarded as the most durable delineation technique. Evidence also suggests that this durability is
traded at the expense of ease of handling. Thermoplastic probably requires more care for installation, maintenance, and
removal than any other material. The most important concerns for proper handling of this materia are discussed below.

Installation

Thermoplastic installation is a delicate process. The high temperatures involved and the materia’ s extreme heat
sensitivity require that a high quality control level in athermoplastic marking operation. The following discussions
provide guidance on the most critical aspects of thermoplastic application.

Primer-Sealers

The type and condition of the pavement during application on AC pavements isimportant for a good bond.
Experience shows that adhesion on AC pavementsisimproved over PCC. The bituminous surface probably softens
from the heat of application, and the thermoplastic then fuses more completely with the road. Good adhesion may
require cleaning and/or application of a primer-sealer to the surface before marking.

If the type of pavement and the recommendation of the supplier warrant, a primer-sealer should be used. The New
Y ork State Department of Transportation (NY SDOT), with a number of other agencies, reported no differencein
performance with or without primers when applied to AC pavements.(5® However, most material suppliers recommend
the use of a primer-sealer on PCC and old bituminous pavements.

After tests of hot-extruded thermoplastic installations, the NY SDOT specified the use of epoxy primer on PCC.
The large, automated, hot-spray equipment used in Californiais equipped to lay a two-component epoxy directly ahead
of the spray thermoplastic.(5® The most commonly used primer in recent yearsis an epoxy resin. Synthetic
rubber-based primers have not proven as effective.

Careful application of rapid-drying epoxy primer coatings is necessary for good bonding. For example, evidence
suggests that the thermoplastic materials should be applied when the primer is still tacky.(9 Failures have been
reported when the primer was too dry or wet. One specification requires that the spray-applied primer remain tacky for
at least 10 minutes at 73 degrees Fahrenheit (23 degrees Celsius).”) One form of epoxy (with linseed oil) requires 24
hours of curing time.

Thereis also little agreement on whether thermoplastic should be applied over paint. Thereis evidence to suggest
that a better bond is achieved on bare pavement. The highway agencies that maintain their own equipment and use their
own forces for application appear to have developed unique methods. In some instances, neither PCC nor AC surfaces
are pretreated, despite the supplier’ s recommendations. Y et some highway agencies will confidently estimate an 8- to
10-year service life based on past experience.

There appears to be no agreement on whether priming or cleaning of the pavement is the better method of
pretreatment. Thereis also little agreement on the optimum application rate of primer. It depends on age, porosity, and
texture of the pavement, as well as on the active solid contents of the epoxy solution used. Wet film thickness of primers
ranges from 2 to 5 mil (0.3 to 0.13 millimeter) and is normally based on the manufacturer’ s recommendation. One study
recommends 2 mil (.05 millimeter) as adequate.(>8)

Sorage and Field-Handling of Materials
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Hot-applied thermoplastic materials are available in block or granular form. They are packaged in cardboard
containers or heavy-duty bags weighing 20 to 50 pounds (9 to 23 kilograms). The containers should be stacked flat and
stored on palletsin adry place. Water or dampness will not harm the materials but may weaken or otherwise damage
the cardboard containers.

Dirt, residue from the cardboard, or the polyethylene liner will contaminate the material. Take care to protect the
material so that these pollutants are not accidentally loaded into the melting kettle.

The daily supply of cartons or bags to be carried on the truck bed should be covered. If the cardboard containers do
get wet, all paper and other residue should be removed and the material allowed to dry before use.

Before loading, the bulk material should be broken up with a hammer while still in the carton. The carton should
then be opened, placed over the kettle, and tilted to empty the material into the melting pot.

Sometimes thermoplastic will be supplied in containers that are made of thermoplastic material compatible with the
marking material. In this case, the whole container is simply loaded into the melting kettle, and there are no problems
with liners or other related contaminants. However, the outsides of the containers should be checked for dirt and other
contaminants.

Application Methods

Formulations differ for application by extrusion or hot spray. They aso differ for usein hot or cold climates. Often,
an alkyd-based (synthetic resin) material is used in northern areas, applied by extrusion. A hydrocarbon-based (organic
compound) material is used for spray application in more temperate climates. Suppliers will make a compound
according to a highway agency’ s specifications, though they may recommend minor variations.

The various categories of thermoplastic installations require different application techniques. In selecting the most
appropriate thermoplastic materials, consider the physical requirements for each application to achieve a proper bond,
aswell as the equipment and staffing requirements.

The type of installation (transverse or longitudinal markings), type of facility (urban or rural), type of pavement,
magnitude of the installation, and other project characteristics will influence the method of application. For example, a
small intersection project to install crosswalks or stop barswill differ from amajor improvement project in which
delineation markings are aline item in the construction contract.

Extrusion

Extrusion application of thermoplastic had been the method of choice for several years, until the advent of hot-spray
application. Hot-extruded thermoplastic marking operations take place at about 3 miles per hour (5 kilometers per
hour), and are ready for traffic 2 to 10 minutes after application. Typical application thicknessis 125 mil (3.2
millimeters).

In small-scale stripers, extrusion is typically accomplished with an extrusion die, or shoe. Materia isheated in a
jacketed kettle. The machine then passes a predetermined amount of material from the kettle into the die. The die
contains agate that is sized so that a certain thickness of material is deposited on the pavement. Then the process
repeatsitself. In thisway, the temperature of the remaining material is kept constant, without having to incorporate the
extrusion die into the heating mechanisms. This processis called gravity extrusion.

Ribbon extrusion, more common on large-scale stripers, uses a pressurized gun to lay the material. Ribbon
extrusion is capable of producing the same sharp, crisp edges as those marked by using gravity extrusion.

Spray
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The development of the hot-spray application technique for thermoplastic is considered by many to represent a
significant breakthrough in delineation technology.(5” The spray process differsin that the hot thermoplastic is
combined with pressurized air. The combination forces the material onto the pavement. Typical applications from
large-scale stripers can take place at 9 to 12 miles per hour (15 to 19 kilometers per hour), and are ready for trafficin
less than one minute. Spray applications are typically thinner than hot-extruded applications, usually between 60 and 90
mil (1.5 to 2.3 millimeters) thickness.

Major advantages with hot-sprayed thermoplastic include the ability to apply thinner coatings, better bond with the
pavement, and better distribution and retention of glass beads. Also, the difficulties of maintaining a high temperaturein
the material during extrusion is largely eliminated by the spray process. Moreover, the hot-sprayed material hardens
quickly upon application, lessening the sensitivity to pavement temperature.

Application Equipment

Molten thermoplastic can be extruded or sprayed onto the pavement by means of a manually operated device for
small runs (figure 32), or by large automated stripers for major construction projects (figure 33). Typically, 2,000
pounds (908 kilograms) of thermoplastic materials supplied in granular or block form will yield approximately 6,600
feet (2 kilometers) of 4-inch (10-centimeter) marking with a 90-mil (2.3-millimeter) thickness.

The small-scale, manual striper usually has a melting pot that holds a manual mixing paddie to keep the
thermoplastic from segregating or scorching. Thereis also aspigot and die, and a bead hopper and dispenser. In one
design, the striper is equipped with a propane tank to fuel the burner under the melting pot. Another striper has an
auxiliary unit for heating the materials after which they are transferred to the dispensing unit (figure 34). Aninfrared
burner over the extrusion die can be used to maintain the temperature during application. For manual, hot-spray
application, the striper draws its compressed air supply through a long hose from a small truck-mounted machine.
Small-scale stripers have an average capacity of about 12 gallons (45.4 liters) or about 100 pounds (45 kilograms) of
molten thermoplastic.



Roadway Delineation Practices Handbook

it i

TR e
L :’.‘ i

| |dig

Figure 32. Small thermoplastic application equipment

Truck- or skid-mounted thermoplastic stripers are self-contained units with large melters, automatic agitators,
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heaters, electronic controls, intermittent timers that control the flow of spray to form solid or broken markings, material
dispensers (extrusion die or spray nozzle), bead hoppers, and bead dispensers. Large-scale stripersrange in size from a
1,000-pound (454-kilogram) to a 3,000-pound (1,360-kilogram) capacity melting pot (figure 35). Applications using
these stripers are often contracted. The equipment costs can exceed $150,000 and local staffs are seldom experienced in
operating such complex machinery.

Some highway agencies maintain a small-scale striper for maintenance jobs or small installations, such as new
crosswalks or stop bars. Large installations are either bid separately (for existing pavements) or are included as part of a
new construction or resurfacing contract. There are, however, anumber of highway agencies that prefer to purchase
medium-sized stripers and conduct their own marking activities, with assistance from the material’ s supplier, if needed.
Crew sizes range from two workers for manual application to as many as five workers for the largest operations. This
does not include following vehicles or other protection and traffic control personnel.

Thickness of Applied Material

Correct application thickness is the subject of some debate. If durability is afunction of thickness, thicker markings
will last longer but require more material, thus more cost. It can be argued that this extended service life may outlast the
retroreflective properties, and, in some cases, the pavement itself. The value of a6- to 10-year service lifeisminimal if
the pavement is subject to resurfacing during thistime. Similarly, bead loss may render the marking ineffective at night
before this time elapses.
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Figure 33. Large-scale thermoplastic application equipment
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Thicker markings (90 to 125 mil/2.3 to 3.2 millimeters) provide better wet night visibility when the beads are still
in place, but are more vulnerable to snowplow activity. In practice, the thicker applications continue to be used more
than thinner markings. This approach is more flexible in that the markings can then be either extruded or sprayed.

However, the extrusion process is more compatible with thick applications, especially if 125 mil (3.2 millimeters)
isdesired. The spray processis best suited to applications of 90 mil (2.3 millimeters) or less. The thinner coatings have
generally performed well and are usually more cost-effective.

Proponents of thinner applications (40 to 60 mil/1.0 to 1.5 millimeters) report acceptable retroreflectivity and
durability over service lives of 3to 4 years. Materia costs are lower, application is faster, and damage from snowplow
activity isless. Wear of thermoplastic material has been estimated at an average of 10 mil (0.25 millimeter) loss per
year. Normal wear includes studded tire damage, traffic abrasion, and losses to snowplow activity. Thus, a marking of

40 mil (1 millimeter) could be expected to survive three to four years.(5?

However, the thicker applications have a higher profile, and may therefore provide better wet night visibility. The
thinner applications do not extend as far above the pavement and are more easily covered by surface water film.
However, new advances in binder technol ogies have made use of amuch larger sieve size of glass beads to be used with
good durability. Large glass beads enhancement of wet night visibility is discussed in chapter 2. With these advances,
the most cost-effective technique is probably a spray process with a combination of intermix beads and large drop-on
glass beads.

When selecting athickness for a thermoplastic marking, there are amyriad of variables to be considered. A
thickness must be selected that will enable the marking to perform especially well in the environment for which it is
intended. It should be noted that this process must not be performed independent of the other variables. All aspects of
application (material used, application method, type of pavement, and so on) must be considered interactively in order to
achieve cost-effectiveness.
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Figure 34. Loading and extruding thermoplastic
M aintenance

One of the advantages of thermoplastic is its durability. Depending on the material used and the roadway
characteristics, thermoplastic can provide virtually maintenance-free delineation for years. Some of the maintenance
concerns related to thermoplastic are discussed bel ow.

Saining

In hot climates, thermoplastic markings can become discolored or badly stained by tire tracks, particularly on
bituminous pavements. This degrades the daytime contrast and visibility. Thermoplastic materials are, however,
somewhat self-cleaning during rainy weather. That is, the tire action on wet markings will remove most of the stains. In
hot, dry areas, it may be desirable to consider cleaning the markings by washing with a mild detergent.

Patching

Thick, extruded thermoplastic installations are especially vulnerable to chipping if the pavement bond is weak, the
pavement bond is faulty, or theinternal cohesion of the pavement itself is unstable. Almost all thermoplastic materials,
hot- and cold- applied, can be patched by placing athin overlay of compatible material onto the missing portion of the
old marking. Thisis usually accomplished with a manual applicator.

Replacement

When thermoplastic markings are no longer effective and must be replaced, it is common practice to renew the
markings with an overlay of compatible material. This can be treated as a scheduled maintenance activity, as a separate
project, or as part of alarger improvement program. Depending on the size of the installation and agency policy, the
work may be performed by a highway agency’ s forces or a contractor can be hired.

- A L TRRe

Figure 35. Typical melting kettles used in thermoplastic application

In some cases, thermopl astic markings outlive their retroreflective properties. One highway agency experimented
with using paint and glass beads overlaying the old thermoplastic to obtain night visibility. The paint was used as a
binder to retain the beads since much of the thermoplastic marking was till in place. If the paint adheres to the
thermoplastic and if the thermoplastic base is securely bonded to the pavement, this could be an inexpensive method of
upgrading markings with inadequate retroreflectivity. However, thereis no available information on the performance of
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this combination.
Removal

Thermoplastic markings can be difficult to remove. The properties that enhance durability, such as thickness and
integral bond with the pavement, deter easy removal.

On both PCC and AC, removal of thermoplastic markings scars the pavement. The extent of the scar will depend
on the method of removal employed.

Markings in place will be completely covered during any type of roadway resurfacing or rehabilitation project.
Sandblasting

Sandblasting is used frequently for large-scale removal jobs. The physical characteristics of this method were
discussed in chapter 4. One operation features a high-pressure water jet used in conjunction with sandblasting. This
minimizes the residual sand on the pavement and enhances the effects of the sandblasting.

Excess Oxygen

The excess oxygen paint removal equipment described in chapter 4 has also been used to remove hot-sprayed
thermoplastic. In this case, the hot flame melts the thermoplastic, and the molten thermoplastic is removed with a
straight hoe. Subseguently, the residual marking is reburned and the burned residue is brushed away leaving only a
dlight indication of where the marking had been. Thiswill disappear with traffic wear.

Grinding or Chipping

For smaller jobs, an air hammer and chipping blade can be used. Take care on asphalt surfaces to prevent
excessive damage to the pavement. To remove an occasional arrow or legend, manual removal using a hammer and
chisel can do a satisfactory job.

In recent years, improvements in cutter wheels and other technol ogies have made large-scale grinders feasible.
These are marketed by a variety of vendors, several of which also sell products for pavement marking. Highway
agencies’ experience with these large-scale grinders has been mixed for different products, and little formal research has
been made available for evaluating different models of grinders.

INSPECTION

The operational procedures for the application of hot-applied thermoplastic markings are quite similar to those for
application of paint. Where no previous markings exist, the roadway must be premarked with guidelines using the same
methods described for paint application (see chapter 4). Although highway agencies’ specifications differ, most call for
application on dry and clean pavement. Pavements should be tested for dryness, using the litmus or other tests. More
often, a subjective judgment is made by the engineer in charge. Morning dampness can cause early failure of the
markings.

The techniques for removing loose dirt, old paint, oils, and other contaminants include sandblasting, airblasting,
hydro-blasting, brooming, acid etching and grinding. Some agencies report no precleaning regquirement for bituminous
pavements. The most appropriate technique depends on the condition of the surface and whether any residua paint must
by removed. Sandblasting and acid etching are usually restricted to concrete pavements. Better adhesion is reported for
installations in which the concrete was subjected to light grinding before application.

Clean and Dry Pavement
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The pavement should be dry with no surface dampness, dew, or subsurface wetness. As mentioned in chapter 4,
marking is too often begun before the pavement is sufficiently dry for application.

Thermoplastic should not be applied over old preformed tape markings. If thermoplastic materials are being
applied on top of old thermoplastic markings, the base layer must be in stable condition and the old material should still
have an adequate bond with the pavement. Thermoplastic applied on top of markings that failed from inadequate bond
strength will simply peel off the pavement with the old markings.

If the old layer of markings still has an appreciable quantity of surface beads, it should be roughened by brooming
or light grinding. The same applies to premarkings that were applied with atop dressing of glass beads.

Air Temperature

Ambient air temperature should be at least 55 degrees Fahrenheit (13 degrees Celsius) for application of the
majority of thermoplastic materials. If the manufac-turer specifies some other temperature, that value should be used.
The wind chill factor should be considered when determining whether it is warm enough to begin marking operations.
The wind chill factor will help determine how quickly the material on the pavement will cool. If the wind chill istoo
low, the material will cool before it has had an opportunity to bond with the pavement. If thewind chill factor is below
45 degrees Fahrenheit (7 degrees Celsius), thermoplastic materials should not be applied.

Pavement Temperature

The pavement temperature is probably the single most important factor in applying thermoplastic materials. The
pavement temperature will govern the rate of cooling of the material, even more than the air temperature. Thisis
because the rate of heat transfer to the pavement from the material is by conduction and transfer to the air is by
convection. Under any normal conditions, heat transfer by conduction is much quicker than by convection.

The pavement should be at atemperature of at least 55 degrees Fahrenheit (13 degrees Celsius). This may be
measured with a standard surface temperature thermometer.

M aterial Temperature

Material temperature required will vary more than any other parameter. The optimum value may vary for different
materials, and the laws of heat transfer dictate that maintaining close tolerances at the high temperatures required for
thermoplastic application is difficult. These are often hundreds of degrees higher than temperatures for paint
application. Normal operating temperatures are in the range of 400 to 450 degrees Fahrenheit (204 to 232 degrees
Celsius), with the optimal value between 425 and 435 degrees Fahrenheit (218 and 224 degrees Celsius).

Other Tests

Other than pavement pretreatment and temperature concerns, inspection of thermoplastic markingsis essentially the
same as for paint. Markings should first be visually inspected for crisp edges and minimal deviation or overspray. The
same tests as for paint may then be performed. These include material thickness, pocket microscope inspection for bead
quantity and distribution, and the sun-shadow retroreflection test.

Thermoplastic materials are very sensitive to the variables governing application. Table 6 has been included to
help diagnose problems that may exist in the application process. It also presents some possible solutions to these
problems. Thistableistaken directly from manufac-turers' literature for correcting problems that occur with their
materials.

Table 6. Common problems with thermoplastic

| IfLineAppears: Problem Is: ToCorrect:
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Smooth, shiny,
glossy

No beads in marking, resulting in no
retroreflectivity, caused by bead gun
malfunction

- Repair bead applicator
- Increase bead application rate
- Move point of bead application

Smooth, with slight
dimples

Drop-on beads sunk too low, resulting in
lower retroreflectivity, caused by material
being too hot

- Increase bead application rate
- Cool material, staying above
425 degrees Fahrenheit

Glazed or “icy” Beads too high, not adhered well, will wear - Ensure thermoplastic
off quickly, caused by material being too temperature is 425-435
cold or bead gun too far from application degrees Fahrenheit
point - Move point of bead

application

Cratered Beads popped out, resulting in lower - Ensure thermoplastic

retroreflectivity, caused by material being
too cold and/or poor bead adhesion

temperature is 425-435
Fahrenheit

Rough around

Inconsistent bond, resulting in less

- Ensure marking is proper

edges durability, caused by material being applied thickness
too cold/and too thin - Ensure thermoplastic
temperature is 425-435
degrees Fahrenheit
Wavy, with Flow-out of material edgeis not well- - Ensure thermoplastic
irregular edges defined, caused by material being too hot or temperature is 425-435
too liquid, application pressure being too degrees Fahrenheit
high, extrusion gate open too wide, and/or - Adjust application equipment
road surface being too uneven - Slow application rate on
rough surface
Greenish yellow Scorching resulting in thermoplastic - Discard material
becoming brittle and less durable, caused
by overheating or too many reheats
Dingy, dull yellow  Scorching resulting in thermoplastic - Discard material
becoming brittle and less durable, caused
by overheating or too many reheats
Pitted Trapped moisture, trapped primer or - Perform moisture test
trapped air, al of which weaken bonding - If moistureis present, STOP
OPERATION

- If moisture test is negative,
determineif surface is open-
graded. To avoid air
entrapment on open-graded
surfaces, slow application rate
and ensure thermoplastic
temperature is 425-435
degrees Fahrenheit.

Lumpy

Charred materia or unblended pigments

- Determine problem by
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and filler resulting in lower durability removing alump from the
melter and cutting it open
- If the lump appears burnt or
dark in color, material is
charring inside heating
system. Remove al visible
lumps from melter and screen
meaterial before applying
- If the lump appears grainy or
unmixed, the resin and/or
pigments are unmelted. Hold
the thermoplastic in the
melter at 425-435 degrees
Fahrenheit until the lumps

dissolve
Stretched or pulled  Inconsistent bond and poor durability - Ensure thermoplastic
caused by material being applied too cold temperature is 425-435
and too rapidly degrees Fahrenheit
- Adjust application speed
Scarred or gapped  Weakened bond caused by charred material - Remove lump from melter
or arock drug through the marking and cut open to determine if

the materialsis charred. If
so, remove all visible lumps
and screen material before

applying
- Clean Surface
Uneven at Poor appearance, cut-off not sharp because - Adjust applicator
beginning or end of  applicator is not adjusted correctly - Ensure thermoplastic
marking temperature is 425-435
degrees Fahrenheit
Too much dribbling  Poor appearance caused by poorly adjusted - Adjust applicator
|between skips applicator - Ensure thermoplastic
temperature is 425-435
degrees Fahrenheit
Marked by tire Road opened to traffic before thermoplastic - Keep traffic off of marking for
tracks has cured or an insufficient amount of longer period of time
beads has been used - Increase bead application rate

CHAPTER 6. PREFORMED TAPES

INTRODUCTION

Hot-applied thermoplastic materials require a high temperature to achieve a molten state for application. This
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requires expensive installation equipment and experienced operators. However, cold-applied plastic marking material
requires neither of these things, requires no hardening time, and, under certain circumstances, exhibits a high-level of
durability.

Cold-applied plastic pavement marking tapes are supplied in continuous rolls of various lengths and widths. These
preformed tapes can be supplied in yellow or white, and in precut shapes to form standard lengths and symbols.
Cold-applied plastic is a so supplied in sheets from which special shapes, forms, or letters can be customized.

USES

Preformed tapes are most frequently used for crosswalks, stop bars, words and symbols, and other speciaized
treatments. Some local agencies have also indicated a preference for preformed tapes as center-lines and lanelinesin
areas of low traffic density. Aswith the hot-applied thermoplastic, cold-applied preformed tapes are reported to perform
better on bituminous asphalt surfaces than on Portland cement concrete.

Properties of Cold-Applied Plastic

Preformed plastic tapes are generally recognized for their durability, especially abrasion resistance. They areideal
for sites that involve small quantities of marking materials, particularly under severe conditions requiring frequent
replacement. The ease of installation and repair for preformed tapes, which requires no equipment, makes them nearly
asinexpensive for these applications as other materials. Thisis because the costs for other materials often includes the
operation or rental cost of large-scale application equipment, which is difficult to use for small installations, particularly
transverse and special markings.(©9

Preformed tapes are nearly always fabricated as roll or sheet stock in afactory. These marking tapes consist of the
same materials as are in thermoplastic markings: resin binder, pigment, glass beads, and fillers. The tapes differ in
composition in that they are often backed with an adhesive for pavement bond. A surface coat of glass beadsis often
included for retroreflectivity.

While preformed tapes have been cited by some highway agencies as having very good abrasion resistance, other
agencies complain that preformed tapes distort in areas with heavy turning movements.5¥ Preformed tapes must be
applied in areas where agood bond can be ensured. Application procedures must be strictly followed. Clean pavements
are more important for preformed tapes than for any other material.

See the subsection on durability in the performance section in this chapter for a more thorough discussion of the
conditions under which tapes will bond well. These are the conditions where the tapes' durability may make them
cost-effective.

Cost Considerations

Preformed tapes cost more per linear foot than any other marking material. Contract prices for installation in New
Y ork in 1984 were found to be about $1.25 per foot ($4.10 per meter).(69) This compares unfavorably with $0.04 per
foot ($0.013 per meter) for paint. Thermoplastic is only about $0.32 per foot ($1.05 per meter).

A comparison of expected costs and service lives should aways be performed before specifying the use of
preformed tapes. The tapes must be useful over their long service lives to justify their initial high cost.

Illuminated Streets

Preformed tapes often do not provide adequate retroreflectivity throughout their whole service lives. Thisfact,
along with the material's very high cost, has limited tape use to installations such as urban intersections and urban
markings. These areas, where installation of small quantities of markings is needed, are cost-effective. Tapesusedin
these areas have good durability, and urban markings are generally on well-illuminated streets. Installation of tapesis
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much simpler for these applications. Many standard marking materials require large, difficult-to-handle equipment for
the same purpose.

TYPES

Preformed tapes are generally classified by expected service life and by material composition. Only two
classifications of service life are distinguished: permanent and temporary. The major difference in these two types of
preformed tapes is their thickness and method of adhesion to the pavement.

Permanent

Permanent preformed tapes are any inlaid installation, or athick overlaid installation that has achieved good bond
with the surface. All preformed tapes whose manufacturers report lifetimes of more than one year are considered
permanent pavement marking tapes. Two types of plastic are used in the majority of formulations of permanent tapes,
urethane and pliant polymers.

Urethane

The first preformed tape material, urethane, is an extruded cold flow plastic with embedded glass beads, with or
without atop surface coat of glass beads. It generally has athickness of 60 or 90 mil (1.5 or 2.3 millimeter). Itis
precoated with pressure-sensitive adhesive for self-bonding and/or supplied with a separate adhesive.

Pliant Polymer

The second cold-applied plastic material is a polymer material that is somewhat more pliant than the cold extruded
type. A top dressing of beads is recommended for areas where immediate retroreflectivity is required. Standard
thickness of these filmsis 30 or 60 mil (0.76 or 1.5 millimeter). Pliant polymer tapes are precoated with
pressure-sensitive adhesive for self-bonding or applied with a contact cement.

Temporary

Temporary preformed tapes are normally used in overlay installations. The inlay and overlay installation techniques
are discussed under Installation and Removal. They are thinner than the permanent tapes, are foil-backed, with a
precoating of adhesive for self-bonding.

Temporary preformed plastic tape is used often for temporary markings in construction work zones. The advantage
of this material isits easy removability. It can be removed intact (or in large pieces) from either asphaltic concrete (AC)
or Portland cement concrete (PCC) pavements. Removal can be manual or with aroll-up device without the use of heat,
solvents, grinding, or sandblasting.

The material consists of asingle layer of pigmented binder and glass beads applied to a backing layer of metal
foil .69 These foil-backed tapes range from temporary tapes with high initial brightness but low durability to tapes
offering several years of service. In addition to the adhesive applied to the tape in the factory, a primer may be
recommended in some cases to enhance pavement bond.

PERFORMANCE

Like any other pavement marking material, preformed tapes' performanceis judged in terms of their visibility and
durability. Some basic characteristics of tapes' performance in these two areas are discussed in following two sections.
In particular, discussion concerns preformed tapes particular problems concerning long-life retention of sufficient glass
beads for good retroreflectivity.

Retr or eflectivity
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One of the main reasons that preformed tapes, though highly durable, have not been cost-effective is their lack of
good retroreflectivity throughout their service lives. Most tapes are so lacking in adequate night visibility that many
State highway agencies specify their use only on well-illuminated roadways. This significantly restricts their use.

Some highway agencies have searched without success for atape that provides adequate retroreflectivity.(61.62)
Some promise has been shown by tapes employing 1.75 RI (refractive index) beads, but the tape itself still outlasted its
retroreflectivity. In most cases, the tape'sinitial good retroreflectivity retained for some time, but eventually it
deteriorates to an unacceptable level due to insufficient matrix beads.

Durability

A 1983 study by the New Y ork State Department of Transportation (NY SDOT) attempted to identify the surfaces
upon which preformed tapes performed well.(61) Their experience resulted in several observations. Inlaid markings
outperform overlaid markings if a good bond is achieved with the pavement. (See the Installation and Removal section
of this chapter.) Tapes must beinstalled quickly on inlaid installations to achieve good bond with the pavement (that is,
while pavement is still warm). Tire traffic over the markings clearly helps ensure good bond with the pavement.
Adhesion failures are more likely to occur in areas receiving little traffic. Tapes should not be installed on tine-textured
PCC pavements, as this will cause delamination failure between the tape and its adhesive backing. Finaly, both
abrasion and adhesion failures are accelerated if the tape is installed over asphaltic concrete in a deteriorated condition.

INSTALLATION AND REMOVAL

The value of preformed tapesis their extraordinarily simple installation and removal procedures. Special or
complex equipment is usually not required for installation. Sometimes a rolling applicator deviceis used for
longitudinal marking applications. A paving roller often is employed to ensure even contact with the pavement, thus
ensuring good adhesion. Crosswalk and stop bar applications normally do not even require this equipment.

Installation
Preformed tapes can be installed by the inlay method or the overlay method (figure 36) depending on type and

condition of the pavement. With either of these methods, the markings are ready to receive traffic immediately after
installation.



Roadway Delineation Practices Handbook

b) Overlay Method (For Existing Asphalt and PCC Surfaces)

Figure 36. Basic method of installing preformed tapes.
Inlay Method

The inlay method is used in new construction or resurfacing of hot-melt asphalt concrete (HMAC) surfaces. The
pressure-sensitive, self-bonding tape is positioned in place and isrolled firmly into the asphalt during the final
compaction while the asphalt is still warm (at least 130 degrees Fahrenheit/54 degrees Celsius). This operation is
normally performed using a paving roller.(69

For longitudinal markings, atape applicator device follows the breakdown rollers and automatically lays skip lines,
double yellow lines, and solid white edge lines. It can be powered with a 12-volt truck battery and is equipped with a
compressed air cutoff mechanism. The tape as positioned is securely bonded to the pavement by the finish roller that
follows. Precut shapes and letters must be positioned manually before compaction. Theroller tends to bevel the plastic
strip into the pavement.  This enhances the bond and seals out moisture.

Overlay Method

Overlaying refers to any method of installing preformed tapes on existing pavements by applying them to the
surface and then creating some kind of bond with the pavement.

Permanent

Pressure-sensitive films work well for relatively new AC surfaces that are to receive permanent installations of
overlaid preformed tape. When overlaying permanent preformed tapes onto old AC surfaces or PCC, better bond is
achieved when contact cement is applied prior to installa-tion. In this case, manufacturers may recommend two coats on
the pavement and one on the film. Thisistrue a so for intersection markings with heavy turning movements. The
markings are positioned initially by simply stepping on them and creating slight adhesion to the pavement. A light
hand-roller (or vehicletire) is used then to partially bond the tape to the pavement to prevent movement until the
continuous tire pressure of traffic ensures a secure bond.
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Figure 37. Ingtallation and removal of cold-applied preformed tapes
Temporary

For construction or maintenance jobs that require the temporary delineation of new or atered travel lanes through
the work zone, athinner, self-adhesive tape can be applied directly on the pavement. Two forms of temporary marking
tape are available. Oneform isintended for use in those construction projects where marking removal will not be
required. The other form is designed for easy removability. Major advantages of the latter material includeits high
retroreflectivity. It can beinstalled quickly by atwo-person crew. It can also be removed easily when the construction
project is completed and traffic flow must revert to the original configuration.

The self-adhesive tape specified for temporary markings in construction zones can be removed with relative ease.
The material can simply be dislodged and removed by hand or rolled up on the applicator, as shown in figure 37.

This type of operation will leave no lasting scar. A dim indication may be left by the residual adhesive, but this will
be eradicated by traffic film in a short time.

Heat-fused

One relatively new method of overlaying preformed tapes has been marketed by Pave-Mark Corporation (Atlanta,
GA). It consists of aspecia formulation of pliant polymer preformed tape used with a propane torch to create a
pavement bond.

Theinstallation processis simple. The markings arelaid out in their proper locations and heat is applied to their
top surfaces with a propane torch. Pave-Mark claims that the material solves previous problems encountered with
preformed tapes such as distortion and early loss of retroreflectivity. Research has yet to establish the validity of these
claims.

Symbols

Cold-applied, preformed legends or symbols must be installed by hand, but thisis arelatively simple operation. It
consists of laying out the markings in their desired locations and securing them to the pavement with aroller or vehicle
tire.

