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Chapter I

Introduction

CHAPTER 1. INTRODUCTION

BACKGROUND

Motor vehicle ownership and use
continue to rise in all sectors of the nation.
The corresponding increase in 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 improved
economical delineation methoeds. 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 alse 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, is to
“supplement the regulations and warnings
of other devices such as traffic signs or
signals. In other instances, they are used
alone and produce resulis that cannot be
obtained by the use of any other device...
[byl conveying certain regulations and
warnings that could not otherwise be made
clearly under-standable.”?

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 line
indicates its emphasis. Detailed standards
related to color, pattern, and width are
presented in MUTCD sections 3A-2 through
3A-6, where it is stressed that "each
standard marking shall be used only to
convey the meaning prescribed for it in this
Manual [MUTCD].” In this Handbook, it is
assumed that personnel who design roadway
delineation will be familiar with the
MUTCD or its State-mandated equivalent.

In a properly designed traffic control
system, markings have specific functions.
Pavement markings guide the movement of
traffic and promote safety on the highway.
In 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. In addition, a highway's capacity
increases from orderly traffic flow. Pave-
ment markings encourage this kind of
capacity increase.
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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.

Initiatives to 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.”” There were
almost 6.5 million police-reported traffic
accidents resulting in more than 44,000
fatalities in 1990.%

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

On QOctober 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.

Cost-Effective Markings

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 performance is
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. This is of
paramount importance. If this criterion is
not adhered to, the most cost-effective
option will seem to be a low-cost, low-
performance system that may eventually
create a hazard because of its rapid failure
or degraded visibility early in its 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 Cosi-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. It is vital
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 length 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.
This is the only way that the cptimum cost-
effective delineation system can be attained.
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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

eonducted 1ahoratorv and field tests of new
conaucted 1apiratery ang lie.d 1esis ¢ 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.

Mhic HTandhanls An o
11118 rianasock Qoes STan

FHWA policies or standards Rather, it is
meant to supplement the Manual on
Uniform Traffic Conirol Devices, offering
guidelines for implementing the standards
presented in the MUTCD. This Handbook
is not intended to be a technical report on
research into the latest delineation
technologies. However, major research
findings used to develop guidelines ars
clearly referenced. Those interested in the
details of a particular research project
should seek them independently.
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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 cont
and newly developed devices, materials, and
installation equipment, presenting each
item's expected performance based on actual
experience or field and laboratory tests.
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The contents cover current

While this Handbock 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 develop-
ments as reported in recent research and by
industry's 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 falls into
six parts:

o Introduction ancd background (chapter 1).

e Delineation visibility factors (chapters 2
and 3).

e Technical description of current
delineation practices (chapters 4 through
10).

¢ Summary of administrative and
management issues and practices

{rshantare 11T and 192)
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¢ Technical supplement (appendices).

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

P e e
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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
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addresses of agencies that sell delineation-

related products. Finally, appendix C gives
information about delineation specifications.
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CHAPTER 2. CHARACTERISTICS OF RETROREFLECTION AND

QUALITY ASSURANCE
INTRODUCTION General Principles
Today, delineation is an established A 1987 FHWA report by McGee and
component of the highway system. The Mace defines retroreflection as the
question is no longer one of whether phenomenon of light rays striking a surface
delineation is effective, but rather one of and being redirected directly back to the
how to provide the best system of delin- source of light.” (See figure 1.)

eation for the least cost.

Retroreflectivity is vital for a delineation

system to be effective at night. Delineation Incldent light beam Reflacted light baam
i¢ intended for visual guidance of the driver; Argle il Angle -

nighttime visibility is almost directly /}ﬁ
proportional to retroreflectivity. This l

chapter, therefore, covers the most ; /
important aspect of roadway delineation: o rare agle i
achieving durable retroreflective markings e Suete,
to ensure long-life visibility. Also discussed 4@“303 REFLECTION

are quality assurance through material
testing and the programs sponsored by the
Federal Highway Administration (FHWA) to

. incident light beam
encourage testing.

Refiected
light raye

RETROREFLECTION

- |

Highway agencies' recognition of the

. . . Microscopicall

importance of retroreflection have made its Pougn surface /
use nearly universal. According to the =

Manual on Uniform Traffic Control Devices DIFFUSE REFLECTION

(MUTCD), markings that must be visible at
night should be retroreflective unless
ambient illumination assures adequate ncidoxt light benm
visibility.! Because the percentage of well-
illuminated roadways is so small, the trend
among highway agencies is to make all
pavement markings retroreflective. The
common exceptions are painted curbs and
parking hnes‘ Reflective slsmante

on or under surface

Reflectad light beam

(Enclosad
loans reflective
aheeting in shown)

RETAOREFLECTION

Figure 1. Types of reflection
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To understand this phenomenon, a
discussion of optical characteristics is
necessary. Light sources emit some amount
of energy in the form of visible light. An
ideal point light source directs its light
equally in all directions (figure 2a). If a
perfect point light source were enclosed in a
perfect sphere, every point on the sphere
would be 111um1nated by an equal amount of
brightness, or intensity.

A directed light source, such as a
flashlight, will direct its light in a cone
around the direction that it is pointed, as
seen in figure 2b. If the flashlight puts out
an amount of light energy equal to the point

flow 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
area is 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 same is true for light. If there are
two directed light sources that release the

Light rays travsling out
frem source

Point light source

ZSurfaco of sphere i& uniformly illuminated.

a. Point light source

Sphere is illuminated

P f nenunifermiy

;)

Dlrecied light aource

Figure 2. Comparison of point and directed light sources

source, and is enclosed 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. Slmply
put, the points on which the flashlight

shines will be brighter than each point
tlluminated 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 a

the first source

AVAV S ¥ v

same total light flux, but
illuminates twice the area of the second, the
intensity of the second source will be twice
that of the first. This may be visualized as
“squeezing the light rays together to get
the same amount of light onto a smaller
area. As a result, the area illuminated 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.,
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These concepts can aid in an under-
standing of the phenomenon of retrore-
flectivity. A point light source, like the one
described above, has a uniform distribution
of light flux in all directions around it, as
shown in figure 2a. A perfect retroreflector
would simply reverse the direction of the

oo et o
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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. (See figure 3a.)

o+

Fortunately, retroreflectors are no
perfect. Some light is absorbed by the
reflector. More importantly, there is a
scattering of light intensity in directions
around that of the source, as in figure 3b.

It is this imperfectly retroreflected light that
returns to the driver’s eyes and allows
retroreflection to be useful for pavement
markings.

Measuring Retroreflection

Hoffman and Firth suggest an ideal way
to measure the retroreflective properties of
a device.® It seems intuitively correct to
measure retroreflection as a ratio of the
intensity of light returned in the direction of
the driver to the intensity of the source.

This would give a scale 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 units to 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.
Units of Measure
Metric Units

To aid this discussion of units, the

concept of a solid angle will be defined. A
solid angle 1s a measure of how large an

_ Headlights

Light is returned

Retroreflector

a. Theoretical perfect retroreflection
in rnndw-v dalinastion

SNt NIen.

directly to headlights

Headlighta

Retroreflecior

Light is returned in =
cone in a direction
around the source

b. Actual rosdway retroreflection

Figure 3. Comparison of theoretical and actual retroreflection
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object “looks” from a certain vantage point.
The solid angle subtended by an object (or
arbitrary area) is a function of the object’s
area projection in the direction of the
vantage point and its distance from the
vantage point.

Solid angies are measured in units
called steradians (s). Steradians are defined
so that there are a total of 4% steradians in
a complete sphere around a source. This is
analogous to the two-dimensional case
where 2n radians equals a complete 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.

=_ 1m® x4n(s) = 1 steradian
4n(1m)?

Figure 4. Intensity of a light source

Having defined the solid angle, the
definition of optical quantities can be
presented. The basic optical quantity is the
candela. It is a measure 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
Measures is: “The candela is the luminous

intensity in a given direction of a source
emitting a monochromatic radiation of
frequency 540 x 10" 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 a measure of total light energy
emitted per unit of time. The unit of flux is
called the lumen. One lumen is defined as
that amount of light energy flowing through
a solid angle of one steradian from a source
having a luminous intensity of 1 candela.

Illuminance 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 is falling on an area of 1 square
meter, then the illuminance at any point on
the surface is 1 lux. (See figure 4.) The
illuminance on area ABCD is 1 lux (1 lumen
per square meter),

In figure 4, the area ABCD is 1 square
meter. Its solid angle with respect to the
point source at the center of the sphere is 1
steradian. If the point source is uniform
with an intensity of 1 candela, then the flux
falling on area ABCD is 1 lumen. The
illuminance at any point on area ABCD is 1
lumen per square meter or 1 lux. The
sphere has a total area of 4mr® or 12.57
gquare meters. A flux of 1 lumen falls on
each square meter, so the total power
output of the source is 12.57 lumens.'®

Figure 5 illustrates the difference
between intensity and illuminance. Suppose
the lines passing through AB,C, and D in
figure 4 are extended until they subtend an
area of 4 square meters. A sphere with a
radius equal to their distances from the
source will have a radius of 2 meters.
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Figure 5. Distribution of lght through space

The solid angle subtended by EFGH will be
equal to that of ABCD:

solid angle = 4m?* x4n (8) = 1 (s)
47(2m?)

And, since the source’s intensity equals 1
candela, or 1 lumen per steradian, there is
still a total flux of 1 lumen on Area EFGH.
However, the illuminance at any point on
EFGH is now:

= 1 lumen = 0.25 lumen/m? = 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 a
surface that is illuminated. These are not
the same because the light that a source
puts out is spread out over a larger region
as it radiates through space. These
statements are generalizations for a
spatially uniform point scurce. They do not
apply to a directed source, because the light
is not spread out over so large a region of
space, but they do serve to help illusfrate a
concept.

English Units

English units are similar to Metric
units. Candelas and lumens are identical in
the English system. Illuminance, however,
is measured with units of lumens per
square foot rather than per square meter.
One lumen per square foot is a 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 markings is coefficient of
retroreflected luminance, R;. It is defined
by the American Scciety for Testing and
Materials (ASTM) to be the ratio of the
luminance, L, of a surface to the normal
illuminance, E., on the surface. Luminance
is defined as the luminous flux of a light
ray on a surface per unit of projected area
of that surface, per unit of solid angle.'”
One of the main problems with measuring
retrorefleciion in the past has been that
standards like these were written with
laboratory testing procedures in mind.
These standards do not transiate well into
test methods that work in the field,
however.

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 a light 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 luminous intensity 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.
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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 axis is pessible, direcied
along line AB in figure 6.

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

The light 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 ealculated. To
calculate luminance and derive a value for

R;, the luminous intensity per unit area
must be found. The problem is in selection
of the appropriate area to divide by. Up to
this point, all the quantities have been
directional, dealing with infinitesimal areas.
If a very small area is chosen, the illumi-
nance will be uniform, but how large should
the area chosen be, and at what angle? If a
larger area is chosen, illuminance will not
be uniform and the flux must be integrated
over the area and then divided by the total
area. If a unit area is chosen, then its
inclusion does not affect the value of the
coefficient at all. If the entire area
illuminated by the headlights is used, there
is again the problem of nonuniform
illuminance, since some areas illuminated
are much farther from the headlights than
other areas.

What really happens is decided by the
manufacturer of the retroreflection-
measuring instrument. The illuminance on
some arbitrary area is measured and this is
used as the sample area. The problem of
non-uniform illuminance is not s¢ important
because the scale of the instrument is
usually much smaller than that of auto-
mobile headlights, and the instruments
therefore shine light on a small area.

Such decisions result in coefficients of
retroreflection that differ from cne
instrument to another, depending on each
instrument’s sample area and method of

C (Driver’s eyes)

Area = 1m2

— Normal vector

Figure 6. Physical quantities related to roadway retroreflection measurement
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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, is too
large to be practical. The unit used in
actual practice is millicandelas per lux per
square meter, which is equal to one-one
thousandth of the basic unit.

As was 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 incompleteness 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 a field 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.° It is defined as
the coefficient of luminous intensity, R, of a
plane retroreflecting surface to its area,
expressed in metric units of candelas per
The coefficient of
luminous intensity is defined as the
luminous intensity, I, of the retroreflector in
the direction of cbservation to the illumi-
nance 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 coefiicient of
retroreflected luminance, but is simpler to

lux ner sauare meter.
xr S

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, is still a ratio of returned intensity to
incident illuminance divided by the area of
the retroreflector. Signs make the measure-
ment of these quantities sirnpler, however,
because they have a f{ixed area.
measuring geometry is arranged so that the
plane of the sign is perpendicular to the
incident illuminatior; the illuminance is
uniferm across the face of the sign. This
makes measurement much simpler and
more accurate,

ml.
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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 i marking materials before
application, or a portion can be dropped
onto premixed maferials,

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 experiments in 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 a bead
embedded in a painted marking. First, the
glass bead must be transparent so that light

can pass into the sphere. As the light ray

11
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enters the 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 head 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. Character-
istics, typical uses, and major factors
influencing the application of glass beads
are discussed in the following sections.

Retrerofiected light ray

Glass X

A ereyd LSS 77
Paint binder

Ll S L L LS /_/////////j//

R e A N O Y ST

Figure 7. (lass bead 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) i1s a function of
the chemical makeup of the beads. The
higher the RI, the more light is retrore-
flected. Beads used in traffic paint
commonly have an RI of 1.50. There are

some 1.65 RI beads used with thermoplastic;

1.90 RI beads are often used in retroreflec-
tive airport markings.

The chemiecal composition of glass beads
differs for each refractive index. The 1.50
RI bead is a hard soda lime 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, a recycled 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 Rl 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 inchss) 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, a
U.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
less to 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 is
usually a local policy decision based on
several 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_ ’T‘}\nﬂr‘ c.omnnn l-Fn nf tha atorial

and number of beads applied affect bead
gradation. A durable thermoplastic material
application with 10 pounds per gallon of
premix and drop-on beads requires a wide
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 gizes.

Finally, beads that are too small (80 to 100
mesh) are very light and may be blown
away. Also, very large beads may be lost

12
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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
maint anreida tha haele of the }'\pnﬂ rFl’\l'—“

PUJ.].J.U UUDAUL WAL LACLCEs WL wLa

closer the foeal 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 a focal 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

PT haada urill ha hrichtar than ana
AVl JCAUD YWWILL WO MLISIIvu] blidill Uiaw

1.65 or 1.50 RI beads.

using

/—"—‘\ -
% 1.50 Ri
%

» f [ —
\_/ 1.8 Hi
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‘%‘ 1.90 RI

Figure 8. Effect of refractive index on
glass bead retroreflection

Since the uguu is dbbudlly IOCUBSEQ
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.”
(See figure 9.)

This hight passes through to the paint
binder, where it is scattered. This makes

Inbound light raye
Bright spot Pornd ceinfa e
AN

I /I'HI“\ 'Hl’l-b'

L_Embadment line

Figure 2. Focusing effect of glass beads

the binder act as ancther light source,
lacated on the side nf the head nnnnm

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.

The light that is retroreflected forms a

cone directad toward the driver, after it is
fariead hy the olacs ]’\.oar:l Acg a divaet

focused by the glass be As a direct
result of the glass bead’s optical character-
isties, 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 baad’ fand
the bead’s proper functioning. Also, retro-

reflectivity would be expected to fall off
gradually as embedment increases and the
proportion of the reflected cone that is
returned toward the driver decreases. This
is in fact what occurs for a single bead.
(See figure 10.)

For a marking 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.”
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Figure 10. Optimum glass bead embedment

Bead Size

Until recently, the use of very large
glass beads to increase retroreflectivity of
pavement markings has been limited. The
materials experienced a significant loss in
retroreflectivity over time due to increased
wearing away of the large glass beads.

In recent study, Kalehbrenner investi-
gated 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 a marking’s
retroreflectivity, When used with an
appropriate binder system, they can be
quite durable as well. 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
a water film (thickness equal to 10 percent
of the bead’s diameter) influences the lens
effect of a glass bead. The top figure shows
the same bead in dry conditions. Calcula-
tions 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."?

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.

280
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Figure 11. Large vs. standard bead
performance in epoxy pavement markings

807 Embedded

Wet, 607 Embedded

Figure 12. Water films’ effect on retroreflection

In an effort to provide for ali-weather
pavement markings, the FHWA hag

14




Characteristics of Retrorefiection and Qualily Assurance

developed three new gradations of large
glass beads, as alternative 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 in table 1. Applica-
tion rates of the larger size beads in the
above materials are shown in FHWA’s FP-
92,10 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.” The initial retroreflectivity of
premixed paint is poor since very few beads
are exposed. As the 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. Initial
retroreflectivity can be achieved by dropping

coarse gradation beads on the premixed
paint.

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 developed to alleviate 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’s worth.” As a result,
only a few major premix users remain
despite the technique’s superior
performance.

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

Percent by Weight Passing
Designated Sieve
Sieve Size (ASTM D 1214)
Grading Designations

Type 3 Type 4 Type 5
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
Neo. 25 (710 pm) 0-2
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Flotation Beads

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

The two major advantages associated
with flotation beads invelve application and
performance. Flotation beads provide a
more consistent level of brightness, All
beads float so that half of the bead is
exposed regardless of variations in paint
film thickness. With standard beads, a
heavy application of paint will submerge a
large 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
agencles 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 maore reflective
bodies than 6 pounds (2.7 kilograms) of the
mixed gradation.