Removal

Removal of preformed tapesis a special problem because removal varies widely with the type of material and, more
importantly, the installation method. Therefore, removal of permanent and temporary tapes is discussed separately.
Also, table 2, in the chapter concerning traffic paints, details the effectiveness of various methods of removing
preformed tapes.

Permanent

Removal of permanent preformed tapes can be difficult. If agood bond was achieved upon application, few
methods to remove the materia are effective, particularly if the material has been in place along time.

The NY SDOT found that the best method of removing tapes was by excess oxygen burning. The heating of the
material breaks its adhesive bond to the pavement. A scraping mechanism is normally used in conjunction with this
method. Thisissimilar to a method used in the past whereby the material was simply heated and the markings manually
scraped from the pavement.

Temporary
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Because temporary tapes do not have strong adhesives, they are very easy to remove. They simply are gathered up
on asimple mechanica roller, or can usually be torn from the pavement by hand. There are no specia factors or
equipment to be considered.

INSPECTION

Permanent preformed tapes are composed of basically the same materials as hot-applied thermoplastic markings.
Many of the inspection characteristics for thermoplastic are similar for preformed tapes. In fact, the stripping and
peeling often associated with preformed tape installations make the percentage of material retained calculations
described in chapter 5 particularly useful for cold-applied tapes.

Certain characteristics of permanent preformed tapes make other aspects of their inspection problematic. For
example, preformed tapes should be checked especially closely for large-scale bonding failures with the substrate and
also for distortion in heavy turning aress.

If it is necessary to use tapes for longitudinal markings on nonilluminated highways, they must be inspected
regularly for adequate retroreflectivity.

Temporary preformed tapes are typically not in use long enough for inspection to become a major concern. Any
program to inspect and identify sections of temporary preformed tape could not be implemented quickly enough to
provide any benefit before the installation's lifetime has expired.

CHAPTER 7. RAISED PAVEMENT MARKERS

INTRODUCTION

The use of glass beads in pavement markings was the first breakthrough in providing low-cost night time visibility.
However, pavement markings disappear when the surface of the roadway becomes wet. The loss of visibility occurs
when it is needed most—during adverse weather, particularly rainy or foggy nights.

During the past several decades, emphasis has been placed on research to develop a durable marking device to
provide both day and night visibility during adverse weather. As aresult of research, raised pavement markers (RPMs),
retroreflective and nonretroreflective, have emerged as a highly effective aternative. As can be seenin figure 38, RPMs
provide excellent night visibility. This chapter addresses the uses, types, and characteristics of RPMsin use today and
those planned for the future.

USES

RPM s can be used to show roadway alignment, or to replace, or to supplement other pavement markings. RPMs
are discussed in part 3 of the Manual on Uniform Traffic Control Devices (MUTCD) and are defined under marking
materials (section 3A-3) asavariation to paint.()

The same principles that govern the use of painted markings are used for RPMs in terms of color, application, and
configuration. The MUTCD sections 3B-14, 15, and 16 address the pattern and spacing of RPMs for supplementing
other markings and substituting for other markings. The MUTCD gives general guidelines for spacing in terms of N, the
normal cycle length of a pavement marking used in the location where the markers are to be used.

In this Handbook, figures are presented to illustrate the principles that the MUTCD outlines and also specifically to
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address the placement and spacing of RPMs in special or hazardous situations. Figure 39 presents the list of symbols for
pavement markings and RPMs. Figure 40 illustrates the use of RPMs to show roadway alignment for tangent sections
and horizontal curves. Figures 41, 42 and 43 illustrate the patterns commonly used for centerlines, lane lines, and solid
lines, respectively (edgelines and no passing zones). These figures apply the 3-to-1 gap-to-segment ratio, and assume a
40-foot (12-meter) cycle length of N (gap plus segment), a gap of 30 feet (9 meters), and a marking segment length of
10 feet (3 meters).

Functional Applications

There are severd different types of RPMs. The characteristics of each type relate to the function they must perform
for their specific applications.

Nonretroreflective RPMs are used in some installations to completely replace painted longitudinal markings.
Retroreflective RPM s are interspersed to provide night visibility where there is no overhead lighting. The higher initial
cost of acomplete RPM system is justified on the basis of the long service life and increased wet weather visibility.
More frequently, however, agencies tend to use retroreflective RPMsin conjunction with painted stripes for longitudinal
delineation. Because retroreflective RPMs provide increased visibility at night, especially during rain, they are
particularly desirable at high hazard locations, such as exit ramps, bridge approaches, lane transitions, horizontal curves,
and construction zones.
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Figure 38. Nighttime visibility with RPMs
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Symbols
o Yellow Stripe
I White Stripe
E- 3 Two = Way Yellow Raised Pavement Marker
<> Two - Way White Raised Pavement Marker
E One - Way Yellow Raised Pavement Marker
<] One - Way White Raised Pavement Marker
E Non - Retroreflective Yellow Raised Pavement Marker
O Non - Retroreflective White Raised Pavement Marker
<> White / Red Raised Pavement Marker
< Yellow / Red Raised Pavement Marker
N Normal Spacing
L Length of Transition / Taper
- Directional Arrow

Figure 39. List of symbols
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-
<

2N

N @ 2

a. Passing in both directions (2—La, 2—Way)

2N

-

BEE < BE

b.

Passing in one direction (2—La, 2—Way)

<

" 2N ]

<>

c. No passing in either direction (2—La, 2—Way)

Code:

<> Two—way RR yellow RPM
@@ RR yellow stripe

Recommended RFM spacings for
Horizontal Curves:
2N — D is 3" or less

N — D is greater than 3" but less than 15’
N/2 — D is greater than 15

Figure40. Use of RPMs to show raodway alignment on tangent sections and on horizontal curves
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- N/4—
e 0 e < © e o

. L]
N/12 N/12 _LL/

a) RPM System (2—La, 2—Way)

TQT

12m 24m
(40") (80°)
<> [ ] <> or < ) = <
5m | SmJ 5m 5m '3mi 9m ’Jml 5m
(15" (10 (15" (15" (10" (30" '(10") (157

b) Combination RPM/Stripe System (2—La, 2—Way)

6m "
|__(20_)a.| 100 mm (4")
< 0o
< 0

L N | N | N | N -l
| 1 1 1 T
50-75 mm 1 o < e © o
—3" T R T T —— .
=37 m—% 100 mm (47

d) Combination RPM/Stripe System (Multi—La, 2—Way)

Code: o Non—Refl. Yellow
< Double Yellow
0 Yellow Stripe

FIGURE 41. Centerline Patterns
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Figure4l. Centerline patterns
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N N/4 —-’
b ot
<] 9] O O < @] Q O
=
——-\‘—-L- 3/4N —n—hﬂ——l.——L-—J
N,/12 _LL/ \AA_ N/12
a) RPM System
h N 2N @ ——=
b i
<] 1 < or <] —/ 1 <
Baned BN L=
T ™ ="
3/8N 1/4N  3/8N 3/8N 1/4N  3/4N  1/4N 3/BN
b) Combination RPM/Stripe System
— K v —
—1 <> N 1 <> 1 < < 1 C
— -
3/8N 3/8N T
L > 1000° ~

C) Combination RPM/Stripe System in Advance of Exit Ramp

OO0 N P>00O0 P»0O00O0
l|1‘1
TR s —=[=
1/4N . 3/4N
L > 1000’ |

d) RPM System in Advance of Exit Ramp

Code: < Refl single white C—1 White stripe
<Pp Refl white—red e Direction of Traffic
O Non—refl white
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Figure42. Laneline patterns
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a) Combination RPM /Stripe for Left Edge Line
(RPMs normally not recommended for right edge line)

e N/2 N/2 a’

< c O O ! © ©0 o <

| —

|
b) RPM System for No Passing Barrier

‘ 50-75 mm

]
N =

c) Combination RPM/Stripe System for No Passing Barrier

Code: < Refl Single Yellow
o Non—Refl Yellow
0 Yellow Stripe
i

Direction of Traffic
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Figure 43. Marking Patterns for Solid Lines

The three colors of RPMs in use are white, yellow, and red. White and yellow RPMs have the same meaning as
pavement markings of the same colors. Red retroreflective RPMs convey the message "wrong way." Blue
retroreflective RPMs are used by towns and cities to indicate the location of anearby fire hydrant.

Considerationsfor Application
RPMs have the following advantages over standard painted markings:
o Retroreflective RPMs provide increased retroreflectivity under wet weather conditions.

o Both retroreflective and nonretroreflective RPM s are more durable than painted lines. Replacement is much less
frequent and repainting operations under heavy traffic conditions can often be avoided.

e Thevehicle vibration and audible tone produced by vehicles crossing over the RPMs creates a secondary warning.

e Thecapability of providing directional control of retroreflected color permits their use in conveying a wrong way
message.

o Nonretroreflective RPMs can be used as transverse rumble stripes.

The principal disadvantage in using RPMsistheir highinitial cost. Their application, therefore, tends to be limited
to important roadways, where additional delineation is needed, and roadways having a surface that will not soon be
subject to major repair, replacement, or excavation. It isonly under these conditions that an agency can recover the high
initial investment and realize the full benefit of the durable RPMs.

Another concern is RPM vulnerability to snowplow activity. All pavement markings are obliterated by heavy
snowfall. The RPM has the added disadvantage of being damaged or removed by the snowplow blade. A
snowplowable marker has been devel oped that has demonstrated some effectiveness in resisting snowplow damage.
The types, capabilities, and features of RPMs currently in use are described under Materials.

Guidelinesfor Application

Part 3B of the MUTCD provides definitive guidelines for road markings in avariety of situations.(Y) The Traffic
Control Devices Handbook has a similar section on the application of RPMs.(63 Guidelines for applying RPMs are
presented in figures 44 through 50. Since policies may differ among agencies, the patterns shown are dimensionless. In
these figures the normal spacing, N, represents the length of the segment plus the gap. The color of the RPMs should
match the pavement markings being replaced or supplemented.

Figure 44 presents marking patterns for two-way roads, including a) two-lane roads, b) no passing zones, and c)
four-lane roads.

Figure 45 presents marking patterns for transition sections, including a) four to two lanes (right) and b) four to two
lanes (l€ft).

Figure 46 presents marking patterns for intersection approaches, including a) two-lane, one-way roads, b) two-lane,
two-way roads, and c) four-lane, two-way roads.

Figure 47 presents marking patterns for horizontal curves having a degree of curvature of 6 degree or greater,
including @) two-lane, two-way roads, and b) four-lane, two-way roads.
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Figure 48 presents marking patterns for left turn lanes, including a) center lane of athree-lane road, b) center lane
of afive-lane road, and c) a protected left turn lane.

Figure 49 presents marking patterns for freeway ramps, including a) the combination of RPMs and painted
markings at an exit ramp and b) the combination of RPMs and painted markings at an entrance ramp.

Figure 50 presents typical marking patterns for work zones, including a) two-lane, two-way road (3 days or less); b)
two-lane, two-way road (14 days or less); c) two-lane, two-way road (more than 14 days); d) two-lane, two-way road
with severe curvature (14 days or less), stripe centerling; €) two-lane, two-way road with severe curvature (14 days or
less), RPM centerline; f) undivided multilane roads; and g) divided multilane roads.

The RPM pattern for construction zones that appears to provide the driver with the best visual perception on
tangent sections is when RPM s of a spacing of 40 feet (12 meters) supplement painted lines. That is, aretroreflective
RPM is placed midway between each 10 feet (3 meters) paint stripe, as shown in figure 50b

andc.

For replacement of painted skip lines, a cluster of four nonretroreflective RPMs with aretroreflective RPM every
40 feet (12.2 meters) is recommended. The nonretroreflective RPMs should be placed 3 1/3 feet (1 meter) apart to
provide the daytime appearance of a skip line. (Seefigure 50b and c.)

Special L ocations

Because of the high initial cost of RPMs, several States use them only in locations where additional delineation is
needed. A study of this phenomenon was performed for the Federal Highway Administration (FHWA).(64) It
investigated before-and-after RPM installation studies performed in a number of States. The types of locations studied
were narrow bridges, two-lane roadways, stop approaches, through approaches, two-lane with left-turn lane, interchange
gores, four- and six-lane undivided, multilane undivided, and four-lane transitions to two lanes.

A total of 12 State reports were summarized. In many cases the accident data were insufficient. In others, the
accident reduction between the before-and-after period was not statistically significant. Also, some sites included speed
and lateral placement data. Several conclusions came from these reports.

For narrow bridges on two-lane rural roads, an RPM spacing of 80 feet (24.4 meters) decreasing to 40 feet (12.2
meters) approaching the bridge results in a significant reduction in the nighttime 85th percentile speed. Encroachments
over the centerline are also reduced significantly. RPMs are found to be needed on both the edgeline and centerline.
The edgeline RPMs are necessary to delineate the decrease in pavement width.

On two-lane rural curves, the double yellow centerline should be supplemented with one row of RPMs between the
two centerlines. The spacing of the RPMs should be 80 feet (24.4 meters) on 3-degree curves. For curves between 3
and 15 degrees, a spacing of 40 feet (12.2 meters) or lessisideal; for curves greater than 15 degrees, spacing of 20 feet
(6.1 meters) is recommended (see figure 40c for example of application). Visual observationsindicate that two RPMs
may be needed to provide adequate delineation for locations with curves greater than 20 degrees. The mixture of
centerline and edgeline RPM s appears to be confusing on some sharp curves.

RPM s significantly reduce instances of erratic maneuvers in two-axle vehicles with and without the presence of
overhead lighting. This effect especially is pronounced through painted gores at exits and bifurcations.

The RPM s should be introduced slightly in advance of the highway problem areato prepare drivers for the guidance
technique that is to be encountered.

RPM s provide improved nighttime delineation when compared to and used in conjunction with painted markings.

Finally, although RPMs are a valuable guidance system, they are not a panacea for reducing the potential hazards at
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al locations.
MATERIALS

A number of concepts have been applied in devel oping alow-cost, durable RPM. The RPM should 1) provide both
day and night visibility at least equal to that of aretroreflective painted stripe, 2) be highly visible under wet night
conditions, and 3) not be damaged by snowplow activity or cause damage to the snowplow blade.

Commercially available RPMs vary in all aspects of size, shape and composition, and exhibit awide range of
capabilities. No onetype of RPM satisfies all the capabilities mentioned above. Size, shape, retroreflective properties,
and materials used are considered when selecting aRPM. There is atrade-off between performance and cost, but it is
not linear. After acertain point, paying more for RPMs will not significantly increase performance. RPMs should be
selected on the basis of site-specific characteristics.

In addition to the commonly used RPMs, there are several experimental designs. The following discussion
highlights the commonly used RPMs, special use RPMs, and RPM designs in the planning stage.

Types

The forerunner of the RPM was a convex button with glass beads on top for nighttime visibility. Named "Botts
Dots" after their developer, these RPMs were introduced in Californiain 1954.(89 They were cemented to the pavement
with epoxy adhesive, one each in the center of the 15-foot (4.6-meter) gap of askip line. These RPMs were not readily
submerged. They were used as auxiliary devices to provide delineation during periods of darkness and wet weather.
The service life of these RPMs was estimated to be 20 years on Portland cement concrete (PCC) pavement.

Variations of the convex button have been developed. A nonretroreflective ceramic button is now used as an
alternative to painted markings. However, these should be used in combination with retroreflective RPMs for both day
and night visibility. Another variation is the ceramic button with a glass or plastic retroreflective insert. Examples of
these "button" RPMs are shown in figure 51.

The rectangular RPM was devel oped around 1955 to improve durability on asphalt pavement. Like the Botts Dots,
these early wedges had a polyester resin base with glass beads as the retroreflective element. The wedge shed water and
extended above the water film found in wet weather. 1t also alowed one- and two-way delineation.

More recently, developments in precision molding technologies have made possible atrihedral angled mirror
(cube-corner) retroreflector to use with the wedge-shaped RPM. In this system, three mirrored surfaces are arranged at
90-degree angles.
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an— 2N <2N

b) No Passing Zone *d <2N

c) Four Lanes

Code N Normal Spacing 3 Yellow Stripe
< Single White 0 White Stripe
< Single Yellow =g Direction of Traffic
< Double Yellow

Figure44. Marking patterns for two-way roads
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N/2

el e LT

b) Four Lanes to Two—Lane Road — Left

For speeds 45 or more
L=5Sx W
For speeds 40 or less
N Normal Spacing L= ws 2
< Single White 80
< Double Yellow L = Length in Feet
73 Yellow Stripe S = B5th Percentile Speed
[—] White Stripe W = Offset in Feet
wgp-  Direction of Traffic d = Advance Warning Distance (See Section 2C-3

Figure45. Marking patterns for transition situations
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4N N N —

=-N /2

N/2

N/2

N/Q—l

a) Two Lane, One—Way Road

4AN* N L

N /2

N/2 N/2 N/E-J * local ordinance may require \1
a no—passing barrier in
advance of intersection
b) Two Lane, Two—Way Road
Code: <> Refl Red—White

< Single White

<> Double Yellow

@ Yeliow Stripe

] White Stripe

8= Direction of Traffic

Figure46. Marking patterns for intersection approaches
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c) Four Lanes, Two—Way Roadway

Code: <> Refl Red—White
| Single White
< Double Yellow
[ Yellow Stripe
1 White Strip
e

Direction of Traffic

Figure 46. Marking patterns for intersection approaches (continued)
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A

N
<
<
<
-
[ ——

-

Code:

PT
a) Two—Lane, Two—Way Road

*5N or to beginning of no passing barrier whichever is shorter

T T T
N

b) Four—Lane, Two—Way Road 8
Normal Spacing Note: Where D <6, N/2 may be increased
Refl Single Yellow to N between points A and B.
Single White On vertical curves increase spacing
Double Yellow on crests.
Yellow Stripe
White Stripe

Direction of Traffic

Figure 47. Marking patterns for horizontal curves having 6° or greater curvature
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2N

2N ——=

a) Center Lane of Three—Lane Road

L

eeaan

[

Code: B Refl Single Yellow
< Single White
< Double Yellow

b) Center Lane of Five—Lane Road

Yellow Stripe
1 White Stripe
=g Direction of Traffic

Figure48. Marking patterns for left-turn lanes
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c) Protected Left—Turn

Code: <> Refl Red—White
<> Double Yellow
£ Yellow Stripe
1 White Stripe
lf—

Direction of Traffic

L > 30 m (Urban)
(100"

L > 80 m (Rural)
(200"

Figure48. Marking patterns for left-turn lanes (continued)
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f———————— > 225 m (750" N-=-

(or to end of deceleration lane)

a) Exit Ramp

- L> 300 m {1000") —=
(or through interchange)

b) Entrance Ramp

Code: <>  Double Yellow << Refl Red—White
3 Yellow Stripe > Refl Single Yellow
T White Stripe (g Single White

S Direction of Traffic
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Figure 49. Marking patterns for freeway ramps
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c) Two—Lane, Two—Way Road (Over 14 days) *

Refl Double Yellow
Yellow Stripe
White stripe
Direction of Traffic

* May be Longer for Low Volume Roads

*+ No—Passing Barriers not shown

Figure50. Marking patterns for work zones
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d) Two—Lane, Two—Way Road with Severe curvature
(14 Days or Less), Stripe Centerline**

e) Two—Lane, Two—Way Road with Severe curvature
(14 Days or Less), RPM Centerline**

**x No—Passing Barriers not shown

Code:

<> Double Yellow
I  Yellow Stripe
== [irection of Traffic
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Figure 50. Marking patterns for work zones (continued)
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14 Days or Less Over 14 Days

L PN/ N/4
| [9N/10 [ | 3N/4
N/10 N/4

e, B
. S P PR y -
| . “ . i
e " . . "
Wl P h o
- o ]
- e > " F g -
&5 1 T ~

U B T B V2 R T DTS | I N I A I Y

woo (1 TFl T T
RO VAL TS IR I N I I
ﬂ N/1O | U H 1 In/s

g) Divided Multilane Roads

NOTES 1. Low volume roads should be defined in accordance with state or

local policy. A road having up to 500 vpd may be considered a low
volume road.

2. Signs may be used up to two weeks in lieu of pavement markings
on low volume roads, after which permanent markings should be
installed.

3. On other than low volume roads, shert—term or permanent
markings should be in place before the road is opened to traffic.

4. Edgelines are required after 14 days on all Interstate and rural
multilane roads and on other roads after 14 days when state or
local policles call for their use.

Figure50. Marking patterns for work zones (continued)
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Figure51.
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Figure52. Principle and structure of
corner-cube retroflectors

They receive the rays of headlights on one of the three mirrors. From there theray is reflected to a second mirrored
surface, and then to the third. This resultsin the ray being returned in exactly the opposite direction from which it
entered. Thesetiny tri-mirrored surfaces are arranged as shown in Figure 52 to provide the retroreflective unit for the
RPM. Approximately 360 retroreflective corner cubes are contained in the face of a RPM measuring 3 5/8 by 1 inches
(9.14 by 25.4 millimeters).

Prismatic RPMs are available for one- or two-way delineation in any combination of the three standard colors. One
RPM design has a retroreflective surface covering the entire slanted face of the wedge. The face of another version is
divided into two retroreflective surfaces bounded by the base material.

The difference between these two versionsis their daytime visibility. The full-face retroreflective element normally
has a dull, silver-grey housing. It isamply visiblein both clear and rainy night conditions, but almost vanishes during
the day. The dual element retroreflectors cover a smaller area of the face and are encased in white or yellow plastic. As
aresult, they are visible during the day and at night. Specifications for the round and wedge-shaped RPMs are given in
figure 53.

Snowplowable Markers

The use of conventional RPMs has increased dramatically in areas of minimal snowfall. Damage from snowplow
blades has been the major deterrent to their installation in snow areas. The damage from and losses to snowplow activity
is costly and has led to the devel opment of a snowplowable marker. The snowplowable marker has a two-way
replaceable retroreflector assembly protected by a metal casing as shown in figure 54.

Snowplowable markers areinstalled in athree-step process. First, double grooves are cut in the pavement. Next,
the grooved areaiis filled with an adhesive. Finally, the casing is set into these grooves, as shown in figure 55.

During snowplowing, the snowplow blade rides up and over the shallow tapered planes on the casing, which
prevents damage to the retroreflector unit, casing, or snowplow blade. Because of the low profile of the casting
(6-degree slope), rise and fall of snowplow blade are hardly discernible to the snowplow operator if the snowplow is
moving slowly. One model permits snowplowing from both directions and usually has two retroreflective faces that are
available in the standard colors.
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| |
— 1 / N\
t

0.76" + 078" 2

-

Mon-Reflective Ceramic Marker

1 or 2-Way Reflective Marker

0.88" + 0.68" +

vs (i)t so

BB

Dia.

| 1
o P
+

i One-Way Reflective Marker
2-Way Reflective Marker

Figure53. Typical raised marker configuration

The cast-iron housing of the snowplowable marker measures 9 1/4 by 5 7/8 by 1 3/4 inches (235 by 149 by 44
millimeters). The maximum projection above the roadway is 7/16 inch (10 millimeters). The acrylic prismatic
retroreflector element provides 1.62 square inches (104.5 sguare millimeters) of retroreflective surface for each face.
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Figure54. Snowplowable retroflective pavement marker
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Figure 55. Bonding surface of ceramic RPM
Adhesives and Characteristics

The service life of any roadway delineation device is directly proportional to the bond strength between the material
and the pavement. |deally, the bond strength will equal the shear strength of the pavement itself. The physical strengths
of the epoxy resins used today far surpass theinternal physical strength of either Portland cement or asphalt concrete
(AC) pavement. Surface preparation is often needed for a proper bond since road films, laitance in concrete, and other
conditions often keep the epoxy resin bonding material from good contact with the pavement surface.

Good adhesion is the single most important determinant of RPMs' durability. The major factors that affect
pavement bond are properties of the bonding agent, design of the RPM's bonding surface, type of pavement,
temperature, and the care in application.

Epoxy adhesives are proportioned, mixed, and extruded by automatic mixing equipment. Flow properties
(viscosity) of the adhesive at various temperatures are important not only for proportioning, mixing, and extruding but
also to prevent the adhesive from flowing out from under the RPM when placed in position.

There are numerous formulations for epoxy bonding agents used to affix RPMs to the pavement surface. These
formulations are classified by drying time. Standard set epoxy may take several hours to cure, whereas rapid set epoxy
may be ready for traffic in 10 to 15 minutes.®® Manufacturers of RPMs recommend and supply epoxies compatible to
their products. Some States, however, formulate and manufacture or contract the manufacture of their own adhesive.

There are some forms of RPMs that are pressure sensitive and do not require adhesive. These RPMs require an
application of primer before placement. The RPM is ready for traffic immediately. Thistype of RPM is used by small
municipalities, or for work zones, detours, and other such applications.

The adhesion characteristics of RPMs depend on the base material. That is, ceramic materials do not bond as well
asthe acrylic shell. For thisreason, severa States ceramic RPMs have atextured surface to improve their bond with
the pavement. After trying different types, California DOT (Caltrans) selected the textured surface shown in figure 55.
The specification used by Caltrans reads:
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"The bottoms of the ceramic markers shall be free from gloss or glaze and shall have anumber of integrally formed
protrusions approximately 0.05 inches (1.27 millimeters) projecting from the surface in a uniform pattern of parallel
rows.

Each protrusion shall have aflat surface parallel to the bottom of the marker. The area of each parallel face shall be
between 0.101 and 0.065 square inches (65.2 and 41.9 square millimeters) and the combined areas of these faces shall
be between 2.2 and 4 square inches (1,419 and 2,581 square millimeters).

The protrusions shall be circular in section. The number of protrusions should be not less than 50 nor more than
200.

To facilitate forming and mold release, the sides of each protrusion may be tapered and shall not exceed radius (15
degrees) from perpendicular to the marker bottom. Markers manufactured with protrusions whose diameter is less than
0.15 inch (0.38 centimeter) may have an additional taper not exceeding rad (30 degrees) from perpendicular to the
marker bottom and extending no more than one-half the total height of the protrusion.

The overall height of the marker shall be between 0.68 and 0.80 inches (1.72 and 2.03 centimeters)."(58)

Materials for asphalt pavements vary considerably in physical properties. They can be made from various crude
stocks and still meet specifications. Materials will affect bond strength with RPMs, but as pavements age these
differences diminish. Asaresult, some agencies adopt awaiting period before placing RPMs. Similarly, rejuvenating
agents soften asphalt so that good RPM retention cannot be expected. The softened asphalt will harden with time. Itis
recommended that no installation of RPMs be made for one year after the application of a rejuvenating agent.

Temporary Delineation

To safely carry traffic through construction and maintenance zones, the contractor should use good signing and
delineation to maintain normal traffic flow while guiding the driver through the work zone.

A system of RPMsis one dternative. They are easy to install and remove and after removal do not leave a
misleading indication to confuse drivers. Despite these apparent safety benefits, the high cost of RPMss has discouraged
their use. Accordingly, the FHWA conducted a study to solve this dilemma. The costs, spacing, ease of application and
removal, and ability of the RPMs to guide traffic and produce public acceptance were eval uated. (69

Nine States found RPM s to be effective, providing positive day and nighttime guidance in both wet and dry
conditions. Also justifying their use is the additional safety, improved operations, reduced vandalism, and unanimous
acceptance by the public, government, and construction personnel. On an economic basis, the cost of RPMs and paint
was equal to or less than the cost of installation and removal of a painted marking alone. Most significantly, RPMs
tended to reduce accidents on construction detours.

Several types of temporary RPMs have become available in recent years for areduced cost. These RPMs are
designed to be durable enough to last through most construction projects, yet are easily removed. A study of specific
brands of these RPMs was performed by the Ohio DOT, which found that two brands of temporary RPMs provided
adequate day and night visibility.(67) One of these RPMs, however, did not have sufficient durability to be useful except
in the very shortest of applications. All the other RPMs investigated were inadequate or needed to be combined with
another type of RPM to be visible both during the day and at night.

It is recommended that the following features be incorporated for construction zone RPMs to ensure adeguacy for
both day and night use:

e A streamlined profile.

e A microscopic, cube-corner, sealed prismatic air cell; cube-corner reflex; or multiple glass lens reflector.
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e Theareaexposed to the driver's normal line of vision balanced between the casing itself and the retroreflective
insert.(68)

PERFORMANCE

Aswith other forms of delineation, the performance of RPMs is usually judged by durability and visibility. Various
RPMs provide different forms of visibility. For example, nonretroreflective ceramic RPMs are used to provide daytime
visibility and supplement retroreflective RPMs in providing nighttime visibility. The cube-corner, retroreflective RPM
provides excellent night visibility, especially in adverse weather conditions, but does not perform well in daylight. When
combined for day and night visibility, these conventional RPMs perform well where there islittle or no snow.

As described earlier, conventional RPMs are vulnerable to snowplow use. A snowplowable retroreflective marker
is available that consists of a steel casing that guides the snowplow blade up and over the plastic retroreflective unit.
Because of their inherent differences, performance experience for conventional and snowplowable markers s discussed

separately.
Conventional RPM s

The reported performance from agencies using RPM s depends on the delineation variables. Findings and
observations concerning the use of nonretroreflective ceramic RPMs and retroreflective RPMs are highlighted in the
following section.

Nonretror efl ective RPMs

e White and yellow ceramic RPMs may be expected to last more than 10 years. Although they may become severely
pitted, they will still be visible.

e Theceramic RPM system gives good daytime visibility when clean. When wet, it supplements the cube-corner
RPM to produce good results at night. By itself, the white ceramic RPM provides night delineation only in dry
westher.

e During hot, dry months, considerable road film can accumulate on ceramic RPMs. The visual delineation is less
than desired in the daytime and is inadequate at night. This condition normally correctsitself after periods of wet
westher.

e Poor bonding is the cause of most RPM losses. The best way to combat this problem isto use a RPM with a
textured bottom, which creates better adhesion to the pavement surface.

Retroreflective RPMs

e Within afew months, the retroreflec-tivity of the cube-corner RPM dropsto as little as 1/20 to 1/50 of its original
value due to factors such as buildup of road film and surface abrasion. However, the retroreflectivity is adequate
and remains relatively constant after the large initial loss.

e Whenthe RPM is seriously damaged, or when the retroreflective lens is obscured by tire stain, retroreflectivity is
degraded seriously. However, during wet weather, the lensis covered with water film, which tends to fill in cracks
on the face of the retroreflective insert. Visibility is excellent, nearly one-fourth to one-third its original value.
Thus, the system is at its best when it is needed most.

o Expected service life for retroreflective RPMs varies greatly. No more than 1 1/2 years can be expected under
severe conditions. Up to eight years of service life will result on most freeway locations. Ten years can be obtained
onrural low density roads.
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Generally, the cube-corner lens will provide some retroreflectivity unless the lens face has been completely
destroyed.

When the specific intensity of RPMs drops to about 0.05, dry night visibility is not as good as a conventional
marking.() Typical minimum brightness requirements for prismatic RPMs at an observation angle of 0.2 degree are as
follows:

Entrance Angle (degrees)

Color 0 20
White 3.00 1.20
Yellow 1.50 0.60
Red 0.75 0.30

Table 7 givesinstalled costs for RPMsin avariety of States and the installation adhesive used.(?D) The higher costs
seen in Texas may be attributed to labor or equipment rather than to materials. The bituminous adhesive is cheaper than
epoxy or thermoplastic. It isobvious that an installation of RPMs at these unit prices can be an expensive proposition.
Thisis one of the reasons their use has been limited to important roadways and areas where damage from snowplow
activity is not expected.

Table 7. Adhesivesand installed costs for RPMsin avariety of States

Installed Cost Per Unit ($)

State Adhesive Used Conventional Snowplowable
California Epoxy 250t03.00 = —cemmemeee-
Florida Thermoplastic or Epoxy 250 e
Massachusetts Epoxy e 16.50

Michigan Epoxy e 18.00

New Jersey Thermoplasticor Butyl ~ —-memeee- 23.98
Pennsylvania Buyl e 20.00

Texas Bituminous 320 -

Snowplowable M arkers

A practical, durable marker compatible with snowplow activity has been under development since 1967. A number
of prototype models have been fabricated and tested extensively in the last 10 years. The latest production model can be
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plowed in either direction and features a replaceable retroreflective lens (figure 55). Performance data are needed from
long-term, large-scale installations. Typical installed costs can be seenin table 7.2

Evaluation of a previous model was conducted in New Jersey where annual snowfall ranges from 15 to 20 inches
(381 to 508 millimeters).®9 This marker provided excellent wet night delineation and a good maintenance record when
steel snowplows were used. Under severe conditions, when tungsten carbide inserts were sometimes used on the
snowplow blades, the results were mixed. Both the markers and the snowplow inserts were damaged more often under
these conditions, though it may be questioned whether the plow insert damage actually affects plowing efficiency or is
merely cosmetic. The study suggested that the expected life of the steel-hardened casing could be conservatively
estimated at 10 years and the life of the replaceable lensinsert at 3 to 4 years.

INSTALLATION AND MAINTENANCE

Installation of RPMsis not difficult. It requires neither complex equipment nor specialized staff capability.
However, new installations are commonly part of a construction or improvements project. Maintenance, however,
usually is performed by State or local highway agencies' personnel.

Genera practice and specific procedures related to each type of RPM are discussed in the following sections.
General Practices

On two-way roads, RPMs should be installed with the same traffic control plans as any other operation that requires
working in the roadway. Traffic should not be allowed to pass along both sides of the operation.

Most highway agencies specify that the pavement to be bonded should be free of dirt, curing compound, grease, oil,
moisture, loose or unsound layers, paint, and any other material that would adversely affect interaction with the adhesive.
PCC and old AC pavement should be cleaned prior to application of the device. Newly placed AC need not be blast
cleaned unless the surface contains an abnormal amount of asphalt or the surface is contaminated with dirt, grease, paint,
oil, or other material.

The adhesive should be placed uniformly on the pavement surface. 1t may also be put on the bottom of the marker.
The quantity should be sufficient to completely cover the area of contact between RPM and pavement. A slight excess
should be present, with no voids, after the RPM has been pressed into place. The RPM should be placed in position and
pressure applied until firm contact is made with the pavement.

Excess adhesive around the edge of the RPM, on the pavement, or on the retroreflective surfaces of the RPMs
should be removed. A soft rag moistened with mineral spirits (conforming to Federal Specification TT-T-291) or
kerosene may be used to remove any excess adhesive. The RPM must be protected against traffic impact until the
adhesive has hardened. Traffic control and protection of the RPMs are similar to the techniques used for pavement
marking operations.

Retroreflective RPM s should be placed so that their retroreflective face is perpendicular to aline parallél to the
roadway centerline. RPMs should not be placed over longitudinal or transverse joints of the pavement surface.

When RPMs are used to supplement a solid painted or thermoplastic pavement marking, they are generally offset 2
to 3 inches (50 to 75 millimeters) from the edge of the marking. The offset permits repainting the marking without
degrading the retroreflective properties of the RPMs.

Application of Self-Adhesive RPM s
The self-adhesive RPM (figure 56) has a pressure-sensitive butyl backing that provides a satisfactory bond with the

pavement. Thistype of RPM is suited for use on detours. It iseasy to install and maintain because no application
equipment is necessary. The self-adhesive RPM is cost-effective because it takes less time for installation and is ready
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for traffic as soon asit isinstalled.

Material Acrvlic plastic reflector filled with a
tightly adherant potting compound

Size 4" w 4" ¥ 65"

Reflective Area 3.25 square inch per reflective face

Specific Intensity 3.0 at 0 degree entrance angle
@ 1/6 degree 1.2 at 20 degree entrance angle
cbservation angle)

4.00 Colors White, Yellow, Red

F=1600 pounds
for 6 seconds

2

PRIME IT. . PEELIT PLACEIT . .. PRESSIT.

Figure 56. Application of pressure-sensitive RPM

Surprisingly, the self-adhesive RPM is durable under normal traffic conditions. There is no significant differencein
loss rate for RPM s placed with epoxy and the butyl pads when used in this manner. 1t should be noted, however, that the
butyl padded ceramic RPM does not perform as well asthe acrylic shell RPM. Also, lower temperatures below 50
degrees Fahrenheit (10 degrees Celsius) seem to reduce the bonding capability of the butyl pads. The basic installation
procedure is to mark and sweep the location of the RPM. Using a RPM-size cardboard template, an adhesive primer is
applied with a paint brush to each pre-marked location. The paper backing is removed from the RPM and is placed on
the cured primer. A following vehicle then sets the RPM by slowly driving over it. A force of 1,500 pounds (680
kilograms) for 6 secondsis required.

Epoxy Adhesive

There are numerous formulations of epoxy bonding agents. The proper proportioning, mixing, and extruding are
the most critical parts of the application procedure.

Essentialy, all two-component epoxies require that the mixing operation and the placement of the RPM on the
pavement be done quickly. Whether hand mixing or machine mixing is used, most standard types of epoxy require that
the RPM be coated, aligned, and pressed into place within minutes after mixing is started. Consequently, no more than a
quart of adhesive should be hand mixed at one time.

Rapid-set adhesive is usually mixed by a two-component automatic mixing and extrusion apparatus. For atypical
large-scale installation, a crew member sits on a platform on the side of the truck between the two axles. The mixing
and extruding apparatus isinstalled nearby. A predetermined amount of the mixed epoxy is expelled onto the bottom
surface of the RPM that the operator then places on the pavement.
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To achieve aproper bond, the adhesive should be used according to manufacturer'sinstructions. For example,
some standard set adhesives require that the pavement and air temperature be above 50 degrees Fahrenheit (10 degrees
Celsius). Rapid-set formulas can usually be applied at temperatures as low as 30 degrees Fahrenheit (-1 degree
Celsius). RPMs should not be set if the relative humidity is more than 80 percent or if the pavement surfaceis not dry.

Epoxy adhesives can cause severe dermatitis if proper precautions are not taken. Crews should use gloves and
protective cream to prevent contact with the adhesive. If contact with the skin occurs, the area of contact should be
washed thoroughly with soap and water as soon as possible.

Solvents should not be used to remove adhesive from skin. (Toluene or equivalent may be used to clean tools and
equipment.)

Bitumen Adhesive

RPMs are the most expensive marking material to install. For this reason, researchers are constantly trying to find
ways to increase the durability of RPMs, particularly on softer bituminous pavements. One study examined the use of
bitumen adhesives as an alternative to epoxy adhesives that have traditionally been used on these pavements.("9 The
study was originated because bituminous adhesives were observed to be performing better than epoxy. In some cases,
the retention percentage of RPM s attached with bitumen was twice as high as that of the RPM s attached with epoxy.

RPMs are nearly always lost to failure of the pavement, rather than afailure of the adhesive or breakup of the RPM.
Missing RPMs are often found by the road intact, with a"divot" of pavement attached to the base. RPM loss does not
occur as aresult of single loadings, so it is assumed that the fatigue strength of the pavement is involved.

The study showed that the fatigue strength of pavementsis actually affected by the physical characteristics of the
adhesive used. In general, the maximum fatigue strength is obtained by matching softer adhesives with softer
pavements; stiffer pavements require stronger adhesives.

The study concluded that the use of bituminous adhesives is warranted on new, softer asphalt pavements. Asthe
age and stiffness of the pavement increases, the benefits from this adhesive decline. Also, the bitumen adhesive
generally is not as effective on high-volume roadways.

These findings indicate that it eventually will be possible to match physical characteristics of an adhesive to those of
the pavement, thus making it possible to optimize the RPM cost-retention ratio.

Routine M aintenance

The routine maintenance of RPMs is almost always a function of State or local highway agencies. No complex
equipment or special crew capabilities are needed for the replacement of conventional RPMs. The only critical element
involves the proportioning and mixing of the two-component epoxy. Contractors will normally install such RPMs as
part of aresurfacing contract.

Maintenance on the snowplowable marker consists of simple replacement of the removable retroreflective lens,
provided the housing is till in good shape and properly seated in the pavement. To date, most installations of
snowplowable markers have been for field-test or demonstration purposes. Data on routine maintenance procedures are
not available.

Research into maintenance procedures shows that each highway agency has devel oped methods that are effective
for its own needs. What works well for one highway agency or individual crew might not produce the same results for
another under the same circumstances. Effective maintenance is due to each individual crew's experiences and
familiarity with equipment and local conditions. As aresult, maintenance manuals are general, leaving the step-by-step
procedures to the responsible agency, so long as they are within the limitations of established policy.
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There are two categories of maintenance, periodic or preventive maintenance (routine), and immediate or
emergency repairs (as needed). Periodic maintenance is performed to maintain the system at a safe operational level,
which is defined by established policy or standards. Emergency maintenance usually involves returning a hazardous
situation to a safe condition shortly after it occurs or is identified.

The approach to routine maintenance varies among highway agencies. If servicelife is used to schedule marker
replacement, the performance history of the particular RPM and the traffic characteristics of the individual roadway
sections must be known. Asan example, if a certain type of laneline RPM will remain effective for six years on long
sections of high-speed multilane freeways and three yearsin areas of heavy turning movements, then replacement of
RPM s can be scheduled accordingly. Replacement is not always a cost-effective procedure even though it does not
require night inspection. The number of RPMs that must be replaced may not warrant the effort, or the RPM system
may be deteriorated below safe levels.

A more commonly used criterion for replacement establishes the number of missing RPMs that can be tolerated
without seriously degrading drivers' visibility, particularly under adverse weather conditions. For example, the Caltrans
specifies that RPMs should be replaced when eight or more nonretroreflective RPMs are missing in a 100-foot
(30-meter) section and when two successive retroreflective RPMs are missing. The policy used in Floridais similar,
specifying replacement if eight or more consecutive RPMs are missing. Another approach is taken in Massachusetts,
where all roadways are inspected and RPMs replaced only if 30 percent or more are missing in the inspected section.(2V)

The determination of the acceptable level of missing or damaged RPMs is based on the spacing, pattern, whether
painted markings are present, and the roadway geometry. Once the level is specified, inspections must be conducted,
usually at night, to identify areas where the number of missing RPMs exceeds the acceptable level. Such night
inspections are usually scheduled near the end of the expected servicelife. In some cases, spot checks are conducted
annually prior to the onset of adverse weather cycles. Inspection of roadway markings may also be included as part of
regularly scheduled traffic control device inventories.

A simpler approach has been adopted by some highway agencies, such as the Pennsylvania DOT. Its policy
specifies that visual inspections be conducted by maintenance workers while they are performing other roadwork; they
replace retroreflective lenses as needed. (V)

Immediate M aintenance

Sometimes RPMs must be replaced as soon as possible because roadway delinea-tion has severely deteriorated.
Immediate maintenance is important from the standpoint of legal responsibility, as discussed in chapter 12. Though it
does not occur often, major accidents or natural disasters may damage or remove alarge number of RPMsin a short
time period. The most common instances of this situation are in construction work zones or unexpected snow or ice
storms. In areas of regular seasonal snowfall where RPMs are used, inspection and maintenance of RPMss after the
snowfall season is usually considered routine maintenance.

In addition, areas where immediate maintenance is required can be determined by aroutine inspection. A
high-accident or other potentially dangerous situation may be discovered where delineation is locally degraded below
acceptable levels, while the overall roadway section inspected may be adequate.

When self-adhesive RPMs are used for temporary delineation on roadways through, or adjacent to construction
work zones, inspection and maintenance are critical safety considerations. In particular, areas of heavy construction
traffic should be carefully monitored and missing RPMs replaced. RPM inspection is often a shared responsibility with
the contractor; some highway agencies attempt to make it the sole responsibility of the contractor. The courts,
historically, have not been lenient toward highway agencies in accident litigation. The cost of monitoring locations
where delineation is often deteriorated is minuscule compared with the cost of legal judgmentsin accident cases.

RPM Replacement Process
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Efficient replacement of damaged RPMsis becoming vital for cost-effectiveness in States that employ RPMs.
Caltransis probably the largest user of RPMs in the United States. State policy mandates a system of RPMs for all
freeways and amgjority of secondary roads. Thereisalso little snowplowing in the State. Caltrans now replaces more
than 1.6 million retroreflective and nonretroreflective RPMs each year.(21)

While not applicable to al situations, the various Caltrans districts have devel oped severa interesting shortcutsin
RPM replacement. For example, on some freeways where two successive retroreflec-tive RPMs are badly damaged,
another retroreflective RPM will be placed immediately in front of the defective RPM. Replacement can be
accomplished quickly, since timeis not expended in removing the original RPM. It is not unusual to find random groups
of two and three damaged retroreflective RPMs lined up near anew RPM.

Caltrans districts also schedul e replacement on long sections of roadway for early mornings on weekends when the
process will not be too disruptive to traffic. Whenever possible, other site maintenance is scheduled for the same period
to take advantage of lane closure and other protective activities. The simplest form of operation consists of a crew
member walking alongside the epoxy-dispensing truck and indicating what RPMs are to be replaced. Another worker,
located in the well of the truck, activates the epoxy dispenser that extrudes a measured quantity of the mixed epoxy onto
the bottom side of the RPM. It isthen firmly placed next to the damaged RPM or near the location where aRPM has
been lost. A third worker follows the truck and removes the old RPM by hammer and chisel with one or two taps and
disposes of it in ahopper in the back of the truck. Cones and protective vehicles are used as needed to protect the crew
and the RPMs from traffic. The replacement operation can move at 1 to 3 miles per hour (2 to 5 kilometer/hour)
depending on the number of RPMs to be removed and replaced.

A new mobile system for replacing RPMs lost to traffic wear is saving the Washington State DOT more than $2
million per year.("d Washington, where more than two million RPMs need to be replaced each year, obviously has a
costly portion of its budget invested in RPMs. The contracted price for replacement in the past has been $2.40 per unit.

Asimplemented, the new system has resulted in savings of approximately $1.05 per unit. The previous method,
which was similar to the Caltrans process just discussed, was time-consuming, and therefore costly. Traffic patterns
were atered by deploying cones, and each RPM was fastened with a two-part epoxy. Traffic restrictions were in effect
until the RPMs were in place and the epoxy adhesive was fully set. The installation process in a given area could take as
longas3 1/2to 5 hours. A crew of six workers was used.

With the new system, a crew of four workers with three vehicles does the same areain 20 to 25 minutes. The
replacement operation is performed by pulling a special trailer forward over the designated area for the new RPM. A
quick-setting bituminous adhesive is squirted onto the pavement. The operator uses awand with a1 square inch (645
square millimeters) vacuum pad to pick up a RPM, placeit firmly on the adhesive spot, pressit to the spot, and then cut
off the vacuum to let go. The truck then moves to the next gap in the RPMs.

A vacuum is used for the application because it is cheaper than a mechanical means of picking up and placing the
RPM. A vacuumisalso easy for the operator to turn on and off precisely. The advantage of the bituminous adhesive
over two-component epoxy is that it setsin 7 to 15 seconds, allowing placement to be a continuously moving operation.
Traffic control and costly engineering work, such as lane closure, are not needed. The crew does not cause the
inconvenience to the traveling public that the previous technique caused.

Whatever means are used for replacement, semiannual night inspection of sections containing RPMs is necessary.
The highway sections chosen are those with RPMs nearing the end of their expected service life. Inspections are
normally conducted by the maintenance engineer and staff who determine the scheduling priority. The criteria by which
States judge that replacement operations are warranted is discussed in the section on Routine Maintenance levels.

Specific M aintenance Concer ns

When RPMs are used to supplement painted markings, a problem may occur during repainting operations.
Regardless of the RPM's location in relation to the marking, there is a potential for painting over the RPM, rendering it
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ineffective.

Many large-scale stripers have an electronic skip line timer device. The device allows the operator to set a
particular pattern for retracing. The retracing pattern is not always effective because patterns may change within a
section or may not have been applied perfectly originally. Inthese cases, the operator must use the off-on toggle switch
to activate the spray gun. Manual operation slows the project and requires such concentration from the operator that
replacement operators must be available to alternate after short periods of operation.

In recognition of the retracting pattern problem, the FHWA initiated a research project with the State of California
to develop an instrument that would detect the presence of aretroreflective RPM and terminate painting accordingly.(7
An optical Retro-Skip Device (Caltrans, Sacramento, CA) was developed and successfully tested at speeds up to 65
miles per hour (105 kilometers per hour) with approximately 99 percent accuracy. The only drawback was that the
paint guns could not operate fast enough at higher speeds.

The Retro-Skip device works well on either PCC or AC pavement. Retroreflective RPMsin poor condition cannot
be detected and will be painted. Therefore they can be easily detected and replaced. The Retro-Skip deviceisinstalled
easily on any marking equipment that has a gun control. The detector box is mounted 6 inches (150 millimeters) above
the pavement and was designed to fit typical paint trucks.

The equipment isin use currently in California and shows promise in decreasing the number of RPMs that are
painted over.

Cleaning

During hot, dry periods, road film, oil, grease, and other debris will seriously degrade the retroreflectivity of RPMs.
It is also noted that tire marks can stain nonretroreflective ceramic RPMs so that they are no longer visible during the
day or at night. Most of the commonly used RPMs are self-cleaning when wet, to some extent. Loss of delineation from
staining is therefore not a critical problem in geographic areas that normally experience summer rains. It can become
significant in hot, dry areas of the West and Southwest.

Because of the long, hot, dry summers experienced in parts of California, the feasibility of cleaning RPMs was
investigated. RPM film was not easily cleaned with any of the common organic solvents, but was easily removed with a
cleanser containing a fine abrasive, indicating that the film was primarily rubber from tires.

Knowing that the RPMs were covered with rubber residue, a RPM washing unit was developed in the State's
equipment shop. The unit consists of a brush 14 inches (355 millimeters) wide and 18 feet (5.5 meters) long with
4-inch (100-millimeter) nylon bristles impregnated with an abrasive. The washing is mounted to the side of a 2-ton
truck. A detergent water solution is carried on the truck and supplied to the brush during the cleaning operation. The
device folds into three sections for easy transport. The unit was successfully used in five Caltrans districts. The State
reported that, though effective, the equipment had not been devel oped beyond the experimental stage.

Retroreflective Tabs
Recently, use of temporary retroreflective RPMs has expanded. These RPMs are small flexible tabs, backed with
an adhesive pad, that are applied by hand to the pavement. A small strip of retroreflective materia is attached to the

tops.

States have begun to find these inexpensive tabs as effective as removable tape for short-term (less than two weeks)
marking applications. This mainly applies to construction and maintenance zones.(73

Short-Term Chip Seal

One highway agency found a good use for retroreflective tabs. In abituminous surface treatment, such as a chip or
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dlurry seal, existing pavement markings are completely destroyed. The process of putting the flexible tabs over the
existing markings before the seal coat is applied is now being used.(?

The seal coat will not usually destroy the tabs, which provide some guidance to the driver until permanent markings
can be provided. The tabs also guide the operator of the marking equipment.

INSPECTION

Inspection of RPMsissimple. Most highway agencies have inspectors drive a roadway section at night and
subjectively rate visibility and count the number of missing RPMs. Some highway agencies maintain photographic or
videotaped inventories of roadways that can be used to inspect RPMs.

One inspection system proposed in Texas includes a photographic inventory combined with panel evaluations of
retroreflective effectiveness. This system is discussed in more detail in chapter 11.(74)

CHAPTER 8. OTHER MARKING MATERIALS

INTRODUCTION

In addition to the conventional paints, thermoplastic, and preformed tapes used as pavement marking materials, a
number of other materials are used less-widely. Also, recent years have seen the introduction of a number of
experimental materials. These materials have grown out of avariety of problems with current materials that have
unacceptably high costs to environmental concerns.

This chapter describes some of the alternative materials, and also introduces a few of the new materials that have
been tried. Where available, evaluations of each material's effectiveness and economy are included.

USES

The uses of other marking materials are the same as those of conventional pavement marking materials. These
materials may be more or less well-suited to a particular area, based on the delineation variables. For example,
water-based paints are often not recommended for application during periods of high humidity. More of these concerns
are discussed for each material.

TYPES

A wide variety of materials have been tried as pavement markings. Alternatives have been tried for many reasons,
from environmenta to the desire for year-round durability in a standard pavement marking. Not al these attempts have
been successful. In this chapter, we will cover only those materials that have met with some success.

Latex Paint

One of the mgjor concerns with traffic paint has been the environmental hazard created by itsuse. Volatile organic
compounds (V OCs) are released into the atmosphere by the solventsin paints, and the pigments used are often lead
based. There have been concerns that the lead from these pigments may end up in the water table after the markings
have worn off the roadway.

These environmental concerns are discussed in more detail in chapter 4. These environmental problems are
important, because traffic paint is by far the most widely used marking material. While thermoplastic materials do not
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cause the same types of environmental concerns as paints, they are significantly more expensive.

One widely publicized material, proposed as a solution to the environmental problems with paint, has been
water-based, or latex paints. These materials are similar to conventional paintsin theory of operation, but the hazardous
materials have been removed.

The study discussed in chapter 4 investigated alternatives to conventional |ead-based pigments. Currently, no
definitive aternative has been established to lead-based pigments. None of the materials tested exhibited the excellent
yellow color durability achieved by the paints using lead-chromate pigments.

Epoxy Paint

Two-component epoxy paints were developed in the early 1970s by the Minnesota DOT, in conjunction with the
H.B. Fuller Company. Their objectives were to create a durable, sprayable material that would adhere to both
bituminous asphalt and Portland cement concrete (PCC) pavements with good abrasion resistance. Major concerns
about formulating the product involved acceptable cure times, bonding characteristics, and color retention.

Twenty years later, epoxy paints have become amgjor aternative among pavement marking techniques. Much
research has gone into their development and testing. A variety of formulations are on the market now, their
manufacturers vying to be at the forefront of the technology.

Polyester, Solids

The evaluation of polyester marking materials was initiated in 1975 by the Ohio DOT in cooperation with the
Federal Highway Administration (FHWA). The project was designed to evaluate color, durability, and retroreflective
performance of this type of material for athree-year period.

Polyester markings have not been used extensively nationwide. Experience with the material has been limited to the
Mid-Western States. Michigan DOT isaprincipal user. It isrecommended for asphalt roads having medium- to
high-volume traffic. Highway agencies have not shown much enthusiasm for polyester material because of its slow
drying time. In cooperation with amgjor paint manufacturer, Michigan DOT has developed a new material that drysto
no track in 60 seconds. The fast-dry polyester material should find an increased usage throughout the nation.

Epoxy Thermoplastic

Epoxy thermoplastic (ETP) is a generic pavement marking material composed of epoxy resins, pigment, filler, and
glass beads. This materia differs from most epoxiesin that no hardener is used.

Two formulations have been field-tested extensively. These formulations vary in the ratio of the two epoxy
resins—one a solid, the other aliquid—used in the material. A 1-to-1 solid-to-liquid ratio yields a flexible material
designed for localities experiencing moderate-to-severe winter conditions. A 3-to-2 solid-to-liquid ratio was designed
for regions with hot, dry summer weather. A harder material results, which is less susceptible to summer road film
pickup.

Actua field testing showed that both formulations perform about equally well under severe winter conditions.
However, because of its ability to resist road film pickup, the 3-to-2 solid-to-liquid formulawas selected for further

study.

The specifics of the original formulation for white ETP is given in table 8.(79) The total weight shown in the table
represents avolume of 12.8 gallons (48.5 liters). Thiswill yield aweight per gallon of 13.1 pounds (5.9 kilograms per
liter).

Since the original formulation was rel eased, many FHWA-sponsored ETP demonstration projects have been
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attempted. However, ETP has not experienced large-scal e use because of its disappointing cost-service life ratio.
According to one of the material's producers, Pave-Mark, (Atlanta, GA) the price of one of the epoxy resins making up
ETP nearly doubled shortly after the material'sinception. This price increase forced the material's selling price beyond
the point where its use could possibly be cost-effective.

Table 8. White ETP composition

Component Weight
Pounds Kilograms

Ciba-Geigy 7097 Araldite epoxy 60 27
resin or equivalent

Ciba-Geigy 6010 Araldite epoxy 40 18
resin or equivalent

Dupont R900 20 9
Jtitanium dioxide or equivalent

Georgia Marble Cal White 20 9
|Pigment Grade Calcium
Carbonate

Cataphote Division (Ferro 28 13

Corp.) Premixed Gradation
reflective glass beads or
equivalent

TOTAL 168 76

The majority of the ETP demonstration projects took place from 1980 to 1986. In terms of the material's
cost-effectiveness, the high-priced materials in its formulation, the results of these tests were not promis-ing. Currently,
there are no major users of this marking material. However, Pave-Mark announced another change in the price of the
epoxy resins used in the past to manufacture the material and released anew ETP product in 1992.

Methyl M ethacrylate

Methyl methacrylate has been introduced and publicized as a nonhazardous, field-reacted, two-component,
cold-curing material. Vendors recommend that the material be applied in a4-to-1 resin-to-catalyst mixing ratio. Itisa
100 percent solids formulation that is mixed in a static mixer just before application. The material can be applied by
either a spray or extrusion process. The mixing reaction at the time of application is exothermic. Asthe material cools,
it bonds to the pavement.

M arking Powder

One new material has been promoted by vendors in the marking industry. It consists of aform of powder that is
combusted asiit is deposited on the pavement. The heat and phase change associated with the high heat of application
cause the material to bond to the substrate. This material is easy to handle and apply, but obviously requires specia
installation equipment. The material is also claimed to be economical at about $0.08 per foot ($0.24 per meter) of



Roadway Delineation Practices Handbook

marking, assuming a marking thickness of 10 mil (0.25 millimeters). It isalso claimed that the material has nearly
instantaneous no-track times. The powder materia is claimed to be hereby as durable as the most durable traffic paints.
Subjective evaluations of performance, cost-effectiveness, and durability are not yet available.

Other M aterials

Much of the formal research into other marking materials has been performed in New Y ork. One study by the New
Y ork State Department of Transportation investigated a variety of materials for pavement markings.("8) The study was
part of New Y ork's commitment to providing a roadway delineation system with year-round durability. The NY SDOT
was attempting to find a marking material with a 12-month service life, at a price similar to that of conventiona traffic
paint. A coal-tar and polysulfide epoxy formulation, among other unique ideas, was attempted. To date, none of these
new materials has exhibited a favorable cost-service life ratio as compared with conventional traffic paint.

PERFORMANCE

Performance is a very important factor for other marking materials. Since so many of the materials discussed in this
chapter require specialized installation equipment, they must have good cost-to-service life ratios, or highway agencies
will not be interested in experimenting with them.

Though few of these materials have undergone appreciable formal research into their performance, some
characteristics relating to the performance of each type of material are discussed in the following sections.

Latex Paint

To date, the results of research concerning latex paints have been mixed. One NY SDOT study examined
water-based synthetic resin emulsions that solve some of the environmental problems with traffic paint.(69 The study
found that use of water-based paint looks promising. It cited latex paints as having the following appealing
characteristics: easy cleanup and recycling of containers, minimal environmental impact, and decreased safety hazards
to workers. The study of its durability, drying times, and costs were promising, but successful large-scale field
experience was limited at the time of the report.

A study at the PennsylvaniaDOT (Northeastern Association of State Highway and Transportation Officials
[NASHTQ] Regional test facility) resulted in similarly promising results.(25 Table 9 is acompari-son of service lives
for latex paints versus conventional paints and other materials. These are given as estimated median useful lifetimesin
days. Asthe table shows, the water-based formulations demonstrated service lives considerably longer than those of
other formulations of traffic paint in the test. However, the usefulness of these paints has been questioned in actual
applications.

A survey of highway agency engineers reported in arecent issue of Better Roads magazine cited severa problems
with installation and performance of latex paints.(59 The engineers complained that the material does not dry as quickly
asitis supposed to, especialy in foggy or humid weather. One highway agency representa-tive is quoted as saying that
the water-based paint came off the road in sheets and washed away during the first rain after installation.

Further research is needed to establish what factors definitely influence the performance of water-based paint, and
when it can be used in a cost-effective manner.

Epoxy Paint
In the search for aviable low-cost, year-round delineation material, NY SDOT conducted durability testing of epoxy
paints.(61 It was found to be a durable material in certain tests. In fact, their test of epoxy paint on low-volume roadways

or rural expressways managed service lives of five years or more.

Table 9. Estimated service life by class (median lifetimes in days)
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Arizona Florida Pennsylvania

OGAFC PCC DGAFC OGAFC DGAFC PCC
Alkyd--White 163 >900 >900 101 341 390
Alkyd--Yellow 293 >900 >900 173 258 284
Chlor Rubber--White 478 >900 >900 255 444 470
Chlor Rubber--Y ellow 159 >900 368 83 389 470
Water-base--White >703 >900 >900 >900 505 823
Water-base--Y ellow >765 >900 >900 >900 474 684
Solv. Borne Epoxy--White 755 >900 >900 436 >1100 >1100
Solv. Borne Epoxy-- Yellow  >900 >900 >900 400 >1100 >1100
Urethane--White 883 >900 >900 577 630 >1100
Urethane--Y ellow 617 >900 >900 607 578 >1100
Thermoplastic--White >900 >900 >900 824 >1100 413"
Thermoplastic--Y ellow >900 >900 >900 420 >1100 354"
Cold Plastic--White >900 >900 >900 377 386 >1100
Cold Plastic--Y ellow >765 >900 >803 625 298 365
Foil Tape--White >900 >900 >900 >900 NA NA
Foil Tape--Y ellow >900 >900 >900 >836 NA NA
NA - Not Available DGAFC - Dense-graded asphaltic concrete
OGAFC - Open-graded asphaltic concrete PCC - Portland cement concrete

* - Data may not be reliable due to snowplow damage

Because of these promising results, NY SDOT conducted more extensive tests, marking 3,500 miles (5,635
kilometers) of roadway with the epoxy paint material.(’") Most of these installations performed well, but a few showed
little or no durability. In most cases the epoxy seemed less sensitive to application factors than did thermoplastic
materials. These results suggest that the problem might lie with unknown environmental factors or improper marking
practices. Because field experience with epoxy paint is so limited, it is difficult to tell what may have caused these early
failures.

Polyester
Field observation of this product indicated that the material is generally performing well and should continue to be
serviceable for several years. In some areas with heavy traffic volumes, the polyester markings were worn out after one

year of service. Inthese areas, paint lasts only three months.

The project demonstrated that polyester markings are more opague than paint applied under similar conditions and
look better during the daytime than two coats of paint. Nighttime visibility of polyester markings also is superior to that



Roadway Delineation Practices Handbook

of paint because of the increased number of beads used.
A more recent research project in Pennsylvaniatested 11 different samples of polyester marking materials. The

estimated service lives derived for the white and yellow markings can be seenin table 10. These can be compared with
the values for the other classes of materials tested, shown in table 9.

Table 10. Durability of polyester marking materials

WHITE
Estimated service
Material Estimated service life lifein days on PCC
M aterial Class Number in days on DGAFC

Polyester 91 1082
Polyester 92 >1100
Polyester 97 >1100
Polyester 98 >1100
Polyester 99 >1100
Polyester 100 >1100
Polyester 101 >1100
Average White >1100 >1096
M edian White >1100 >1100

YELLOW

Estimated service Estimated service
Material lifein dayson lifein days on PCC
M aterial Class Number DGAFC

Polyester 93 447
Polyester 94 1024
Polyester 95 769
Polyester 96 722
Average Yellow 608 873
M edian Y ellow 608 873

Epoxy Thermoplastic



Roadway Delineation Practices Handbook

Despite the woeful cost-service life ratio for ETP reported in the previous section of this chapter, the recent pricing
change in epoxy resins in the material's formulation has caused the Pave-Mark Corporation to re-enter the market with
an ETP product.

Pave-Mark estimates the new material will last about six times as long as conventional alkyd traffic paints under
similar traffic and climatic conditions, at a contracted cost about 4.5 to 5 times that of standard paints. If thisratio can
be achieved, ETP's fast no-track times and ability to work equally well on nearly any surface may again make it an
attractive aternative to conventional traffic paints.