Knowing this, a highway agency can
specify a lower number of pounds of beads
per gallon of marking material, with an
increased percentage by weight of smaller
beads. This will 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 a water film, flotation beaded
markings might experience decreased
retroreflectivity. If the percentage by
weight of smaller beads is increased, wet
retroreflectivity will be reduced due to the
effect of the water films discussed in the
previous sections.

STANDARD BEADS

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. As
the 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, As a
result, flotation beads normally are used as
a means to increase initial retroreflectivity
when a long service life is not as important.
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Common Problems

In areas of high humidity, drop—on g}ass
beads tend to absorb moisture and lose their
free-flowing property. Moisture absorption
is due to the bead’s large ratio of surface
area to 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 mark.ing 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.

As with the gradation of beads, the
proper rate of bead application for a given
quantity of marking material is uncertain.
It is generally 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

UL UIAT LV ud AL TAAT A Allalnllly

undeniable influence on optimum rate of
application. Numerous research studies
involving both field and laboratory tests
have addressed the effect of each of these
factors in terms of durability and cost-
effectiveness.">¥

Prismatic Cube-Corner Retroreflection

The most common use for prismatic
cube-corner retroreflection is in 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) come
in a variety of configurations, some with the
characteristic wedge shape, some round or
oval markers, markers with and without
replaceable retroreflective inserts, and so on.

A more complete review of the physical
characteristics of RPMs is 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 funection 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
previcus sections, the following discussion
will focus on prismatic cube-corner
retroreflectors and their use in RPMs.

Retrorefleciive Properties

Prismatic retroreflection of RPMs is
achieved through the use of many tiny cube-
corner retroreflective elements in an insert
or retroreflective sheeting on the face of the
marker. Each element is a tiny half-cube,
open in the direction of the driver. When a
light ray enters the cube, it bounces off each
mirrored face of the cube-corner element.
The beam’s directional component perpen-
dicular to the plane of the surface is
reversed. Eventually, all 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. (See figure 14.)

Laboratory measurement of retroreflec-
tion 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 area
with a fixed test geometry. The geometry
and area must be constant to ensure
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Reflected light beam

incident light beam

Figure 14. Prismatic cube-corner retroreflection

consistent results for coefficients of
retroreflection.

Figure 15, taken from the Standard
Practice for Describing Retroreflection
(ASTM Standard E808-91), illustrates a
method of testing retroreflection that is
naturally compatible with laboratory testing
of RPMs or their retroreflective inserts.”®
The figure again makes it clear that the
test methods were not developed with
pavement markings as a primary consid-
eration. Care should be exercised not to
compare results for coefficient of retrore-
flection for RPMs to coefficient of
retroreflected luminance, R;, for pavement
markings. These coefficients are measured
differently; results will not be consistent.

Fixed axis, providing for motion about
B

the first maxis

Movesbie axie, which
provides motion sbout 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 ex-
clusion.

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 methed is discouraged because drivers
seldom drive with high beams, and the
results for visibility distance are very
misleading. There is little evidence that
correlates performance of RPMs under high-
beam illumination to their performance
when viewed using low beams.

The main problem with the retro-
reflective 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."” However,
much of this loss is recovered during
periods of wet weather when water fills in
surface scratches on the face of the RPMs.
Mere information on retroflectivity problems
with RPMs and possible solutions is given
in chapter 7.

QUALITY ASSURANCE

One of the problems with pavement
markings is their inconsistency. Highway
agencies cannot reliably predict perform-
ance. Scme 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
materials is of increasing concern. Retro-
reflective performance is probably the main
barometer of overall effectiveness of
pavement markings. However, it is difficult
to test, as well as costly to implement
testing for all markings applied.
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Many State DOTs now maintain a list of
“prequalified” vendors. Prequalification is
accomplished through procurement and
testing of many different vendors’ products
on a regular basis, and keeping a list of
those vendors whose materials can be relied
upon to perform well. An improved
marking system is obtained, less rigorous
pavement marking inspection is required,
marking uniformity is increased across the
State, and, it is hoped overall cost-
effectiveness is achieved.

Procurement

To maintain a comprehensive 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 a list of potential sources is
created and samples obtained, tests must be
conducted on the material’s performance.
Evaluation usually consists of both
laboratory tests and field tests of actnal
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 ean
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.

Regional test facilities have the
responsibility of performing testing and
specifications writing to be used by all the
States in their respective region. The
number of regional test facilities should be
large enough that the conditions in each
region would be similar for all its compon-
ent 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."®
The facility is located in the PennDOT
materials testing laboratory, keeping costs
at a mininnum. PennDOT acts as an
organizing force to coordinate and collate
testing efforts throughout the Northeastern
States. It was funded initially in part by a
FHWA contract on testing of pavement
traffic marking materials.
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The Southeastern Regional Test Facility
(SRTT) was created by a Southeastern
Association of State Highway and
Transpoertation Officials (SASHTO) Ad Hoe
committee in 1988 with the cobjective of
organizing the States’ separate material
testing efforts."® The SRTF differs from the

NASHTO facility in that it has no central
location. Rather, it is 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 creates a uniform marking system
throughout the participating States.

One problem with pavement marking
systems in the past has been inadequate
technology transfer between highway
agencies. Much of this has been caused by
a lack 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 regional test facility
network promoted by the FHWA should
alleviate these problems.
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Driver Visibility Needs

CHAPTER 3. DRIVER VISIBILITY NEEDS

INTRODUCTION

The primary purpose of a roadway
delineation system is to provide the visual
information needed by the driver to steer a
vehicle safely in a variety 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 a variety of
situations. Also discusszed is why visibility
should be increased to its maximum level
(increased brightness needed by older
drivers, for example).

Finally, roadway and traffic character-
istics 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 is
included to provide the background for
subsequent chapters.

Driver Visibility

The ideal form of delineation is that
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 role in the development of new
materials, specifications, and standards.
The field of human factors research related
to the driving task is much too complex to
be included ag part of this Handbook. This
discussion is limited to a summary of driver
characteristics that influence the design and
installation of delineation systems.

Generslly, the ability of the driver to
operate a vehicle safely is based on the
driver’s perception of a situation, level of
alertness, the amount of information
avatlable, and the driver’s ability to
asgimilate the available information. The
driver’s tasks are the following:

e Conirol; 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.

o Guidance; the selection of safe speed
and path. In this decision process, the
driver must first evaluate the situation
to determine the speed and path
appropriate to existing conditions. Then
the driver must translate these decisions
into control actions (lane positioning,
headway, passing, and so on).

e Navigation; the planning and execution
of the trip, from origin to destination.

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

Older Drivers
In addition to the stringent require-

ments for delineation created by the general
populace, there are individuals whose
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visibility needs are even greater. These
include persons with reduced or impaired
vision, color vision deficiencies, or those
driving under the influence of intoxicants.
But perhaps the most important group is
drivers 55 years and older. 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 capabil-
ity due to age."” The report defines
threshold contrast as the minimum differ-
ence between luminance of a target and the
luminance of its background for detection.
In figure 16, the thresheld value for a 65-
year-old is seen to be an average of about
twice the value for a less than 23-year-cld.
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Figure 16. Threshold contrast requirements
as age increases

Mace showed that a driver’s perception-
reaction time continually increases with
age.”® 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 amocunts 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 see as well as a 39-year-old.
Also, evidence supports the fact that older
drivers adopt a less flexible searching
strategy. They lock at fewer items in the
roadway in a given time than do younger
drivers. It is important 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

Several criteria determine delineation
visibility. These criteria are used in a
gimilar manner to those for traffic signs.
The following discussion of these criteria is
derived from a FHWA research program
concerning visibility of highway signs."'?

Luminance

Luminance, in the context of delineation
visibility, is the total amount of light the
driver receives from a marking. As shown
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.
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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 a target stands out from its
background. Therefore, contrast is a much
better measure of a marking’s visibility.

Conspicuity

Congpicuity refers to 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 is not a simply
determined optical guantity. It is depend-
ent on a variety of factors, many of them
unpredictable.

Conspicuity ig 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 also is directly 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

phenomencn. It is difficult even to
determine an estimate for the conspicuity
factors and very difficult to combine them in
a way that will yvield a numerical measure
of conspicuity. Conspicuity iz a quantity
that can be tested only empirically.

However, Schwab and Mace researched
the effects that a complex background has
upon sign visibility.®” 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. It is an
even less tangible quantity than eonspicuity.

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.

In the field of highway signing,
empirical relationships have been found for
legibility based on such variableg as
character height, cclor, spacing, and stroke
width. These same criteria apply to such
forms of delineation, including Chevron,
Large Arrow, Turn and Curve signs, etc.
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These variables have little or ne
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

Vigibility distance refers to the range at
which a marking 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 defini-
tion, 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 all the driver events to
oceur 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 markings is
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:"?

Detect change in delineation (turn,
curve, freeway exit ramp).

e Recognize message that delineation
conveys.

e Decide appropriate reaction.

e Initiate response.

e Complete vehicle maneuver.

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

Guidelines for Effective Delineation

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

First, delineation should provide a
minimum cf 2 seconds of preview distance
for short-range guidance in extreme
gituations. This value agrees with that
established by Allen for short-range
visibility distance.”® This value applies to
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
concentration on brief glimpses of delinea-
tion 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), delinea-
tion must be visible at least 75 feet (25
meters} ahead; at 55 miles per hour (90
kilometers per hour), delineaticn must be
visible at least 160 feet (48 meters) ahead.
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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.*” When drivers
are provided 3 seconds or more to view
delineation, the task of guiding the vehicle
is substantially easier. The driver is no
longer constantly making rapid compensa-
tions 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 a number 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 delinea-
tion systems is how adverse Weather 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
visual clues. As a basis for vehicle control,
the ability to see and perceive is a funetion
of contrast between background and the
roadway, particularly at night. The need
for contrast decreases with greater
background luminance; therefore, there is
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
is less 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 vistbility 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 vigibility. Freedman and
associates concluded that delineation should
provide a minimum luminance contrast of
1.0 for drivers to have adequate visual
guidance when there is glare on dry
pavement surfaces.”” Analytical studies
indicated 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.”” The
minimum visibility established for dry
conditions correspended to a Mirolux
reading of 93 millicandelas per lux per
square meter. However, another marking
would need a dry reading of 180 milli-
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candelas 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
doubling the value for luminance contrast to
account for these factors.?Y Or, to achieve 2
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.”®*® A
higher value for retroreflectivity is recom-
mended to account for less-than-favorable
conditions and drivers with reduced visual
or psychophysical capabilities. Where such
levels of retroreflectivity cannot be achieved
or maintained, supplemental delineation,
such as special surface markings or RPMs,
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
several insights into driver performance
under adverse visibility.

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

Second, the automobile hood restricts
winimum 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 a key variable.

Third, longer marking segments can give
some indication of road curvature even
though only one segment is visible.
Retroreflective RPMs de not provide
curvature information unless more than one
marker is visible. Thus, RPMs should be
spaced more closely on curved sections.
Finally, preferred speed decreases with
reduced vigibility 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 a
reduction in the total amount of information
available to the driver. This suggests that
visibility distance and delineation configu-
rations 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. This is
because the driver is sitting on the left and
has a better view of the left side of the
vehicle. This position also permits the
driver to maintain a relatively 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
left lanelines to approximately the center of
their traffic lanes. An increase in the
vehicles' lateral position variation showed a
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decrease in lateral control performance.
Mean speed was not affected significantly
except in rain conditions. In the rain,
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
eahialan? arand wrarinhilibor e
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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 a traffic lane as a function 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 for
guiding drivers in the rain. With only
pavement markings for guidance, wet-
weather 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 a
roadway section where RPMs 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. It can not be concluded that the
addition of RPMs improves driver perform-
ance under all 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 jor
increased retroreflectivity.”? 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 a Mirclux retroreflectometer.
According to the study, “under actual
rainfall conditions in the field, VISIBEAD®™

(Potters Industries, ]Parmppany, 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 thermo-

1 43 .
plastic, epoxy, and polyester. Potters

Industries has formulated a line 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.*”

These types of advances in markjng
Leumomgy may evemaauy make marmngb

alone as good as markings with RPMs but
at a lower cost.

Psychophysical Parameters

A FHWA report defines the following
psychophysical parameters that affect driver
performance: driver perceptual abilifies,
ull_\l'_ef COg“I_LI.LlVe dUlllLlEb dJ..LU Ll.l'.l.VeI
psychomotor abilities."” The field 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
uecermme IIUW LHE:Se paramebers dIIﬁ,LE
performance in specific roadway conditions.
By comparing performance with a variety of
delineation treatments, relative levels of
effectiveness can be determined. Research
conducted in this manner is discussed
below,
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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.”

Their laboratory studies indicated that

[ab] i‘!‘ldft{‘\nc whera fowr demands are madb

for the driver’s attention, the presence of
stationary roadside objects, such as lights,
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-

wminiintad dalinaatare (DR (wwhara
IMoUriteq GeLlNedtors (L iviisS) \WIeIS

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

A3 mat radiire Ariver narformanes

Qild ot reqauace d.LJ.V oL iJUJ. Al lllallivi,
simulated bifurcations on wet surfaces,
delineation treatments containing markings
and RPMs or markings and PMDs 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 penormance, cspeaauy
where surrounding visual complexity was
high.

j AP
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The researchers noted that current
guidelines for the selection of delineation
treatments do not account for visual
complexity of the surroundings.

The results of the la bO"at y tests
agreed Wlth 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 individual
effects of RPMs, PMDs, and signs could not

be analyzed separately, but their combina-
tion 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 markings if plotted on a
logarithmic scale. (See figure 18.) This
finding suggests there is an optimal value,
near the break of the curve, after which
1ncreas1ng retroreﬂectwlty will do little for

xriairal manfaraas s

ares ~
visual poliviilidlile.

Hoffinan and Firth also noted that a
marking’s visual performance was not a
function solely of its retroreflectiviiy. Their
studies confirmed that a wider marking of
lesser brightness can be just as visible ag a
narrower marking of greater brightness.
Therefore, it is necessary to examine all
upbiOﬁS and mateh a delineation system
with all aspects of the roadway and
application equipment, including marking
width, color of pavement, climatic character-
istics, pavement substrate type, and

marking cost.

In light of these findings, it is vital to
adopt a “systems” approach to delineation
design. Delineation effectiveness depends
largely upen the complex interaction of
many variables that affect visibility.
Recognizing the importance of the inter-
action of these variables, Kalchbrenner
stated: “The term ‘system’ implies design
and synergy. Improved roadway perform-
ance and service life have been demon-
strated at multiple locations in durable
materials by properly sizing and treating
beads for the thickness and type of binder
used.”?

In a general sense, effectiveness may be
drastically increased by treating the
roadway itself as a system. Consideration
of factors, such as visibility demands on
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Figure 18. Subjective ratings of vigibility vs. retroreflectometer readings on a linear and a logarithmic scale

drivers, pavement material, visual com- DELINEATION VARIABLES

plexity and luminance of surroundings, and

types of marking materials available and When adopting a systems approach to
their differing properties, is critical to delineation design, key variables that should
selecting a roadway marking system be considered in determining the most
appropriate for a particular application. appropriate delineation treatment and

technique are roadway geometry, weather

29




Chapter 3

and climate, traffic volume and composition,
and type of substrate. The way that these
variables interact with the marking material
and application technigue will determine the
marking’s visibility and durahbility. A
review of the significant effects of these
variables follows a discussion of each

ro

ahia Tiatarlad Aacamintinng ~F +4ha
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research and demonstration projects are

available in the referenced reports.
Readway Geometry

Roadway geometry has more effect on
the delineation treatment than on the
various delineation techniques. In this
conitext, {freatment refers to center lines,
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
deceleration and/or storage lanes, stop
approaches, railroad crossings, and
crosswalles.®

Each geometric design aspect studied
had a unique set of driver information
needs and associated delineation require-
ments. 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
gignificantly. Major changes in delineation
treatments can produce measurable changes
in 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. The inability to make direct
comparison was a result of the vastly
different conditions that were present, such
as lane width, the absence or presence of

, and cther environmental factors.

Nonetheless, the studies indicated that
edgelines on tangent gsections 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
mherent 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 horizental eurves and
minimize centerline straddling.®”

The safety and cost-effectiveness of six
delineation treatments for various geometric
situations was studied.®” 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 sophisti-
cated treatments, such as centerline plus
edgeline, or centerline plus PMDs, produced
a decrease in accident rates.

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

roadoray
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Weather and Climate

Prevailing climate and weather
conditions influence the effectiveness of
delineation. Durability of materials and
installation techniques are also 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 FMDs

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 alerts the driver of lane
straddling.

P S B Ta)
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Ammne
Rain does not affect the durability of

pavement markings. Tire action on wet
thermoplastic has been known to clean the
markings. Maintenance personne! 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

P, DRI vy o moanded

the retroreilective tabs gy oc necucu.

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)
previde effective edgeline and roadway
alignment delineation, but are vulnerable to
knockdowns by snowplows.