Methyl M ethacrylate

Vendors cite methyl methacrylate as a durable material that is a viable option for environmental concerns. They
claim service lives of from 3 to 10 years at costs similar to those of epoxy. In addition, the material is designed to be
resistant to oils, antifreeze, and other common chemicals found on the roadway. Actual experience has been limited.

Various formulations of methyl methacrylate were tested by the Pennsylvania study.(?® The service lives obtained
for these materials are shown in table 11.

The other materials discussed have not shown significant merit, or experience is so limited that performance factors
are not discussed here.

INSTALLATION, MAINTENANCE, AND REMOVAL

Installation, maintenance, and removal concerns for the marking materials discussed in this chapter are the same as
for standard traffic paints. Factors, such asline protection, crew safety, application width and geometry, and
warehousing and storing of material, are fairly standard for longitudinal marking applications. Some concerns, such as
protection of the new marking, will depend more on each specific material's formulation (drying time) than on the class
of materials to which it belongs. Some specific information related to each class of material is given in the following
sections.

Table11. Servicelives of methyl methacrylate marking materials

Estimated Service Lives (Days)
State of Test Arizona Florida

Substrate Type OGAFC PCC DGAFC OGAFC
Average (White) >900 >900 868 >900
Average (Y ellow) 803 >900

Median (White) >900 >900 >900 >900
Median (Y ellow) 835 >900

Latex Paint

Handling of latex paintsis simpler than for standard paints since the water base in these paintsis not toxic.

Latex paints are a particularly attractive option because they do not require specia installation equipment. In
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addition, the equipment that is used is much easier to clean up because of the lack of environmental hazard from these
paints. These factors do not generally apply to new, experimental materials.

Epoxy Paint

Epoxy compounds are supplied in both white and yellow and normally are applied at a thickness of about 15 mil
(0.38 millimeter). It can beinstalled without coning depending on the amount of glass beads used. The slower curing,
less expensive formulas are intended for edgelines. The curing time varies according to the temperature of the
pavement. The higher the temperature, the faster the material cures. It can be applied, however, at temperatures as low
as 35 degrees Fahrenheit (2 degrees Celsius). If free surface water is removed first, epoxy can even be applied to wet
pavements.

To obtain the best bond, the surface must be clean. Because this material is not affected by dampness, the surface
may be cleaned by a hot-water 150 degrees Fahrenheit (66 degrees Celsius), high-pressure 2000 pounds per square inch
13,800 KPaspray. The spray gun can be located just ahead of the epoxy spray gun. Between the water spray and the
epoxy spray, there should be an air nozzle to remove free water. Epoxy paint cannot be placed over markings made
from other materials.

Equipment

Epoxy paints cannot be applied from standard stripers. In the initial attempts, the two-part epoxy could only be
applied with Fuller's striper. Now, contractors that apply epoxy markings for DOTs normally have their own specially
designed stripers for epoxy application. These stripers usually have a high-pressure water nozzle, followed by an air
blast nozzle, and finally the epoxy and bead nozzles. The epoxy must be mixed immediately before being sprayed onto
the pavement. This reguires additional hardware for the separation of the epoxy components before application, and
mixing nozzles ahead of the spray nozzles.

However, there are some methods for modifying standard stripers. A number of highway agencies and contractors
customize their own stripers to meet the needs for epoxy application.

Polyester

Polyester marking material is applied at a thickness of 15 mil (0.38 millimeters) with a drop-on bead application
rate of 20 pounds per gallon (34 kilograms per liter). The two-component polyester system (resin and catalyst) will dry
to ano-track condition in less than 30 minutes, provided the pavement is dry and the temperatureis at least 60 degrees
Fahrenheit (13 degrees Celsius). Faster drying times are achieved at higher temperatures. Typical drying times range
from 8 to 12 minutes at 75 degrees (24 degrees Celsius). Because the film-forming mechanism is not an evaporation
process, it can be applied at tempera-tures as low as 0 degrees Fahrenheit (-18 degrees Celsius) with proportionately
longer drying times. Michigan DOT has developed a fast-drying polyester material for use.

This product does not adequately bond to PCC and itsindicated use is for asphaltic pavements. However, it can be
applied, however, over existing markings.

When polyester markings are applied to new asphalt surfaces, the polyester flakes off with the surface aggregate
particles due to the presence of free cils. This creates amarking that appears full of holes when closely examined. This
"Swiss cheese" effect does not harm visibility when viewed from anormal distance. This effect usually occurs within
two months of application. After thisinitial loss, no further deterioration occurs. Michigan DOT does not apply its
fast-dry polyester on AC pavements less than one year old.

Safety of workersis of prime concern when handling and applying polyester marking material. Whiletheresinis
not much more difficult to handle than paint, the methyl ethyl ketone peroxide catalyst is a noxious chemical requiring
careful handing. Gloves and safety goggles should be worn when handling the material and during the marking
operation.
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Equipment

Like al field-reacted materials, polyester markings require special equipment for installation. Truck-mounted
equipment is recommended. Conventional marking trucks can be modified for about $4,500 to $6,000.("8) A speed of 8
to 10 miles per hour (13 to 16 kilometers per hour) can be maintained when applying longitudinal markings.

Epoxy Thermoplastic

ETPisapplied by the hot spray process at atemperature of 425 to 450 degrees (217 to 232 degrees Celsius). A top
dressing of drop-on beads is applied almost simultaneously with the spray gun operation. Under certain conditions,
no-track times of 5 seconds have been measured in the field. These fast no-track times often require that drop-on glass
beads be heated so that they can sink to the proper depth in the film.

Application thickness ranging from 15 to 25 mil (0.40 to 0.64 millimeters) have proved durable on both asphalt and
concrete pavements. Primer is not required for this application.

While the optimum application pressure and temperature have not been determined, the ETP demonstration
projects discussed earlier found that the material was very sensitive to these variables. If new formulations of the
material prove to be cost-effective, research will be needed to establish more precisely the optimum values for these
variables. It appears that, though the material is very sensitive, it also can give excellent results if the application
variables are properly determined and closely controlled.

As an example, one early project even managed to successfully apply ETP in bel ow-freezing weather by varying
application characteristics. For an installation in Denver, Colorado, the application temperature of the material was
elevated to 485 degrees Fahrenheit (251 degrees Celsius), and was applied to a surface at atemperature of 22 degrees
Fahrenheit (-5 degrees Celsius). The air temperature was 31 degrees Fahrenheit (4 degrees Celsius). No problems
were experienced with this application. After one year, the site showed excellent bead retention and no discernible
wear. |f this performance could be repeated reliably, the range of climatic conditions under which pavements can be
marked could be significantly expanded.

Methyl M ethacrylate

Methyl methacrylate shows promise for ease of application. A variety of temperatures can be tolerated, and the
material can be sprayed at a40-mil (1.0- millimeter) thickness or extruded at 90 mil (2.3 millimeters) for transverse
applications. Methyl Methacrylate is claimed to bond well to PCC pavements.

Equipment

Methyl methacrylate is afield-reacted material that cannot be applied using standard stripers. However, companies
that sell methyl methacrylate marking materials will often also vendor their own special equipment for application of the
material. Thisissimilar for marking powders. The equipment it requiresis similar to that required for epoxy
application but is specialized nonetheless. Though theinitial cost for buying these types of specia equipment may be
high, equipment costs are usually negligible when they are amortized over the life of the marking.

OTHER CONSIDERATIONS
The major factor inhibiting the use of new types of pavement marking materialsisinertia. State and local highway
agencies often are reluctant to change from products that they have used for along period of time unless they can be

convinced that the change will save a considerable amount of money.

In addition, many of these new materials require special installation equipment for field testing. Asaresult of the
highinitial investment required, highway agencies have been sluggish in adopting materials that seem to be more
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cost-effective than their current materials.

The following sections discuss some of the cost concerns with the marking materials discussed in this chapter, and
also the ways in which some of the materials have shown promise for increased use in the future.

Cost Considerations

Determining the optimum marking material for a given application can be complicated, even if exact costs are
known for al possible materials. Of more concern to highway agenciesis the ratio of cost-to-service life, and it always
is difficult to predict how long a marking might last on a particular roadway. In addition, disruption to traffic and worker
safety must be considered. Markings with very short service lives are not acceptable, even if they are very inexpensive,
because a mgjor portion of their marking cycles is spent simply waiting to be marked over after they have deteriorated to
an unacceptable visibility level.

Keeping in mind that the following is a very superficia treatment of avery complex subject, some of the major cost
issues are covered in the following sections for each of the marking materials discussed in this chapter.

The Minnesota DOT reported that atypical lane mile of skip markings could be painted five and one half times for
the cost of one application of epoxy paint.("8) If the epoxy is serviceable for two years on high-volume roadways that are
normally painted three times a year, the higher cost would be justified. Moreover, the marking crew would be exposed
to traffic once instead of five to seven times. It would also provide atraffic delineation system throughout the winter
season, which is not possible with paint.

Polyester

It is apparent that polyester markings perform better on asphalt pavements than conventional or fast-drying paints
and some plastic materials. Theinitial cost is higher than that for paint and lower than that for two-part epoxy.
Experience at the NY SDOT puts the price at about $0.07 per linear foot (22 cents per linear meter) in 1984.60) The
Michigan DOT has been using polyester for urban materials in the Detroit area at a cost of 6.5 cents per linear foot (21
cents per linear meter).

It is obvious that if the service lives demonstrated in the Pennsylvania DOT study (shown in table 10) can be
consistently repeated, polyester will be one of the most cost-effective materials available.

Epoxy Paint

A cost comparison of conventional paint, epoxy paint, and thermoplastic material is given in table 12. These costs
are taken from arevision to the Kansas DOT marking policy executed in 1988.(79) The material cost for epoxy ranges
between thermoplastic and paint at about 17 to 25 cents per linear foot (54 to 80 cents per linear meter).

Epoxy Thermoplastic

Pave-Mark estimated that the new formulation of ETP marketed in 1992 could be contract-installed for a price of
around $0.18 cents per linear foot ($0.59 per linear meter). However, costs for retrofitting State marking equipment to
use ETP would require ahigh initial investment in the new technology by highway agencies. However, if the funds are
amortized over the life of the equipment, ETP may attain a favorable cost ratio when compared with conventional traffic
paints. The higher initial costs for ETP are balanced by the reduction in marking operations.

At $0.17 to $0.18 per linear foot ($0.57 per linear meter), ETP would cost about 4.5 to 5 times as much as
contract-installation of conventional traffic paint. If the material can be made to last six times as long traffic paints, the
material will be cost-effective. Manufacturing and retrofitting costs will be negligible for large-scale use of ETP.
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Table 12. Comparison of installed costs

Installed Cost Paint” Thermoplastic™™ Epoxy”*
Per Linear Foot $0.04 to $0.06 $0.40 to $0.60 $0.40 to $0.45
Per Linear Meter $0.13t0 $0.20 $1.31t0 $1.97 $1.31t0 $1.48
Service Life 0.25t01 3to5 1to2
(Years)

Cost Per Linear $0.04 to $0.24 $0.08 to $0.20 $0.40 to $0.225
Foot

Cost Per Linear $0.13t0 $0.79 $0.26 to $0.66 $1.31t0 $0.74
Meter

* - Costsin Kansas for installation by KDOT workers
** . Costsin Kansas for contracted installation

Potential For Future Use

Technology transfer is one of the problems with any new material or device designed to save money or increase
safety on highways. It always is difficult to get highway agencies to change established practices, and the high initial
investment in new equipment for alternative marking technologies further discourage their use. The following sections
discuss the promise shown in the past by each material, and its prospects for the future.

Epoxy Paint

Though epoxy paints have been around since the early 1970s, to date they have not experienced large-scale use.
Unfamiliarity with the application equipment and procedures may be afactor. Research suggests that the two-part
epoxy marking system is a cost-effective aternative to alkyd paint, even in contract applications. Areas with harsh
winter seasons particularly should consider using epoxy paint, because it is so resistant to abrasion from the usual snow
and ice control activities.

Polyester

Experience with polyester materialsis limited, and not much information about their use has been disseminated.
The service lives demonstrated in the field studies may be unrealistic to achieve on aregular basis. More basic research
is needed on the factors and delineation variables that most profoundly affect this marking. When thisresearch is
completed, more widespread use of the material may become feasible.

Epoxy Thermoplastic

In addition to its extremely short no-track time and its excellent performance on all pavement types. ETP has
several other distinct advantages. It isa 100 percent solids formulation and is virtually smokeless at application
temperatures. These properties are hel pful when considering environmental impact of marking operations.

EPT has shown promise for large-scale implementation. Efforts to encourage increased use by State DOTs and
other highway agencies are under way. A model ETP composition specification has been produced and work continues
on retrofitting designs for existing marking equipment.
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CHAPTER 9. POST-MOUNTED DELINEATORS

INTRODUCTION

Daytime delineation of the roadside generally can be accomplished effectively with pavement markings. Night
visibility, however, often requires a different approach to provide long-range delineation of the roadway alignment.
Another problem is providing visibility during periods of rain or snow when most pavement markings are obscured.
Post-mounted delineators (PMDs) of various forms have gained widespread acceptance as aroadway delineation
treatment.

This chapter addresses the uses and types of retroreflective PMDs as defined in the Manual on Uniform Traffic
Control Devices (MUTCD).(W Object marking is not included here but is addressed in chapter 10.

USES

The purpose of post delineation isto outline the edges of the roadway and to accent critical locations. The use of
PMDs as a delineation device has been accepted by the Federal Highway Administration (FHWA), The Institute of
Transportation Engineers, and the American Association of State Highway and Transportation Officials. Asaresult,
PMDs are recommended for the entire Interstate System.

The MUTCD (section 3D-1) defines these devices as follows: “ Road delineators are light-retroreflecting devices
mounted at the side of the roadway, in series, to indicate the roadway alignment.”

These delineators usually are mounted on posts 4 feet (1.2 meters) above the pavement. Under normal atmospheric
conditions, they should be visible at a distance of 1,000 feet (305 meters) when illuminated by the high beams of
standard automobile headlights. The retroreflective element should have a minimum dimension of 3 inches (76
millimeters).

The MUTCD further states that “delineators shall be provided on the right side of expressway roadways and on at
least one side of interchange ramps.” They also are recommended for use on certain median crossovers, acceleration or
deceleration lanes, and transition situations.

One study reported that drivers react most favorably to delineators on curves of 7 degrees (0.122 radian) or |ess.(89)
For sharper curves, some other form of extra delineation should be used, such as chevron alignment signs.

Between interchanges on well-lit roadways, PMDs are optional. Fixed overhead lighting tends to wash out the
retroreflection from PMDs, rendering them ineffective at night.

Large white-faced target plates have been used on PMDs where daylight route guidance is needed. Where post
delineation isrequired in the vicinity of a guardrail, as on a horizontal curve, the pattern should continue uninterrupted
through the guard-rail section. The PMDs should be placed behind the guardrail. In these cases, the guardrail
retroreflectors may be eliminated.

Inall cases, the color of PMDs must conform to the color of edgelines stipulated in the MUTCD section 3B-6. The
MUTCD standardizes certain characteristics, such as mounting height, number, spacing, and color of retroreflectors;
criteriafor retroreflective elements; and required locations. It specifically does not address physical characteristics. The
types of posts used and other functional considerations are to be determined by the State or local highway agency.
Nonetheless, the MUTCD should be consulted to ensure uniformity and consistency in usage.
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In actual practice, there appears to be little consistency in the use of PMDs. Requirements, such as height and
placement in relation to the shoulder, are standardized. Most inconsistencies are found in the size, shape, and color of
the retroreflective unit, spacing between PMDs, and the warrants for installation. Since the MUTCD isrelatively
permissive in these areas, PMD systems vary not only from State to State but between districts and even within districts.

Although PMDs have proven safe, standardization of PMD useis unlikely in this era of tight budgets. Tradeoffs
must be made when selecting a delineation technique to get the best value for a certain cost. In this context, the value of
long-range delineation and night visibility attained with PMDs should be recognized. Thisis especially true considering
these devices' low ratio of cost-to-service life.
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Figure 57. Post-mounted delineator retroflective techniques
MATERIALS

A PMD usually consists of aretroreflec-tive element, the support or mounting post, and possibly a backplate. A
variety of materialsis available for each of these components. The basic components and their physical characteristics
are discussed below.

Retroreflective Element

The most common retroreflective devices use either a glass-bead impregnated sheeting or cube-corner prismatic
unit to provide retroreflection. In both cases, the optical elements are enclosed and sealed in a plastic housing or
envelope (figure 57) to retain retroreflective properties when exposed to rain. The cube-corner units are much brighter
than those with retroreflective sheeting; white retroreflectors of either type are brighter than yellow. A variety of optical
elements are used by manufacturers to obtain wide-angle retroreflection.

The retroreflective inserts for PMDs are available as pressure-sensitive disks or they are mounted within an
aluminum case. One version of this device is characterized by a honeycomb pattern. It provides an air gap between the
top surface and the beaded layer.

The typical cube-corner retroreflector consists of a clear and transparent plastic face covering approximately 7
square inches (4,375 millimeters squared) of retroreflective area. A plastic-coated metallic foil backing is fused by heat
and pressure to the retroreflective surface. The entire unit, including the 3/16-inch (4.8-millimeter) grommet for center
mounting, is permanently sealed against dust and moisture.

A new type of PMD using retroreflective sheeting for visibility is gaining popularity with the States. It consists of
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rectangular sheeting material attached directly to a flexible delineator post. A typical delineator post isillustrated in
figure 58. These delineators are used widely because of their ease of maintenance and their ability to survive more than
one impact from avehicle.

M ounting Post

The materials of the support element of PMDs traditionally have been limited to a 3.5-inch (88-millimeter)
U-channel iron post(usually galvanized), 0.75-inch (19 millimeter) standard black pipe, or 2- by 2-inch (50- by
50-millimeter) timber post, preferably cedar or redwood. Because they are close to the roadway, vehicles often hit
PMDs. These knockdowns present a costly maintenance problem and are a hazard to the impacting vehicle.

S v By

-

Figure 58. Typical dimensions for flesible delineator posts

For these reasons, the flexible delineator posts mentioned are becoming more widely used. These new posts reduce
the hazard to impacting vehicles as well as the replacement cost. The most promising approaches include
impact-resistant flexible posts. A yielding system that will stay down after impact, and colored posts to help prevent
impacts.

The use of flexible PMDs has grown because the cost of replacement often reached unacceptable levels. By the late
1970s, for example, California had approxi-mately 600,000 PMDs in place that required 300,000 repairs annually.
Many PMDs are hit several timesayear. In 1978, California budgeted almost $1.6 million for PMD system
maintenance. Replacement cost ranged from $6 to $8 each.(®D

Because costs for PMD maintenance were becoming so exorbitant, the CaliforniaDOT (Caltrans) tested a number
of commercially developed plastic posts of two basic types: driveable, and nondriveable.(82) The drivable post is forced
into the ground like ametal post and requires considerably less work and time to install than the nondrivable post.
Nondriveable posts are of two types: those that require back filling in the interior and around the outside of the post and
those that do not. Flexible units also are equipped with retroreflective sheeting rather than prismatic buttons. This helps
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prevent damage to the retroreflective unit upon impact.

Each post was subjected to up to 10 vehicular impacts at 55 miles per hour (89 kilometers per hour). Although
some posts reacted better than others, the test program conclusively demonstrated that impact-resistant plastic
delineation posts are a viable aternative to rigid steel posts.

After the 1978 study, Caltrans recommended flexible posts where the life of ametal post is less than one year.
Locations with short radius curves and high approach speeds also warrant their installation.

Since Cdltrans' s early tests, many commercial models of flexible PMDs have become available. Many States use
these delineators, and some have created their own designs. A Colorado study tested six different models of flexible
delineators by subjecting them to both warm and cold weather impact tests as well as a one-year roadside eval uation.(83)
The results were used to determine a cost-per-hit index based on delineator initial and replacement costs. A
specification for use in Colorado is proposed for the testing and prequalification of flexible delineator posts.

The Wyoming Highway Department, in cooperation with the FHWA, developed a two-part delineator post that has
no recoil and stays down after impact. The anchor isatriplex socket consisting of a shaft and stabilizer finsto hold it
rigid in the ground. The post, which dlipsinto the anchor, may be a1 1/2-inch (37.5-millimeter) outer-diameter
thin-walled electrical metal conduit or a1 1/2-inch (37.5-millimeter) inner-diameter high-density polyethylene tubing
fitted over a 24-inch (61-millimeter) metal conduit.

Three holes are punched in the pipe 4 inches (102 millimeters) from the bottom to ensure that it will lie flat when
hit. A small portion of the pipe is bent rather than broken, which keeps the pieces together and prevents them from
flying through the air after impact.

The electrical metal conduit may be reused up to three times when installed in areas with speed limits of 40 miles
per hour (64 kilometers per hour) or less. The broken end is simply cut square, new holes are punched, and the post is
reinserted in the anchor. The polyethylene assembly may be reused a number of times by replacing the 24-inch
(610-millimeter) metal sleeve.

Wyoming estimated a cost of $3.25 per unit for the metal conduit post and $4.25 for the polyethylene unit Labor
included, the total cost should be about $4.50 and $5.75, respectively. The cost of replacement, including labor, is
expected to be less than $2.00 per unit. The Wyoming Highway Department has recommended that other highway
agencies consider implementation of this system as a safe and cost-€ffective alternative to the steel post.(€9)

PERFORMANCE

When rated for visibility and durability, most PMDs rate highly in both categories. The cube-corner retroreflector
provides more nighttime brightness than reflective sheeting, but both provide adequate long-range delineation PMDs
usefulnessis particularly evident in adverse weather and low visibility conditions. They are not effective in areas with
moderate to high ambient light levels; they are not recommended for use with reliable fixed roadway illumination.

Roadway film and dirt have an important effect on the performance of PMDs. A field study conducted in Australia
showed that dirt accumulation and aging could reduce night visibility from about 1,000 feet (305 meters) to 100 feet
(30.5 meters) under low-beam headlights.®® Thisis not a permanent condition; washing the retroreflectors is possible.
Rain will also clean them to some extent.

PMDs have long service lives provided they are kept clean and are not damaged by encroaching vehicles. A PMD
can be expected to obtain a service life of about 10 years if knockdown or vandalism do not occur.

INSTALLATION AND MAINTENANCE

PMDs can be cost-€effective if they are installed and maintained correctly. This section will discuss some
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recommended procedures for these operations.
Spacing and Placement

In tangent sections PM Ds should be placed 200 to 500 feet (61 to 153 meters) apart in a continuous line not less
than 2 feet (0.6 meters) or more than 8 feet (2.4 meters) outside the edge of the usable shoulder. Delineators should also
be placed on the outside of curves having aradius of 1,000 feet (305 meters) or less, including medians in divided
highways and freeway ramp curves. The recommended spacing for delineators on curvesis given intable 13. Three
PMDs should be placed in advance of the curve and three beyond the curve. Curve spacing should be such that three
PMDs are aways visible to the driver. The spacing of delineators on curves should not exceed 300 feet (90 meters) or
be less than 20 feet (6 meters). A typical installation is shown in figure 59.

Recently, an analytical computer optimization of the height, spacing, and lateral offset of PMDs for tangent sections
and horizontal curves on two- and four-lane roadways was performed in Ohio.(8% The project included a small-scale
field demon-stration and evaluation. The study concluded that PMDs with 18 square inches (116 centimeters squared)
of encapsulated lens sheeting material with a specific intensity per unit area (SIA) of 309 candelas per foot-candle per
square foot should be placed every 275 feet along tangent sections of four-lane divided highways. PMDswith prismatic
sheeting material, with SIAs of 825 and 1,483 candelas per foot-candle per square foot, should be placed every 350 and
400 feet (107 and 122 meters). These values for SIA are to be measured at an entrance angle of -4 degrees and an
observation angle of 0.2 degrees.

The study presents the mathematical relationships from which optimum spacing can be calculated for curves of any
radii on two- and four-lane roadways. These are repeated here for convenience in table 14. Height and lateral offset
effects on visual detection are negligible for typical placements of PMDs.

Retroreflective Element I nstallation

Conventional roadside PMDs are formed by affixing a 3-inch (75-millimeter) retroreflective button on the face of a
4-foot (1.2-meter) delineator post. Retroreflective buttons also may be placed on 8- by 24-inch (203- by
610-millimeter) metal target plates. The target plate should have one, two, or three holes drilled for fastening the
retroreflector to the plate with aluminum rivets.



Roadway Delineation Practices Handbook

Mote: Delineators should bs placed al  constant distante from the roadwaey edge except that, when an
obstruction wxists near the pavement edgs, the line of dalineators makes a smooth transition to
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Figure 59. Typical delineator installation on horizontal curve

If the center-mounted retroreflective unit is to be enclosed in an aluminum back case, the retroreflector is slipped
into the rim of the case and snapped into place for permanent locking (figure 60).

The circular, enclosed, honeycombed, plastic retroreflective sheeting disk is pressure sensitive and is applied simply
by removing the backing and pressing it into place on the target.

Table 13. Suggested spacing for delineators on horizaontal curves

CurveRadius, Spacing on Spacing Before and Beyond
R Curve, S" 1st PMD 2nd PMD 3rd PMD
25 3S 6S
50 ft (15m) 20ft (6m) 40ft (12 m) 60 ft (18 m) 120 ft (37 m)
150 ft (46 m) 30ft (9m) 60 ft (18 m) 90 ft (27 m) 180 ft (55 m)
200 ft (61 m) 35 ft (11 m) 70 ft (21 m) 105 ft (32 m) 210ft (64 m)
250 ft (76 m) 40ft (12 m) 80 ft (24 m) 120 ft (37 m) 240ft (73 m)
300 ft (92 m) 50 ft (15 m) 100 ft (31 m) 150 ft (46 m) 300 ft (92 m)




400 ft (122 m)
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55 ft (17 m)

110 ft (34 m)

165 ft (50 m)

300 ft (92 m)

500 ft (153 m)

65 ft (20 m)

130 ft (40 m)

195 ft (59 m)

300 ft (92 m)

600 ft (183 m)

701t (21 m)

140 ft (43 m)

210 1t (64 m)

300 ft (92 m)

700 ft (214 m)

751t (23 m)

150 ft (46 m)

225 ft (69 m)

300 ft (92 m)

800 ft (244 m)

80 ft (24 m)

160 ft (49 m)

240 Tt (73 m)

300 ft (92 m)

900 ft (275 m)

85 ft (26 m)

170 ft (52 m)

255 ft (78 m)

300 ft (92 m)

1,000 ft (305 m)

90 ft (27 m)

180 ft (54 m)

270 ft (82 m)

300 ft (92 m)

Table 14. Equations for calculating optimum PMD spacings

|Prismatic

Type of sheeting Assumed Value for Specific Type of Spacing
I ntensity (candelas per foot Highway Equation*
candle per squarefoot)
Encapsulated L ens 309 Two-L ane 10*(R-43)1/3
Prismatic 825 Two-Lane 11.5* (R-44)1/3
High-I ntensity 1483 Two-Lane 13* (R-46)1/3
|Prismatic
Encapsulated 309 Four-L ane 9.8* (R-4O)1/3
Prismatic 825 Four-L ane 11.5* (R-45)1/3
High-Intensity 1483 Four-Lane 13.5*(R-47)1/3

* - Inthese equations, R equals the radius of the curve
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Hold as shawn

Z. Slip one edge of
reflector firm against
inside Am

3. Force with thumb and
heel of palm along side.
snap into place for
permanent locking

Figure 60. Encasing center-mount retroreflector in aluminum back case

Post Installation and Equipment

Specia equipment is available to mechanically drive the steel post into the ground. This is expensive equipment,
usually used only for large installations. Normally, maintenance forces will install the posts with a hammer and driving
head or with some form of top-weighted driving head that has handles on each side to exert the necessary downward

force.

Posts are usually driven 2 feet (0.6 meters) below the surface, with 4 feet (1.2 meters) remaining above the
pavement at the outer edge. Figure 61 is a cross-section of delineator placement with and without a curb.

12' max 12" max
Useable Useable
Shouldar . Sheoulder .

1 i
e ~ C..:l e
Edge of ‘21 Edge of 2
Pavement ' Pavement

with Dike or Curb
MARKER POSITIONING

Figure61. Typical delineator positioning
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Replacement

PMDs are highly susceptible to knockdowns, vandalism, and theft. Bent or missing PMDs that obviously need
attention should be repaired promptly. Thisis urgent when the bent or knocked-down post protrudes in or near the
roadway.

PMDs' long service lives sometimes cause agencies to overlook their mainten-ance. Prompt replacement of
missing PMDs or damaged postsis important to avoid future costs. In extreme weather, PMDs often are the only means
of guidance available to the driver. These devices have high priority for installation; therefore, an equally effective level
of maintenance should be maintained.

Cleaning

Road film and dirt can ruin the visibility of PMDs. This happens even to units that perform well when they are
clean. Some highway agencies have developed methods for washing these retroreflectors during dry periods. These
techniques range from simple watering under pressure to a complete revolving brush device.

Winter M aintenance

PMDs also are vulnerable to damage from heavy snowdrifts, snowplows, or other roadside maintenance vehicles.
Maintenance crews should repair posts that are hit inadvertently by equipment doing other maintenance activities.

In high snowfall areas, the condition of PMDs should be observed at the end of the snow season. Replacement and
mai nten-ance should be scheduled for damaged PMDs.

Before the snowfall season, some highway agencies install snow poles to extend above the top of the expected snow
drift. Attaching the snow poleisasimple procedure. It isdone with two brackets, and their associated bolts and
washers, which fit existing holes. The removal of extended snow poles in the spring can be combined with cleaning,
replacement, or other PMD maintenance.

Crew Size and Safety

Maintenance for PMDs requires neither alarge crew nor complex equipment. Because the posts are located
dlightly off the shoulder, some crews tend to forego proper safety procedures for the work. Whereas lane closure or
coning may not be required in all cases, workers should be protected by signing or a strategically placed service vehicle,
or both. Vehicles encroaching the shoulder should be properly marked with work zone devices.

Colored Posts

It is obvious that both the safety hazards and replacement costs associated with repair of knocked-down posts would
be eliminated if the post was not hit in thefirst place. Recognizing this fact, severa highway agencies have
experimented with using a colored delineator post in an attempt to prevent knockdowns.

Sign post tests conducted in Houston, Texas, indicated a 49 percent increase in daytime visibility distance and a 30
percent increase at night.(®8 Knockdowns decreased from 24 to 10 sign posts in a 20-month before-and-after study.
Later studies at different sites in Texas have reported a 50 percent reduction in knock-downs. After ayear of testing,
yellow sign and delineator posts became standard in Texas and have attracted interest nationally.

Removal
Removal of PMDs usualy is not necessary. Normally, the retroreflective units are normally replaced and the posts

left in place. Removal occurs only when the post is struck by avehicle. If a construction project or other program does
require removal of aPMD, standard steel post PM Ds can make the removal operation difficult. Removal of these
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standard PMDs will require equipment and can be costly.

Removal cost is another reason that the flexible post PMD is becoming popular. Many of these devices are
mounted in a pre-made hole in the ground to the side of the pavement. Removal consists of simply rotating the post one
quarter-turn by hand and lifting it from the hole.

CHAPTER 10. OTHER DELINEATION DEVICES

INTRODUCTION

Other types of delineation devices are used to supplement standard pavement markings. This chapter addresses
object markers, warning signs, barrier delineators, and pavement symbols.

USES

Object markers, warning signs, and barrier delineators give warnings and are used where pavement markings alone
do not provide enough information on road alignment or roadside features for adriver to negotiate a road section or
avoid obstructions. Pavement symbols are used to reinforce regulations, warn drivers, and provide guidance
informeation.

Object Markers

Object markers identify obstructions within or adjacent to the roadway. The three types of object markers are
illustrated in figure 62. When used, these markers should be arranged in one or more of these three designs.