Fog also reduces a driver’s visibility. No
cost-effective delineation techniques are
adeguate in dense fog. However, experi-
ments with various forms of surface
highway lighting have been undertaken.
Roadway delineation has been improved by
closely spaced, high-intensity, retroreflective
RPMs combined with nonretroreflective
RPMs to create a rumble effect when
passing over the marking. Similarly, where
short-range visibility is a recurring problem,
the gap in a skip line has been decreased in
the problem location so that at least one or
two marking segments are always visible.

(31,32}

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, a thermoplastic product

formulated for the Northeast would not be
-::nnhr-n]’\]o in the gnn‘l‘hwpf-‘.f In CQ]_d
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climates, the freeze-thaw cycle can cause
early failures by weakening the marking’s
bond with the pavement surface.

Summer heat also affects pavement
markings. In parts of Arizona, California,
Nevada, Texas, and other States with hot
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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 chaire of delineatinn treatmantc

CRoaThn WAL LALRAALT Vi LMCAALIV Qv VAL A ULIITIIuLS

and technigues. Traffic volume is important
because average daily traffic (ADT) is often
the major criterion used to select delineation
techniques. For example, rcadways 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 nrovide long-term deli

11
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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.

Low ADT mav indic
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markings alone or in combmatlon 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
A high

hife of delineation matariala A high
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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.

As a guideline for selection, ADT is
loosely correlated with service life. 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 a marking. 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.®®

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

assumptions.

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

Wear of pavement marking maferials is
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.

Service life is a measure 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 havmg been worn
completely from the surface in the wheel

paths.

Markings of conventional traffic paint or
other quick-drying materials should be
renewed when material in the wheel
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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.

Thermoplastic markings retain
brightness and beads and are still
retroreflective until all the material in

.
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Figure 19. Effect of ADT on service life of
thermoplastic markings

the wheel paths has been worn away
from the pavement.

Cost-effectiveness is the ratio of the cost
per linear foot of marking to service life.
The service life is expressed in millions
of vehicles per lane of traffic.

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

Substrate Material

Variations in type and condition of the
substrate determine, to a large 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.®”

Another form of asphaltic concrete is
open-graded, which uses only coarse
aggregate. When applied as a surface
course, it has a high porogity and permea-
bility, as well as a rough 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
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minimizes the time during a rainstorm that
the delineation is ineffective.

Portland cement concrete consists of a
relatively rich mixture of Portland cement,
sand, coarse aggregate, and water. It is
laid as a single course. When properly
designed and constructed, it has a long
service life and relatlvely low maintenance
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 life is of
little value. In general, PCC pavement will
last about twice as long 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 censidering the applica-
tion of long-term dehneatlon. 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

21 LA LAAVID 2RIV T LLIASIUT

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 results in a higher percentage of
dislodged markers.

Implication of Variables

The ideal 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

Sy S |
their general characteristics are described in

the following chapters. Highway designers
must be knowledgeable in this area in order
to specify economical, effective delineation.

The selection and purchase of
delineation techniques and materials is a
recurring activity for highway agencies.
There is no universal delineation configura-
To

tion that equally serves zll needs.

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 perspec-
tive and clarify the rationale used in the
decision process.
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Traffic Painis

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 delinea-
tion technique. This chapter covers the
various uses, materials, equipment,
installation procedures, and other factors
associated with painted pavement markings.

TYPES AND APPLICATIONS OF
PAINTED MARKINGS

Painted markings are classified as either
longitudinal or transverse. They provide
positive guidance by defining the limits of a
driver's field of safe travel, such ag
lanelines, centerlines, edgelines or cross-
walks, 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 definiticns
of the basic types of pavement markings.
This includes 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.

MATERIALS

Conventional traffic paint continues to
provide the nucleus of the nation's roadway
delineation system. Continual improve-
ments 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 a good paint for a
given situation. It includes a review 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 ways to classify paint.
It can be classified by retroreflectivity, that
is, whether glass beads have been added for
nighttime vigibility. Paint without beads
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Table 2. Types of pavement markings

DESCRIPTION

COLOR

WIDTH

APPLICATION

Single
Broken

White

4 in (100 mm)}

Separation of lanes upon which travel is in the same direction, with
crossing from one to the other permitted; i.e., lane lines on permanent
multilane roadways.

Yellow

4 in (100 mm}

Separation of lanes upon which travel is in opposite direction, and where
overtaking with care is permitted; such as centerlines on 2-lane, 2-way
roadways.

Single
Solid

White

4 in (100 mm}

Separation of lanes, or of a lane and shoulder, where lane changing is
discouraged; such as lane lines at intersection approaches, right
edgelines.

6 in {150 mm)

Lane lines separating a motor vehicle lane from a bike lane.

8 in (200 mm)

Delineation of locations where crossing is strongly discouraged; such as
separation of special turn lanes from through lanes, gore areas at ramp

s T e aten
LB

Yo mavad $= -
LIRS, LAY EW LULLLLULELD .

Double
Solid

White

4-4-4 i’

Separation of lanes upon which travel is in the same direction, with
crossing from one side to the other prohibited; such as channelization in
advance of obstructions which may be passed on either side.

4-4-4 i

Separation of lanes upon which travel is in opposite directions, where
overtaking is prohibited in both directions. 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

Broken

Yellow

4-4-4 in’

Separation of lanes on which travel is in opposite directions, where
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 left turn
lane—solid lines on the cutside, broken lines on the inside.

Double
Broken

Yellow

4-4-4 in"

Delineates the edges of reversible lanes.

Single
Dotted

Either

4 in (100 mm)

Extension of lane lines through intersections. Color same as than of line
being extended. Also used to extend right edgeline of freeway shoulder
lanes through off-ramp diverging areas in problem locations.

White

8in (200 mm)

Separation of freeway through lane and auxiliary lane or exit lane.

Transverse

White

12 in (300 mm)

Limit lines or STOP bars; also crosswalk edgelines (minimum 6 feet [1.8
meters] apart) when not in the vicinity of school grounds.

Yellow

12 in (300 mm}

Crosswalk edgelines contiguous to school buildings and grounds; also
optional for crosswalk edgelines located within 600 feet (183 meters) of
school buildings or grounds and, under special eircumstances, within
2,800 feet (854 meters).
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meters) apart, on shoulders or channelization islands to add emphasis to
these roadway features.

" 4-4-4 in indicates width of stripes and gap between them. Metric equivalent is 100-100-100 mm.
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Passing Zone Passing Zone
Both Directions One Direction

) Two-Lane, Two-Way Roadwaye,

Normal Reversible Center Lane Two-Way
Treatment Left—Turn Lane

b} Muitilane Roadways

Figure 20. Typical applications for longitudinal roadway delineation

generally is used for markings not requiring Paint can be classified by whether it is
night visibility, such as parking spaces and cold-applied or hot-applied. The terapera-
curbs. ture at which paint 1s applied has a direct

relationship to drying time which is the
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third method of classification. Drying time
is influenced 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:®”
e Conventional. Cold-applied paints with
a standard value of viscosity. They
require more than 7 minutes to dry.

Fast Dry. Hot-applied paints that dry to
a no-track condition within 2 to 7
minutes,

Quick Dry. Hot-applied paints that dry
to a no-track condition within 30 to 126G
seconds.

Instant Dry. Tot-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 a
hard film. Paint is sometimes classified
according to the base material used in the
paint composition. The base material also
is vital to a paint's drying time. Some
commonly used base materials are oil (alkyd
resin), oleoresin (modified alkyd, drying oil
[dispersion] varnish), rubber base (chlori-
nated 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
Volaiile Organic Compound (VOC) content
of traffic paints employing aliphatic and
other thinners has resulted in increased use
of water-based latex paints in 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
ugually are achieved only at the cost of
increased price and/or drying time.

Alkyd paint is the workhorse material
normally referred to as traffic paint. It is
the most widely used material, and its lack
of durability (less than three months in
harsh conditions) has given rise to the
development of the numerous new
technologies.

Chlorinated-Rubber Paint

Chlorinated-rubber paint is an experi-
ment 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
is the 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 paints in the future.
Currently, the chlorinated polyclefin 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.
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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 a research project.”® The NYSDOT'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 all the installations in
1987 lasted 12 full months, all lasted at
least nine months, including a winter
season.®® This is about three times longer
than the standard paint would be expected
to last under similar conditions.®”

The only problems cited with the
chlorinated rubber paint were its 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.

(38)

Chlorinated rubber paint has a drying
time of 3 to 6 minutes. NYSDOT 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 constanfly
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 (VOCs) into the
atmosphere when they are used. As a
result, State highway agencies are
mandating the use of VOC-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 materials in chapter 8.

Essential Properties

In general, there are two criteria by
which paint performance is judged:
durability and visibility. Durability involves
service life of the painted marking. This is
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.%Y

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

e DBefore 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 casily to application by commer-
cial marking equipment. Clean-up
should be kept simple. It should have a
strong wetting action to permit penetra-
tion of a contaminated substrate, such
as by dirt, oil, or sand. This will help
provide good adhesion.

e Apter 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
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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 h1ghx'x'ray

agencies. Their degree of emphasis in 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

il nt farmnlatinn
nnuence paint iormuaation.

substrate, climate, and traffic characteristics
should be carefully considered when
selecting a paint.

Hamratrar
owever,

Paint Formulation

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

of application.
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Modified alkyd paints, like the paint
used in New York, 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. Medified 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.

Pv{au_y States seek a retrorefl
painted marking with equal performance at
a reduced cost. Some agencies have tried
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. %4142 A
number of States, including California,
Pennsylvania Colorado, and Kansas, have
d.uupucu this palﬂb—ucdu combination and
have reported significant cost savings and
no appreciable loss of effectiveness.

Purchase of Materials

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 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 generie ¢lassification without
gpecifying a brand name or chemical
formula.

Each specification has its own unique
advantages and disadvantages. One study
surveyed 24 States and 15 national paint
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manufacturers.*® 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 composi-
tion 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.“”

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 speecification is normally the
function of the materials or testing
department of each highway agency. In this
process, several 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 is included
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
appears to result in a lower average price
than paint using chemical compound
specifications."*?

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

Testing

The prediction of the service life of paint
is a eritical 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
results.

A major study has been undertaken to
develop an economical and practical
accelerated laboratery test to estimate
pavement marking material durability.
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
laboratory tests, statistical methods can be

(44)
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used to select the least number of tests
required and provide the coefficients for
predictive equations.

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 essentially
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 a way to reduce the
redundancy of testing. The regional test
facility at the Pennsylvania DOT resulted
from a FHWA contract that concerned
material testing the department had been
awarded. Gradually, with encouragement
from the FHWA, the pregram began to
evolve into a regional facility that all the
States in the Northeastern Association of
State Highway and Transportation Officials
(NASHTO) Region could access.

The concept has been extended so that
all the NASHTO States have begun to
coordinate their efforts in 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.®

Similarly, the Southeastern Association
of State Highway and Transportation
Officials (SASHTOY} has created an
organization to promote technology transfer
among its constituents' States. The
SASIITO facility is a more cooperative
venture, comprised simply of an

organizational plan to coordinate testing
efforts of existing highway agencies'
personnel.

PERFORMANCE

A great deal 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. As a
result, a number of paint families effectively
meet agency specifications.

There are three reasons for evaluating
the performance of paint. First, perform-
ance 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 scheduled.

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 a good paint
improperly applied."*® It is also well-
documented that 90 percent of all paint
failures are due to the type of substrate and
the condition of the surface “*

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 usged
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
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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 evaluate 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 0 to 10. A rating of 10
indicates perfect condition and 0 represents
complete failure (that is, no appreciable
paint remaining). Many highway agencies
assume that service life is at an end when
the combined weighted ratings fall to 4 or
below. This is 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 a rating scale with fewer grades

between "perfect” and "complete failure."*®

variables, not _]ust the pamt 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 gquick and simple
formula for service life.

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. Stiresses that cause such
failures arise from the reaction of the
pavement surface to the forward forces and

the weight of vehicles.“?

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

mav include temnarature and hn'm'ur]ltv
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cycling, light radiation damage, chemical
attack by salt and acids (from nitrogen and
sulfur oxides in the air), physical attack by
solvents (such as gascline and oil), tire
studs and chaing, and snowplows.

With so many possible failure
mechanisms, it is not surprising that there

o a "'KT';ACI ] 1 1 3
is a wide 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 Service Life

Although the estimated service life of

mairitad marlsin a £
painied marsings 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 pamte may last well more

41 wr;
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.
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As presented in chapter 3, rcadway
geometry and traffic characteristics will
determine the number of wheels passing
over a certain 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
bitumincus 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 is in
fair condition and is on a stable substrate.

The climate will have a direct effect on
service life of a painted 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
theose 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 durabil-
ity. However, this is not a linear relation-
ship. The additional service life of a
marking thicker than 15 mil (0.4 milli-
meters) 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"
service life 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. This is equally 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 agssumed that the
material chosen would dictate the type of
equipment, in practice the opposite is
usually true. That is, the material is often
selected based on the capabilities of
available equipment. This is 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 contrac-
tor are often beyond available budgets.

This illustrates that compromises must
be made among all elements of the
delineation treatment. Few decisions are
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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
nroner equinment will denend on the gize of
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community, miles of roadway, geographic
characteristics, pavement surfaces, and the
types of markings.

Equipment falls into two broad
categories. The first is the small, self-
propelled, manually-controlled striper with
very low material capacity. The other is the

]'\Ql:‘nrur]11+‘7 muiltilane truck-monntad
neavy-auly, muutiiane, rucg-mounied

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 he self-
contained with a small engine to propel and

nnorata tha alr sommnrogenrs naint and hasd
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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 illustrated in figure 21.

The larger truck-mounted striper is
almost always used for longitudinal
markings
commercially or can be customized fo 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. This is
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needed for the spray equipment to produce
a uniform marking. The striper is equipped
with  special warning lights. Arrow panels
should be mounted on the striper if it i3 not
followed by a shadow vehicle. The front of
the striper is usually equipped with a
device, such as a small caster, that will
enable the operator to follow a target 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
device is not in use. A typical layout of a
large-scale striper is shown in figure 22.

Photographs of some current models of
gtripers are shown in f'crnrr-\ 23,

Two different methods are used to
supply the traffic paint te the spray guns.
In the first, the paint drums are lifted from
a supply truck to the striper by a hoist and
the paint is pumped directly from the
drums to the paint guns. A valve in the
hose permits pumping from either of two

driimes Iri the ceecaond methad naint tanks
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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
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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 supplies air at a lower
pressure to a jet at the paint nozzle to
atomize the paint. Air also moves the glass
beads from the head tank to the gravity-
type bead dispensers. When hot paint is
u:.ed, the ’glaSS beads are appueu pi’u‘:uumu—
cally. Air is also used in control valves for
the paint guns. Some highway agencies use
an air blast just ahead of the paint gun te
blow loose paint chips and other debris from
the area being painted.
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The air supply comes from a compressor
that is driven by a gasoline or diesel engine.
This is 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

£ v en 1 1
of a malfunction.

The air pressure is alsoc connected to the
cleaning system, which is a tank of paint
sclvent 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.

The paint spray guns and bead
dispensers are mounted on carriages
underneath the truck bed; they attach just
behind the rear axle. This is illustrated in

figure 24. The carriages can he 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.
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Figure 21, Small paint application units
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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 a timing mechanism driven by a ground
contact wheel. A typical control panel for
these devices is shown in 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 special
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

/_\ Hest Exchanger m
Paint Tank A4
O Coneoie
Air /_\
Compressor /—\
Solvent Bead Tank
Tank
U Console
Paint Tank
_:l_——_}__ Heat Exchanger
E Hydraulic
Gil Resarvaoir
a) Typical Deck Layout Relief e
Valve
Press
Thermocouple Gunge
Thermometer .J_‘
Fiow Switch I—
Preas Guage i
Hoatar EIP;M'”
Belence - nn
Valves
Overtemp Switch
- &
Diversion l Heat
Sirainer Valve Exchanger
]
b) Hemting System Schematic

Figure 22. Layout of large-scale paint striper
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Figure 23. Truck-mounted paint appl
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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 Florida DOT 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.

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 a range of
ambient to 400 degrees Fahrenheit (204
degrees Celsius). It has been used with
various materials and at speeds up to 20

Figure 24. Paint and glass bead spray applicator

miles per hour (32 kilometers per hour).
Paint drying time, depending on material,

L

Figure 25. Paint control panel
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ranges from 6 to 90 seconds. Cperation is
by a two-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 is a 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 a top course of
beads. Because it is not necessary to clear
the paint lines and spray guns at the end of
a day's work, a full day of marking is
possible, This striper is reported to reduce
bead use by 15 percent and paint by 10

percent over older designs.“”

Missouri, North Carclina, and several
other States have stripers that use a high
fluid pressure (1,40¢ 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
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Crew Size for Installation

Although heated and quick-drying cold-
applied paints de not require protection of
the freshly painted marking from traffic,
slower drying paint materials require some
form of protectlon The type of prote(:tlon

T xxr

The most common form of protection is
traffic 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 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,

Some highway agencies pick up cones
manually. In other States, machines for
picking up cones have been developed. Gne
such machine developed by ADDCO (St.

Figure 26. Coning for paint application

Paul, MN) and marketed commercialiy,
consists of a large 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

b= Ry ‘)‘TO“(" 1‘!771] hh]
ay agencies wiii use oIie o mdore

trucks with arrow boards following the
striper. These following trucks direct traffic
and protect the marking from traffic,
Ixtreme care and caution in these situa-
tions are required to protect the work crew.

Thachar
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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 is
required. A supply truck and operator is
required for most operations. If cones are
needed, another worker is required. The
crew cocrdinator usually follows the striper.
The cones must be retrieved uy 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).
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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 heurs, marking is toc
often started in the morning before the
pavement surface has dried.

Ag in many other fields, quality is often
sacrificed because of the push for increased
production. Shortcuts in 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 a few
additional miles of marking.

Pretreatment of Pavement

Early experience with traffic paints
suggested that better adhesion might resuit
from pretreatment. It was fairly 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 signifi-
cantly increasing durability. Applying a
light coating of paint without beads as a
sealer on new pavement surfaces has proved
a successful practice used in some States.

The first (primer) coat, laid at 4 tc 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. It
also improves adhesion on PCC.“®

Another problem is inadequate 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, a wire 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 a regulator on the air supply.
It appeared that optimum brushing occurred
when the brush was at its highest speed
(600 revolutions 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 sclvent-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 is to use a string or pieces of
pavement marking tape and make spots
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approximately every 5 feet (1.5 meters).
When working in traffic, the workers
applying premarkings must be protected
with signing, flaggers, and lane closures.
Ancther procedure is to 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).

Figure 27. Premarking technique

For resurfacing jobs, a temporary 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 a guide. This
method has proven itself in the past.

If a pavement marking has been
obliterated by resurfacing, FHWA policy
requires that markings be in place before
the roadway is opened to traffic. In some
States, heavy dribble lines are placed to
serve traffic until the surface is cured and
the standard markings can be painted. If
used, dribble lines should not be more than
3 inches (7.6 millimeters) wide, se that they

can be completely covered when the
standard marking is applied. Use of dribble
lines is discouraged by the FHWA, however.

Scheduling of Marking Activities

Proper maintenance requires repainting
of markings when the contrast, base film, or
retroreflectivity is lost. 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 crews is also important. Materials
must be selected, purchased, and stored.
Equipment must be serviced and main-
tained to ensure proper operations and
prevent breakdowns while on the road.
Trained crews must be available and
appropriately scheduled.

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

Other highway agencies may prefer to
schedule remarking based on night
inspection of the various facilities. In some
cases, residential streets and other low ADT
roadways are simply marked on a periodic
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
markings is, at best, an inexact science
vulnerable to subjective judgement and
budgetary pressures. Several highway
agencies have reported that overtime cost
for night inspection cannot be justified,
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especially 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 a variety of delineation
materials. These two criteria are considered
equally important for scheduling remarking
activities.

The weather patterns of the area
determine, to a large 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
maintenance, new markings may have to be
removed. This is an expensive mistake.
Unfortunately, this type of oversight is a
COMMON OCCurrence.

This is 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 Materials

Traffic paint is usually furnished in
accordance with a highway agency's
specifications. It is tested at the factory,
placed in sealed containers, and shipped
ready to be used. The size of containers is
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 a green film on the top and along
the edges of the container. This discolora-
tion, which disappears immediately upon
mixing, is of no significance in the perform-
ance of the paint. However, sometimes
traffic paint will contain "skins." Specifi-
cations usually require the lining of traffic
paint containers to be resistant to the
solvent and prevent skins from forming. A
skin might form as a result of a manufac-
turer using the wrong materials for liners in
paint containers. This lining will loosen
and form skins. Paint containing skins of
this character should not be used, and
arrangements made to return it to the
vendaor,
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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 is intended 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 3C-gallon (114-liter)
drums, and bulk paint storage versus drum
storage."¥

Several 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) drums in lieu of 30-gallon
(114-liter) drums resulted 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 alene 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 due to 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 the
initial savings.

A real potential for saving appears to
exist in the bulk paint storage concept.

Traoaihl +
Possible cost saving, as well as the ability to

store large quantities of paint in a small
area, make the bulk storage method an
attractive alternative.

Removal of Painted Markings

Every highway agency needs to provide
a capability for removing existing markings
that no longer define the safe path of travel.
The difficulties involved 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 York State

DOT investigated the traditional methods of

pavement marking removal.“* 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 kilepascals)—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 pressure is
too high. This procedure is 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
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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 alters pavement surface texture

and appearance and may even gouge the
surface, thus creating a scar in place of the
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obhterated marking. Grinding was 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 sguare inch (13,700 to 20,500 kilo-

pascals)—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

Mhe shlitoaratad maint hande
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remain bonded to the pavement surface,
creating a scar. A wire brush removes some
of thig 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
1t may still be visible after three months.
As in any burning method, asphalt
pavement and preformed expansion jo
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 a simple 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 a wire brush. After a few
weeks of weathering and traffic wear, this
scar normally blends into the surrounding
pavement and is ne longer visible. The rate
of removal varies with the thickness of the
marking. Up to 20 mil (.58 millimeters) of
a typical alkyd-chlorinated rubber paint
marking can be removed each pass at a rate
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 a rate 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
Ionger evident. This method is less 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 a long equipment train and
is confined to temperatures above freezing,
is slow. However, some promise has been
reported for removing painted markings
from asphalt pavement.
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Sandblasting. One of the more widely
used methods for marking removal,
sandblasting achieves fair 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 a large
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 still visible
under certain conditions (low angles of
illumination) due to preferential reflection
from the two contrasting surfaces—the
painted marking and the adjacent road.

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. Becauge 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 te asphalt
and the resulting scarring is barely
noticeable. Sand deposited on the pavement
should be removed to prevent drainage
problems or a traffic hazard.

New Techniques

A new method similar to excess oxygen
burning was developed by an independent
contractor a few years ago. It consists of a
specially designed burner to combust
propane and oxygen in a wide flame
composed of a large number of separate
tips.®® After combustion, the marking is
treated with a mild scarifier. The field tests
indicated that use of the cooler flame
results in scarification and more damage to
the pavement than excess oxygen burning.
Field experience has been limited.

Table 3. Effectiveness of removal methods

Removal method Paint Thermopiastic Epoxy Plastic Tape Foil Tape
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
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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

- 3 rn;aa '1’\ C'mﬂ]1 nnn}n
showed significant promise in small-scale

tests but has not been used in large-gcale
application.

INSPECTION

Inspection of painted markings is vital
for cost-effective applications. Inspectors
must be on the job site to ensure that the

i} +ha
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 specifica-
tions. The main points for inspection of
painted markings is discussed in this
section.

ey [ YR TP [ . e

T
Pl. CAPFIFIICAPIUIL LS POULIUILDS

Before application, the inspector must
check the following:

e 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

J.].l.d.bﬁ.l’. J.d.ib

The material being applied
will dictate the pavement cendition
requirements. It is most important that
the pavement be clean and dry. 1If
marking is 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 manufac-
turer's recommendations. Table 3 gives
typical 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:

o 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
slightly based on specific material
formulation.

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

o DMaterial 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,
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involve handling of potentially
hazardous solvents or cther materials.

Postapplication Inspections

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 a micrometer. 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
(VOCg) in ocil-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.®

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 developed are
discussed here.

State and Local Regulation

Following the lead of the Environmental
Protection Agency and the latest research,
the States have begun their own programs
for instituting regulation of the environ-
mental hazards created by marking
activities. States that have dene the
majority of the work to date have been
those with a serious pollution preblem, such
as California (Los Angeles) and New York
(New York 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 sclvents, such as toluene,
led to the development of a Model Rule in
California for the contrel of hydrecarbon
emissions. Approved by the California Air
Resources Beard in July 1977, the Rule
prohibits selling or applying any coating
containing more than 250 grams of VOCs
per liter of coating (1.92 pounds per gallon).
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This ruling became effective September 2,
1982.%¥ 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 VOC
emissions to 600 pounds (272 kilograms) per
day. This limits the application of solvent-
based paint to 175 gallons (662 liters) per
day for each marking truck.

The trend to restrict the volume of
VOCs in 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 alsc using
materials with solvent ratios, such as water-
based or epoxy coatings.

Hazardous Materials

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

Lead-Based Pigments

In addition to the hazard created by the
solvents used in traffic paint, there is
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.®?

The research found that it was simple to
match the yellow color required for traffic
paints with a lead-free pigment. However,
in an exposure test with a lead-based
pigment as a control, only the lead
chromate pigment retained a positive yellow
color after an appreciable exposure time.

Table 4, Application characteristics for inspection

Recommended Temperatures No-Track Typical
F) Time" Thickness
Marking Material Pavement  Air Material | (Minutes) (Mil)
Alkyd or Modified >50 >50 120 7 or more 15
Alkyd Traffic Paint
Chlorinated-Rubber 55-85 55-85 110-130 3-6 15
Paint
Note: These are typical values only, for standard applications. Actual experience varies greatly

depending on material type and formulation.
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Thermoplastic Materials

CHAPTER 5. THERMOPLASTIC MATERIALS

INTRODUCTION

The search for highly durable markings
as an alternative to conventional traffic
paint has been under way for more than 20
years. The growing popularity of thermo-
plastic has been attributed to its readiness
for immediate use, superior 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
thermeplastic should not be used as
transverse markings because oil drippings
tend to dissolve them. This limits their use
for crosswalk or stop bar applications. The
decision to use thermoeplastic 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 care in
their application. Changes in marking
patterns should be kept to a minimum.
Maintenance programs, permit work, and
utility repair programs are examples of
projects that may disrupt the marking
gschedule. All these possibilities should be
considered for the roadway that is to be
marked. This will help avoid installation of
thermoplastic on a roadway that will be
resurfaced soon after marking.

There are several 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,
there is an advantage t¢ having constant
delineation on the road, as opposed to a
short-lived paint. With a nondurable
material, a significant fraction of the
marking cycle takes place when a marking
is no longer adequate and the roadway is
simply waiting to be marked.
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Various agencies have reported that
thermoplastic markings typically last 3 to
15 times longer 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 retro-
reflectivity, for a minimum of three to six
years. By carefully selecting material and
application technique for a given instal-
lation, 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.

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.

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

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

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,
a typical range is as follows:

Binder 15 to 35%
Glass beads 14 t0 33%
Titanium dioxide

(Ti0,) 8 to 12%
Calclum carbonate

(or other inert filler) 48 to 50%

Types

Thermoplastic materials are classified by
the type of binder used. Two materials
receive the majority of use in current
applications. Alkyd-based thermoplastic
markings have probably the largest variety
of uses. They use synthetic alkyd resins for
a binder. For this reason, 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 organie compounds as a
binder.
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Properties of Thermoplastics

Thermoplastic materials are, by
definition, materials that can be heated to a
liquid state, reshaped, and cooled to form a
new 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. Retrore-
flective glass beads were premixed in the
base material and a top 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 a limited level of wet
night visibility. The thick markings

extended above the surface water film,

CavTilatia s vl aLiillavte

negating some of the focusing effects of the
film. This water film forms on wet roads,
causing markings to lose their retroreflec-
tive properties. The physical mechanisms
by which this phenomenon occurs, and how
it affects retroreflectivity, are discussed
more thoroughly in chapter 2.
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s had
problems. Performance was erratic on PCC.
Poor bonding and the formation of blisters
within the marking were problems in high
snowfall areas. Because of the poor bond,
snowplow blades severely damaged the
markings, especially on PCC.*¥ Many of
these problems were due to a lack 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
performance of thermoplastic is the lack of
quality control over temperature 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.
Inadequate temperatures may not melt the
material fuily, 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.®”
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. As a result,
thermoplastic markings have changed and
evolved. In addition to improvements in the
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base thermoplastic materials and primer,
modern equipment has made control of
application variables much more precise.
Hot-spray application may sclve 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 delinea-
tion at night on wet roads. This section
will discuss methods of measuring the
performance of thermoplastic markings.

Service Life

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 dura-
bility.®*® 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.

The variety of opinions, procedures, and
experiences implies that the service life of
thermoplastic markings depends on the
installation 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 a number of years, there is
little agreement on their service life. Their
excellent durability is established. However,
establishing an expected service life for a
particular material on a particular roadway
is difficult. There are too many factors
influencing performance to permit an
average service life to be predicted with any
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Figure 29. Average thermoplastic life
vs. annual snowfall

confidence. Figures 30 and 31 express
average service life as a function of volume
and the durability of material as a function
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 30. Life of thermoplastic markings
as a funection of volume

The remaining thickness or the
percentage of retained area are the most
common measures of service life. For
example, the marking is assumed to be
ineffective when the thickness falls below 10
to 15 mil {(0.25 to 0.38 millimeters). The
longitudinal loss of area is used more often
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Table 5. Warranty requirements for thermoplastic

Vahicies Pzasing Per Lane, Millions

Figure 31. Performance of thermoplastic
markings as a function of traffic flow

in determining service life, as well as loss 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.*” The failure
is 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. Thermo-
plastic is considered impervious to deicing
chemicals and sands.

One survey of State highway agencies in
a 1969 study reported a wide variation in
thermoplastic performance and in agency
expectations.®” 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.

The Texas Transportation Institute
developed the following technique for
determining percentage of thermoplastic
retained.®” 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.
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Edge loss is loss 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
along the edge.

Nominal
| Width

Length of Loss Along Edge
1
b

”L L”

Minimum
Remaining
Width

I!wu

HRH

Edge Loss = L, = 1/2(W - R) L,

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

Remaining Length "Lg”

[T

{ Nominal Length "L~ !

Nominal
N, Width

Hw“

Fnd Loss = L, = (L x W) - Ly x W)
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Center loss is defined as any loss of
thermoplastic that extends entirely across
the marking between its two ends. The loss
is determined as the length of loss along the
centerline multiplied by the nominal width
of the marking.

”LLM
Nominal

"W Width

Center Loss = I, = (I, x W)

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

uL L!!

"WL“

Interior Loss = L, = L, x W,
Total Percentage Retained Calculation:
Total Loss = L, + L, + L, + 1,

% Retained = Nominal Area - Total Loss ¢ 19
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. Thermo-
plastic probably requires more care for

installation, maintenance, and removal than
any other material. The most important
concerns for proper handling of this
material are discussed below.

Installation

Thermoplastic installation is a delicate
process. The high temperatures involved
and the material’s extreme heat sensitivity
require that a high quality control level in a
thermoplastic 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 is
important for a good bond. Experience
shows that adhesion on AC pavements is
improved 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
York State Department of Transportation
(NYSDOT), with a number of other
agencies, reported no difference in perform-
ance with or without primers when applied
to AC pavements.®® 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 NYSDOT specified the use
of epoxy primer on PCC. The large,
autemated, hot-spray equipment used in
California is equipped to lay a two-
component epoxy directly ahead of the spray
thermoplastic.** The most commonly used
primer in recent years is an epoxy resin.
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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.®
Failures have been reported when the
primer was too dry or wet. One specifica-
tion 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.

There is also little agreement on
whether thermoplastic should be applied
over paint. There is 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 recom-
mendations. Yet 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 pave-
ment is the better method of pretreatment.
There is 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 recommenda-
tion. One study recommends 2 mil (.05
millimeter) as adequate.®®

Storage and Field-Handling of Materials

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 pallets in a
dry 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 iz 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 also differ for
use in 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
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techniques. In selecting the most appro-
priate thermoplastic materials, consider the
physical requirements for each application
to achieve a proper bond, as well as the
equipment and staffing requirements.

The type of installation (transverse or
longitudinal markings), type of facility
(arban or rural), type of pavement,
magnitude of the instailation, and other
project characteristics will influence the
method of application. For example, a small
intersection project to install crosswalks or
stop bars will differ from a major improve-
ment project in which delineation markings
are a line 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 thickness is
125 mil (3.2 millimeters).

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

Ribbon extrusion, more common cn
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

The development of the hot-spray
application technique for thermoplastic is
considered by many to represent a
significant breakthrough in delineation
technology.®” The spray process differs in
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
traffic in 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 tempera-
ture in 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 paddle to keep the thermoplastic
from segregating or scorching. There is also
a spigot and die, and a bead hopper and
dispenser. In one design, the striper is
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Flgure 32. Small thermoplasnc application
equipment

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). An
infrared 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
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Small-scale

stripers have an average capacity of about
12 gallons (45.4 liters) or about 100 pounds
(45 kilograms) of molten thermoplastic.

Truck- or skid-mounted thermoplastic
stripers are self-contained units with large
melters, automatic agitators, heaters,
electronic controls, intermittent timers that
control the flow of spray to form zolid or
broken markings, material dispensers
(extrusion die or spray nozzle), bead
hoppers, and bead dispensers. Large-scale
stripers range 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,
a number of highway agencies that prefer to
purchase medium-sized stripers and conduct
their own marking activities, with assist-
ance 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 a
function of thickness, thicker markings will
last longer but require more material,

more cost. It can be argued that this
extended service life may outlast the
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s X :
Figure 34. Loading and extruding
thermoplastic

retroreflective properties, and, in some
cases, the pavement itself. The value of a

6- to 10-year service life is minimal if the
pavement is subject to resurfacing during
this time. Similarly, bead loss may render
the marking ineffective at night beforé this

time elapses.