Type 1. Either amarker consisting of nine yellow retroreflectors, each with a minimum dimension of about 3 inches
(76 millimeters), mounted symmetrically on an 18-inch (457-millimeter) yellow or black diamond-shaped panel; or an
all-yellow retroreflective diamond-shaped panel of the same size. Type 1 markers may be larger if conditions warrant.

Type 2. Either amarker consisting of three yellow retroreflectors, each with a minimum dimension of about 3
inches (76 millimeters), arranged either horizontally or vertically; or an all-yellow retroreflective panel, 6 by 12 inches
(150 by 300 milli-meters). Type 2 markers may be larger if conditions warrant.

Type 3. A marker consisting of avertical rectangle about 1 by 3 feet (0.3 by 0.9 meter) in size with alternating
black and retroreflective yellow stripes sloping downward at an angle of 45 degrees (0.785 radian) toward the side of the
obstruction on which traffic isto pass. The minimum width of the yellow stripe should be 3 inches (76 millimeters). A
better appearance can be achieved if the black stripes are wider than the yellow stripes.

Left object markers (OM-3L) have stripes that begin at the upper left side and slope downward to the lower right
side. Right object (OM-3R) marker stripes begin at the upper right side and slope downward to the lower I€ft.

Objectsin the Roadway

Obstructions in the roadway should be marked with a Type 1 or Type 3 object marker. A large surface, such asa
bridge pier, may be painted with diagonal stripes, 12 inches (300 centimeters) or greater in width, similar in design to
the Type 3 object marker. Alternating black and yellow retroreflective stripes should slope down-ward at a 45 degree
angle toward the side of the obstruction that traffic is to pass.
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Appropriate signs (MUTCD sections 2B-25 and 2C-33) directing traffic to one or both sides of the obstruction may
be used in lieu of the object marker. In addition to markings on the face of an obstruction in the roadway, warning of
approach to the obstruction should be given by appropriate pavement markings (MUTCD section 3B-13).
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Typical Type 1 Object Markers
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Figure 62. Object markers

Where the vertical clearance of an overhead structure exceeds the maximum legal height of a vehicle by lessthan 1
foot (0.3 meters), the clearance in feet and inches should be clearly marked on the structure (MUTCD section 2C-34).

Objects Adjacent to Roadway

Objects not actually in the roadway may be so close to the edge of the road that they need a marker. Such objects
include under-pass piers, bridge abutments, handrails, and culvert headwalls. In some cases, there may not be a physical
object involved, but other roadside conditions, such as narrow shoulder drop-offs, gores, small islands, and abrupt
changes in the roadway alignment, may make it undesirable for adriver to leave the roadway. Type 2 or Type 3 object
markers are intended for use at these locations. The inside edge of the marker should be in line with the inner edge of
the obstruction.

Standard warning signs (MUTCD section 2C) should also be used where applicable.
End of Roadway

When it is determined that object markers should be placed at the end of aroadway where thereis no aternate
vehicular path, either amarker consisting of nine red retroreflectors, each with a minimum dimension of approximately 3
inches (76 millimeters), mounted symmetri-cally on an 18-inch (457 millimeter) diamond-shaped, red or black panel; or
an 18-inch (45.7-centimeter) diamond-shaped retroreflective red panel should be used. More than one marker or a
larger marker may be used at the end of the roadway where conditions warrant. Appropriate advance warning signs
should be used.

Warning Signs

Warning signs supplement pavement markings and consist of the alignment series and the Advisory Speed plate,
Large Arrow and Chevron Alignment signs. Figure 63 shows the alignment series warning signs.
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Figure 63. Alignment series and advisory speed plate
Turn Sign (W1-1)

The Turn sign (W1-1R or W1-1L) is used where engineering investigations of roadway, geometric, and operating
conditions show the recommended speed on aturn to be 30 miles per hour (48 kilometers per hour) or less, and this
recommended speed is equal to or less than the speed limit established by law or regulation for that section of roadway.
WhereaTurn sign iswarranted, aLarge Arrow sign (MUTCD section 2C-9) may be used on the outside of the turn.
Additional protection may be provided by use of the Advisory Speed plate (MUTCD section 2C-35).

Curve Sign (W1-2)

The Curve sign (W1-2R or W1-2L) may be used where engineering investigations of roadway, geometric, and
operating condi-tions show the recommended speed on the curve to be greater than 30 miles per hour (48 kilometers per
hour) and equal to or less than the speed limit established by law or by regulation for that section of roadway. Additional
protection may be provided by use of the Advisory Speed plate (MUTCD section 2C-35).

Reverse Turn Sign (W1-3)

The Reverse Turn sign is used to mark two turns or a curve and aturn in opposing directions, as defined in the
warrants for Turn and Curve signs (MUTCD sections 2C-4 and 2C-5) that are separated by a tangent of less than 600
feet (183 meters). If thefirst turn isto the right, a Right Reverse Turn sign (W1-3R) should be used; if the first turnisto
the left, a Left Reverse Turn sign (W1-3L) should be used. For additional protection the Advisory Speed plate (MUTCD
section 2C-35) may be used.

Reverse Curve Sign (W1-4)

The Reverse Curve sign is used to mark two curves in opposite directions, as defined in the warrants for Curve
signs (MUTCD section 2C-5) that are separated by a tangent of less than 600 feet (183 meters). If thefirst curveisto
theright, a Right Reverse Curve sign (W1-4R) should be used; if thefirst curve isto the left, a Left Reverse Curve sign
(W1-4L) should be used.

Winding Road Sign (W1-5)

The Winding Road sign is used where there are three or more turns or curves, as defined in the warrants for Turn
and Curve signs (MUTCD Sections 2C-4 and 5), separated by tangent distances of less than 600 feet (183 meters). The
Winding Road sign should be erected in advance of the first curve. Where the three or more turns or curves extend over
aroadway section of 1 mile (1.6 kilometers) or more, the supple-mental plague Next X Miles (W7-3a) may beinstalled
below the Winding Road sign. Additional warning may be provided by the installation of raised pavement markers
(MUTCD section 3D-4) and by use of the Advisory Speed plate (MUTCD section 2C-35).

Advisory Speed Plate (W13-1)

The Advisory Speed plate, shown in figure 63, is used to supplement warning signs. The standard size of the
Advisory Speed plateis 18 by 18 inches (457 by 457 millimeters). Advisory Speed plates used with 36-inch
(914-millimeters) and larger warning signs should be 24 by 24 inches (610 by 610 millimeters).

The Advisory Speed plate should carry the speed message in black letters on a yellow background (MUTCD section
6B-34). When used for construction or maintenance work zones, the message should be in black on an orange
background. The speed shown should be a multiple of 5 miles per hour (8 kilometers per hour). The plate may be used
in conjunction with any standard yellow warning sign to indicate the maximum recommended speed on a curve or
through a hazardous location. 1t should not be used in conjunction with any sign other than awarning sign, nor should it
be used alone. It should be mounted on the same assembly and normally below the standard warning sign. Except
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in emergencies or at construction or maintenance sites, where the situation calling for an Advisory Speed plateis
temporary, an Advisory Speed plate should not be erected until the recommen-ded speed has been determined by
accepted traffic engineering procedures. Because changes in surface characteristics, sight distance, and other factors
may ater the recommended speed, each location should be periodically checked and the plate corrected if necessary.

Large Arrow Sign (W1-6, W1-7)

The Large Arrow sign is used to give notice of a sharp change of alignment in the direction of travel. It isnot to be
used where there is no change in the direction of travel (ends of medians, center piers, etc.). The Large Arrow sign
should be a horizontal rectangle with a standard size of 48 by 24 inches (1,220 by 610 millimeters), having alarge
arrow (W1-6) or adouble head arrow (W1-7). It should have a yellow background with the symbol in black. Figure 64
showsthe Large Arrow signs. The Large Arrow sign should be erected on the outside of a curve or on the far side of an
intersection in line with, and at right angles to, approaching traffic.

The Large Arrow sign should be visible for at least 500 feet (153 meters). Tria runs by day and night may be
desirable to determine final positioning.

Chevron Alignment Sign (W1-8)

A Chevron Alignment sign (figure 64) may be used as an aternative or supplement to standard delineators and to
the Large Arrow sign. The Chevron Alignment sign gives notice of a sharp change in roadway alignment. The Chevron
Alignment sign provides additional emphasis and guidance for drivers as to changes in horizontal alignment of the
roadway.
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Figure 64. Large arrow and chevron alignment signs

The Chevron Alignment sign should be a vertical rectangle with a minimum size of 12 by 18 inches (305 by 457
millimeters). It should have a yellow background with chevron symbol in black. The size of sign used will be
determined by an engineering investigation.

The Chevron Alignment sign is erected on the outside of a curve, sharp turn, or on the far side of an intersection, in
linewith and at right angles to approaching traffic. Signs should be spaced so that two of the signs will always visible to
the driver, until the change in alignment eliminates the need for the signs. Chevron Alignment signs should be visible
for at least 500 feet (153 meters); trial runs by day and night may be desirable to determine final positioning.

Barrier Delineators

Barrier delineators are retroreflective units that mount on guardrails, concrete barriers, and bridge parapets. They
are white or amber to conform with the pavement marking they supplement. Figure 65 shows examples of barrier
delineators. Thereflective units are made of high-intensity retroreflective sheeting or cube corner retroreflectors.
Barrier delineators should not be substituted for post-mounted delineators.

Pavement Symbols
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Word and symbol markings on the pavement guide, warn, or regulate traffic. They should be limited to not more
than three lines of information. They shall be white and, if used at nighttime, should be retroreflective. They consist of
crosswalk markings, parking space markings, turning and lane use arrows, pavement and word symbols, curb markings
for parking restrictions, wrong way arrows, preferential lane use markings, speed measurement markings, railroad
crossing markings, bicycle markings, and other markings.

Crosswalk Markings

Crosswalk markings at signalized intersections, and across intersectional approaches on which traffic stops, serve
primarily to guide pedestrians in the proper paths. Crosswalk markings across roadways on which traffic is not
controlled by traffic signals or Stop signs also warn drivers of a pedestrian crossing point. At nonintersectional
locations, these markings legally establish the crosswalk.
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Figure 65. Barrier delineators

Crosswalk markings shall be solid white, marking both edges of the crosswalk. They should be not less than 6
inches (152 millimeters) wide and should not be spaced less than 6 feet (1.8 meters) apart. Under special circumstances
where a stop bar is not provided, or where vehicular speeds exceed 35 miles per hour (56 kilometers per hour), or where
crosswalks are unexpected, it maybe desirable to increase the width of the crosswalk marking to 24 inches (610
millimeters). Crosswalk markings on both sides of the crosswalk should extend across the full width of pavement to
discourage diagonal walking between crosswalks. Crosswalk markings are shown in figure 66.
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a -~ Standard crosswalk marking.

b — Crosswalk marking with diagonal lines for added visibility.

NOTE: See MUTCD Sec. 3B-15
for line dimenaicnas.

c — Crosswalk marking with longitudinal lines for added visibility.
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Figure 66. Typical crosswak markings

Crosswalks should be marked at all intersections where there is substantial conflict between vehicle and pedestrian
movements. Marked crosswalks should also be provided at other appropriate points of pedestrian concentration, such as
at loading islands, midblock pedestrian crossing, or where pedestrians could not otherwise recognize the proper placeto
Cross.

Crosswalk markings should not be used indiscriminately. An engineering study should be performed before they
areingtalled at locations away from traffic signals or stop signs.

Since nonintersectional pedestrian crossings generally are unexpected by the driver, warning signs (MUTCD
section 2C-31) should be installed and adequate visibility provided by parking prohibitions.

For added visibility, the area of the crosswalk may be marked with white diagonal markings at a 45-degree angle or
with white longitudinal markings at a 90-degree angle to the line of the crosswalk. These markings should be 12 to 24
inches (305 to 610 centimeters) wide and spaced 12 to 24 inches (305 to 610 centimeters) apart. When diagonal or
longitudinal markings are used to mark a crosswalk, the transverse crosswalk markings may be omitted. This type of
marking is used at locations where substantial numbers of pedestrians cross without any other traffic control device, at
locations where physical conditions are such that added visibility of the crosswalk is desired, or in locations where a
pedestrian crosswalk might not be expected. Take care to ensure that crosswalks with diagonal or longitudinal markings
used at some locations do not weaken or detract from other crosswalks (where special emphasis markings are not used).

When an exclusive pedestrian phase signal, which permits diagonal crossing, isinstalled at an intersection, a unique
marking may be used for the crosswalk (figure 67).
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a — Crosswalk marking that outlines pedestrian travel paths.

b - Crosswalk marking that outlines the edge of pedestrian travel area.

Figue 67. Typical crosswalk markings for exclusive pedestrian phase
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Parking Space Markings

Parking space markings on urban streets encourage orderly and efficient use of parking spaces. They tend to
prevent encroachment on fire hydrant zones, bus stops, loading zones, approaches to corners, clearance spaces for
islands and other zones where parking is prohibited. Parking space markings should be white. Typical parking space
markings are shown in figure 68.
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Figure 68. Typical parking space limit markings

Turning and Lane Use Arrows

Lane use arrows may be used to convey either guidance or mandatory messages. However, where symbol arrows
are used to convey a mandatory movement, lane-use arrow markings should be used and must be accompanied by
standard signs and the word marking “ ONLY.” Lane use arrows may also be used in two-way left turn lanesand in all
right and left turn bays. Signs or markings should be repeated in advance of mandatory turn lanes when necessary to
prevent entrapment and to help drivers select the appropriate lane before reaching the end of the line of waiting vehicles.

Pavement Letters and Numerals

All letters, numerals and symbols should conform to the Standard Alphabets for Highway Signs and Pavement
Markings.8) Use large letters and numerals, 8 feet (2.4 meters) or more in height. If the message consists of more
than one word, the message should read “up”; that is, the first word should be nearest to the driver. Symbol messages
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are preferable to word messages. Figure 69 shows the use of word and symbol markings on the pavement.
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Figure 69. Typical lane-use-control word and symbol markings
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Where speeds are low, the sizes of letters, numerals, and symbol arrows may be reduced approximately one-third.
The longitudinal space between word or symbol messages, including arrows, should be at |east 4 times the height of the
character for low speed roads but not more than 10 times the height of the character under any conditions. Examples of
standard words and arrow pavement markings are shown in figures 70 through 72. Alternate (narrower) symbol arrows
may be used in lieu of standard arrows.
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sStandard sizes for normal installation: smaller sizes may be
reduced approximately one-third for low speed urban conditions:
larger sizes may be needed for freeways, above average speeds,
and other critical locations. For proper proportion, see

Standard Alphabets for Highway Signs and Pavement Markings
(Available from FHWA, HHS5-30, Washington, DC. 20590).

e. Supplemental Wrong-Way
Arrow Design Using Reflective

Figure 70. Lane-use and wrong-way arrows for pavement markings
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Figure 11-9b Alternate (narrow) lane-use arrows.
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Figure 71. Elongated letters for pavement marking

Word and symbol markings considered appropriate for use when warranted include the following:

Regulatory
ST O e SYMBOL ARROWS
RIGHT TURN ONLY ..ottt et e e e e e e 25 MPH, OPTIONAL
LEFT TURN ONLY ..ottt e ettt e e e et e e SYMBOL ARROWS
Warning
STOP AHEAD . . . oottt et e e e e e e e SCHOOL XING
SIGNAL AHEAD ...ttt e e e e e PED XING
SCHOOL . .ttt et e e e RXR
Guide
US 0 . ettt STATE 135
(O U I HWY 21

Other words or symbols may be necessary under certain conditions.

Because uncontrolled use of pavement markings can confuse drivers, the number of different word and symbol
markings should be minimized.

The word “STOP” should not be used on the pavement unless accompanied by a stop bar (MUTCD section 3B-17)
and Stop sign (MUTCD section 2B-4). Theword “STOP” should not be used on the pavement in advance of a stop bar,
unless every vehicleis required to stop at al times.

Except for the“ SCHOOL” message, pavement messages should be no more than one lane in width (MUTCD
section 7C-6).

Curb Markings for Parking Restrictions

Because curb markings in yellow and white are used for delineation and visibility, it is usually advisable to establish
parking regulations through the installation of standard signs (MUTCD sections 2B-31 to 2B-33). However, when local
authorities prescribe special colors for curb markings as supplemental to standard signs, they may be used. When signs
are not used, the intended meaning should be stenciled on the curb. Signs should always be used with curb markingsin
those areas where curb markings are frequently obliterated by accumulations of snow and ice.

Preferential Lane Markings

Preferential Lane markings convey arestriction on the class or classes of vehicles permitted to use the lane, and they
supplement signs or signals conveying the specific restrictions. Signs or signals should be used with the preferential
lane markings.

When alaneis assigned full time or part timeto a particular class or several classes of vehicles, the preferential lane
marking should be used. Preferential lanes may operate for only certain periods of the day and may occupy portions of
the roadway not normally designed for that purpose. In these cases, markings should conform to the purpose the lane
serves amajority of thetime. Engineering judgment should be exercised to determine the need for supplemental devices
such as tubular markers, traffic cones, and flashing lights.

Preferential Lane markings should be the elongated diamond shape detailed in the Sandard Alphabets for Highway
Signs and Pavement Markings.(87)  The diamond should be formed by white markings at least 6 inches (152
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millimeters) wide. The diamond shape should be at least 2 1/2 feet (0.76 meters) wide and 12 feet (3.7 meters) long,
and should be placed coincident with the longitudinal center of each restricted lane.

T

8'-0"

|__|

e

Figure 72. Elomgated letters for pavement marking

The frequency with which the marking is placed is amatter for engineering judgment based on prevailing speed,
block lengths, distance from intersections, and other considerations necessary to adequately communicate with the
driver. Spacing as close as 80 feet (24 meters) may be appropriate for a city street, while a spacing of 1,000 feet (305
meters) may be appropriate for a freeway.

Word markings may be used to supplement, but not substitute for, the preferential lane markings.
Speed Measurement Markings
Speed Measurement markings are transverse markings placed on the pave-ment to enforcement of speed
regulations. Speed measurement markings should be white, and should be not greater than 24 inches (610 millimeters)
wide. They may extend about 2 feet (0.6 meters) on either side of the centerline or edgeline of the roadway at 1/4-mile
(0.8-kilometer) intervals more than a 1-mile (1.6-kilometer) section of roadway. Advisory speed plates may be used in
conjunction with these markings.

Railroad Crossing Markings
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Pavement symbolsin advance of arailroad crossing should consist of an“ X,” theletters“ RR,” ano passing
marking (two-lane roadways), and transverse markings. Identical markings should be placed in each approach lane on
all paved approaches to railroad crossings where crossing signals or automatic gates are located, and at all other railroad
crossings where the prevailing traffic speed is 40 miles per hour (64 kilometers per hour) or greater. A portion of the
pavement marking symbol should be directly opposite the advance warning sign. If needed, supplemental pavement
markings may be placed between the advance warning sign and the crossing.

The marking should also be placed at railroad crossings where the engineering studies indicate there is a significant
potential conflict between vehicles and trains. At minor crossings or in urban areas, these markings may be omitted if
engineering study indicates that other devicesinstalled provide suitable control.

The design of railroad crossing pavement markings should be asillustrated in figure 73. The symbols and letters
are elongated to allow for the low angle at which they are viewed. All markings should be retroreflective white except
for the no-passing markings that should be retroreflective yellow. Figure 74 shows the alternate narrow X and the letters
RR.
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Figure 73. Typical placement of warning signs and pavement markings at railroad-highway grade crossings
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16°
o
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20°
60’
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Standard Letter 8
See: Standard Alphabets 6’6"
for Highway Signs
and Pavement Markings, -
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Figure 74. Alternate (narrow) typical pavement marking supplement for railroad-highway grade crossings
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Bicycle Markings

Pavement markings are important on roadways that have a designated bicycle lane. Markingsindicate the
separation of the lanes for automobiles and bicycles, assist the bicyclist by indicating assigned travel paths, and can
provide advance information for turning and crossing maneuvers.

General Principles

Although bicycles are not equipped with strong lighting, the added visibility of retroreflective pavement markingsis
desirable even where there is exclusive use by bicyclists. Markings should be retroreflective on bicycle trails and on
facilities used by both motor vehicles and bicycles. Recognized bicycle lane design guides should be used when laying
out markings for abicycle lane on a highway facility (MUTCD section 9A-8).

The frequent use of symbols and word messages stenciled in the bicycle lanes is a desirable method of
supplementing sigh messages. Figures 75 through 77 show acceptable examples of the application of markings, word
messages, and symbols on designated bicycle lanes with and without parking for automobiles. If a specific path for a
bicyclist crossing an intersection is to be designated, a dotted marking may be used to define such a path.
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Figure 76. Intersection pavement markings-designated bicycle lane with left-turn area, heavy turn volumes,
parking, one-way traffic or divided roadway
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Figure 77. Word and symbol pavement markings for bicycle facilities
Marking Patterns and Colors

The color and type of markings used for marking bicycle facilities are defined in MUTCD section 3A-7. Normally,
centerlines would not be required on bicycle paths. Where conditions make it desirable to separate opposing directions
of travel at particular locations, a double solid yellow marking should be used to indicate no passing or no traveling to
the left of the marking.

Where bicycle paths are wide enough to designate two minimum width lanes, a broken yellow marking may be used
to separate the two directions of travel.

Broken markings used on bicycle paths should have the normal 3-to-1 gap-to-segment ratio. To avoid excessively
long gaps, anominal 3-foot (1-meter) segment with a 9-foot (3-meter) gap is recommended.

Where bicycles and pedestrians use a common facility, it may be desirable to separate the two traffic flows. Usea
solid white marking to mark this separation of path use. The MUTCD R9-7 sign may be used to supplement the
pavement marking (MUTCD section 9B-9).

Marking of Designated Bicycle Lanes

The diamond-shaped Preferential Lane Symbol is used on roadways where lanes are reserved for exclusive use by a
particu-lar class of vehicle. Designated bikeways are considered as this type of lane and should include use of the
Preferential Lane Symbol as a pavement marking, with the appropriate signing (MUTCD section 9B-8). The pavement
marking symbols should be white and should be used just after an intersection to inform drivers of the lane restriction. If
the Preferential Lane Symboal is used in conjunction with other word or symbol messages, it should precede them. The
supplemental lane symbol or word may be used as shown in figures 75 through 77.

Word Messages and Symbols

Where messages are to be applied on the pavement, smaller letters can be used on exclusive bicycle lanes than are
used on regular highways. Use half-size layouts of the arrows where arrows can be used (MUTCD section 3B-17).
Word and symbol markings appropriate for use with the Preferential Lane Symbol marking are shown in figure 77.
Standard pavement marking al phabets and symbols have been prepared.

20'* |
Curb

Direction of

travel

Figure 78. Typical marking in advance of drainage hazard
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Object Markers on Bicycle Trails

There may be hazardous objects located adjacent to bicycle trails that, if visible to the bicyclist, can be avoided with
little difficulty. Such objects should be demar-cated by highly visible markings to make the hazard they present more
easily seen. Care should be taken to avoid having object markers become hazardous objects. Corners of object markers,
aswell as designs, should be rounded to prevent their becoming a hazard. All object markers should be designed using
retroreflective materials or coatings. Where practical, markers, such as those described above, should be used.

Inlets, Grates, and Other Hazards

Where a storm drain hazard cannot be eliminated, it may be made more visible to bicyclists by defining with a white
marking applied as shown in figure 78.

PERFORMANCE

Pavement symbols and other delineation devices have the same visibility and durabil-ity as other pavement
markings. That is, object markers and signs may lose their retroreflectivity and their night visibility will be reduced
considerably. The previous chapters discuss performance for the specific delineation materials.
INSTALLATION, MAINTENANCE, AND REM OVAL

Installation, maintenance, and removal techniques for other delineation devices vary greatly depending on the class
of the device. The following sections discuss major factors for object markers, warning signs, barrier delineators, and
pavement symbols.

Object Markers

Inspect object markings on aregular basis for deterioration and vandalism. Also, the retroreflectivity of the markers
can be checked using standard auto low beams for adequate visibility distances.

When used for marking objects in the roadway 8 feet (2.4 meters) or less from the shoulder or curb, the mounting
height to the bottom of the object marker should be 4 feet (1.2 meters) above the surface of the nearest traffic lane.
When used for marking objects more than 8 feet (2.4 meters) from the shoulder or curb, the mounting height to the
bottom of the object marker may be 4 feet (1.2 meters) above the ground.

When object markers or markings are applied to a hazardous object that by its nature requires alower or higher
mounting, the vertical mounting height may vary according to need.

Warning Signs

Warning signs should be erected in accordance with the requirements for sign position as shown in
figure 79.
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WARNING SIGN
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WARNING SIGN
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WARNING SIGN
WITH ADVISORY
SPEED PLATE

BUSINESS OR
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WARNING SIGN

BUSINESS OR : !
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Figure 79. Typical installation of warning signs

Determining whether a particular curve needs to be signed depends on the speed at which the curve may be safely
traversed. This safe speed may be determined by any of three methods.(63)

The first method is a graphical technique. By knowing the curve radius and rate of superelevation, the
recommended safe speed can be obtained from the graph in figure 80. Enter the vertical scale axis at radius, R. Move
horizontally to the curve representing the superelevation, E. Then move down the horizontal scale to get the safe speed.
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Figure 80. Recommended safe curve speed

Figure 81. Ball bank indicator

The second method employs a mechani-cal device, the ball bank indicator. The ball bank indicator is mounted
inside the 4-wheel vehicle and the safe speed around a curve is determined through a series of trial speed runs. The ball
bank indicator's reading will show the combined effects of the body rolling angle, centrifugal force, and superelevation
angle. Figure 81 shows pictures of aball bank indicator. The vehicleisdrivenin aseries of test runs, in both directions,
parallel to the centerline of the curve. The curve should not be flattened out by driving the inside edge at the center of
the curve.

Thefirst trial runis made at a speed somewhat below the anticipated maximum safe speed. Subsequent trial runs
are bank conducted with 5 mile per hour (8 kilometer per hour) speed increments. If areading of 14 degrees or greater
occurs at 20 miles per hour (32.2 kilometers per hour) or less, then the safe speed is below 20 miles per hour (32.2
kilometers per hour. The curve should be signed for 10 or 15 miles per hour (16 or 24 kilometers per hour), wherever a
14-degree reading occurs. For asafetrial speed of 20, 25, or 30 miles per hour (32.2, 40, or 48.3 kilometers per hour),
areading of 12 degreesisrequired. At trial speeds of 35 miles per hour (56.4 kilometers per hour) or greater, areading
of 10 degrees indicates the safe speed.

Evaluate curves in both directions when using this method. Many timesit is preferable to use the lower speed
condition for signing both approaches.

While many highway agencies use the 14-, 12-, and 10-degree system for signing curves, others use more
conservative criteria. 1n some States for example, a 10-degree reading at any speed indicates the maximum safe speed.
Prior to applying the ball bank indicator procedure, check the accepted criterion for the areain question.

The data acquisition system (shown in figure 82) is an electronic version of the ball bank indicator. It mountsin the
test vehicle and is operated by the driver. The data acquisition system is used to establish highway posted curve speeds.
The unit provides a printed reading of left and right curves; records distance, speed, and degrees of the test zone; records
horizontal cross slope; records incline-testing information; and provides the data and time of tests. It isalso
personal-computer compatible.
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A third method for determining the safe speed of a curve is to apply the following formula:
V2=15R(E+F)
Where:
V = speed in miles per hour (kilometers per hour)
R =radius of curvein feet (meters)
E = rate of superelevation in feet per foot (meters per meter)
F = safe coefficient of side friction

The recommended speed for the curve is determined by any one of the above methods, which in turn determines
whether aturn or curve sign should be used.

Figure 82. Electronic data acquisition system

Since warning signs are primarily for the benefit of the driver who is unacquainted with the road, it isimportant to
place signs carefully. Warning signs should provide adeguate time for the driver to perceive, identify, decide, and
perform any necessary maneuver. Thistotal time to perceive and complete areaction to asign is the sum of the times
necessary for perception, identification/understanding, emotion/decision-making, and volition/ execution of decision, and
isreferred to asthe PIEV time. The PIEV time can vary from about 3 seconds for general warning signs to 10 seconds
for warning signs used in areas requiring high driver judgment.

Table 15 lists suggested minimum sign placement distances that may be used for three conditions:

Condition A. Driver will need extratime to make and execute a decision because of a complex driving situation
(lane changing, passing, or merging).

Condition B. Driver will likely be required to stop.
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Condition C. Driver will likely be required to decelerate to a specific speed.

Table 15 isan aid for determining warning sign location. The values in the table are for guidance only and should
be applied with engineering judgment. The placement of temporary warning signs used at roadway construction and
maintenance sites is covered in part 6 of the MUTCD. The minimum sign placement distances given in table 15 may
not apply to that group of signs.

The effectiveness of the placement of any warning sign should be tested periodically under both day and night
conditions. Guidelines for inspecting and maintaining signs are presented in a FHWA report by McGee and Mace.®®
Inspection should include the following:

e Condition of sign face—major cracking, blistering, or missing message, visible from the roadway.
e Orientation and structural stability of the post.
e Discoloration, streaking, or fading of the sign.

Table 15. Typical placement distances for general warning signs

Listed Advisory Speed or Desired Speed at Hazard (mi/h)

Posted or 85th 10 20 30 40 50

Percentile Speed Placement Distance of Sign in Front of Hazard (feet/meters)®
(mi/h) (km/h)

20 320

25 40 1009/30.5 - - - -

30 438 150/46 100/30.5 - - -

35 56 200/61 175/53 - - -

40 64 275/84 250/76 175/53 - -

45 72 350/107 300/91.5 250/16 - -

50 81 425/130 400/122 325/99 225 -

55 89 500/152.5 475/145 400/122 300/91.5 -

60 97 575/175 550/168 500/152.5 400/122 300/91.5
65 105 650/198 625/191 575/175 500/152.5 375/114

Typical signs used in this manner include Turn and Curve. Placement distances shown are for level roadways. Corrections
should be made for grades. If 48-inch signs are used, the legibility distance may be increased to 200 feet. Thiswould allow reducing
the above distance by 75 feet.

(1) Distance providesfor 3-second PIEV, 125-foot sign legibility distance, braking distance as indicated in A Policy on
Geometric Design of Highways and Streets, AASHTO, Figure 11-13, 1984.

(2) No suggested minimum distance provided. At these speeds, sign location depends on physical conditions at the site.

(3) Inurban areas, a supplementary plate underneath the warning sign should be used specifying the distance to the hazard if
there is an intersection which might confuse the driver between the sign and hazard.

Visibility of the sign—roadside plantings or a new structure may be hiding the sign.
Dirt or other substance on sign.

Vandalism or accident that has damaged or removed the sign.

Poor retroreflectivity.

All signs will experience diminishing retroreflectivity. The deterioration is aresult of the sun’s rays, moisture,
pollu-tants, and even chemical reactions between the sheeting and the substrate. Loss of retroreflectivity also occurs
from gun shots, spray paints, and vehicle impacts. Figure 83 shows vandalized signs.

Techniques to inspect for the loss of retroreflectivity from simple visual observations to the use of complex optical
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and electronic equipment. The most simple method is to drive at night and look for obviously deficient retroreflectivity.
An experienced inspector can determine when a sign is ineffective.

Daytime inspection procedures also exist. A 200,000-candlepower spotlight is pointed at the sign as the vehicle
moves along theroad. The hand-held beam, powered by the vehicle' s battery, is flickered across the sign face by the
driver or passenger. With alittle training, the inspector can detect failing signs. Figure 84 shows the spotlight, which
plugs into the vehicle' s cigarette lighter, and an application of its daytime use to check asign’ s retroreflectivity.

Figure 85 shows an example of awarning sign with deteriorated retroreflectivity. The high-powered spotlight
shining on the signsiillustrates that the older, deteriorated sign on the left (ICE ON BRIDGE) exhibits little
retroreflectivity. The newer sign on the right (CAUTION BRIDGE MAY ICE IN WINTER) is bright and appearsto
glow.