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 applica-
tions 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) is
desired. The spray process is best suited to
applications of 9¢ mil (2 3 millimeters) or
less. The thinner coatings have genera 1y
performed well an
effective.

iy LITIES have generaily

co
d usually more cost-

Proponents of thinner applications (40 to
60 mil/1.0 to 1.5 millimeters) report
acceptable retroreflectivity and durability
over service lives of 3 to 4 years. Material
costs are lower, application is faster, and
damage from showplow activity is less.
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.®”

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 technologies have made use of a
much 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
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advances, the most cost-effective technique
is probably a spray process with a combin-
ation of intermix beads and large drop-on
glass beads.

When selecting a thickness for a

thermoplastic marking, there are a myriad
of variahles to he considered. A thicknecs
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must be selected that will enable the
marking to perform especially well in the
environment for which it is intended. T¢
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 achisve cost-

effectiveness.
Maintenance

One of the advantages of thermoplastic
is its durability. Depending on the material
used and the roadway characteristics,
thermoplastic can provide virtually

mal linaatinmn far vaara
maintenance-free delineation for years.

Some of the maintenance concerns related
to thermoplastic are discussed below.

Staining

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 seif-
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 ¢leaning the

markings by washing with a mild detergent.

Patching

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

Replacement

When thermoplastic markings are no
lenger effective and must be replaced, it is
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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 a larger 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.

In some cases, thermoplastic 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 still 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, there
is no available information on the perform-
ance of 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 hot

AT AE RAL UAL

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 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 thermo-
plastic. In this case, the hot flame melts
the thermoplastic, and the molten
thermoplastic is removed with a straight
hoe. Subsequently, the residual marking is
reburned and the burned residue is brushed
away leaving only a slight indication of
where the marking had been. This will
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 technologies 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
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should be tested for dryness, using the
litmous 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,
ﬂ]d nmnf nilg. and othar eontaminante

1nc1ude sandblastmg, airbiasting, hydro-
blasting, brooming, acid etching and
grinding. Some agencies report no
precleaning requirement for bituminous
pavements. The most appropriate technique
depends on the condition of the surface and
whether any residual 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

The pavement should be dry with no

surface dampness, dew, or subsurface
wethess

AT .

marking is too often begun before the
pavement is sufficiently dry for application.

m rhantnr A
As mentioned in chapter 4,

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

Arncrrata
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

Thn gama annli [P, [ N

grinding. The same appiies to PIElIargings
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that were applied with a top 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 is too low, the material will cool
before it has had an opportunity to bond
with the pavement. If the wind chill factor
is below 45 degrees Fahrenheit (7 degrees
Gelsius), thermoplastic materials should not
b& 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. This is 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 a tempera-
ture of at least 55 degrees Fahrenheit (13
degrees Celsius). This may be measured
with a standard surface temperature

Lllb‘,!. fESLEIRALS L-eI'
Material 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 ulgu temperatures required for thermo-
plastic 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
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between 425 and 435 degrees Fahrenheit
(218 and 224 degrees Celsius).

Fa Y

.
ner

Tests

Other than pavement pretreatment and
temperature concerns, inspection of thermo-
plastic markings is 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 micro-
scope 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.
This table is taken directly from manufac-
turers' literature for correcting problems
that occur with their materials.
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Table 6. Common problems with thermoplastic

If Line Appears:

Problem Is:

To Correct:

Smooth, shiny,

No beads in marking, resulting in no

Repair bead applicator

glossy retroreflectivity, caused by bead gun o Increase bead application rate
malfunction e Move peint of bead
application
Smooth, with slight | Drop-on beads sunk too low, resulting in e Increase bead application rate
dimples lower retroreflectivity, caused by material s  Cool material, staying above
being too hot 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 o Move point of bead
application
Cratered Beads popped out, resulting in lower ¢ Ensure thermoplastic
retroreflectivity, caused by material being temperature is 425-435
too cold and/or poor bead adhesion Fahrenheit
Rough around Inconsistent bond, resulting in less e 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 edge is not well- e Ensure thermoplastic
irregular edges defined, caused by material being toc hot or temperature is 425-435
too liquid, application pressure being too degrees Fahrenheit
high, extrusion gate open too wide, and/or e Adjust application equipment
road surface being too uneven e Slow application rate on
rough surface
Greenish yellow Scorching resulting in thermoplastic e 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 e Perform moisture test
trapped air, all of which weaken bonding o If moisture is present, STOP
OPERATION
e If moisture test is negative,

determine if surface is open-
graded. To avoid air
entrapment on open-graded
surfaces, slow application rate
and ensure thermoplastic
temperature is 425-435
degrees Fahrenheit.
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If Line Appears:

Problem Is:

To Correct:

Lumpy

Charred material or unblended pigments
and filler resulting in lower durability

Determine problem by
removing a lump from the
melter and cutting it open

If the lump appears burnt or
dark in color, material is
charring inside heating
system. Remove all visible
lumps from melter and screen
material before applying

If the lump appears grainy or
unmized, the resin and/or
pigments are unmelted. Hold
the thermoplastic in the
melter at 425-435 degrees
Fahrenheit until the Jumps
dissolve

Stretched or pulled

Inconsistent bond and poor durability
caused by material being applied too cold
and too rapidly

Ensure thermoplastic
temperature is 425-435
degrees Fahrenheit
Adjust application speed

Scarred or gapped

Weakened bond caused by charred material
or a rock drug through the marking

Remove lump from melter
and cut open to determine if
the materials is charred. If
so, remove all visible lumps
and screen material before
applying

Clean Surface

Uneven at
beginning or end of
marking

Poor appearance, cut-off not sharp because
applicator is not adjusted correctly

Adjust applicator
Ensure thermoplastic
temperature is 425-435
degrees Fahrenheit

Too much dribbling
between skips

Poor appearance caused by poorly adjusted
applicator

Adjust applicator
Ensure thermoplastic
temperature is 425-435
degrees Fahrenheit

Marked by tire
tracks

Road opened to traffic hefore thermoplastic
has cured or an insufficient amount of
beads has been used

Keep traffic off of marking for
longer period of time
Increase bead application rate
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Preformed Tapes

CHAPTER 6. PREFORMED TAPES

INTRODUCTION

Hot-applied thermoplastic materials
require a high temperature to achieve a
molten state for application. This 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
durahility.

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 also supplied in sheets from which
special shapes, forms, or letters can be

customized.

USES
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used for crosswalks, stop bars, words and
symbols, and other specialized treatments.
Some local agencies have also indicated a
preference for preformed tapes as center-
lines and lanelines in areas of low traffic
density. As with the hot-applied thermo-
plastic, 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 are ideal 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 as inexpen-
sive for these applications as other
materials. This is 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. 60

Preformed tapes are nearly always
fabricated as roll or sheet stock in a factory.
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
beads is often included for retroreflectivity.

While preformed tapes have been cited
by some highway agencies as having very

WLSLLAY Aiagnas pEiialic 4o LAV ilig

good abrasion resistance, other agencies
complain that preformed tapes distort in
areas with heavy turning mevements.®?
Preformed tapes must be applied in areas
where a good bond can be ensured.
Application procedures must be strictly
followed. Clean pavements are more
important for preformed tapes than for any

gther 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.
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Cost Considerations

Preformed tapes cost more per linear
foot than any other marking material.
Contract prices for instaliation in New York
in 1984 were found to be about $1.25 per
foot ($4.10 per meter).“” This compares
unfavorably with $0.04 per foot ($0.013 pe
meter) for paint, Thermoplastlc is only
about $0.32 per foot ($1.05 per meter).

A comparison of expected costs and
service lives should always 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.

Huminated Streets

Preformed tapes often do not provide
adequate retroreflectivity throughout their
whole service lives, This fact, 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

Aol LU ALIVAL VL Slllaldl

of marklngs is needed, are cost-effective.
Tapes used in these areas have geod
durability, and urban markings are
generally on well-illuminated streets.
Installation of tapes is 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
thickneacs and mathad of adhesion to the
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pavement.
Permanent
Permanent preformed tapes are any

inlaid installation, or a thick 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
a top surface coat of glass beads. It
generally has a thickness of 60 or 90 mil
(1.5 or 2.3 millimeter). It is precoated with
nrocolIra_cancitirn hacicrn fhr anl
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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
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areas where immediate chIULUueLLIVlEy is
required. Standard thickness of these films
i1s 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

Tcmporary 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 is its 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 a roll-up
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device without the use of heat, sclvents,
grinding, or sandblasting.

The material consists of a single layer of
pigmented binder and glass beads applied to
a backing layer of metal foil.®” These foil-
backed tapes range from temporary tapes
with high initial brightness but low
durability te 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' performance is
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.

Retroreflectivity

tapes, though highly durable, have not been
cost-effective is their lack of good retro-
reflectivity 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.

One of the main reasons that preformed

Some highway agencies have searched
without success for a tape that provides
adequate retroreflectivity.®*%? 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's initial 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 York State
Department of Transportation (NYSDOT})
attempted to identify the surfaces upon
which preformed tapes performed well.®”
Their experience resulted in several

Tnlaid m 1
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 be installed 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
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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. Finally, both
abrasion and adhesion failures are acceler-
ated if the tape is installed over asphaltic
concrete in a deteriorated condition.

fail v
I4LUIres are more

INSTALLATION AND REMOVAL

The value of preformed tapes is their
extraordinarily simple installation and
removal procedures. Special or complex
equipment is usually not required for
installation. Sometimes a rolling applicator
device is used for longitudinal marking
applications. A paving rolier often is
employed to ensure even contact with the
pavement, thug 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.
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b) Overlay Method (For Existing Asphalt and PCC Surfaces)

Figure 36. Basic methods of installing preformed tapes

Inlay Method

The inJay 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 is rolled firmly into
the asphalt during the final compaction
while the asphalt is still warm (at least 130
degrees Fabhrenheit/54 degrees Celsius).
This operation is normally performed using
a paving roller.“”

For Iongitudinal markings, a tape
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. The
roller 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 perma-
nent 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. This is true also for
intersection markings with heavy turning
movements. The markings are positioned
initially by simply stepping on them and
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creating slight adhesion to the pavement. A
light hand-roller (or vehicle tire) 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.

Temporary

For construction or maintenance jobs
that require the temporary delineation of
new or altered travel lanes through the
work zone, a thinner, self-adhesive tape can
be applied directly on the pavement. Two
forms of temporary marking tape are
available. One form is intended 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
include its high retroreflectivity. It can be
installed quickly by a two-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 a special formulation of pliant
polymer preformed tape used with a
propane torch to create a pavement bond.

The installation process is simple. The
markings are laid out in their proper
locations and heat is applied to their top

Figure 37. Installation and removal of
cold-applied preformed tapes

surfaces with a propane torch. Pave-Mark
claimsg 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.
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Symbols

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

Removal

Removal of preformed tapes is 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. I a good bond was
achieved upon application, few methods to
remove the material are effective, particu-
larly if the material has been in place a
long time.

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

scraped from the pavement.
Temporary

Because temporary tapes do not have
strong adhesives, they are very easy to
remove. They simply are gathered up on a
simple mechanical roller, or can usually be
torn from the pavement hv hand. There are

no special factors or eqmpmen’c to be
considered.

INSPECTION

Permanent preformed tapes are
composed of basically the same materials as
hot-applied thermoplastic markings. Many
of the inspection characteristies for thermo-
plastic are similar for preformed tapes. In
fact, the stripping and peeling often
associated with preformed tape installations
make the percentage of material retained
caleulations 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 areas.

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
ingpect and identifv sections of temporary

ingpect and identify sections of temporary
preformed tape could not be implemented
quickly enough to provide any benefit before

the installation's lifetime has expired.
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Raised Pavement Markers

CHAPTER 7.

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 logs 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 a result of research, raised
pavement markers (RPMs), retroreflective
and nonretroreflective, have emerged as a
highly effective alternative. As can be seen
in figure 38, RPMs provide excellent night
visibility. This chapter addresses the uses,
types, and characteristics of RPMs in use
today and those planned for the future.

USES

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

The same principles that govern the use
of painted markings are used for RPMs in
terms of color, application, and configura-
tion. 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

RAISED PAVEMENT MARKERS

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 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 fizures 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 several 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. Retroreflec-
tive RPMs are interspersed to provide night
visibility where there is no overhead
lighting. The higher initial cost of a
complete 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
RPMs in conjunction with painted stripes
for longitudinal delineation. Because
retroreflective RPMs provide increased
visibility at night, especially during rain,
they are particularly desirable at high

85




ith RPMs

ime visibility w

g o

Ni

rure 38.

1g

F




Raised Pavement Morkers

"‘r—z¢<>oo~&‘<>0H|l

Symbois

White Stripe

Two - Way Yeilow Raised Pavement Marker
Two - Way White Raised Pavement Marker
One - Way Yellow Raised Pavement Marker

One - Way White Raised Pavement Marker

Mon — Retrorefiective Yellew Rzaised Pavement Marker
Non - Retroreflective White Raised Pavement Marker

White / Red Raised Pavement Marker

Yeilow 7/ Red Raised Pavement Marker

Nerma! Spacing

Length of Transition / Taper

Directional Arrow

Figure 39. List of symbols
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—/2 < [/ —/ < 3

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

e

E:I O :I I"_".':I <> [
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b. Passing in one direction (2—La, 2—Way)

<> <>

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

Recommended RPM spacings for Code:

Horizental Curves: <> Two—way RR yellow RPM
2N — D is 3" or less 1 RR yellow stripe

N — D is greater than 3" but less than 15°

N/2 — D is greater than 15°

FIGURE 40. Use of RPMs to show Roadway
Alignment on Tangent Sections and
on Herizontal curves.
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a) RPM System (2—La, 2—Way)

i2m - 24m
(40") ~ (80°)
<> ™ <> or <> 1 | SR <
sm | 3m| sm 5m | 3m| om | 3m| sm
(s (107 (15" (157 (10" (30" ‘(10 (15)

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

!"‘733)"1 100 mm (4™)

O 000 O 00 0 O
C 00000000

LU

¢) RPM System (Multi—La, 2—Way)

g - }
1 - j
50-75 mm <> < < < <>

(2~3") ] : — — 100 mm (4")

AR > o 2 C O &

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

Code: O Non—Refl, Yellow
<> Double Yellow
3 Yellow Stripe

FIGURE 41. Centerline Patterns
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a) RPM System
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b) Combination RPM/Stripe System

Y e —

e
—1 < \N\N<®p 1 <& 1 < 1< I | ]
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3 /8N —f=e- =t 3 /8N e T
i L._>_1000, 1

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

N
i .
PFOOCO SN S XeoReNe, BF0O0O0
Alﬁlﬁ
N/12 L Sy [
1/4N o - 3/4N ——— =]
- L > 1000’

d) RPM System in Advance of Exit Ramp

Code: | Refl single white 1 White stripe
< Refl white—red vl Direction of Traffic
C Non—refl white

FIGURE 42. Lans Line Patterns
20




1
— 50-75
< T} T 97T (=3 mm

a) Combination RPM/Stripe for Left Edge Line
(RPMs normally not recommended for right edge line)

N/2 N/2 ‘—l

< T T @) < © © O <

et I e

b) RPM System for No Passing Barrier

r

1

50-75 mm
: : T a9
o

c) Combination RPM/Stripe System for No Passing Barrier

Code: < Refl Single Yellow
O Non—Refl Yellow
L3 Yellow Stripe
.

Direction of Traffic

FIGURE 43. Marking Patterns for Solid Lines
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hazard locations, such as exit ramps, bridge
approaches, lane transitions, horizontal
curves, and construction zones.

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 retrore-
flective RPMs convey the message "wrong
way." Blue retroreflective RPMs are used
by towns and cities to indicate the location
of a nearby fire hydrant.

Considerations for Application

RPMs have the following advantages
over standard painted markings:

e Retroreflective RPMs provide increased
retroreflectivity under wet weather
conditions.

® Both retroreflective and nonretro-
reflective RPMs are more durable than
painted lines. HReplacement is much less
frequent and repainting operations
under heavy traffic conditions can often
be avoided.

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

¢ The capability of providing directional
control of retroreflected color permits
their use in conveying a wrong way
message.

e Nonretroreflective RFMs can be used as
transverse rumble stripes.

The principal disadvantage in using
RPMs is their high initial 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
is only 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 developed
that has demonstrated some effectiveness in
resisting snowplow damage. The types,
capabilities, and features of RPMs currently
in use are described under Materials.

Guidelines for Application

Part 3B of the MUTCD provides
definitive guidelines for road markings in a
variety of situations.Y The Traffic Control
Devices Handbook has a similar section on
the application of RPMs.®® Guidelines for
applying RPMs are presented in figures 44
through 50. Since policies may differ among
agencies, the patterns shown are dimension-
less. 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 ¢) four-lane roads.

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

Figure 46 presents marking patterns for
intersection appreaches, 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
a) 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 a
three-lane road, b) center lane of a five-lane
road, and ¢) 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); ¢) two-
lane, two-way road (more than 14 days); 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;
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 RPMs of a spacing of 40 feet (12
meters) supplement painted lines. That is,
a retroreflective RPM is placed midway
between each 10 feet (3 meters) paint stripe,
as shown in figure 50b and c.

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

Special Locations

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).®* 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 ingufficient. 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 bhoth 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 less is ideal; for curves greater than 15
degrees, spacing of 20 feet (6.1 meters) is
recommended (see figure 40c¢ for example of
application). Visual observations indicate
that two RPMs may be needed to provide
adequate delineation for locations with
curves greater than 20 degrees. The
mixture of centerline and edgeline RPMs
appears tc be confusing on some sharp
curves.

RPMs significantly reduce instances of
erratic maneuvers in two-axle vehicles with
and without the presence of overhead
lighting. This effect especially is

93




Chapter 7

pronounced through painted gores at exits
and bifurcations.

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

RPMs 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 all
loeations,

MATERIALS

A number of concepts have been applied
in developing a low-cost, durable RPM. The
RPM should 1) provide both day and night
visibility at least equal to that of a
retroreflective painted stripe, 2) be highly
vigible 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 a wide range of capabilities. No one
type of RPM satisfies all the capabilities
mentioned above. Size, shape, retroreflec-
tive properties, and materials used are
considered when selecting a RPM. There is
a trade-off between performance and cost,
but it is not linear. After a certain 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 California in 1954.%% They
were cemented to the pavement with epoxy
adhesive, one each in the center of the 15-
foot (4.6-meter) gap of a skip 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 alterna-
tive te 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 developed
around 1955 te 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. It also allowed one- and two-way
delineation.

More recently, developments in precision
molding technologies have made possible a
trihedral angled mirror (cube-corner)
retroreflector to use with the wedge-shaped
RPM. In this system, three mirrored
surfaces are arranged at 90-degree angles.
They receive the rays of headlights on one
of the three mirrors. ¥From there the ray is
reflected to a second mirrored surface, and
then to the third. This results in the ray
being returned in exactly the opposite
direction from which it entered. These tiny
tri-mirrored surfaces are arranged as shown
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< Single Yellow ===  Direction of Traffic
< Double Yellow
FIGURE 44. Marking Patterns for Two—Way Roads
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N/2

IL—N-{I —=] - = N/2 N N ottt — N —o]

b) Four Lanes to Two—Lane Road — Left

For speeds 45 or more

L=SxW
For speeds 40 or iess

Code: N Normal Spacing L= WSs?

< Single White 60

< Double Yellow L = Length in Feet

C——1 Yellow Stripe S = 85th Percentile Speed

1 White Stripe W = Offset in Feet

«—@ Direction of Traffic

d = Advance Warning Distance (See Section 2C—3)

FIGURE 45. Marking Patterns for Transition Situations
96




- N /2-owtes- N /2-amiem- N /2-wta-N /2-l

a) Two Lane, One—Way Road

Letsesssnsns

=N /2 N/2 N/2 N/2‘l + local ordinance may require \i

a no—passing barrier in
advance of intersection

b) Two Lane, Two—Way Road

Code: Refi Red—White
Single White
Double Yellow
Yellow Stripe
White Stripe

Direction of Traffic

mﬂow

FIGURE 46. Marking Potterns for Intersection Approcahes
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c) Four Lanes, Two—Way Roadway

Code: <> Refl Red—White
Single White
Double Yellow
Yellow Stripe

JIILE

FIGURE 46. Marking Patterns for Intersection Approaches (continued)
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passing 2o me

Ne a) Two—Lane, Two—Way Road

*S5N or to beginning of no passing barrier whichever is shorter

Code:

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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a) Center Lane of Three—lLane Road

e IN — s 2N ——]

R O T T T

Code:

(g
q
<

b) Center Lane of Five—Lane Road

Refl Single Yellow [ Yellow Stripe
Single White ] White Stripe
Double Yellow =g  Direction of Traffic

FIGURE 48. Marking Patterns for Left—Turn Lanes
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L > 30 m (Urban)
C) Protected Left—-Turn (1007)

L > 60 m (Rural)
(200%)

Refl Red—White
Double Yellow

Code: <>

<>

3 Yellow Stripe
—/

o —

White Stripe
Directiocn of Traffic

FIGURE 48. Marking Patterns for Left—Turn Lanes (continued)

101




L> 225 m (750°) S NINES
(or to end of deceleration lane)

a) Exit Ramp

e > 300 m (1000") -
(or through interchange)

b) Entrance Ramp

Code:; <> Double Yellow Lo Refl Red—White
[T Yellow Stripe [ Refl Single Yellow
C— White Stripe > Single White

A Direction of Traffic

FIGURE 49. Marking Patterns for Freeway Ramps
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b} Two—Lane, Twe—Way Road (14 days or less) **

B
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N/4
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—
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N/4
c) Two—Lane

Refl Double Yeliow
Yellow Stripe
white stripe
Direction of Traffic

FIGURE 30.

, Two—Way Road (Over 14 days)
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* May be Longer for Low Volume Roads

** No—Passing Barriers not shown

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**

** No—Passing Barriers not shown

Code:

<> Double Yellow
[ Yellow Stripe
- Direction of Traffic

FIGURE 50. Marking Patterns for Work Zones (continued)
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g) Divided Muitilane 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, short—term or permanent
markings should be in place before the road is opened to traffic.

4. Edgelines are required after 14 days on dil interstate and rural
multilane rcads and on other roads after 14 days when state or
local policies call for their use.

FIGURE 50. Marking patterns for Work Zones (continued)
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a) Light Path for Trihodral Surface (Corner—Cuba}

b) Structurai Arrangemoent

c) Magnified View of Precision Molded Corner~Cuba
Reflex Elements

Figure 52. Principle and structure of
corner-cube retroflectors

in Figure 52 to provide the retrorefleciive
unit for the RPM. Approximately 360
retroreflective corner cubes are contained in

the face of a RPM measuring 3 5/8 by 1
inches (2.14 by 25.4 millimeters).

Prismatic RPMs are available for one- or
two-way delineation in any combinatfion 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
versions is their daytime visibility. The
full-face retroreflective element normally has
a dull, silver-grey housing. It is amply
visible in both clear and rainy night
conditions, but almeoest vanishes during the
day. The dual element retroreflectors cover
a smaller area of the face and are encased
in white or yellow plastic. As a result, 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 snew areas. The damage
from: and losses to snowplow activity is
costly and has led to the development of a
snowplowable marker. The snowplowable
marker has a two-way replaceable
retroreflector assembly protected by a metal
casing as shewn in figure 54,

Snowplowable markers are installed in a
three-step process. First, double grooves are
cut in the pavement. Next, the grooved
area is filled with an adhesive. Finally, the
casing is set inte 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
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Figure 53. Typical raised marker configurations

of the casting (6-degree slope), rise and fall The cast-iron housing of the snowplow-
of snowplow blade are hardly discernible to able marker measures 9 1/4 by 5 7/8 by 1
the snowplow cperator if the snowplow is 3/4 inches (235 by 149 by 44 millimeters).
moving slowly. One model permits The maximum projection above the roadway
snowplowing frem both directions and is 7/16 inch (10 millimeters). The acrylic
usually has two retroreflective faces that are  prismatic retroreflector element provides
available in the standard colors. 1.62 square inches (104.5 square
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L
Figure 55. Bonding surface of ceramic RPM

millimeters) of retroreflective surface for
each face.

Adhesives and Characteristics

The service life of any roadway
delineation device is directly proportional to
the bond strength between the material and
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will equal the shear strength of the
pavement itself. The physical strengths of
the epoxy resins used today far surpass the
internal physical strength of either Portland
cement or asphalt concrete (AC) pavement.
Surface preparaticn is often needed for a
proper bond since road films, laitance in
concrete, and other conditions often keep
the epoxy resin bonding material from
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
epexy bonding agents used to affix RPMs to
the pavement surface. These formulations
are clagsified 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.®® Manufac-
turers of RPMs recommend and supply
epoxies compatible to their products. Some
States, however, formulate and manufacture
or contract the manufacture of their own
adhesive.
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pressure sensitive and do not require
adhesive.” These RPMs require an
application of primer before placement. The
RPM is ready for traffic immediately. This
type of RPM is used by small municipalities,
or for work zones, detours, and other such
applications.
The adhesion charac
depend on the base material. That is,
ceramic materials do not bond as well as
the acrylic shell. For this reason, several
States ceramic RPMs have a textured
surface to improve their bond with the
pavement. After trying different types,
California DOT (Caltrans) selected the
textured Surface shown in ﬁgure 55 The

"The bottoms of the ceramic markers
shall be free from gloss or glaze and
shall have a number of integrally formed
protrusions approximately 0.05 inches
(1.27 millimeters) projecting from the
surface in a uniform pattern of parallel
TOWS.

Each protrusion shall have a flat 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
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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)."®

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.
As a result, some agencies adopt a waiting
period before placing RPMs. Similarly,
rejuvenating agents soften asphalt so that
good RPM retention cannot be expected.

The goftened asphalt will harden with time.

It is 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 construc-
tion 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 RPMs 1s one alternative.
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
RPMs has discouraged their use. Accord-
ingly, 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 evaluated.®®

Nine States found RPMs 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 constructicn
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 signifi-
cantly, RPMs tended to reduce accidents on
construction detours.

Several types of temporary RPMs have
become available in recent years for a
reduced cost. These RPMs are designed to
be durable enocugh 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.®” One of these RPMs,
however, did not have sufficient durability
to be useful except in the very shortest of
applications. All the other RPMs investi-
gated 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 adequacy for both day
and night use:

o A streamlined profile.
¢ A microscopic, cube-corner, sealed

prismatic air cell; cube-corner reflex; or
multiple glass lens reflector.
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@ The area exposed to the driver's normal
line of vision balanced between the
casing itself and the retroreflective
ingert.®

PERFORMANCE

As with 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 conven-
tional RPMs perform well where there is
little or no snow.

As described earlier, conventional RPMs
are vulnerable to snowplow use. A
snowplowable retroreflective marker is
available that congists 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
is discussed separately.

Conventional RPMs

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

Nonretroreflective RPMs

@ 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.

¢ The ceramic RPM system gives good
daytime visibility when clean. When

wet, it suppiements the cube-corner
RPM to produce good results at night.
By itself, the white ceramic RPM
provides night delineation only in dry
weather.

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 corrects itself after periods of
wet weather.

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

Retroreflective RPMs

Within a few months, the retroreflec-
tivity of the cube-corner RPM drops to
as Little ag 1/20 to 1/50 of its original
value due to factors such as buildup of
road film and surface abrasion. How-
ever, the retroreflectivity is adequate
and remains relatively constant after the
large initial loss.

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

Expected serviee life for retroretlective
EPMs 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 on
rural 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 gpecific 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 gives installed costs for EPMs in
a variety of States and the installation
adhesive used.?" 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 is obvious that an
installation of RPMs at these unit prices
can be an expensive proposition. This is
one of the reasons their use has been
limited to important roadways and areas
where damage from snowplow activity is not
expected.

Snowplowable Markers

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 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
seen in table 7.4V

Evaluztion of a previous model was
conducted in New Jersey where annual
snow{all ranges from 15 to 20 inches (381 to
508 millimeters).®” 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

Table 7. Adhesives and installed costs for RPMs in a variety of States

Installed Cost Per Unit ($)

State Adhesive Used Conventional Snowplowable
California Epoxy 250t03.00 | e
Florida Thermoplastic or Epoxy 250 ] e
Massachusetts { Epoxy ] mmemeememee- 16.50
Michigan Epoxy | e 18.00
New Jersey Thermoplastic or Butyl | - 23.98
Pennsylvania Butyl | e 20.00
Texas Bituminous 320 | e
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10 years and the life of the replaceable lens
insert at 3 to 4 years.

LATION AND MAINTENANCE

INSTAL

Installation of RPMs is not difficult. It

requires neither complex equipment nor
However, new

specialized staff capability,
installations are commonly part of a
construction or improvements project.
Maintenance, however, usually is performed
by State or local highway agencies'

personnel.

General practice and specific procedures
related to each type of RPM are discussed

in the ‘Fnﬂnw1no‘ gertions

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

nnaratinn
operation.

Most highway agencies specify that the
pavement to be bonded should be free of
dirt, curing compound, grease, o0il, moisture,
loose or unscund layers, paint, and any
other material that would adversely affect
interaction with the adhesive. PCC and old
AC pavement should be cleaned prior to
Newly placed AC

arnnlicratinn nf the deaviea INEW:Y piaced AU
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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. It 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 retro-
reflective surfaces of the RPMs should be
removed. A soft rag moistened with
mineral spirits {conforming te Federal
Specification TT-T-251) or kerosene may be

used to remove any excess adhesive. The
BRPM must }18 nrnfoofnr] ng-;n'na'l- traffin

impact until the adhesive has hardened.
Traffic control and protection of the RPMs
are similar to the techniques used for
pavement marking operations.

Retroreflective RPMs should be placed
so that their retroreflective face is

perpendicular to a line parallel to the
RBRPMe chanld nnt ha

”nﬂﬂ‘.‘”“"' centerline, RPM S SnoMiG noet
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placed over longitudinal or fransverse 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

A : i r 3
repainting the marking without degrading

the retroreflective properties of the RPMs.
Application of Self-Adhesive RPMs

The self-adhesive RPM (figure 56) has a
pressure-sensitive butyl backing that
provides a satisfactory bond with the
pavement. This type of RPM is suited for

aoorr +n tTiotbo a A
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use on detours. It is €asy Lo 1nstan anda
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maintain because no application equipment
is necessary. The self-adhesive RPM is cost-
effective hecause it takes less time for
installation and is ready for traffic as soon
ag it is mnstalled.

Surprisingly, the self-adhesive RPM is
durable under normal traffic conditions.

o + A;fF M 1A
There is no significant difference in loss

rate for RPMs placed with epoxy and the
butyl pads when used in this manner. It
should be noted, however, that the butyl
padded ceramic RPM does not perform as
well as the acrylic shell RPM. Also, lower
temperatures below 50 degrees Fahrenheit
(10 degrees Celsius) seem to reduce the
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PRIMEIT. .. PEELIT. ..

Material Acrylic plastic reflector filied with a
tightly adherent potting compound

Size 4" x 4" x 65"

Refiective Area 3.25 square inch per reflective face

Specific Intensity 3.0 at 0 degree entrance angle

(@ 1/5 degree 1.2 at 20 degree entrance angle

ohservation angie)

Colors

White, Yellow, Red

F=1600 pounds
for 6 seconds

PLACEIT ...

PRESS IT.

Figure 56. Application of pressure-sensitive RPM

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
seconds is required.

Epoxy Adhesive

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

procedure.

ation

Ciuvivsil

Essentially, 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 guart of
adhesive should be hand mixed at one time.

Rapid-set adhesive is usually mixed by a
two-component automatic mixing and
scale installation, a crew member sits on a
platform on the side of the truck between
the two axles. The mixing and extruding
apparatus is installed nearby. A predeter-
mined amount of the mixed epoxy is
expelled onto the bottom surface of the RPM
that the operator then places on the
pavement.

To achieve a proper bond, the adhesive
should be used according to manufacturer's
ingtructions. 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
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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
surface is 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 cccurs,
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.™ The study was
originated because bituminous adhesives
were observed to be performing better than
epoxy. In some cases, the retention
percentage of RPMs attached with bitumen
was twice as high as that of the RPMs
attached with epoxy.

RPMs are nearly always lost to failure
of the pavement, rather than a failure 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 a
result of single loadings, so it is assumed
that the fatigue strength of the pavement is
invelved.

The study showed that the fatigue
strength of pavements is 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. As the 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 even-
tually 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 Maintenance

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 propor-
tioning and mixing of the two-component
epoxy. Contractors will normally install
such RPMs as part of a resurfacing contract.

Maintenance on the snowplowable
marker consists of simple replacement of
the removable retroreflective lens, provided
the housing is still 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
developed methods that are effective for its
own needs. What works well for cne
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 a result, mainte-
nance manuals are general, leaving the
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step-by-step procedures to the responsible
agency, so long as they are within the
limitations of established policy.

There are two categories of maintenance,

periodic or preventive maintenance

(routine), and immediate or emergency
repairs {as needed).

Tils Qo LaLTRatRe)

ig 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.

Perindic maintenance

The approach to routine maintenance
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life 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.
As an example, if a certain type of laneline
RPM will remain effective for six years on
long sections of high-speed multilane
freeways and three years in areas of heavy
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RPMs can be scheduled accordingly.
Replacement is not always a cost-effective
procedure even though it does not reguire
night inspection. The number of RPMs that
must be replaced may not warrant the
effort, or the RPM system may be
detericrated below safe levels.

A moore commonly use
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
Florida is similar, specifying replacernent 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

ad
el

percent or more are missing in the
inspected section.®V

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
gervice life. In some cases, spot checks are
conducted annually prior to the onset of

adverse weoather cycles. Inspection of
roadway markings may also be included ag
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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 mainten-
ance workers while they are performing

other readwork; they replace retroreflective

lenses as needed.(z”
Immediate Maintenance

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

digcussed in chapter 12. Though it does not
occur often, major accidents or natural
disasters may damage or remove a large
number of RPMs in a short time period.
The most common instances of this situation
are in construetion work zones or unexpec-
ted snow or ice storms. In areas of regular
seasonal snowfall where RPMs are used,

inanantinn and maintenannsn af RPMe aftar
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the snowfall season is usually considered
routine maintenance.