The most accurate method is to use a portable retroreflectometer to measure the sign’s retroreflectivity in the field.
The procedure is time-consuming and should be limited to questionable signs detected by a visual inspection or for those
signsidentified for possible replacement by a sign inventory. In figure 86, the retroreflectivity of warning signs are being
checked with the portable retroreflectometer.

The FHWA has devel oped a mobile unit for measuring sign retroreflectivity. The Traffic Sign Evaluator (TSE) is
mounted in avan and records the sign retroreflectivity as the van travels along the roadway during daylight hours. The
device is well-suited for highway agency sign management programs.

Figure 83. Vandalized signs

Sivak and Olson found that the geometric mean of replacement luminance value recommended in seven other
research studies was 0.23 candelas per square foot (2.4 candelas per square meter).(88 Thisis the suggested
replacement value. Thiswould apply to light legends with dark (green, blue, red, and brown) backgrounds of up to 0.04
candelas per sguare foot (0.4 candelas per square meter) and to light (white, yellow and orange) backgrounds with black
legends. Also, it assumes a 50-feet-per-inch (6-meters-per-centimeter) letter height for studies that use younger subjects
and 40 feet per inch (4.7 meters per centimeter) for older subjects. Assuming an optimal sign luminance of 7.0 candelas
per square foot (75 candelas per square meter), they suggest the coefficients of retroreflection for four sign locations as
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shown in table 16.

Table 16. Replacement coefficients of retroreflectance using US-type low beam headlights

Replacement Coefficient of Retroflection
Sgn Location (candelas per lux per square meter)
Left-hand side 90
Overhead-mounted 114
Right-hand side 24
Ground-mounted guide side 27

Using the median value of 0.23 candelas per square foot (2.4 candelas per square meter) relates to a replacement
percentile of only 50 percent. Factors that suggest an upward adjustment include headlight systems using European-type
low beam, high-luminance surroundings and environmental glare, driver age, truck drivers observation angle, drivers
under the influence of alcohol or otherwise impaired, dirty signs, and dirty or misaligned headlights.

Figure 84. Daytime inspection of sign retroreflectivity

Sign maintenance is important to keeping the retroreflectivity at acceptable levels. Signs should be checked for
damage and cleanliness during regular inspections.(89) Damaged signs may be repaired using overlay techniques. Small
signs may be recycled by stripping the sign face and applying new sheeting.
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CAUTION
BRIDGE MAY

Figure 85. Warning sign with deteriorted retroreflectivity

Most permanent warning signs do not need to be washed. However, in some locations a mild nondetergent solution
can be used, if needed, to remove dirt. Other methods exist for cleaning special problems.(89)

Barrier Delineators

Barrier delineators actually comprise avariety of different techniques of mounting or attaching retroreflective
delineation to portable concrete barriers (PCBs). As such, the installation techniques used may vary widely from one
brand of delineator to another. Also, the highway agency must decide whether the barrier delineators must be top or side
mounted, and how far apart they will be spaced.

Barrier delineators are similar to raised pavement markers (RPMs) in that the primary problem with their useis
how quickly they become dirty. When dirty, barrier delineators' performance can degrade to the point where they are no
longer considered effective. Side-mounted delineators aggravate this problem since they are closer to the road surface
and have atendency to collect more dirt and road splash from passing vehicles.

Top-mounted barrier delineators relieve the problem with collection of road splash somewhat, but their
effectivenessis decreased with the side-mounted delineators in the presence of headlight glare from opposing
vehicles.(89) Obviously, some compromise must be made between these two conflicting factors.



Roadway Delineation Practices Handbook

Figure 86. Use of aportable retroreflectometer

Even when delineators are top mounted, cleanliness remains a problem. A research study at the Texas
Transportation Institute (TT1) by Ullman, Dudek, and Allen concluded that delineators are effective in improving driver
performance, but that they must be cleaned to be most effective.(®® They conducted a survey of all the Texas DOT
districts in an attempt to identify how this process was being accomplished. At the time of the report (1988), no viable
methods were being used in place of hand cleaning was found.

Hand cleaning of barrier delineators is labor-intensive and usually involves a dangerously high level of exposure for
the workersinvolved. The TTI study also reviewed alternate, safer methods of delineator cleaning. Three of the most
promising are presented in the report, including a self-propelled rotating brush system, a truck-mounted brush head
system, and a high-pressure water sprayer. The researchers found that the performance data were inconclusive at the
time and that further research was needed in the area of fabrication and testing of these systems.

Barrier delineators are similar to PMDs in that they are not normally removed during their lifetimes. Barrier
delineators are also not directly subjected to traffic wear, so knockdowns are not a concern as with PMDs. Maintenance
and cleaning of the retroreflective faces is usually the prime concern.

Pavement Symbols

Since pavement symbols are aform of pavement markings, their installation, maintenance, and removal follow the
guidelines for the particular type of material. See the appropriate chapter for specific details.

CHAPTER 11. ROADWAY DELINEATION MANAGEMENT
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INTRODUCTION

An effective system of roadway delineation management is necessary to achieve safe, cost-effective delineation.
Programs must be instituted to monitor and record performance of installed delineation systems.

This chapter will discuss some of the approaches that have been adopted for this purpose. In addition,
recommendations will identify efficient management based on the latest techniques and research.

SAFETY AND YEAR-ROUND MAINTENANCE

To achieve the safest possible delineation system, the management of roadway delineation must be a closely
maintained, year-round program. A highway agency’ s management of a delineation system will consist of the following
responsibilities:

o Define asystem by which the current techniques of roadway delineation performance can be objectively judged.
e Ingtitute a system to inventory its markings, their individual condition, and individual past performance.

e  Oversee the collection of information for the resulting data base.

e Create specifications that will standardize approved procedures and equipment for data collection.

e Trainand certify field inspectors.

MINIMUM RETROREFLECTIVITY

Retroreflectivity is the most commonly used method of eval uating the performance of delineation techniques.
Research has established that nighttime retroreflective properties of a delineation technique are directly related to its
subjective effectiveness. A typical study of this sort was performed by the University of North Carolina.(29 The study
showed that if a pavement marking is effective at night (has good retroreflective properties), it will also probably
perform well in daylight.

In this chapter, we will concentrate on using a minimum level of retroreflectivity to establish the effectiveness of
delineation. The same research as cited above has also attempted to establish a minimum value of retroreflectivity for
adequate visibility. Because of the difficulties with measuring techniques (see chapter 2), these values often do not
correspond exactly for different instruments (table 17).

Recently, correlation between instruments has improved greatly because many of the instruments’ manufacturers
have begun to make fine-geometry instruments with great similarity in the measurement angles and areas. With proper
calibration, these instruments can normally be counted on to correlate within about 10 percent accuracy. Several
separate sets of researchers have now arrived at a value of about 100 millicandelas per lux per square meter as the
minimum value for coefficient of retroreflected luminance, R, for pavement markings.(2425.26) More information may be

found in the references in chapters 2 and 3.

Table 17. Correlation coefficients between pavement marking retroreflectometers

Ecolux Potters Zehn/ Zehntner Optronik Erichsen OhioOhio New Penn Penn Penn Virginia
PS #1 #2 Yok #1 #2 #3

Potters ~ .851 - - - - - - -
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Zehn/PS 959 856 - - - - - -

Zehntner 845 56 .86 - - - - -

Optronik ~ .947 802  .992 916 - - - - - - - - -

Etichsen .986 838 .989 .858 .978 - - - - - - - -

Ohio #1 916 919 .98 757 .953 .952 - - - - - - -

Ohio #2 .902 .853  .986 .833 .98 .95 986 - - - - - -
New York .723 752 887 723 .884 81 918 .95 - - - - -
Penn #1 .761 756 .899 .82 915 .826 907 953 976  -- - - -

Penn #2 812 826 931 .808 .934 .866 947 974 974 993 - - -

Penn #3 .769 .699  .898 .876 .927 .832 881 943 939 992 977 - -

Virginia 711 561  .866 .829 .893 .809 834 907 939 .927 903 .947 -

Hercules  .656 722 826 723 .838 .733 86 904 975 986 973 .965 .895

In general, the average highway agency need not be concerned with problems in the standards. It should instead
focus on selecting an appropriate instrument and using that instrument consistently to obtain reliable values.

INVENTORY

Each highway agency’ s management staff should establish a system to inventory all roadway delineation applied
within the agency’ sjurisdiction. In thisway, the agency can monitor any section of roadway and determine what
techniques and treatments seem most effective onit. Also, aregular system of inventorying roads will help a highway
agency identify problem spots or locations that have become hazardous.

Computerized

Computer data bases that track information on delineation is one method of inventorying roads. These systems
consist of acomputer that tracks each delineation application’ s characteristics and vital information. Each entry in the
data base might consist of a particular marking project. Alternately, the roadway system could be divided into sections,
with each section being monitored separately. Information included could be type of delineation devices, location,
materials used, and current state of the devices. These systems will normally rely on subjective nighttime eval uations of
retroreflectivity or readings taken with a portable instrument. The following section discusses just how these subjective
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evaluations should be performed.
Photo L og

The concept of photo log inventory can be illustrated with an example. A study performed in Texas proposed a
system to evaluate effectiveness of raised pavement markers (RPMs).(d The procedure has four possible steps:
creation of a photographic inventory, site evaluations of RPMs' effectiveness, use of maintenance photo-graphs, and
decision of appropriate actions.

1. Photographic inventory. Sitesto be evaluated should be photographically inventoried from avehicle. The
appropriate camera setting should be either a 1/60-second shuitter, f-stop 1.4, or 1/30-second shuitter, f-stop 1.8. A
high-speed 35-mm film, such as ASA 400 pushed two stops, or a night 8-mm movie film such as Type G should be
used.

2. Steevaluation. A pand of five, seven, or nineindividuals selected by district personnel should examine the
photographs from the sites to be evaluated. This panel is not so large that the members cannot adjust their schedules to
perform the evaluation. The odd number preventsties.

The subject site will be evaluated with respect to the effectiveness of its RPMs. An acceptable rule of thumb is that
if 50 percent of the markers are missing, the system isineffective. A system is semi-effective when 20 to 30 percent of
the markers are missing. Markers become ineffective when their specific intensity is 0.05 candle power per foot candle
or lessfor 75 percent of the remaining markers. A system is semi-effective when 75 percent of the remaining markers
have a specific intensity between 0.2 and 0.4 candle power per foot candle. At the time of the study, the only way to
determine the specific intensity of the markers was to either remove severa randomly selected markers for analysisin a
laboratory or use a photometric van.

3. Maintenance photographs. When the panel cannot decide the effectiveness of the markers based on their
physical properties, a set of maintenance slides should be used. A suggested procedure is for each member of the panel
to view the dlide of the site in question individually and to consider the set of maintenance standards. After each member
selects the most appropriate standard, the panel would reconvene. A decision would be reached by using the standard
set of photographs.

4. Appropriate actions. If asiteisjudged to be semi-effective or ineffective, the appropriate action would be taken
and that the maintenance activity decided on by the eval uation panel would begin.

Expert panel members should rate the effectiveness of the sites based on the following guidelines:

Effective. A sitewould be effective if, in the mind of the rater, the RPM system provided sufficient information to
drivers without any maintenance needed at the site. The rater should judge the effectiveness based on the number of
missing markers, visibility of the markers remaining, test conditions, color of the markers, spacing of the markers, and
intended purpose of the pattern.

Semi-effective. A site would be semi-effective if would need maintenance within the following 6 to 12 months to
establish it as effective. Completion of the necessary maintenance would depend on the availability of funds and the
placement of the site in the maintenance schedule. Semi-effective systems are those that, at the time the location was
rated, the drivers considered the RPMs to provide marginally sufficient information.

Ineffective. A siteisineffective if the RPMs are not providing sufficient information to the driver and immediate
maintenance is required. No other treatment except total maintenance of the site can be used to provide the required
positive route guidance needed by drivers.

The system explained here could be applied easily to an overall management program for an agency’ s delineation
projects.
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Other Techniques

There are afew new methods for inventorying roadways. One combines videotaping &l of the roads within a
highway agency and catal oging the tapes on a computer laser videodisc system. In the past, this system has been used to
maintain video records of all roadways and would be used mainly during design of new construction projects. However,
once the system has been created, application of the technique to other departments in the highway agency, such as
delineation management, would be very simple.

A program like this has begun in the State of Connecticut and is discussed in a Federal Highway Administration
report on innovative techniques for traffic control devices.(90)

INSPECTION

Inspection is vital to management of delineation programs for those agencies that do not maintain an inventory of all
roadways. Highway agencies should institute a policy for periodic inspection of all delineation projects after their
installation and throughout their service lives. Some recommended methods of inspecting delineation are discussed in
the following sections.

Daytime

Daytime inspections of delineation will consist normally of tests that require the inspector’ s presence on the
roadway or well-lit conditions for good visibility of the material itself. Theseinclude testing of percentage of material
remaining, color durability, and cleanliness of RPMs and other retroreflective devices. The method for determining
percentage of material remaining is presented in chapter 5. Color durability is tested using a comparison guide with
standard highway colors.

Figure 87. Examples of sun/shadow technique

Sometimes retroreflection also will be tested during the daytime. For pavement markings, this may be done
manually with the sun/shadow technique or by using a pocket microscope or portable retroreflectometer. With the
sun/shadow technique, the marking is viewed at an angle so that the shadow of the viewer’s head is directly on the
marking, as shown in figure 87. From this position, light from the sun will be directed back to the viewer, causing the
marking to "glow." Using this method, an experienced inspector can make areliable estimate of nighttime effectiveness
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of the marking.

For warning signs and other types of delineation devices, the Q-beam method of testing discussed in chapter 10 may
be employed during daylight.

Nighttime

Research has established that reduced nighttime visibility is normally the first sign of failure for a delineation
device. For thisreason, retroreflection is tested most often through simple nighttime inspections of adevice' s brightness
and visibility distance. These inspections often are made simply using automobile headlights for illumination. Highway
agencies often establish formal guidelines for minimum visibility distances of delineation devices at night. Devices that
do not meet the visibility distance requirement are identified for repair, cleaning, or replacement.

A word of caution is included with the use of this practice. Almost all night driving is with low-beam illumination.
Most drivers will not use high beams unless oncoming traffic drops below one vehicle every two minutes. Some
highway agencies, however, have used high beams at night to establish visibility distances. This practiceis discouraged
by the FHWA,, since it does not represent the average driving situation.

Equipment and Facilities

One of the advantages of the methods described previously is that the equipment and facilities required are minimal.
For nighttime inspections of the type discussed, only an automobile and an inspector are needed. Some of the daytime
inspections require instruments for measurement. These instruments are discussed in the next section.

FIELD TESTING

Many of the inspection techniques discussed require some form of field testing of installed delineation. This section
will discuss the instruments and procedures related to performing field tests.

Instruments

A variety of instruments can be used in the field to test retroreflectivity. These devices range in price from afew
dollars for a pocket microscope to $10,000 to $15,000 for a portable retroreflectometer.

Microscope
A pocket microscope, shown in figure 88, may be used to test distribution, quantity, and proper embedment of glass

beads in the pavement marking. A pocket microscopeis asmall, inexpensive, lensed apparatus with magnifying power
sufficient for the inspector to discern individual beads.
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Figure 88. Pocket microscope

Beads should appear uniformly distributed over the marking, densely packed to give good retroreflection. They
should not be packed so closely that they obscure the surface of the pigmented binder. Embedment should be about
55-60 percent of the bead’ s diameter.

Retroreflectometer

A variety of instruments to test the retroreflectivity of pavement markings electronically are now available
commercially. Most of those used are small, hand-held, portable units. These instruments are simply small box-like
apparatus with optical devices mounted upon their undersides. The unit is set upon the marking to be tested, the
instrument shines alight at a fixed sample area and then measures the percentage of light returned. Most are calibrated
to read in units of millicandelas (0.001 candelas) per lux per square meter.

For more information on optical units and some of the problems with current testing standards, see chapter 2.
Portable Equipment

Portable retroreflectometers are used to obtain performance estimates through measurements of retroreflectivity.

These instruments are usually classified by fine and coarse geometry. Fine geometry instruments closely simulate
the entrance and observation angles experienced by a driver, while coarse geometry instruments do not. Therefore, the

fine geometry instruments are much better at predicting subjective ratings of effectiveness.

These are often used as evaluation criteria, as discussed in the section on Safety and Y ear-Round Maintenance.
Some characteristics of the most popular equipment are given below.

Mirolux 12
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Many studies use the Mirolux 12 retroreflectometer, pictured in figure 89, in an attempt to establish minimum
retroreflectivity standards. It is afine geometry instrument with illumination and observation angles of 86 1/2 and 1 1/2
degrees, respectively. The recommended procedure for use consists of the following steps:

1. Zeroand cdibrate the instrument.

2. Check the battery voltage.

3. Takereading(s). Three readings should be taken at each location. Each reading should be within 10 percent of
the average reading. If any of the readings are not, two more readings should be taken.

Figure 89. Mirolux 12 retroreflectometer

The instrument is manufactured by MiroBran Assemblers, Inc. (Clifton, NJ). The priceis about $4,500. Itis
considered one of the more cost-effective portable instruments. (29

Other Instruments

A number of other foreign-built, fine-geometry instruments are being used in the United States. These include the
Ecolux, Erichsen, and Optronik brands. Studies have attempted to establish the correlation of readings of these

instruments with one another, with other instruments, and with subjective panel ratings.(256)

In general, the fine-geometry instruments correlate with one another, and with subjective ratings, much more closely
than the coarse-geometry instruments.®® When the instruments have been properly calibrated, the fine-geometry
retroreflectometers usually correlate within 10 percent of other fine-geometry instruments

(table 17).

M obile Equipment
One of the limitations with even the fine-geometry instruments has been their lack of flexibility. For most of these

instruments, there have always been problems due to the instrument’ s fixed geometry, sample area, and sensitivity to
background light and other environmental interference. A new laser retroreflectometer will rectify some of these
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deficiencies. Advanced Retro Technology (LaMesa, CA) has devel oped such a device in cooperation with Potters
Industries (Parsippany, NJ); it is described in a study performed by J.J. Rennilson.(©2

Figure 90 shows a schematic diagram of the laser retroreflectometer. In order to block ambient light and enable
day/night retroreflectivity measurement, this new device makes use of a specific wavelength of laser light and a narrow
band-passfilter. Thefilter blocks reception by the photoreceptor of all other wavelengths of light. Thus, it makes
possible day/night, wet/dry variable geometry retroreflectivity measurements.

Figure 91 shows the laser retroreflectometer mounted on a pickup truck. The laser beam exits through the lower
lens and is aimed so that, on level ground, it strikes the pavement marking at a distance of 33 feet (12 meters). The
retroreflected light from the marking enters the device through the upper lens. Thetest vehicle can travel at normal
highway speeds while recording data. A video camera mounted on the seat is aimed at the marking being evaluated.
The retroreflectometer’ s alignment is shown on a video monitor and is used by the driver to guide the vehicle. Data
captured on alaptop microcomputer mounted on the passenger seet is later analyzed on a microcomputer at the
Advanced Retro Technology office.

Initial tests of the device have been highly successful. The results of readings taken in the field under high sun
daylight and nighttime conditions for the same marking materials were compared for each marking material tested,
yielding a correlation within 2.5 percent. The correlation of the laser retroreflectometer results with laboratory readings
for pavement marking tape can be seen in figure 92.

Plans are being made to market and sell this device to highway agencies. At this point, revisions and improvements
are being made to the computer hardware and software that facilitate data collection for the system.

When available, this device should be an aid to highway agencies in determining the quality of markings. The
device yields good results for retroreflectivity; it is easily mounted on a small truck or van and can be used during the
daytime at highway speeds without the need for traffic controls.

The device can be used even to scan retroreflectivity across the face of the marking to measure the uniformity of its
retroreflective properties. This ability may allow it to be used on a striping machine as a method of quality control for
the pave-ment marking process.

TORT LIABILITY
Tort ligbility claims have risen dramatically in recent years (chapter 12). Because of the huge awards that have

resulted when these claims have gone against highway agencies, many of these highway agencies have been searching
for waysto limit their tort liability.
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Figure 90. Schematic of laser retroreflectometer

One of the most effective methods available to a highway agency for reducing exposure to tort claims related to
delineation is a comprehensive, efficient roadway delineation management system. This system establishes a reasonable
standard of care for a highway agency’ s activities. If a highway agency has an FHWA-approved policy for management
of delineation systems, following the palicy takes on the force of a statute governing the actions of the agency.
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Figure 91. Pictures of the truck-mounted laser retroreflectometer

Thisis not meant to imply that following a delineation inventorying and management program will guarantee
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immunity from prosecution. Each court will make a ruling based on the specific concerns of the case. The management
system should be used instead to establish the safest roadways possible, thus establishing the highway agency’ s
paramount concern for the safety of the traveling public.
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Figure 92. Retroreflection of pavement marking tape as a function of observation angle and two entrance angles.

CHAPTER 12. ADMINISTRATION

INTRODUCTION

The design, application, and maintenance of an effective roadway delineation system requires a thorough knowledge
of drivers’ needs. General concerns are important, as well as those dictated by the geometry and traffic characteristics of
the particular roadway. Standards, warrants, and legal implications of the agency’ s responsibility to maintain the
highway in a reasonably safe condition make administration of a safe delineation system difficult. The task is made more
complex by the array of delineation techniques and technologies. If liability isto be avoided, the best method must be
selected for aparticular situation. It is often difficult to determine the level of visibility for delineation that will be
adequate for al drivers' needs on a specific roadway.

If funds were unlimited, it would be relatively easy to maintain safe roadways. Technology can meet the challenge,
highway agencies have the skills they need, and research is continual and the state of the art always improves.
Unfortunately, funds are not unlimited. In reality, cost-effectiveness of delineation alternatives is as important as overall
performance. A delicate balance exists between the need for overall frugality and the use of extreme measures where
they are needed. Consequently, the role of administration and management becomes more demanding and complex.
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This chapter focuses on some of the administrative considerations associated with roadway delineation. These
include theimplication of legal responsibilities, the availability of Federal funding, cost-saving procurement practices,
the use of highway agency forces versus contracted work, and special treatments associated with the field of delineation.

LEGAL CONSIDERATIONS

In the past, government entities were all but immune from lawsuits on the theory of “sovereign immunity,” derived
from English common law. Under the sovereign immunity doctrine, a government entity may be sued only if it consents
to the suit in advance. During the past 30 to 40 years, this situation has changed dramatically. Sovereign immunity has
now been eroded though the actions of courts and/or legislatures. Conseguently, many State highway agencies have
become vulnerable to lawsuits for damages resulting from highway accidents.

Because of these changesin legal doctrine, highway agencies’ personnel increasingly are involved in afield of
litigation that was previously of concern only to attorneys. Today, it is necessary that State and local highway agency
staffs keep abreast of current highway law practices. Accordingly, the basic legal considerationsinvolved in roadway
delineation practices have been included here to provide a basic understanding of the purpose, intent, and direction of
current tort liability.

This discussion is a basic treatment of a complex subject. It is not meant to interpret the law or establish guidelines.
It isintended only to help highway agencies recognize the possible consequences of failure to maintain and safeguard
their roadways.

There are numerous reports and references prepared by legal staffs that can be consulted for more definitive
information. The Institute or Transportation Engineers has devel oped a one-day seminar as part of its Continuing
Education Program entitled Traffic Improvements—Legal Aspectsand Liability. It isintended to upgrade and expand
awareness among highway agencies' personnel.(93) In addition, the legal staffs of State agencies often are called upon by
operating units to interpret the statutes that concern them and suggest ways to avoid tort litigation.

Definition of Tort Liability

The legal responsibilities of highway agencies arise from the principles of tort law. This section defines some basic
terms.

A tortisa*“civil wrong, other than breach of contract, for which a court of law will provide aremedy in the form of
an action for money damages.” (%4 Torts can be either intentional (assault and battery, false imprisonment, trespass, and
theft) or unintentional (negligence). Torts claiming negligence are the most common to highway agencies.

Liability meansthe legal obligation of the tort-feasor (the negligent party) to pay damages to the victim. More than
one person or organization may be liable for damages arising out of the same event. In the case of negligent conduct by
an employee, both the employee and the employer may be held liable for damage, even when the employer is a public
entity.

Negligence is defined as the failure to do something that a reasonable person would ordinarily do, or the doing of
something that a reasonably prudent person would not do. Negligent conduct creates risk of harm to someone who is
owed a duty of exercising care.

Comparative negligence is a modern alteration of the strict contributory negligence rule that bars recovery by
negligent plaintiffs. Under the modern system, the defendant is liable for that portion of the damages that his or her own
negligence caused. Thus, if an accident is judged to be 40 percent plaintiff’ s negligence and 60 percent defendant’ s
negligence, and the plaintiff suffered $10,000 damages, the plaintiff would receive from the defendant $10,000 less 40
percent, or $6,000 total. In ajurisdiction that has not adopted the comparative negligence procedure, the plaintiff would
recover nothing. The plaintiff’ s contributory negligence (in any proportion) prevents his or her collection of any
damages.
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The reasonable person (sometimes called the “reasonable man,” the “reasonably prudent person,” or the “ordinary
man”) is used to establish the level of care that isjudged to be negligent. In effect, this definition imposes a test of
negligence as being the “failure to use ordinary care.” Thisis the test most often used in determining liability. Inthe
context of this Handbook, an engineer would be found negligent if his or her conduct did not measure up to that of a
hypothetical engineer who actsin areasonably prudent and careful manner under the same circumstances.

Duty intort law is an obligation to conduct oneself in away that will protect others from unreasonable risks.
Negligence is abreach of the duty to exercise reason-able care owed to those persons to which the duty applies. In this
context, a highway agency owes a duty to al drivers onitsroadways. The highway agency’s duty isto avoid creating
unreasonable risks for drivers and to meet the standard of care imposed on that particular highway agency.

The standard of care for any person is set by a multitude of factors. At the bare minimum, all persons are required
to avoid the creation of unreasonable risks, where feasible. In addition, statutes and regulations help define the standard
of care by which conduct isjudged. For example, failing to observe a Stop signis not only an infraction, but also failure
to meet the standard of care that sets the boundaries of liability. Violation of a safety statute is considered to be
negligence in itself.

Finally the accepted standards and practices of a profession, trade, or industry also define the standard of care by
which conduct isjudged. Included in the definition of “accepted standards and practices’ isthe Manual on Uniform
Traffic Control Devices (MUTCD)® and other similar documents. In general, “aviolation of a uniform law or
regulation may be evidence of negligence or may constitute negligence per se.” 88 In the Highway Safety Act of 1966,
the MUTCD was adopted as anational engineering standard. Although it is aFederal regulation, not a statute, the
MUTCD standards have been adopted by many States into their own laws, thereby giving them the full force of statutes.
A failure by highway agency personnel to conform with the requirements of the MUTCD would probably be sufficient to
establish negligence (and therefore liability), if an accident results from that failure to conform.

To place these concepts in perspective, it is necessary to recognize several characteristics of tort liability. First, the
most common tort is negligence, which is the failure to use reasonable care in one’ s actions. Next, court decisionsin
tort claims are based on the concept of the existence of a*“reasonably prudent person” exercising “ordinary care.”
Finally, negligence is established by afailure to meet the standard of conduct set by the hypothetical “reasonable person”
exercising “ordinary care.”

In effect, the injured plaintiff bringing suit must prove the following in a negligence case arising from a highway
accident:

e Thedefendant (highway agency or its agents) had alegal duty to exercise reasonable care toward the plaintiff
(victim).

e Thedefendant was negligent (defendant’ s conduct failed to meet the standard of reasonable, ordinary care), thus
breaching that duty.

e Theplaintiff's damages (injuries, property damage, pain and suffering, or loss of income) were caused by the
breach (defendant’ s negligence), and were the foreseeable result of that breach.

e Theplaintiff must not have been contributorily negligent to recover all the damages suffered.
Legal Duty and Liability

Highway agency personnel have definite obligations to the public. These duties are imposed specifically or
generally by law. Basically, their duty isto maintain the roadway in a reasonably safe condition. Thisinvolves

inspection, anticipation of defects, and conformity with generally accepted standards and practices. Thereisno
requirement for perfect conditions of repair or for actions beyond the limits of human ingenuity.
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To understand the application of the concepts of legal duty, it is necessary to recognize the distinctions between
discretionary acts and nondiscretionary (ministerial) acts. Many States that no longer retain the sovereign immunity
doctrine have enacted Tort Claims Acts, which prescribe the conditions under which States, their agencies, and their
employees may be held accountable for their torts. These acts include some exemption from liability during the
performance of so-called discretionary activities.

The term discretionary refers to making a choice from a number of aternatives; it requires consideration and
independent judgment to choose a course of action. On the other hand, ministerial dutiesinvolve mandatory tasks that
require little personal judgment. The difference between discretionary and ministerial functionsis very important in tort
claims against public entities. In general, a public entity and its employees are not liable for negligence in the
performance of discretionary activities. However, the courts constantly revise the law in thisarea. Classification of an
activity as either discretionary or ministerial is subject to constantly shifting legal interpretations.

Also, the limited exemptions from liability for discretionary activities do not provide absolute protection from legal
liability. If discretion isabused, courts may substitute their own discretion for that of the defendant to reach aresultin a
particular case.

The courts normally consider the design of roadways to be a discretionary government function, since it involves
high-level planning activity and evaluation of policies, competing alternatives, and other factors. Many decisions
support this, holding that design is quasi-legislative in character and must be protected from the “ second guessing” of
inexpert courts. Unless thereis an abuse of discretion that justifies a court resorting to second guessing, most roadway
design issues remain within the control of highway agency personnel. To help protect State highway agencies and
employees from tort liability, some legislatures have passed design immunity statutes. Designs that have been properly
approved are further isolated from possible tort claims.

Notice of Defect

The highway agency has a duty to correct a dangerous condition when it receives notice of the hazard. Most courts
say the State must have had notice of the hazard for a sufficient time to afford them a reasonable opportunity to repair the
condition or take precautions against the danger. When a dangerous condition is the result of the State’ s own
negligence, the notice requirement does not apply. The State does not need notice of faulty construction, maintenance,
or repair of its roadways, because the State should know its own actions. However, if the danger did not result from the
active negligence of the public entity, it must perform repairs once it has notice of the defect.

Statutes may require that a highway agency have notice of the condition for a specified period of time. If the notice
period isfive days, and an accident is caused by a defect that originated the same day of the accident, the statutory notice
period would not be satisfied and the highway agency would not have had a reasonable opportun-ity to make repairs.
The notice must be of the particular defect that caused the accident, not merely of conditions that may produce the defect.
In this example, the statutory period may be considered satisfied if the State had knowledge of the unsafe condition.

Finally, it is possible that a condition has existed for such atime and is of such a nature that the State should have
discovered the condition by reasonable diligence. In this case, the notice is said to be constructive, and the State' s
knowledge of the condition isimplied. The courts may consider whether the defect was difficult to discover. That is, the
court will consider the nature of the defect, its location and duration, the amount of use the roadway receives, and
whether the defect would easily be perceived. Thiswill aid the court in deciding if the State had reasonable notice.

M aintenance of Delineation Systems

The wording of MUTCD suggests some of the legal implications of delineation maintenance. Only the Interstate
system is required to have delineation markings (by use of the word shall). In most cases, the MUTCD does not
specifically state that markings are required. It appears to leave the decision to the discretion of the individual highway
agencies.
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The duties of highway agencies with regard to pavement markings are summarized as follows:

e “Intheabsence of astatute, it has been held that there is no general duty of a State or other governmental unit to
install or provide highway signs, lights, or markings.”

e “However, the duty to provide warnings, lights, or markings may arise where the particular highway presents an
unusual, dangerous condition.”

e " Although there may be no duty to install warnings, signals, or markings in the first instance, once installed, thereis
aduty to maintain them in good serviceable condition.” (%)

Implications of Tort Liability

Civil litigation suits, especially tort law cases, have increased dramatically in the last decade. Thisisalogical result
of the trend toward large awards to litigants. The June 6, 1977, issue of Business Week noted that Federal court civil
cases have increased 84 percent in the last ten years. A February 20, 1978, articlein TIME is quoted as saying that the
first million-dollar tort judgement was awarded in 1962, with 59 more from 1962 to 1972. Another 145 such judgments
were recorded in the five-year period from 1972 to 1977. These facts, coupled with the erosion of sovereign immunity
for governmental agencies, pose critical problems for highway departments. The State of California has experienced
this.