In addition, areas where immediate
maintenance is required can be determined
by a routine inspection. A high-aecident or
other potentially dangerous situation may
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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 adiarant to constriiction work zones
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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 t¢ make it the
sole responsibility of the contractor. The

conrte higtorieally have not hean lanient
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toward highway agencies in accident
litigation. The cost of monitoring locations
where delineation is often deteriorated is
minuscule compared with the cost of legal
judgments in accident cases.

RPM Replacement Process
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is becoming vital for cost-effectiveness in
States that employ RPMs. Caltrans is
probably the largest user of RPMs in the
United States. State policy mandates a
system of RPMs for all freeways and a
majority of secondary roads. There is also
little snowplowing in the State. Caltrans
now replaces more than 1.6 million
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each year.®"

While not applicable to all situations,
the various Caltrans districts have
developed several interesting shorteuts in
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 time is 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 a new
RPM.

Caltrans districts also schedule
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
Tha aimnlact for nf
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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 bettom
side of the RPM. It is then firmly placed

navt trn tho damacrad RPM ar moor tha
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location where a RPM 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 a
hopper 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
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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.™ Washington, where
more than two million RPMs need to be
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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.

As implemented, the new system has
resulted in savings of approximately $1.05
per unit. The previous method, which was
similar to the Caltrans process just
uISC‘dSSv‘:‘:u, Was umE—CGHSumlng‘, and
therefore costly. Traffic patterns were
altered 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
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given area could take as iong as 3 1/2t0 5
hours. A crew of six workers was used.

With the new system, a crew of four
workers with three vehicles does the same
area in 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 a wand with a 1 square
inch (645 square millimeters) vacuum pad to
pick up a RPM, place it firmly on the
adhesive spot, press it 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 vacuum 1is also easy for the operator to
turn on and off precisely. The advantage of
the bituminous adhesive over two-
compenent epoxy is that it sets in 7 to 15

geconds, allowing placement to be a
Traffic
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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 replace-
ment, semiannual night inspection of
sections containing RPMs is necessary. The
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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 Maintenance Concerns

When RPMs are used to supplement
painted markings, a problem may occcur
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 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 w1th1n a section or may not have
been applied perfectly originally. In these
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
nnm"aﬁnn

In recognition of the retracting pattern
problem, the FHWA initiated a research
project with the State of Califernia to
develop an instrument that would detect the
presence of a retroreflective RIPM and
terminate painting accordingly.™ An
optical Retro-Skip Device (Caltrans,

Sacramento. CA) was develoned and
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successfully tested at speeds up to 65 miles
per hour (105 kilometers per hour) with
appreoximately 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
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RPMs in poor condition cannot be detected
and will be painted. Therefore they ean be
eagsily detected and replaced. The Retro-
Skip device is installed 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 eguipment is in use currently in
California and shows promise in decreasing
the number of RPMs that are painted over.
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Cleaning

During hot, dry periods, road film, oil,
grease, and other debris will seriously
degrade the retroreflectivity of RPMs.
also noted that tire marks can stain

nonretroreflective ceramic RPMs so that
they are no longer visible during the day or

ULAT Y LA LVLLS DA Adasas il illy vaat Sa

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 geo-
graphic areas that normally experience
summer rains. It can become significant in
hot, dry areas of the West and Southwest.

It is

i

experienced in parts of Cahforma the
feasibility of cleaning RPMs was investi-
gated. 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 1s mounted to
the side of a 2-ton truck. A detergent water

~1s H
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 developed beyond
the experimental stage.

Recently, use of temporary retroreflec-
tive 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
material 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."™

Short-Term Chip Seal

One highway agency found a good use
for retroreflective tabs. In a bituminous
surface treatment, such as a chip or slurry
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 ecan be
previded. The tabs also guide the operator
of the marking equipment.

INSPECTION
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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.

Oine inenarntinn avetam nrannand 3
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inciudes a photographic inventory combined
with panel evaluations of retroreflective
effectiveness. This system is discussed in
more detail in chapter 11.7%

oo
Cads
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Other Marking Maierials

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 a variety 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
environmental to the degire for year-round
durability in a standard pavement marking.
Not all 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 major concerns with traffic
paint has been the environmental hazard
created by its use. Volatile organic
compounds (VOCs) are released into the
atmosphere by the solvents in 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 reoadway.

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 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 paints in theory of operation,
but the hazardous materials have been
removed.

The study discussed in chapter 4
investigated alternatives to conventional
lead-based pigments. Currently, no
definitive alternative 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.
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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
et adhara ta hath hitoiminone aasnhalt
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and Portland cement conerete (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 a major alternative among pavement
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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 1875 b_'y' 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 a three-year

period.

Polyester markings have not been used

c)&bcubl\f(ﬂ_y nationwide. mz&pt::.icuu:: with the
material has been limited to the Mid-
Western States. Michigan DOT 1s a
principal uger. It is recommended 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 a major paint manufac-
turer, Lvﬂ(:ﬂigaﬂ DOT has ue‘v‘empeu a new
material that drys to 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 material differs from most
epoxies in that no hardener is used.

Two formulations have been field-tested
extensively. These formulations vary in the
ratio of the two epoxy resins—one 2 solid,
the other a liquid—used in the material. A
1-to-1 golid-to-liquid ratio yields a flexible
material designed for localities experiencing
moderate-to-severe winter conditiong. A 3-
to-2 solid-to-liquid ratio was designed for

raocinne with hat Arv crimmar woanthor A
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harder material results, which is less
susceptible to summer road film pickup.

Actual 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 formula was

anlantad fase fasdlnee cdaader
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The specifics of the original formulation
for white ETP is given in table 8.7% The
total weight shown in the table represents a
volume of 12.8 gallons (48.5 liters). This
will vield a weight per gallon of 13.1 pounds
(5.9 kilograms per liter).
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released, many FHWA-sponsored ETP
demonstratmn projects have been attempted.
However, ETP has not experienced large-
scale use because of its disappointing cost-
service life ratio. According to cne of the
material's producers, Pave-Mark, (Atlanta,
(GA) the price of cne of the epoxy resins
making up ETP nearly doubled shortly after
the material's inception. This pnce increase
forced the material's selling price beyond
the point where its use could possibly be
cost-effective.

The majority of the ETP demonstration
projects tock place from 1980 to 1986. In
terms of the material's cost-effectiveness,




Other Marking Materials

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
titanium 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 high-priced materialg in its formulat
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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 a new ETP product in 1992.

Methyl methacrylate has been
introduced and publicized as a nonhaz-
ardous, field-reacted, two-component, cold-
curing material. Vendors recommend that
the material be applied in a 4-to-1 resin-to-
catalyst mixing ratio. It is a 100 percent

solids formulation that is mixed in a static
Tl"\a maotarial

Tvor 111Q+ bﬂ'FQrﬂ gnn]1nq+1n1‘\ 11 [lelvelidl

mixer ju application.
can be applied by either a spray or

extrusion process. The mixing reaction at
the time of application is exothermic. As

the material cools, it bonds to the pavement,.

One new material has been promoted by
vendors in the marking industry. It
consists of a form of powder that is
combusted as it 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 special installation
equipment. The material is also claimed to
be economical at about $0.08 per foot ($0.24
per meter) of marking, assuming a marking
thickness of 10 mil (0.25 millimeters). It is
also claimed that the material has nearly
instantaneous no-track times. The powder
material is claimed to be hereby as durable

Fi
as the most durable traffic paints.

tive evaluations of performance, cost-
effectiveness, and durability are not vet
available.
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Other Materials

Much of the formal research into other
marking materials has been performed in
New York. One study by the New York
State Department of Transpertation
investigated a variety of materials for
pavement markings." The study was part
of New York’s commitment to providing a
roadway delineation system with year-round
durability. The NYSDOT was attempting to
find a marking material with a 12-month
service life, at a price similar to that of
conventional 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 ratic as compared
with conventional traffic paint.

PERFORMANCE

Performance is a very important factor
for other marking materials. Since sc 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 NYSDOT study examined water-based
gynthetic resin emulsions that solve scme of
the environmental problems with traffic
paint.%” 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
Iimited at the time of the report.

A study at the Pennsylvania DOT
{(Nertheastern Association of State Highway
and Transportation Cfficials [NASIITO]
Regional test facility) resulted in similarly
promising results.*® Table 9 is a compari-
son of service lives for latex paints versus
conventional paints and other materials.
These are given as estimated median useful
lifetimes in days. As the table shows, the
water-based formulations demonstrated
service lives considerably longer than those
of cther 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 a recent issue of Better Roads
magazine cited several problems with
installation and performance of latex
paints.®” The engineers complained that the
material does not dry as quickly as it is
supposed to, especially 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 a viable low-cost, year-
round delineation material, NYSDOT
conducted durability testing of epoxy
paints.%Y 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.

Because of these promising results,
NYSDOT conducted more extensive tests,
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Table 9. Estimated service life by class (median lifetimes in days)

Arizona Florida Penngylvania

OGATFC PCC DGAFC OGAFC DGAFC PCC
Alkyd--White 163 >900 >900 101 341 390
Alkyd--Yellow 293 >800 =900 173 258 284
Chlor Rubber--White 478 =500 >8500 255 444 470
Chlor Rubber--Yellow 159 =800 368 83 389 470
Water-base--White =703 >900 =900 >900 505 823
Water-base-—-Yellow >765 >900 >900 >900 474 684
Solv. Borne Epoxy--White 755 >900 >9800 436 >1100 >1100
Solv. Borne Epoxy-- Yellow >900 >%00 >900 400 >1100 »1100
Urethane--White 883 >900 >9800 577 630 =>1100
Urethane--Yellow 617 >900 =900 607 578 >1100
Thermoplastic--White >900 =900 >900 824 >1100 413"
Thermoplastic--Yellow =900 =900 >9300 420 >1100 354"
Cold Plastic--White >9200 >900 >900 377 386 >1100
Cold Plastic--Yellow >765 >900 >803 625 298 365
Foil Tape--White =900 =900 >900 =900 NA NA
Foil Tape--Yellow >900 =900 >900 >838 NA NA

NA - Not Available
OGAFC - Open-graded asphaltic concrete
" - Data may not be reliable due to snowplow damage

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 resul

problem might lie with unknown environ-
mental 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

DGAFC - Dense-graded asphaltic concrete
PCC - Portland cement concrete

markings were worn out after one year of
service. In these areas, paint lasts only
three months.

The project demonstrated that polyester
markings are more opaque 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 of paint
because of the increased number of beads
used.

A more recent research project in
Pennsylvania tested 11 different samples of
polyester marking materials. The estimated
service lives derived for the white and
vellow markings can be seen in table 10.
These can be compared with the values for
the other classes of materials tested, shown
in table 9.
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Table 10. Durability of polyester marking materials

WHITE
Estimated service
Material - Estimated service life | life in days on PCC
Material Class Number in days on DGAFC
Polyester 81 1082
Polyester 92 >1100
Polyester 97 >1100
Polyester 98 >1100
Polyester 99 >1100
Polyester 100 >1100
Polyester 101 >1100
Average White >1100 >1096
Median White >1100 >1100
YELLOW
Estimated service Estimated service
Material life in days on life in days on PCC
Material Class Number DGAFC
Polyester 93 447
Polyester 94 1024
Polyester 95 769
Polyester 96 722
Average Yellow 608 873
Median Yellow 608 873

Epoxy Thermoplastic

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

conventicnal alkyd traffie paints under
similar traffic and climatic conditions, at a
contracted cost about 4.5 to 5 times that of
standard paints. If this ratio 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
alternative to conventional traffic paints.
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Methyl Methacrylate

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 cils, antifreeze,
and other common chemicals found on the
roadway. Actual experience has been
limited.

Various formulations of methyl methac-
rylate 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

Instaliation,
concerns for the marking materials
discussed in this chapter are the same as
for standard traffic paints. Factors, such as
line 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

3

aintenance, and removal

the class of materials to which it belongs.
Some specific information related to each
class of material is given in the following
gections.

Latex Paint

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

Latex paints are a particularly attractive
option because they do not require special
installation equipment. In addition, the
equipment that is used is much easier to
clean up because of the lack of environ-
mental 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 be installed 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

marking, will depend more on each specific Fahrenheit (2 degrees Celsius). If free
material's formulation (drying time) than on
Table 11. Service lives of methyl methacrylate marking materials
Estimated Service Lives (Days)

State of Test Arizona Florida
Substrate Type OGAFC PCC DGAFC OGAFC
Average (White) >900 >9300 868 >9800
Average (Yellow) 803 >900
Median (White) >900 >900 >9800 =900
Median (Yellow) 835 >900

127



Chapter 8

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 KPa spray. 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.

Eguipment

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 requires
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 a no-track condition in
less than 30 minutes, provided the

pavement is dry and the temperaturs is 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 evapora-
tion 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 its indicated 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 a
marking that appears full of holes when
closely examined. This "Swiss cheese" effect
does not harm visibility when viewed from a
normal distance. This effect usually oceurs
within two months of application. After this
initial loss, no further deterioration occurs.
Michigan DOT does not apply its fast-dry
polyester on AC pavements less than one
year old.

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

Equipment

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

maintained when applying longitudinal
markings.

Epoxy Thermoplastic

ETP is applied by the hot spray process
at a temperature of 425 to 450 degrees (217
to 232 degrees Celsius), A top dressing of
drop-on beads is applied almost simulta-
neously 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.

Appl on thickness ranging from 15 to
25 mil (0. to 0.64 mllhmeters) have
proved durable on bhoth asphalt and concrete
pavements. Primer is not required for this

application.

l_c a

While the optimum application pressure
and temperature have not been determined,

the ETP demonstration projects discussed
earlier found that the matenal was very
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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
closelv econtrolled

LAVASTAY Wasadua LAl

As an example, one early project even
managed to successfully apply ETP in
below-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

deorees Celsius). and was nnﬂhpd to a

degrees Celsius), and plied to
surface at a temperature 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. If this

performance could be repeated reliably, the
range of elimatie conditions under which
pavements can be marked could be
significantly expanded.

Methyl Methacrylate

Methyl methacrylate shows promise for
ease of application. A variety of ternpera-
tures can be tolerated, and the material can
be sprayed at a 40-mil (1.0- millimeter)
thickness or extruded at 90 mul (2.3
miliimeters) for transverse applications.
Methyl Methacrylate is claimed to bond well
to PCC pavements.

Equipment

Methyl methacrylate is a field-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.
This is similar for fnarking powders. The
equipment it requires is similar to that
required for epoxy application but is
gpecizlized nonetheless. Though the initial
cost for buying these types of special
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 materials is
inertia. State and local highway agencies
often are reluctant to change from products
that they have used for a long pericd 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 ingtallation
equipment for field testing. As a result of
the high initial investment required,
highway agencies have been sluggish in
adopting materials that seem to be more
cost-effective than their current materials.
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The following sections discuss some of
the cost concerns with the marking
materials digcussed in this chapter, and alse
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 all possible materials. Of more concern
te highway agencies is 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
congidered. Markings with very short
service lives are not acceptable, even if they
are very inexpensive, because a major
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 superficial treatment of a very 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 a
typical lane mile of skip markings could be
painted five and one half times for the cost
of one application of epoxy paint.”® 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 a
traffic 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. The initial cost is higher
than that for paint and lower than that for
two-part epoxy. Experience at the NYSDOT
puts the price at about $0.07 per linear foot
(22 cents per linear meter) in 1984.°% 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 consis-
tently 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 a revision to the Kansas DOT marking
policy executed in 1988."® 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 ($0.5¢ per linear
meter). However, costs for retrofitting State
marking equipment to use ETP would
require a high 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 ratic 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.
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Table 12. Comparison of installed costs

(Years)

Installed Cost Paint’ Thermoplastic” Epoxy"
Per Linear Foot 20.04 to $0.06 $0.40 to $0.60 $0.40 to $0.45
Per Linear Meter $0.13 to $0.20 $1.31 to $1.97 $1.31 to $1.48
Service Life 025to 1 3tob 1lto 2

Cost Per Linear $0.04 to $0.24

T L

Foot

Cost Per Linear
Meter

$0.13 to $0.79

$0.08 to $0.20 $0.40 to $0.225

$0.26 to $0.66 $1.31 to $0.74

" . Costs in Kansas for installation by KDOT workers

™ . Costs in Kansas for contracted installation

Manufacturing and retrofitting costs will be
negligible for large-scale use of ETP.

Potential For Future Use

Technology transfe
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 umuerial, 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 a factor.
suggests that the two-part epoxy marking
system is a cost-effective alternative to
alkyd paint, even in contract applications.
Areas with harsh winter seasons particu-
larly should consider using epoxy paint,
because it is so resistant to abrasion from
the usual snow and ice control activities.

nnnnnnnn
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Polyester

Experience with polyester materials is
limited, and not much information about
their use has been disseminated. The

anmrina lirna domanatratrad im tha G214
Service lves Gemmonstrated in tne nend

studies may be unrealistic to achieve on a
regular basis. More basic research is
needed on the factors and delineation
variables that most profoundly affect this
marking. When this research is cornpleted,
more widespread use of the material may
become feasible.

In addition to its extremely short no-
track time and its excellent performance on
all pavement types. ETP has several other
distinet advantages. It is a 100 percent
solids fermulation and is virtually smokeless
at application temperatures. These
properties are helpful when considering

AT A T e [, (LAY
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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
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produced and work continues on retrofitting
designs for existing marking eguipment,
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Posi-Mounted Delineators

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 a roadway delineation
treatment.