The State of Californialost its sovereign immunity in 21961 ruling of the State supreme court. At that time, there
was one full-time attorney assigned to handle damage claims for the Department of Transportation (Caltrans). In the
year 1960-61, there were 193 claims totaling $10 million. These claims increased following approval of the California
Tort Claims Act in 1963. By 1976, Caltrans employed 40 full-time attorneys and 18 full-time investigators. In early
1978, Caltrans had 65 attorneys assigned to handle the department’ s tort claims. There were 1,048 lawsuits pending,
representing damage claims totaling $981 million. A 1978 American Association of State Highway and Transportation
Officials survey reported more than 8,000 tort claims against all State highway agencies totalling $2.4 billion.(%)

This trend toward increased tort litigation has shown no signs of ceasing, or even decreasing. A research paper
presented at the 71st annual meeting of the Transportation Research Board estimated the total number of tort claims
levelled at highway agencies during 1990 to be 33,000 to 35,000. The report does not give the total dollar amount of
claims, but it does estimate that the total amount of money lost to claims, plus the amount spent researching and
defending against the claims, as being more than one-half billion dollars.(®)

The increase in claims and awards has a so resulted in an increase in the cost of liability insurance, where it was not
canceled outright. Deductibles have been raised to multimillion-dollar levelsin some cases, and some States have had
to self-insure.

Obviously, States would rather spend public funds on proper maintenance of roadways than in paying off tort
claims. States should therefore review maintenance and reporting procedures to limit exposure to tort liability.
Highway agency employees involved in such activities should be well-informed of the legal implications of their
functions.

SOURCES OF FUNDING

One of the mgjor concerns facing highway agencies is obtaining adequate funding for their various programs.
While the courts are quick to point out inefficiencies by making judgments against highway agencies, these problems
often stem from lack of adequate funds rather than from inattention to standard engineering practices. In many cases,
thereis simply not enough money available to support all the desired programs.

In recognition of this nationwide problem, Federal funds have been available for several yearsto assist States under
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various programs. These funds were in addition to the Federal funding for research and development. A significant
Federal program that provided funding for delineation-related activities was the Highway Safety Act of 1973 (23 U.S.C.
151). The Act emphasized improving safety on rural roads, where about two thirds of al severe traffic accidents occur.

Under Section 205, Pavement Marking Demonstration Program of the Highway Safety Act 1973, 100 percent
Federal funds were made available for painting centerlines and edgelines on roadways whether they were on the
Federal-Aid System or not. Any hard surface roadway was dligible for funding. The Pavement Marking Demonstration
Program used Federal funds to encourage wider application of pavement markings. The installation of such roadway
markings have clearly reduced fatalities and injury accidents. 23 U.S.C. 120(c) allows 100 percent funding for safety
U.S.C. improvements including markings.

In addition to painted centerlines and edgelines, other forms and types of pavement markings were eligible under
the program. These included thermoplastic markings and raised pavement markers, markers in advance of railroad
crossings,; roadside delineators; and school zone, pedestrian crossing, and stop bar markings. According to the Secretary
of Transportation’s 1979 Annual Report on Highway Safety |mprovement Programs,(8 about 25 percent of Pavement
Marking Demonstration Program funds were used for these eligible items.

A significant change was made to the Federal-aid program by the 1982 Surface Transportation Assistance Act and
the 1987 Surface Transportation and Uniform Relocation Assistance Act. Federal funds now can be used for
refurbishing or replacing traffic signs or markings that have exceeded their service life and are no longer effective.

PROCUREMENT PROTECTION

Standard procedures for procurement of materials have been used for years, often without periodic review. In
addition, procurement policies have not been updated to reflect changing conditions. This section discusses some of the
aspects of material purchase and use of contractor’ s forces.

Quantity Purchase of M aterials

When purchasing materials, such as paint, thermoplastic, raised pavement markers, or post-mounted delineators,
quantity discounts are generally available from suppliers. For example, a one-way retroreflective raised pavement
marker might cost $1.75 per unit when purchased in quantities of 1 to 99. When purchased in lots of 5,000, the unit
price may be reduced to about $1.25, resulting in a $2,500 savings when purchased in lots of 5,000. Extremely
large-scale purchases would reduce the unit cost even more.

Many States negotiate with suppliers so that local highway agencies can buy materials at the quantity prices quoted
for the State. This “buying off the State contract” requires an estimate of quantity needed and acceptance of the
materials by the State.

Interagency purchases is another method used by State and local highway agencies to obtain lower unit prices. In
this case, the State prepares the specifications, tests the materials, and selects the contractor. Local highway agencies
then are allowed to buy material directly from the State. There is frequently a small surcharge to cover the State' s
administrative expenses.

The State of Wisconsin allows city and county highway agencies to purchase materials that are distributed from
State warehouses for cost plus a5 percent surcharge. New Y ork, however, allows local highway agencies to order
through the State without surcharge. When the State makes no provisions, local highway agencies can band together to
purchase material in bulk quantities.

Evenif asmall, local highway agency purchases directly from the supplier, it is best to buy materials with along
shelf life in sufficient quantity to obtain the unit discount. Storage problems may arise using this method. Small
highway agencies can purchase many years supply of paint (depending on shelf life) to be delivered at specified times
throughout that period. Because material may be damaged or may deteriorate in storage, the savingsin unit cost must be
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balanced against the potential waste.

Something else that will affect the cost of materialsis their packaging. Small sacks, pails, or cartons may prove
easier to handle and store but may cost too much to justify their use. (See Warehousing and Storing of Materials,
chapter 4.)

Inventory and Recor dkeeping

Good business practice requires maintenance of an inventory of supplies and materials, which requires proper
planning and scheduling. Shortages can interfere with scheduled maintenance activities and/or require emergency
purchases at inflated prices. In practice, the anticipated volume of materialsis established in budget preparation
activities. Unfortunately, the item is often budgeted based on some “rule of thumb,” such aslast year’suse plus a
percentage increase. Where good historical records are available as a basis, this practice may suffice.

Estimating future costs accurately based on previous years' useisdifficult. In addition, smaller highway budgets
encourage highway agencies to rank individual marking projects’ importancein order to select affordable options. The
benefits from careful planning, scheduling, and balancing the inventory of needed materials will normally offset the effort
involved.

Use of M odel Specifications

The American Association of State Highway and Transportation Officials, the American Society for Testing of
Materials, the Institute of Transportation Engineers, and individual highway agencies have expended a great deal of time
and effort to devel op specifications for the purchase of various categories of materials and equipment. Model
specifications are available for most commonly used delineation devices or components. These models reflect extensive
research and field experience and can be easily adapted for local use. Appendix C lists various sources of model
specifications.

State highway agencies usually circulate copies of their standard specifications to local highway agencies. This
usually saves staff time and usually produces a comprehensive and complete specification. In addition, this practice
encourages uniformity of marking practices within the State.

The most critical issue in the preparation of specifications is the choice between a composition (formulation)
specification or afunctiona (performance) specification. Thisissueis discussed in chapter 4 under Purchase of
Materials, page 36.

Use of Contractors

The use of private contractors for delineation instead of highway agency forcesis another significant consideration
in the procurement process. Contractors are typically used in the following circumstances:

e Roadway delineation installation is part of alarger project under contract and it is more economic and efficient for
the contractor to be responsible for the whole job.

o Instalation requires specia equipment and staff skills not available within the highway agency.
e Themagnitude or immediacy of the work is beyond the resources of the highway agency.

Cost of servicesis most important in deciding the best course of action. It should be stressed, however, that other
factors may play an important role in the decision. For example, some delineation techniques require sophisticated
installation procedures in order to perform as expected. Under contract, performance warranties will protect the
highway agency against early failures and can be more economical in the long run. Moreover, manufacturers who
provide contract installation will probably be better at applying their own product.
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However, there islittle doubt that State or local highway agency personnel can perform the work cheapest if they
have the proper equipment. They are more familiar with the condition and characteristics of the roadways to be marked
and often can adapt application procedures to the specific need of an area. It is not unusual for a maintenance crew, for
example, to adjust the amount of glass beads applied to provide higher retroreflectivity in atroublesome area. The
experience of the field crew is often overlooked at administrative levels; yet, it is a valuable resource that cannot be
purchased under contract.

At ahigher planning level, the cost of equipping and staffing internal forces to provide all the necessary installation
and mai ntenance services must be balanced against the cost of using contractors. Mileage of roadways, the time
available for marking activities, other maintenance activities that must be accomplished, and the amount of existing staff
and equipment must all be considered in the decision-making process.

COORDINATION OF ACTIVITIES

The activities of other highway agencies and of other departments within the same highway agency need to be
coordinated to avoid conflicts. For example, where maintenance is scheduled on aregular basis, such as repainting, a
section might accidentally be marked just prior to other work that may destroy the markings.

The installation of long-term delineation, such as raised pavement markers or thermoplastic markings, is justifiable
only on the basis of durability, safety, and service life. These benefits are negated if these markings are placed on
roadways scheduled for resurfacing. This happens too often, usually from lack of departmental communication. This
also occurs when roadway activities of utility companies are not known by the maintenance forces.

There are advantages in scheduling delineation work with other roadwork that requires crew protection. This
requires coordination among activities, especially if the other work is managed by someone else.

COST CONSIDERATIONS

Administrators and managers responsible for roadway delineation systems are extremely concerned with the
increasing costs of delineation and diminishing budgets. As other programs and functions compete for available funds, it
isvital to justify expendituresin terms of the costs and benefits of planned activities.

Several studies have tried to determine the cost-effectiveness of various delineation techniques.(2930) Other studies
have attempted to quantify the benefits from the accident reduction.(®9 Still other studies have tried to find ways of
reducing the costs of using common materials, equipment, and procedures.(©8)

It has been hard to predict the costs associated with application of pavement markings. Funds spent by one highway
agency are dissimilar to funds used for asimilar application by a different highway agency. Not only do costs of
materials and labor vary in different regions of the country, but accounting procedures and policies

also vary.

To berealistic, cost should be based not only on initial expenditure, but on total cost amortized over the life of the
marking. However, because of the numerous site-dependent variables, thereislittle agreement on the service life of a
particular delineation technique.

Also, a problem arises when trying to quantify benefits. Benefits are assigned a dollar value based on accident
reduction. Accident reporting systems are upgraded constantly to provide the necessary information for such studies, but
so far accident data remains sketchy. It is difficult to identify precisely improvements associated with delineation based
on accident data. At best, the figures are only approximations.

It is hoped that Federal Pavement Marking Demonstration Program will provide additional information in
determining costs and benefits of delineation systems. When all the projects in this program are documented, better
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evaluations will be possible. In the meantime, there are statistical analysis techniques available for use. There are also
economic analysis model s devel oped to evaluate the costs and benefits and cost-effectiveness of the individual
delineation techniques.

Research has attempted to provide some insight into the effect of delineation on accidents. (See references 22, 29,
30, 41, 99.) The major findings are summarized below.

Pavement M arkings

The most common type of delineation isthe painted marking. One of the first issues addressed in the research
program was the need for pavement markings. Although the need for marking, especially for a centerline, israrely
questioned, there are many miles of low-volume, two-lane roadways without any markings.

Markings reduced accidents approxi-mately 30 percent; the data were significant at the .05 level. If thisfindingis
extrapolated to traffic volumes lower than those observed in the study, centerlines can be cost-effective at ADT volumes
aslow as 50 vehicles.

Driver behavior studies have shown that adding a centerline to a previously unmarked roadway reduced the
roadway’ s predicted hazard level by almost 50 percent. Thisimplies that the centerline should be used whenever a
roadway has a paved surface that will retain a pavement marking and is wide enough to carry two-way traffic.

Although their effectiveness has been questioned, edgelines are generally accepted practice on major roadways.
Accident analyses showed that edgelines improved safety, but this major improvement was greater on straight roads than
on winding roads. This finding was not expected. It appears to show the importance of stress on driver attentiveness. A
driver isless attentive on straight roads and appears to rely on edgelines. On winding roads where adriver is under
stress and paying attention to the driving task, edgelines do not appear to be so vital for guidance.

It can be concluded that edgelines are important in a roadway delineation system and should be used on major
roadways wider than 20 feet (6 meters). If traffic safety isthe only consideration, an ADT volume of 1,000 vehiclesis
necessary to make edge lines cost-effective. If other factors are considered, such as reduced costs for shoulder
mai ntenance, edgelines may be justified on roadways having ADT volumes lower than 1,000 vehicles.

The MUTCD requires a 3-to-1 gap-to-segment ratio for both centerlines and lanelines. Although thisratio is
normally adequate, situations where forward visibility is reduced may require alower gap-to-segment ratio. In
mountai nous terrain, or where climatic conditions commonly cause limited visibility, the 3-to-1 ratio should be
supplemented by raised pavement markers.

Raised Pavement Markers

Raised pavement markers (RPMs) basically have replaced painted centerlines and lanelines, especially in the
Sunbelt States. Typically, four nonretroreflective RPMs and one retroreflective RPM are used in place of each marking
segment. In other cases, RPMs are used to show roadway alignment and to supplement existing pavement markings.

Use of RPMs as lanelines reduces the amount of lane changing and discourages encroachments onto adjacent lanes.
There is arumble effect produced by running over the markers. Research has shown that RPMs reduce avehicle' s
lateral placement variance and lessen driver stress at night in wet weather.

Accident analysis studies showed that when painted centerlines were replaced with RPMs there was a reduction of
approximately 0.05 accidents per million vehicle-miles (0.03 accidents per million vehicle-kilometers). If an area
receives no snow, RPMs are cost beneficial at an ADT volume of 3,000 vehicles. This markers are assumed to have a
service life of at least five years and that they cost less than $4,000 per mile ($2,500 per kilometer) to install.

Because of the high initial cost of RPMs, especially the snowplowable types, highway agencies have supplemented
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painted centerlines and lanelines with RPMs every 80 feet (25 meters) to develop an all-weather delineation system at
low cost. The cost of such a supplemental system, $1,000 to $1,500 per lane mile, ($620 to $930 per lane kilometer) is
considerably lower than the cost of complete replacement. In the human factors and traffic performance studies, hazards
were reduced 30 to 40 percent with this type of treatment.

Traffic performance studies indicated that RPM s are more effective than post-mounted delineators on isolated
horizontal curves. RPMs' guidanceis near the driver where actual steering is done, though they also provide the
long-distance visibility needed to see road alignment changes. RPMs also provide better understanding of the driving
situation to the driver than do most forms of supplemental delineation. Research suggests that one-way RPMs along the
outside of each driving path are more effective than two-way RPMs on curved roadways. The cost-effectiveness of such
an installation depends on the particular site.

Post-M ounted Delineators

Post-mounted delineators (PMDs) of various shapes, colors, and retroreflective characteristics are used widely
throughout the United States. PMDs are especialy effective at night and in adverse weather when standard markings
are covered by ice, snow, or water. They provide the driver with a preview of roadway direction, but do not provide
much steering information because of their offset location.

Accident rates are significantly lower where PMDs are used. A reduction of approximately 1 accident per million
vehicle-miles (0.6 accidents per million vehicle-kilometers) has been demonstrated. If safety is the only benefit
considered, PMDs are cost-€effective (with any reasonable cost-to-life ratio) for ADT volumes exceeding 1,000 vehicles.
In many cases, depending on local specifics, such treatments can be justified for ADT volumes as low as 500 vehicles.

Aswith RPMs, the selective use of PMDs are effective for all weather conditions. Driver performance improves
significantly with the use of PMDs on horizontal curves. Accident analyses demonstrate alower accident rate at isolated
horizontal curves where PMDs supplemented the standard painted markings. However, the sample size was too small to
make a definite conclusion.

Signing

The use of signing, such as Chevron Alignment, large arrow, and turn and curve signs, to supplement other
delineation devices has been used mostly for those roadway areas judged to be particularly hazardous or high-accident
locations. They are used generally to inform the driver of a potentially dangerous condition that may not be obvious to
casual observation.

A manual on treatment of high-accident locations for the Missouri Highway and Transportation Department collated
the results of avariety of accident studies. The manual derives accident reduction rates for a variety of countermeasure
treatments, including the use of general warning and regulatory signing.(109

The data presented in the manual demonstrate that accident rates can be reduced by about 30 percent over the
no-signing condition when using warning signs in advance of curves. An accident reduction rate of up to 40 percent can
reasonably be expected when warning signs are used in advance of rura intersections.

The manual does not derive cost-effectiveness relationships in terms of ADT. However, warning signs have
relatively low installation costs, simple maintenance, and require replacement infrequently. From these factorsit would
appear that the use of warning signs should be cost-effective wherever their use is appropriate. The proper areas where
warning signs should be used are discussed in chapter 10.

Conditionsfor Cost-Effective Applications

The most cost-effective delineation system will be achieved by carefully considering the delineation variables and
applying good engineering judgement for each individual project. In other words, it isimportant to consider all aspects
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of an areato be delineated, not just the roadway type or immediate surroundings.

For example, if ahorizontal curve on arural two-lane road has been identified as a high-accident location, many
factors must be considered before a delineation treatment is determined. One of the first considerations in this caseis
the type of accidents that occur. If, for example, the majority of the accidents are run-off-the-road type accidents, and
they occur mostly at night during rainy weather, then it is obvious that the existing delineation probably is not bright
enough for these adverse visibility conditions. RPMs may be an effective solution in areas where winter maintenance
activities are not a primary operation. In snowy areas, PMDs or warning signs, such as Chevron Alignment, may be the
most cost-effective technique.

The benefit-cost analysis technique presented in appendix A is a quantitative method for examining delineation
alternatives to obtain cost-effectiveness. However, the key to optimizing benefit-cost ratio for different types of
delineation projects liesin combining the cost factors with a thorough application of engineering judgment. Only
thoughtful engineering judgement and common sense will ensure accurate estimates for service lives to be used in the
benefit-cost calculations. The basic treatment of delineation variablesin chapter 3 gives an overview of how these and
other variables must be considered for delineation projects. All pertinent variables must be considered to achieve the
best durability for delineation, and hence the highest level of cost-effectiveness.

INSPECTION OF PAVEMENT
MARKING PROJECTS

One of the most effective methods of decreasing tort liability risk is a comprehen-sive program of pavement
marking inspection. Thiswas discussed somewhat in chapter 11. In this chapter we will focus on the administrative
portion of implementing such a program.

Inspector Training and Certification

Each State should have its own program for certifying inspectors. Thisis often done through a series of training
sessions and workshops for inspectors about the important aspects of inspecting pavement markings. Some
organizations, such as the American Traffic Safety Services Association (ATSSA) have developed training videotapes to
aid in this effort. Some States, such as Ohio, have devel oped their own videotapes, which are more specific to in-State
concerns.

Sour ces of Sample Specifications

In addition, a number of organizations have devel oped sample composition and performance specifications for
pavement marking materials. These can be useful to State and local highway agenciesin developing their own
standards. Often, a State will adopt one set or a combination of the specifications produced by these independent
sources and modify them for their own purposes. The local highway agencies can then adopt the State standards, which
more closely apply to the conditions experienced within the local jurisdictions. Some of the organizations that produce
specifications are the American Society for Testing of Materials (ASTM), American Association of State and Highway
Transportation Officials (AASHTO), Federal Highway Administration (FHWA), General Services Administration
(GSA).

Information on these and other highway agencies that supply sample specifications can be found in appendix C.
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This Appendix provides a short review of the statistical analysis and economic models devel oped in amajor FHWA
research effort entitled “ Cost Effectiveness and Safety of Alternative Roadway Delineation Treatments.”(29) The
complete documentation of this research is available through the National Technical Information Service, Springfield,
VA 22161.

The summary included here was adapted from “ An Overview of Roadway Delineation Research.” (28)
STATISTICAL ANALYSIS

This element of the research was designed to evaluate the effect of alternative delineation treatments on accident
experience in various highway situations and under varying environmental conditions. To meet this objective, more than
500 test sites were selected in 10 states, and accident, geometric, traffic and environmental data for these sites were
collected. These data were then statistically analyzed to identify important parameters that alter the effects of delineation
on accident occurrence and to assess the reduction in accidents associated with various treatments.

In carrying out this analysis, both hypothesis testing and estimation procedures were used. Hypothesis testing
procedures were used to assess whether the changes in accident rate resulting from changes in site delineation treatment
were statistically significant. These procedures used the t-test, one-way analysis of variance, two-way and higher-order
analysis of variance, and covariance analysis. The t-test and one-way analysis of variance provided a means to test for
statistical differencesin mean accident rate under different treatment categories. Two-way and higher-order analysis of
variance and covariance analysis provided a means for studying how these differences were affected by other variables
such as roadway geometrics, traffic operations, and climatic parameters. The estimation procedures included the t-test
and regression analysis and were used to quantify the changes in the accident rate resulting from different delineation
treatments, changes in geometrics, and traffic operational conditions.

Within this study, two types of highway sites were used. The first, termed “ matching-control” sites, were those for
which the delineation treatment remained unaltered over the analysis period. The second, termed “ before-and-after,”
were those sites for which accident data were available for both before and after the installation of a test delineation
treatment.

The general findings resulting from the statistical testing using matching-control sites and using accident rate as a
dependent variable were as follows:

For Tangent and/or Winding Sites
e Highways with centerlines have lower accident rates than those with no treatment at all.

e Highways with raised pavement marker (RPM) centerlines have lower accident rates than those with painted
centerlines.

e Edgelines seem to have no significant effect on traffic accidents.

e Highways with post-mounted delineators (PMDs) have lower accident rates than those without PMDs.
For Isolated Horizontal Curves

e Thereisadlight indication that sites with PMDs have lower accident rates than sites without PMDs.

e Accident rates appeared to be somewhat lower at horizontal curve sites with centerlines than at horizontal
curve sites with no delineation treatment.
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The analysis of the before-and-after sites yielded insignificant results for al the tests and therefore could not be
accepted with any degree of confidence. It was felt that the small sample (31 pairings) was amajor contributing factor to
the lack of positive results.

Economic Analysis M odels

This element of the research involved the development of two economic models that could be used to evaluate
roadway delineation treatments. The first, a cost-benefit model, was designed to compare mgjor delineation treatment
applications. The second, a cost-analysis model, was designed to evaluate treatments for which the benefits are assumed
constant and independent of minor treatment variations, i.e., paint versus thermoplastic.

The geometric, traffic, and climatic parameters are not entered directly into either of the models, but these variables do
enter through their effect on traffic accidents and the cost and service life of candidate treatments. The two models are
also supplemented by installation-costing procedures designed to provide a uniform basis for computing treatment
installation costs.

The mathematical expressions for the two models are:
* Cost-Benefit Model

(NPW) = Net Present Worth

(PWB) = New Present Worth of Benefit

(PWC) = Present Worth of Cost

NPW = PWB - PWC
N

PWB = AAD12§365) gRARx CA X

PWC

N A4
4 & (TIC), , (MO, u  _ TC

A &1+ @+l @
* Cost-Analysis Model

[ ety ??

PWC = Present Worth of Cost

& € (TIC MC), u TC U
PWC = g ée( )_”n + ( )nLl —
o &6(1 + ) @+i'a @+i)g
where:
AADT annual average daily traffic in year zero
RAR estimated reduction in accident rate in year zero
CA cost of accident

% annual percent increase in traffic volume
[ discount rate
N analysis period

(TIC)n total installed cost in year n
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TC = termina cost at the end of
analysis period
(MC),; = maintenance cost in year n

The block flow diagram shown in figure 93 indicates the procedure for executing the models. First, the highway
situation and the candidate treatments are identified. Next, appropriate dates are compiled for each candidate
treatment. Either the cost-benefit or the cost-analysis model is then utilized to compute NPW or PWC (as
appropriate). NPW and PWC are indices of economic desirability and are interpreted as follows:

e Treatments with NPW zero are all economically desirable; the economic desirability increases with an
increasing value of NPW.

e Thetreatment with the least PWC value is most economical.
Delineation Guidelines

This element of the research involved the application of the cost-benefit model to a set of delineation situations to
determine the desirability of certain treatments applied under specific roadway and traffic conditions. The scope of the

cost-benefit calculations included continuous delineation applications along both tangent and winding sections, as well
as spot improvement at two horizontal curve sites. The types of treatment applications considered are shown in table 18.

Highway Crperating
Situation Agency
l .----.i-----'
. |
~ 2 ndidat
Oparating ;’andldd " Benetit-Cost Cost-Analysis Recammended
—’ mlinieat I—I.F r+l
Agency elineatian Model Maodel Treatments
Treatments l .
*--*---?---r
Costof Sarvice Dhscount Analysis
Installation Life Rale Pernod
Oiperating |
Agency

Figure 93. Schematic representation of "Benefit-Cost" and "Cost-Analysis' model.

The cost-benefit calculations were carried out parametrically where ranges of values for all costs, service lives,
etc., were chosen for each selected treatment application. Economics was the sole basis for the evaluation of the various
treatments with reduction in traffic accidents as the sole measure of benefits to be derived from the delineation systems.
Onefallacy in this procedure is the uncertainty associated with the selected accident model. If the accidentmodel is
guestionable, then the cost-benefit is likely to produce questionable results. Utilizing the cost-benefit model, a series of
calculations were performed to devel op the benefits and costs for each combination of parameters for each treatment
type. Some general conclusions based on the calculations are:
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Table 18. Treatment applications used in cost-benefit calculations

Typeof Site Description of Treatment

Tangent Sections Painted centerline added to no treatment
RPMs added to painted centerline
PMDs added to painted or RPM centerline
Edgeline added to centerline with PMDs
RPM centerline added to painted centerline

Edgeline added to centerline (PMDs optional)

Winding Sections PMDs added to centerline with edgeline
Painted centerline added to no treatment
RPM centerline added to no treatment
Centerline added to no treatment (mountai nous)

Centerline added to no treatment (level terrain)

Horizontal Curves PMDs added to centerline at sitesin Georgiaand Louisiana

e A painted centerline added to tangent and winding sections with no previous treatment was cost-beneficial for
all values of cost, service life, and ADT considered.

e RPM centerlines were more cost-effective than painted centerlines where a service life of five years or moreis
expected from the RPMs and the ADT exceeds 3,000 vehicles per day.

o PMDswere cost-effective at all ADTs above 1,000 vehicles per day and under most combinations of
installation costs and service lives for ADTs as low as 500 vehicles per day.

o Edgelineswith service lives of five years or more were cost-effective for most highwayswith an ADT of 500
vehicles or more per day. If thisinstallation cost is |ess than $165 per mile, they are cost-effective with service
lives of two years. If the ADT exceeds 1,000 vehicles per day, they are almost always cost-effective with a
one-year service life.

COMMENTSON THE RESEARCH

Although this was a very extensive and comprehensive analysis of the cost-effectiveness of various delineation
treatments, it isimportant to recognize that the results of this research were obtained through the statistical analysis of
accident data and therefore are subject to all the strengths and drawbacks which a statistical analysis entails. Of
particular concern are the shortcomings of statistical analysis related to the accident data base. Accident data take along
time to accumulate. Over this period, the roadway environment can change, driving population may alter, and traffic
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regulations can be modified. In addition to such changes over time, no two roadway sites are exactly alike, causing a
variation in data from site to site. These variations make it extremely difficult to conduct a controlled study, a
prerequisite for good statistical results. Other problems encountered in statistical analysis of accident data relate to the
variation in accident reporting procedures from state to state and county to county, anomalies in the data base, and the
time and cost involved in selecting highway sites with specified characteristics.

It istherefore important that the statistical results be used with some care. The t-test results estimate the mean
reduction in accidents for aparticular delineation treatment but these results do not take into account roadway
geometrics, operational conditions and climatic conditions.

Regression models, like the t-test results, also estimate accident reduction associated with various delineation
treatments, but unlike the t-test, they provide a measure of its dependence on other roadway characteristics and climatic
parameters. It isimportant to remember, however, that although the regression models provide estimates of the average
accident rate on a particular section of highway, the application of these modelsto an individual highway section can be
subject to rather large variations and should be used only as a general guide.

Genera recommendations on the use of the results of this accident modeling research are:

o If theintended objective isto assess the overall reduction in accidents from the installation of a particular
delineation treatment without regard to consideration of roadway features, then the t-test results should be
applicable.

o If the effect of delineation treatment is to be assessed for a given highway and geometric and operational
characteristics are of concern, then the regression models should be considered.

e Among the regression models available, preference should be given to the one which best reflects the highway
environment. For example, if the objective is to assess the effect of delineation on Californiaroads, the models
devel oped for the Western states are more appropriate.

The economic models developed to evaluate various roadway delineation treatments include all the important
variables that need to be considered and seem to provide a good basis for computing the costs and benefits of different
systems. As better accident models are devel oped, the economic models can become better planning and research tools
for evaluating different forms of delineation treatments.

APPENDI X B. SOURCESOF MATERIALSAND EQUIPMENT

3M Company

3M Center, Bldg. 223-3N-01
St. Paul, MN 59144

ATTN: RonA. Weber
Telephone: 612-733-8523

ADDCO Manufacturing Company
69 Empire Drive

St. Paul, MN 55103-1856

ATTN: Michael E. Granger
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Telephone: 612-224-8800

American Traffic Safety
Services Association (ATSSA)
5440 Jefferson Davis Highway
Fredricksburg, VA 22401
ATTN: Robert M. Garrett
Telephone: 703-898-5400

Astro Optics Corporation
906 Morse Avenue
Schaumburg, IL 60193
ATTN: VirginiaC. Schueler
Telephone: 312-893-2460

Bent Manufacturing

12819 S. Alameda Street
Compton, CA 90222
ATTN: BruceC. Bent
Telephone: 213-638-5141

Caltex Industry, Inc.

400 Palm Valley Drive W.
Arlington, TX 78552
ATTN: Dick Beard
Telephone: 214-272-7746

Carsonite | nternational
1301 Hot Springs Road
Carson City, NV 89706
ATTN: Donad Schmanski
Telephone: 800-648-7974

Cataphote, Inc.

P.O. Box 2369

Jackson, MS 39225-2369
ATTN: Michael Jefferies
Telephone: 800-221-2574

Davidson Plastics Company
18226 E. Valley Highway
Kent, WA 98032

ATTN: Peter A. Speer
Telephone: 206-251-8140

Degussa Corporation

4 Pear| Court

Allendale, NJ 07401
ATTN: Joseph D. Bilotti
Telephone: 201-818-3706

Dickson Industries, Inc.
P.O. Box 684
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Tecumseh, OK 74873
ATTN: WayneE. Dickson
Telephone: 405-598-6547

Masco Industries

40 Corporate Drive
Auburn Hills, M1 48057
ATTN: Dean Paulos
Telephone: 313-332-9393

Equipment Development
100 Thomas Johnson Drive
Frederick, MD 21701
ATTN: Paul J. Gorgol
Telephone: 800-638-3326

Flex-O-Lite

601 Indian Hill Parkway
Marietta, GA 30068
ATTN: Steve Walker
Telephone: 800-325-9525

Flint Trading Co.

P.O. Box 19147
Greensboro, NC 27407
ATTN: Hans Fakner Jensen
Telephone: 919-294-4911

Graco, Inc.

P.O. Box 1441
Minneapolis, MN 55440
ATTN: DaeD. Johnson
Telephone: 612-623-6000

Highway Safety Products

P.O. Box 4169

Napa, CA 94558

ATTN: Warren J. Wetterlund
Telephone: 800-358-9130

Hiway Marking Systems, Inc.
P.O. Box 91568

Long Beach, CA 90809-1568
ATTN: George Gonzales
Telephone: 213-537-7444

Intermark Corporation
8032-7 Phillips Hwy.
Jacksonville, FL 32216
ATTN: Helmut Makosch
Telephone: 904-737-8082

Linear Dynamics Coating Division
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1240 Airport Drive
Ballground, GA 30107
ATTN: David Miller
Telephone: 201-884-0300

M-B Company, Inc. of Wisconsin
1200 Park Street

Chilton, WI 53014

ATTN: Steve Muellenback
Telephone: 800-558-5800

Marion Steele Company
912 Cheney Avenue
Marion, OH 43302
ATTN: Mark S. Granger
Telephone: 614-383-4011

MDI Traffic Control Products
P.O. Box 576

Farmington Hills, M| 48018
ATTN: Brian Manwaring
Telephone: 800-521-6776

Norris Paint

1675 Commercial Street N.W.
Salem, OR 97303

ATTN: Robert O. Y ates
Telephone: 503-364-2277

Northeastern Safety Products
P.O. Box 444

East Rutherford, NJ 07073
ATTN: Joan Sonn
Telephone: 201-438-2313

PAR Marketing Associates
P.O. Box 12468

Wichita, KS 67277
ATTN: Paul A. Logan
Telephone: 316-722-2231

Pave-Mark Corporation
P.O. Box 94108

Atlanta, GA 30318
ATTN: Martin A. Smith
Telephone: 404-351-9780

Plastic Safety Systems

P.O. Box 20140

Cleveland, OH 44120-0140
ATTN: David E. Cowan
Telephone: 216-231-8590
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Poly Enterprises, Inc.

230 E. Pomona Avenue
Monrovia, CA 91016
ATTN: Al Provence
Telephone: 818-358-7862

Polycarb, Inc.

33095 Bainbridge Road
Cleveland, OH 44139
ATTN: Ratanjit S. Sondhe
Telephone: 800-225-5649

Potters Industries

Waterview Corporate Center
20 Waterview Boulevard
Parsippany, NJ 07054
ATTN: Charles A. Schneider
Telephone: 201-299-2900

Radiator Specialty

P.O. Box 34689

Charlotte, N.C. 28234-6080
ATTN: Tom Koernig
Telephone: 800-438-4532

Ray-O-Lite

P.O. Box 877

New Mark, OH 43056
ATTN: Douglas Forrer
Telephone: 800-848-7025

Reflexite Corporation

315 South Street, P.O. Box 1200
New Britain, CT 06050

ATTN: David McDonald
Telephone: 203-223-9297

Roadmaker Company

P.O. Box 1887

Reno, NV 89505

ATTN: Bill Thurston
Telephone: 800-331-2332

Scientific Developments
P.O. Box 2522

175 South Danebo
Eugene, OR 97402
ATTN: DanL.Walden
Telephone: 800-824-6853

Seibulite International
3136 E. Victoria Street
Rancharo Dominguez, CA 90221
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ATTN: Vincent J. Arico
Telephone: 213-632-7500

Services and Materias
220 South "J" Street
Elwood, IN 46036

ATTN: Joe Mausar
Telephone: 317-552-3352

Swarco Industries

23 Village Green Court
Jackson, MS 39211
ATTN: DanaBurney
Telephone: 615-388-5900

Trafcon Industries

81 Texaco Road
Mechanicsburg, PA 17055
ATTN: George R. Park
Telephone: 717-691-8007

WLI Industries, Inc.

844 Kay Avenue

Addison, IL 60101
ATTN: Don Tauchen
Telephone: 708-932-4600

Work Area Protection
4020 Wrens Way
Kennesaw, GA 30144

ATTN: Charles Dunn
Telephone: 312-377-9100

APPENDIX C. LIST OF STANDARDS, SPECIFICATIONS,
AND TEST METHODSRELATED TO DELINEATION

Federal Highway Administration (FHWA)

For ordering information on these publications, contact FHWA, Office of Highway Safety (HHS-30), Washington,
D.C. 20590.

1. Sandard Specifications for Construction of Roads and Bridges on Federal Highway Projects (FP-92).

2. Federal Test Method Standard 370— nstrumental Photometric Measurements of Retror eflective Materials and
Retroreflective Devices, General Services Administration, March 1977.

3. Federal Test Method Standard 141—Paint, Varnish, Lacquer and Related Materials, Methods of Inspection,
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10.

11.

12.

13.

Sampling & Testing.

Federal Specification LS 300 C, Federal Specification Sheeting and Tape, Reflective: Non-exposed lens,
Genera Services Administration, March 10, 1979.

Sandard Highway Color Tolerance Charts.
Standard Alphabets for Highway Signs, 1966 Edition.
Sandard Alphabets for Highway Signs and Pavement Markings, Metric Edition, 1977.

U.S. Road Symbol Signs Brochure-Stock No. 050-000-00152-1 (limit maximum quantity to 5 for any one
request). Additiona copies are available from the Government Printing Office (see address below).

Soecifications for Standard Highway Sign Colors, May 1979.

Outdoor Testing of Reflective Sign Materials, Reprinted with Permission from the U.S. Forest Service,
September 1985.

Pavement Marking Test and Evaluation Procedures, Final Report (Report No. FHWA-TS-89-006), dated March
1989.

Traffic Control Devices on Federal-Aid and Other Streets and Highways, Federal-Aid Highway Program
Manual 6-8-3-1, November 1983.

TT-B-1325B, Federal Specification Beads (Glass Spheres) Retro-Reflective, General Services Administration,
April 1978.

American Society for Testing and M aterials (ASTM)

For these publications, contact ASTM at 1916 Race Street, Philadelphia, PA 19103.

1

2.

10.

B 117 Method of Salt Spray (Fog) Testing.

B 209 Specifications for Aluminum and Aluminum-Alloy Sheet and Plate.

D 523 Standard Test Method for Specular Gloss.

D 711 No Pick-Up Time (Drying Time) on Traffic Paint Test.

D 713 Conducting Road Service Tests on Fluid Traffic Marking Materials.
D 868 Evaluating Degree of Bleeding in Traffic Paint in Road Service Tests.
D 869 Evaluating Degree of Settling and Ease of Remixing in Traffic Paint.
D 913 Method for Evaluating Degree of Chipping of Traffic Paint.

D 969 Evaluating Degree of Bleeding in Traffic Paint in Laboratory Tests.

D 1155 Test for Roundness of Glass Spheresin Traffic Paint.
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

29.

30.

D 1214 Seve Analysis of Glass Spheresin Traffic Paint.
D 1309 Laboratory Test for Settling Propertiesin Traffic Paint During Sorage.
D 2205 Practices for Testing of Traffic Paint.

D 2743 Sandard Practice for Selection and Use of Test Procedures on Uniformity of Vehicle Solids (by
Spectroscopy/Gas Chromatography) in Traffic Paint.

D 2792 Test for Solvent and Fuel Resistance in Traffic Paint.

D 2794 Sandard Methods of Test for Resistance of Organic Coatings to Effects of Rapid Deformation
(Impact).

D 4061 Test for Retroreflectance/Specific Luminance in Traffic Paint.

D 4451 Test for Pigment Content of Paint/Traffic Marking Material by Low-Temperature Furnace Ashing.

D 4505 Standard Specification for Preformed Plastic Pavement Marking Tape for Extended Service Life.

D 4507 Specifications for Thermoplastic Polyester (TPES) Materials.

D 4592 Specifications for Preformed Plastic Pavement Marking Tape for Limited Service Life.

D 4796 Test for Bond Strength of Thermoplastic Traffic Marking Materials Using Cement Bricks/Steel Cubes.
D 4956 Standard Specifications for Retroreflective Sheeting for Traffic Control.

E 97 Sandard Test Method for Directional Reflectance Factor, 45-deg 0-deg, of Opaque Specimens by
Broad-Band Filter Reflectometry.

E 284 Sandard Definition of Terms Relating to Appearance of Materials.

E 808 Sandard Practice for Describing Retroreflection.

E 809 Sandard Practice for Measuring Photometric Characteristics of Retroreflectors.

E 810 Sandard Test Method for Coefficient of Retroreflection of Retroreflective Sheeting.

E 811 Sandard Practice of Measuring Colorimetric Characteristics of Retroreflectors under Nighttime
Conditions.

G 23 Recommended Practice for Operating Light-and-Water Exposure Apparatus (Carbon-Arc Type) for
Exposure of Non-Metallic Materials.

American Association of State Highway and Transportation Officials (AASHTO)

For these publications, contact the AASHTO at 444 N. Capitol Street, Suite 225, Washington, D.C. 20001.

1

2.

M247-81 (1986) Sandard Specification for Glass Beads Used in Traffic Paint.

M268-841 Retroreflective Sheeting for Traffic Control.
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T 257 Test Method for Instrumental Photometric Measurements of Retror eflective Materials and Retrorefl ective
Devices.

Standard Specifications for Transportation Materials, 1990 Edition ($75.00 prepaid).

M249-39 (1986) Sandard Specification for White and Yellow Reflective Thermoplastic Sriping Material (Solid
Form).

Government Printing Office (GPO)

For these publications, contact the Superintendent of Documents, U.S. Government Printing Office, Washington, D.C.
20402, telephone: 202-783-3238. Make check or money order payable to Superintendent of Documents.

1

Manual on Uniform Traffic Control Devices for Streets and Highways (MUTCD 1988 Edition), Stock No.
050-001-00308-2. Price: $22, Domestic and $27.50, Foreign.

Sandard Highway Signs Book, Stock No. 950-044-00000-4. Price: $30, Domestic and $37.50, Foreign. Price
includes subscription service for revisions.

Standard Specifications for Construction of Roads and Bridges on Federal-Aid Highways (FP-92), Stock No.
050-001-00313-9.

M iscellaneous Publications

1

Sandards for Work Zone Traffic Control, 1988 Edition, is available from the American Traffic Safety Services
Association (ATSSA), 5440 Jefferson Davis Highway, Fredericksburg, VA 22401, telephone: 703-898-5400.
This handbook contains all the material from Part VI of the 1988 Edition of the MUTCD. Price: $4.50 per copy
for nonmembers and $3 per copy for ATSSA members and public agencies. Bulk quantity discounts are available
by contacting ATSSA.

Standard Color Tolerance Charts are available from Hale Color Consultants, Inc., 1505 Phoenix Road, Phoenix,
MD 21131, telephone: 301-472-4850.

Uniform Vehicle Code and Model Traffic Ordinance is available from the National Committee on Uniform
Traffic Laws and Ordinances, 405 Church Street, Evansont, IL, 60201, telephone: 708-491-5280. This
publication is designed as a comprehensive guide for developing uniform State and local motor vehicle and traffic
laws. It isbased on actual experience under various State and local laws throughout the United States.

A Model Performance Specification for the Purchase of Pavement Marking Paints and Powder, September
1977. Ingtitute of Transportation Engineers, 535 School Street SW, Suite 411, Washington, DC 20024.

A Model Performance Specification for the Purchase of Thermoplastic and Preformed Plastic Pavement
Marking Materials, September 1981. Institute of Transportation Engineers, 535 School Street SW, Suite 411,
Washington, DC 20024.

A Model Performance Specification for the Purchase of Pavement Marking Paints, January 1992. Institute of
Transportation Engineers, 535 School Street SW, Suite 411, Washington, DC 20024.
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GLOSSARY

Abrasion: A condition manifested in pavement markings by more or less gradual surface erosion, thinning, and
disappearance of the film due to wind, water, sand, and vehicle tire wear.

Acrylic: Any of aclass of transparent, thermosetting plastics or resins made from acrylic acid.
Air Atomizing Spray: Spray atomization of aliquid compound accomplished through supplied air pressure only.

Airless Spray: Spray atomization of the liquid compound accomplished through hydraulic fluid pressure only. No
atomizing air is used.

Aliphatic Solvent: Solvents, such as mineral spirits and heptane, used in thinning paints.
Alkyd: Synthetic resin used as a bonding agent in paints and lacquers.

Ambient Pavement Temperature: Temperature of the pavement. (May or may not be the same as ambient air
temperature.)

Applied Line: Pavement marking material in place on the substrate.
Asphaltic Concrete (AC): A dense-graded pavement made of hot mineral aggregates plant-mixed with hot asphalt.

Average Daily Traffic (ADT): The number of vehicles that pass over aroadway on an average day. Usualy
calculated by counting the number of vehicles that pass over aroadway for alonger period of time, such asayear, and
then dividing by the number of daysin that period. For thisreason, ADT is also often referred to as Average Annual
Daily Traffic (AADT).

Aromatic Solvents: Solvents, such as xylol and toluene, used in thinning traffic paints.

Binder: In painted markings, the binder is the hard base material that is left on the road after the solvent has
evaporated. Common paint binders are alkyd resins and chlorinated rubber materials. In thermoplastic markings, the
binder is the actual thermoplastic material that melts when heated and hardens into the film that is left on the road.
Binders are also often referred to as the base material or base vehicle.

Bituminous Concrete: A more general term than asphaltic concrete, this term may refer to asphaltic concrete that
employs hot asphalt or other similar mixtures using refined tar. The coarse aggregate is usually crushed stone, crushed
dlag, or crushed gravel.

Bisymmetric: Having double symmetry, i.e. in floating bead context. It means that the bead surface embedded in the
paint is symmetrical with the exposed surface.

Bleeding: Conditions in which asphalt substrate is softened, due to heat or solvents, causing the oilsto rise to the
surface and producing black spots in the marking material.

Bond: Adhesive quality of a coating to a substrate.
Brightness: Brightnessisthe term that refers to human perception of luminance. Whereas luminanceis a

photometrically measured quantity, brightness describes how intense alight source or lighted surface appears to the
human eye.
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Broken Line: A pavement marking consisting of a cycle of marking segments and gaps. Broken lines are permissive;
drivers are being informed that they are permitted to cross a broken line. Also referred to asa skip line.

Candela: Thebasic unit for optical quantities, the candelais a measure of luminous intensity. One candelais defined
as the luminous intensity in a given direction of a source emitting a monochromatic radiation of frequency 540 x 1012
Hertz, the radiant intensity of which in that direction is 1/683 watts per steradian.

Centerline: A yellow marking indicating the division of the roadway between traffic traveling in opposite directions.

Ceramic: Baked clay.

Chemical Composition Specification: A specification written for pavement marking material that describes what
components and what percentage of each component are to be used in the formulation.

Chevron Alignment Sign: A warning sign used to delineate sharp roadway alignment changes.
Chipping: The breaking away of small fragments of the pavement marking from the substrate.
Chlorinated Rubber: Hard resin that speeds up drying of varnish or alkyd paints; dries by solvent evaporation only.

Coefficient of Luminous Intensity (R,): Theratio of the luminous intensity (1) of aretroreflector in the direction of
observation to theilluminance E_at the retroreflector on a plane perpendicular to the direction of the incident light,

expressed in candelas per lux.

Coefficient of Retroreflected Luminance (R, ): A messure of retroreflection most often used to describe the
retroreflectivity of pavement markings. Coefficient of retroreflected luminance is defined as the coefficient of luminous
intensity per unit area.

Coefficient of Retroreflection (R,): A measure of retroreflection used more often to refer to the retroreflectivity of
highway signs. Coefficient of retroreflection is defined as the ratio of the coefficient of luminous intensity (R,) of aplane
retroreflecting surface to its area (A), expressed in candelas per [ux per square meter.

Cold-Applied Thermoplastic: Preformed tapes composed of thermoplastic materials. Applied to the pavement
using an adhesive.

Conspicuity: A measure of the likelihood that a driver will notice a certain target at a given distance against a certain
background.

Contrast: The ratio of luminance from atarget to the luminance from the target's surroundings.
Cost-Effectiveness: A ratio of adelineation device's service life to the total costsit incurs over its service life.

Crosswalk Marking: Markings at intersections that serve primarily to guide pedestrians along the proper paths
through the intersection.

Curb Marking: A marking used to delineate the location of a curb.

Curing: Commonly identified as the hydraulic hardening of PCC. It also refers to the hardening of pavement marking
materials.

Curve Sign: A warning sign used to inform drivers of an upcoming change in roadway alignment where the
recommended speed is greater than 30 miles per hour and equal to or less than the posted speed limit.
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Curing Compound: A coating material applied to freshly placed PCC to retain moisture in the concrete.

Delineation: One, or a combination of several types of devices (excluding guide signs) that regulate, warn, or
provide tracking information and guidance to the driver.

Dense-Graded: Refersto atype of pavement that makes use of a coarse aggregate, such as crushed stone or gravel,
mixed with particles of afiner material, such as sand, to create a smooth, dense pavement surface. See also,
Open-Graded.

Discretionary: Refersto making achoice from a number of aternatives.

DoubleLine: A pavement marking used on two-way undivided roadways to inform the driver of a no-passing zonein
both directions of travel.

Dry Film Thickness: Thickness of line when dry and without glass beads.

Durability: A measure of traffic line's resistance to the wear and deterioration associated with abrasion and chipping.
For standard methods of evaluation of durability, refer to the ASTM Bulletins D913 for Chipping and D821 for
Abrasion (erosion).

Duty: An obligation to conduct oneself in away that will protect others from unreasonable risks.

Edgeline: A line that indicates the edge of the roadway.

EdgeLoss: A loss of pavement marking material at the edge of amarking that does not go all the way across the face
of the marking.

End Loss: A loss of pavement marking material at the end of amarking.

Entrance Angle (or Incidence Angle): The angle between the light source and aline normal to the retroreflector
surface.

Epoxy: Bonding of different atoms to form durable epoxy resins used in adhesives and varnishes.
Exothermic: Refersto achemical reaction in which heat is produced.

Film Integrity: The properties of afilm that result in the film's ability to resist scuffing, marring, etc.; cohesive
strength.

Flotation Bead: A retroreflective glass bead coated with a special chemical substance so that it will float to half of its
diameter in a pavement marking.

Flux: Therate of transfer of fluid, particles or energy across a given surface.

Footcandle: The English system's unit of illuminance, one footcandle is the illuminance on a surface that is
everywhere one foot from a uniform point source of light of one candle and equal to one lumen per square foot. One
footcandle equals 10.76 lux.

Gap-to-Segment Ratio: The ratio of the length of the gap in a broken line to the length of the marking segment.

GlassBeads: Spheres used in conjunction with binder to produce retroreflectivity in pavement markings:



Roadway Delineation Practices Handbook

€] Conventional—Glass composition with approximate refractive index of 1.52 with no surface treatment.

(b) Low refractive index—Spheres with refractive index between 1.50 and 1.64.

(© Medium refractive index—Spheres with refractive index between 1.65 and 1.89.

(d) High refractive index—Spheres with refractive index greater than 1.89.

(e Plastic—Spheres manufactured from organic materials

Q) Glass—Spheres manufactured from a soda lime glass material.

(9) Premix—Spheres dispersed in the binder prior to application.

(h) Drop-on—Spheres applied to a pavement marking after the material has been applied to the pavement.

0] Moisture resistant (moistureproof)—Spheres treated to reduce conglomeration in the bead dispenser.

)] Floating—Spheres treated to control depth to which they will sink into the binder.

(k) Static charge—Force tending to cause erratic flow of beads caused by attraction between unlike-charged
beads and repulsion between like-charged beads.

0] Retroreflective—Spheres that return light along a path parallel to the entrance path.

(m) Observation angle—Angle formed by a line extending from the light source to a point on the retroreflector
and aline extending from the eye to the same point on the retroreflector (light-sign-eye angle). Brightness
is maximum when observation angleis zero.

(n) Entrance angle—Angle formed by aline extending from the light source to a point on the retroreflector
and aline forming a 90-degree angle with the retroreflector at the same point.

Gradation: A measure of the sizing of an application of glass beads. The two variables are the overall range of sizes
and the percentage by weight of each size.

Gravity Extrusion: A method of applying a pavement marking material that uses gravity to force the material out of
aspecifically sized die.

Guideline: A premarking applied to the pavement to guide the operator of a striper in applying the final pavement
markings.

Heat Exchanger: A device used to transfer heat from the hot heat transfer fluid to the cold product prior to spraying.
It generally consists of multiple lines passing product through the heat transfer fluid-filled line.

Heat Transfer Fluid: Fluid capable of reaching high temperature and transferring much of its heat by means of
conduction to the cold product.

Hot-Applied Thermoplastic: Thermoplastic materials that are melted to liquid form at about 425 degrees
Fahrenheit (218 degrees Celsius) and applied to the pavement using an extrusion of spray technique.

Hydrocarbon: A class of thermoplastic materials based on organic petroleum compounds.

[lluminance: Luminous flux incident per unit of area.

Index of Refraction: For agiven material, the index of refraction is equal to the ratio of the speed of lightina
vacuum to the speed of light as it travels through the material. Describes the "light bending" property of a glass as the

light wave passes from the air to glass or vice versa. It is ameasure of the brilliance of retroreflectivity for glass spheres.

Inlay Installation: A method of applying preformed tapes to newly applied asphaltic concrete that embeds the tape
into the pavement.

Interior Loss: Any loss of pavement marking material that does not reach any of the edges of the marking.
LanelLine A line separating two lanes of traffic traveling in the same direction.

Legibility: Legibility of a delineation device isthe likelihood that a driver will understand the message that the
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delineation device is meant to convey.
Liability: Thelegal obligation of anegligent party to pay victims for damages resulting from the party's negligence.
Large Arrow Sign: A warning sign intended to inform drivers of a sharp change in roadway alignment.
Liquid Heater: A device used to heat transfer fluid to its required temperature before it enters the heat exchanger.
Longitudinal: Running lengthwise; placed lengthwise; opposite of transverse.

Lumen: The metric unit of luminous flux, 1 lumen is equal to the luminous flux emitted within one steradian by a
point source having a spatially uniform luminous intensity of 1 candela.

Luminance: Theluminous flux in alight ray, emanating from a surface or falling on a surface, in agiven direction,
per unit of projected area of the surface as viewed from that direction, per unit of solid angle.

Luminance Contrast: See contrast.
LuminousIntensity: Light flux per unit solid angle.

Lux: The metric unit of illuminance, 1 lux is equa to the illuminance corresponding to aluminous flux density of one
lumen per square meter.

Manual on Uniform Traffic Control Devices (MUTCD): A Federal Highway Administration publication intended
to standardize traffic control devices throughout the nation.

Methyl M ethacrylate: A two-component pavement marking material similar to epoxy materials.
Mil: Unit of length equivalent to 0.001 inches.

Ministerial: Refersto mandatory tasks that involve a minimum of personal judgment.

Negative Delineation: Provides information to vehicle driver on where not to go.

Negligence: The omission to do something that a reasonable person would ordinarily do, or the doing of something
that a reasonable person ordinarily would not do.

No-Track Time: Thetime required for the applied marking to resist being picked up by vehicle tires and transferred
to the adjacent pavement.

Observation Angle: The angle at the retroreflector position between the observer's eye and the light source.
Older Driver: A driver aged 55 years or older.

Oleoresinous. Refersto atype of paint binder that is composed of some type of essential oil, mixed with either a
natural or synthetic resin.

Open-Graded: Refersto atype of pavement in which only a coarse aggregate is mixed with hot asphalt to create a
pavement with arough surface texture. This type of pavement has a high porosity and permeability, reducing the
incidence of water ponding. See also, Dense-Graded.

Orbitrol Control: A brand name device, located at the base of the platform operator's steering columns and powered
by a hydraulic mechanism, which acts as a power steering unit for control of the outriggers.
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Orientation Angle (Rotation Angle): Thisisrelated to rotation of the retroreflective unit in its own plane or the
plane normal to the line of observation.

Outrigger: A mechanism, powered by hydraulic action, that extends and supports the outrigger carriages, which, in
turn, support the spray guns.

Overlay Installation: A method of installation of a preformed pavement marking tape that merely uses adhesive to
bond the tape to the surface of the pavement.

Overspray: Spray pattern exceeding the desired pattern; e.g., spraying of product in a fine mist beyond the proposed
edges of the line being marked.

Paints: Classified by, among other things, drying times:

€] Instant dry—Iess than 30-second no-track time
(b) Quick dry—30- to 120-second no-track time
(© Fast dry—2- to 7-minute no-track time

(d) Conventional—over 7-minute no-track time

Parking Space M arking: Markings intended to inform drivers where they are permitted to park.
Pavement: The physical surface of the roadway.

Pavement Marking: A colored marking applied to the pavement to provide drivers with roadway alignment
informeation.

Performance Specification: A specification written to describe pavement marking materials based on their
performance.

Permissive: Refersto areaswhere adriver is permitted to travel.
Phenalics (Resins): A large class of synthetic plastics made from aldehydrephenol base.

Pigment: White or yellow material in a pavement marking that provides the marking with its color and also provides
the necessary diffuse reflection at the back of the glass beads in a pavement marking to create retroreflectivity.

Plastic: Anything moldable; any material, natural or synthetic, which may be fabricated into a variety of shapes by
application of heat or pressure.

Polyester (Polyethylene): Tough, flexible thermoplastic resin made by polymerization of ethylene and used in
making moisture-proof plastics.

Portland Cement Concrete (PCC): A pavement material composed of Portland cement, sand, coarse aggregate,
and water. This material is smoother and longer-lasting than bituminous concrete.

Positive Delineation: Providesinformation asto where vehicle driver is permitted to drive.

Post-M ounted Delineator: A delineation device that consists of retroreflective material mounted on a four-foot post
to provide long-range information on roadway alignment.

Preformed Tape: A pavement marking material that is made of preformed thermoplastic material. It is applied to the
pavement cold, employing a self-adhesive backing material, or it is applied with a separate adhesive.
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Premix: A paint that contains glass beads held in suspension throughout the paint.

Pretreatment: Preparation of a pavement surface for installation of delineation devices. Usually consists of cleaning
and/or priming.

Preview Distance: The distance that the delineation provides the driver to see upcoming changes in roadway
alignment.

Prismatic Cube-Corner Marker: A raised pavement marker that employs prismatic cube-corner elementsto
achieve retroreflection.

Psychophysical Parameter: A limitation in the driver's ability to assimilate roadway information.

Railroad Crossing Marking: A pavement marking symbol that consists of two "R"sand an "X," which informs
drivers of an upcoming intersection with a set of railroad tracks.

Raised Pavement Marker (RPM): A ceramic or plastic marking device placed on the road to substitute for or act
as a supplement to standard pavement markings. Raised pavement markers are comprised of avariety of configurations
including retroreflective and nonretroreflective markers, and markers that employ prismatic retroreflection and those that
employ spherical retroreflection.

Reasonable Person: A concept used in legal circlesto establish what actions, or lack of actions, are considered to be
negligent. The concept applies atest of what areasonably prudent person, in the eyes of the jury, would do in a
particular situation to determine if a certain party has been negligent.

Refractive Index (RI): Seeindex of refraction.

Reflective: Bending or turning light.

Resin: Substance made by chemical synthesis, especially those used in the making of plastics.

Restrictive: Refersto areaswhere adriver is not permitted to travel.

Retroreflective: Capable of returning light to its source.

Ribbon Extrusion: A method of applying pavement markings whereby the material is forced onto the pavement
under pressure.

Roadway: A term used to refer to the paved paths that drivers use for transportation. Refers to the transportation
system in a more macroscopic way than "pavement” or "substrate.”

Service Life: Thetimerequired for a pavement marking to become ineffective due to its having lost its luster, lost its
retroreflectivity, or having been worn completely from the pavement.

Sieve Size: The sieve size refersto the sizing or mesh of a sieve or screen used to determine size of glass beads. The
larger the U.S. Mesh number, the more threads there are and the smaller the openings are.

Silica: Silicon dioxide is one of the major oxide constituents of glass used for manufacturing glass beads.

Skinning: A condition commonly occurring with paints in the container and when applied as aline or strip where the
immediate surface driesfirst or "skins" and the under surface remains wet (as opposed to through set of afilm).
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Solid Angle: Thethree-dimensional angular spread at the vertex of a cone measured by the cone on a unit sphere
whose center is the vertex of the cone.

Solid Line: A continuous pavement marking. Solid lines are restrictive; drivers are being informed that they are not
to crossasolid line.

Solvent: Usualy aliquid that, when added to paint, will reduce the viscosity of the paint and may also dissolve the
resin (binder).

Specific Intensity per Unit Area (SIA): See Coefficient of Retroreflection.

Speed M easurement Marking: A transverse pavement marking intended to aid law enforcement officersin
measuring the speeds of vehicles.

Spotting: A technique for premarking pavement at predetermined intervals to guide the operator of the striping
machine when applying permanent pavement markings.

Spraying: A procedure for applying marking material to a surface:
€] Air atomizing spray—Spraying atomization of the liquid paint through air pressure only.
(b) Airless spray—Spraying atomization of the liquid paint is accomplished through hydraulic fluid pressure

only. No atomization air is used.

Staining: The obscuration of thermoplastic pavement markings due to the combined effects of tire rubber, oil, and
other contaminants.

Standard of Care: A certain level of consideration that one party owes as alegal duty to another party. The standard
of care sets the boundaries of a party's liability.

Steradian: The unit by which solid angles are measured. There are 4p steradians in a compl ete sphere.
Stop Bar: A pavement marking applied at an intersection to inform drivers where they should stop.

Striper: A self-contained marking system mounted on atruck chassis and used on the road to apply pavement
markings.

Substrate: The surface to which the marking material is applied.
Surface: Refersto the top of the pavement material or substrate—the area where pavement markings are applied.

Sulky: A mechanism consisting of a guide wheel and its support structure, attached to the front of a truck-mounted
striper, intended to guide the striper operator in applying the markings in the proper lateral location.

Symbol Marking: A pavement marking used in a specific location to guide, warn, regulate, or inform drivers where
standard pavement markings are not sufficient.

Technique: Refers to the methods chosen to accomplish effective delineation. Selection of an appropriate marking
material and method of application are part of delineation technique.

Temporary Pavement Marking: Pavement markings to be used for a period of less than two weeks.

Thermoplastic: A class of pavement marking materials whose main component is a plastic material that becomes
pliable or liquid at high temperatures.



Roadway Delineation Practices Handbook

Threshold Contrast: The minimum difference in luminance of atarget and luminance of that target's background at
which the target is visible.

Through Set: Property of amarking material to be uniformly dry or set through its entire thickness from the line
surface to the substrate surface (as opposed to skinning).

Tip Life: Thelength of time that a spray gun tip will continue to function properly. Thetip is no longer useful when
the orifice elongates and the applied marking deviates from its desired appearance.

Tort: A civil wrong, other than breach of contract, for which a court of law will provide a remedy in the form of an
action for money damages.

Traffic Control Device: A deviceintended to provide for the orderly and predictable movement of traffic and to
provide such guidance and warnings as are needed for the safe and informed operation of individual elements of the
traffic stream.

Traffic Paint: A pavement marking material that consists mainly of a binder and a solvent. The materia is kept in
liquid form by the solvent, which evaporates upon installation to the pavement, leaving the binder to form ahard film.

Transverse: Lying, situated, placed across from side-to-side; crosswise. Also, perpendicular to the center line.

Treatment: Refersto the higher-level decision process of designing delineation to be installed. Such issues as use of
raised pavement markers and post-mounted delineators are part of delineation treatment.

Turn Sign: A warning sign used to inform drivers of an upcoming change in roadway alignment where the
recommended speed is less than 30 miles per hour and equal to or less than the posted speed limit.

Viscosity: A measure of afluid's tendency to resist flow. Also, the constant ratio of the shearing stress to the rate of
shear intheliquid.

Volatile Organic Compound (VOC): An environmentally hazardous material that is released into the atmosphere
during many marking operations, especially those that employ chemical solvents, such as alkyd traffic paints.

Warning Sign: Signs used to supplement roadway markings where those markings are not considered adequate to
convey al necessary information to the driver.

Water-Based Paint: A pavement marking material that employs water as a solvent, thus nullifying the
environmental concerns with many traffic paints. Also referred to as latex paint.

Wet Film Thickness: Thickness of a pavement marking at the time of application without glass beads.

Wetting: A primerequisite for good adhesion, it is the flow of liquid pavement marking over the surface of the
substrate to yield complete coverage. Wetting, and hence adhesion, is poor over dirty or oily surfaces.

WidelLine A linewider than the standard 4-inch width.
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