This chapter addresses the uses and
types of retroreflective PMDs as defined in
the Manual on Uniform Traffic Control
Devices (MUTCD)."Y Object marking is not
included here but iz addressed in chap-
ter 10.

USES

The purpose of post delineation is to
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.
Asg a result, 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 readway, 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 less.®” 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
is required 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.

In all cases, the color of PMDs must
conform tc the color of edgelines stipulated
in the MUTCD section 3B-6. The MUTCD
standardizes certain characteristics, such as
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mounting height, number, spacing, and color
of retroreflectors; criteria for 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.

in actual practice, there appears to be
little consistency in the use of PMDs.
Requirements, such as height and place-
ment in relaticn to the shoulder, are
standardized. Most inconsistencies are
found in the bme, budpb' and color of the
retroreflective unit, spacing between PMDs,
and the warrants for installation. Since the
MUTCD is relatively 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 use is 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. This is
especially true considering these devices’ low
ratio of cost-to-service life.

MATERIALS

A PMD usually consists of a retroreflec-
tive element, the support or mounting post,
and possibly a backplate. A variety of
materials is available for each of these
components The basic components and

A mhrraian awnntaniotiag nws Ailanitoon
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Retroreflective Element

The most common retroreflective devices
use either a plass-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 retroreflec-
tive 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.

~ Giags
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Figure 57. Post-mounted delineator retroflective techniques




Post-Mounted Delineators

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 perma-
nently sealed against dust and moisture.

A new type of PMD using retroreflective
sheeting for visibilify is gaining popularity
with the States. It consists of rectangular
sheeting material attached directly to a
flexible delineator post. A typical delineator
post is illustrated in figure 58. These
delineators are used widely because of their
ease of maintenance and their ability to
survive more than one impact from a
vehicle.

Mounting 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.

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 replace-
ment cost. The most promising approaches
include impact-resistant flexible posts. A
vielding 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 600,600 PMDs in place that required
300,000 repairs annually. Many PMDs are
hit several times a year. In 1978,
Califernia budgeted almost $1.6 million for
PMD system maintenance. Replacement
cost ranged from $6 to $8 each.®V

Because costs for PMD maintenance
were becoming so exorbitant, the
CaliforniaDOT (Caltrans) tested a number of

]

Figure 58. Typical dimensions for flexible delineator posts
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commercially developed plastic posts of fwo
basic types: driveable, and nondriveable.®”
The drivable post is forced into the ground
like a metal 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 prevent damage to the retro-
reflective 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 alternative to rigid steel posts.

After the 1978 study, Caltrans recom-
mended flexible posts where the life of a
metal post is less than one year. Locations
with short radius curves and high approach
speeds algso warrant their installation.

Since Caltrans’s early tests, many
comumercial 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 hy
subjecting them to both warm and cold
weather impact tests as well as a one-yvear
roadside evaluation.®® 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 is
a triplex socket consisting of a shaft and
stabilizer fins to hold it rigid in the ground.
The post, which slips into the anchor, may
be a 1 1/2-inch (37.5-millimeter) outer-

diameter thin-walled electrical metal conduit
or a 1 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 $4.5¢ 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-effective
alternative to the steel post.®”

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 usefulness is
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 recom-
mended for use with reliable fixed roadway
illumination.
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Post-Mounted Delineators

Roadway film and dirt have an
important effect on the performance of
PMDs. A fileld study conducted in Australia
showed that dirt accumulation and aging
could reduce night visibility from about
1,600 feet (305 meters) to 100 feet (30.5
meters) under low-beam headlights.®¥ This
is 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 recommended
procedures for these cperations.

CRAANE A AANARATERW

In tangent sections PMDs should be
placed 200 to 500 feet (61 to 153 meters)
apart in a continucus 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 a radius of
1 ﬂnn 'ani' fan\ mofnrq\ or ]nqc’ lhr-]nr:h'ng

medlans in divided hlghways and freeway
ramp curves. The recommended spacing for
delineators on curves is given in table 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 always visible to the driver. The
spacing of delineators on curves should not
avr-nnr] an ani' (Qn I}nnterc\ or ]'\n 1 than
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20 feet (6 meters). A typical installation is
shown in figure 59.

Recently, an analytical computer
optiinization of the height, spacing, and
lateral offset of PMDs for tangent sections
and horizental curves on two- and four-lane

roadways ‘was performed in Ohio.® 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 sguare foot should be
placed every 275 feet along tangent sections
of four-lane divided highways. PMDs with
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 ancle of 0.2 decrees
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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 typiecal
n]annmnni'c of P“IIDQ
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Retroreflective Element Installation

Conventional roadside PMDs are formed
by affixing a 3-inch (75-millimeter) retro-
reflective 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

m ot mlata
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The target plate should have one, two, or
three holes drilled for fastening the retro-
reflector to the plate with aluminum rivets.

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

any
o),
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The circular, enclosed, honeyecombed,
plastic retroreflective sheeting disk ig
pressure sensitive and is applied siraply by
removing the backing and pressing it inte
place on the target.
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Table 18. Suggested spacing for delineators on horizaontal curves

Curve Radius,

Spacing on

Spacing Before and Beyond

R Curve, S ist PMD 2nd PMD 3rd PMD
25 38 6S
50 ft (15 m) 20 ft (6 m) 40 ft (12 m) 60 ft (18 m) 120 ft (37 m)
150 ft (46 m) 30t (@ m) 60 ft (18 m) 90 {t (27 m) 180 ft (55 m)
200 ft (61 m) 35 ft (11 m) 70 ft (21 m) 105 £t (32 m) 210 ft (64 m)
250 ft (76 m) 40 ft (12 m) 80 ft (24 m) 120 ft (37 m) ft (73 )
300 ft (92 m) 50 ft (15 m) 100 ft (31 m) 150 ft (46 m) 300 ft (92 m)
400 ft (122 m) 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 £t (40 m) 195 ft (9 m) 300 ft (92 m)
600 ft (183 m) 70 ft (21 m) 140 ft (43 m) 210 ft (64 m) 300 ft (92 m)
700 ft (214 m) 75 ft (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 ft (73 m) 300 ft (92 m)
900 ft (275 m) 85 ft (26 m) 170 ft (562 m) 255 ft (78 m) 300 ft (92 m)
1,600 ft (305 m) 90 ft 27 m) 180 ft (54 m) 270 £t (82 m) 300 ft (92 m)
xS =3/R - 50

Prismatic

Type of sheeting Assumed Value for Specific Type of Spacing
Intensity (candelas per foot Highway Equation’
candle per square foot)

Encapsulated Lens 309 Two-Lane 10*(R-43)"

Prismatic 825 Two-Lane 11.5%(R-44)"

High-Intensity 1483 Two-Lane 13*%(R-46)"

Prismatic

Encapsulated 309 Four-Lane 9.8%(R-40)"?

Prismatic 825 Four-Lane 11.5%(R-45)"®

High-Intensity 1483 Four-Lane 13.5%(R-4T)"

* . In these equations, R equals the radius of the curve
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Note: Delineators should be placed at & conetant distance from the roadway odge oxcept that, when an
obstruction exists near the pavament edge, the lino of delinentorz makes a amooth transition to
the inside of ths obatruction.

1 2' te 8" outside roadway
‘fl_—__'__od]go or faee of curb

¥

Edge of Roadway

" B,
2’ to 8 outside o .
shoulder edge Edge of Shoulder .

.

Guard Rail — &
..

WS
Celineators mounted above or /
immediately behind guard rail.

These delineators are not at a /
constant diztance from roadway /
edge because of the bridge rail. No. 8 Hazard Marker

Bridge Rmil or Cbatruction

Figure 59. Typical delineator installation on horizontal curve.

Post Installation and Equipment

1. Hold as shown Special equipment is available to
mechanically drive the steel post into the
ground. This is expensive equipment,

11ﬁ11‘2]1"7 'I'Iﬁﬂfq ﬂhl‘V F{'\T‘ ]Q'I"(‘l‘n 17‘\:“"'31] +1nne
ALY AUL lad g Instanaltions.

Normally, maintenance forces will install
 Siip one edge of the posts with a hammer an_d drlvmg' h‘ead
reflector firm against or with some form of top-weighted driving
inside rim 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

3. Force with thumb and meters) remainine ahove i-l-uo navyamont ot
i ALLA UL T ) Lvlklu*l.l}..kls CRAILA Y L UL PCI.V CLlilCiiv a.l.:
heel of palm alorg side, the outer edge. Figure 61 is a cross-section
snap inte place for £ deli t 1 t with d without
permanent locking of delineator placement with and without a
curb.
T2 grwman 24 Ttam no ot o P A e T et ok Y Sy
a 15 o O, J._IJ.J.LO.D].J.J.E L-Ullbﬁl."l.lluullh ALl i CLicuLul Ll

aluminum back case
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12° max ﬁ 12’ max @
Useable Useable
Shoulder Shoulder
— - — C—_"""I
Edge of ! 2 Edge of ! 2
Pavement Pavement

with Dike or Curb
MARKER POSITIONING

Figure 61. Typical delineator positioning

Replacement

PMDs are highly susceptible to
knockdowns, vandalism, and theft. Bent or
missing PMDs that obviously need attention
should be repaired promptly. This is 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 posts is 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 vigibility
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 tc a
complete revolving brush device.

Winter Maintenance

PMDs also are vulnerable to damage
from heavy snowdrifts, snowplows, or other

roadside maintenance vehicles. Mainten-
ance 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 mainten-
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 pole is a simple
procedure. It is done 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
a large crew nor complex equipment.
Because the posts are located slightly off
the shoulder, some crews tend te forego
proper safety procedures for the work.
Whereas lane closure or coning may not be
required in all cases, workers should be
proetected 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 the
first place. Recognizing this fact, several
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.*® Knockdowns decrcased
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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 a
year of testing, yellow sign and delineator
posts became standard in Texas and have
attracted interest nationally.

Removal

Removal of PMDs usually 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 a vehicle. If a construc-
tion project or other program does require
removal of a PMD, standard steel post
PMDs can make the removal operation
difficult. Removal of these 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.

141




Chapter 10

Other Delineation Devices

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 read
alignment or roadside features for a driver
to negotiate a road section or aveid
obstructions. Pavement symbols are used to
reinforce regulations, warn drivers, and
provide guidance information.

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 I. Either a marker consisting of
nine yellow retroreflectors, each with a
minimum dimension of about 3 inches (76
millimeters), mounted symmetrically on an
18-inch (457-millimeter) yeliow or black
diamond-shaped panel; or an all-yellow
retroreflective diamond-shaped panel of the
same size. Type 1 markers may be larger if
conditiong warrant.

Type 2. Either a marker 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 a
vertical 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
cn which traffie is to pass. The minimum
width of the vellow stripe should be 3
inches (76 millimeters). A better appear-
ance 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 left.

Objects in the Roadway

Obstructions in the roadway should be
marked with a Type 1 or Type 3 object
marker. A large surface, such as a 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.

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 te
markings on the face of an obstruction in
the roadway, warning of approach to the
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Typical Type 1 Object Markers

yeliow
—yellow

yellow yeliow
black

18"x18” 18"x18” 187x18”

Typical Type 2 Object Markers

yellow yeliow
Zve}:li::v gyellow white ;

5Hx12” 611x12!l 6”x12!! 6”x12”

Typical Type 3 Object Markers

‘ black '
D ] yellow ¥ 4

OM-3L CM-3R

12”)(36” 12”)(36”

Typical End of Road Markers

red red red
red biack
@ o
® 0 @
® @
@
18”"x18” 18”x18” 187x18”

Figure 82. Object markers
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obstruction should be given by approgriate
pavement markings (MUTCD section 3B-13).

Where the vertical clearance of an
overhead structure exceeds the maximum
legal height of a vehicle by less than 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 Roodway

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 a driver to
leave the roadway. Type 2 or Type 2 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 a
roadway where there is no alternate
vehicular path, either a marker 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.

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
a turn 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.
Where a Turn sign is warranted, a Large
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 (WI1-2)

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 (WI-3)

The Reverse Turn sign is used to mark
two turns or a curve and a turn 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 the
first turn is to the right, a Right Reverse
Turn sign {W1-3R) should be used; if the
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Wi-1R
Sq’x30”
Turn

W1-3R
30"x30"

Reverse Turn

Wi-5R
30"x30”

Winding Road

W1-2R
30" x30¢”
Curve

W1-4R
30”x30"

Reverse Curve

35

MPH

W13-1
18"x18"
24"224"

Advisory Speed Plate

Figure 63. Alignment series and advisory speed plate
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first turn is to 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
gection 2C-5) that are separated by a
tangent of less than 600 feet (183 meters).
If the first curve is to the right, a Right
Reverse Curve sign (W1-4R) should be used;
if the first curve is to the left, a Left
Reverse Curve sign (W1-41) should be used.

Winding Road Sign (WI1-5)

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 a roadway section of 1
mile (1.6 kilometers) or more, the supple-
mental plaque Next X Miles (W7-3a) may be
installed 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 plate is 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 cenjunction with any standard
vellow warning sign to indieate the
maximum recommended speed on a curve or
through a hazardous location. It should not
be used in conjunction with any sign other
than a warning sign, nor should it be used
alone. It should be mounted on the same
agsembly and normally below the standard
warning sign. Except in emergencies or at
construction or maintenance sites, where the
situation calling for an Advisory Speed plate
is 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 alter the
recommended speed, each location should be
periodically checked and the plate corrected
if necessary.

Large Arrow Sign (W1-6, WI-7)

The Large Arrow sign is used to give
notice of a sharp change of alignment in the
direction of travel. It is not 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 horizon-
tal rectangle with a standard size of 48 by
24 inches (1,220 by 610 millimeters), having
a large arrow (W1-6) or a double head
arrow (W1-7). It should have a yellow
background with the symbol in black.
Figure 64 shows the 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 visiblie
for at least 500 feet (153 meters). Trial
runs by day and night may be desirable to
determine final positioning.
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Chevron Alignment Sign (WI1-8)

A Chevron Alignment sign (figure 64)
may be used as an alternative or supple-
ment to standard delineators and to the
Large Arrow sign. The Chevron Alignment
sign gives notice of a sharp change in
roadway alignment. The Chevron Align-
ment sign provides additional emphasis and
guidance for drivers as to changes in
horizontal alignment of the roadway.

—) |-

W1-6 Wi-7
48"x24" 48"x24"

Large Arrow

w1-8
18"x24”

Chevron Alignment

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 gize 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 line with
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 alipnment eliminates the need
for the signs. Chevron Alignment signs
should be wvisible 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.
The reflective units are made of high-
intensity retroreflective sheeting or cube
corner retroreflectors. Barrier delineators
should not be substituted for post-mounted
delineators.

Pavement Symbols

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
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pedestrian crossing point. At nonintersec-
tional locations, these markings legally
establish the crosswalk.
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Figure 65. Barrier deheators

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.

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 place to cross.

Crosswalk markings should not be used
indiscriminately. An engineering study
should be performed before they are
installed 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.

TFor 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
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& ~ Standard crosswalk maricing.

b -~ Crosswalk marking with diagonal lines for added visibility.

NOTE: See MUTCD Sec. 3B-15
for line dimensions.

¢ ~ Crosswalk marking with longitudinal lines for added visibility.
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Figure 66. Typical crosswalk markings
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substantial numbers of pedestrians cross
without any other traffic control device, at
locations where physical conditions are such
that added wvisibility of the crosswalk is
desired, or in locations where a pedestrian
crosgwalk might not be expected. Take care

to ensure that crosswalks with diagonal or
loneitudinal mnrlnﬁgc: used at gsome loca-

AUALAE L UL RLACAE 1R1€RE I8E11 L8 Dl 4 s ldil AU

tions do not weaken or detract from cther
crosswalks (where gpecial emphasis
markings are not used).

When an exclusive pedestrian phase
signal, which permits diagonal crossing, is
installed at an intersection, a unique
marking may be used for the crosswalk
(Foure 67)

VIEUre 5.
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,

1 nnnnnn oSN el aYa¥elaltn) 'F'I\'U‘ 1("1‘11’1(]5 nht‘] n+1"\ﬂ1‘ ATIOC
cicardaiice spadces 10T 1s1allas aliG Gulel ZO0ICs

where parking is prohibited. Parking space
markings should be white. Typical parking
space markings are shown in figure 68.

Turning and Lane Use Arrows

Lane use arrows may be used to convey
either guidance or mandatory messages.

A yreTIro Tanrd ta

1Al
WIlere sSyinooL arrows are usea w

Atrar irhava gtrne

Howev er,
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 lanes
and in all right and left turn bays. Signs or
markings should be repeated in advance of
mandatory turn lanes when necessary to
prevent entrapmernt and to hcup 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

(87)

Highway Signs and Pavement Markings.
Use large lefters 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 are preferable to word messages.
Figure 69 shows the use of word and svmbol

wa Siil LilT LT VL ailid oy Al

markmgs on the pavement.

Where speeds are low, the sizes of
letters, numerals, and symbol arrows may
be reduced approximately one-third. The
lengitudinal space between word or symbol
messages, including arrows, should be at
least 4 times the height of the character for

low appnﬂ roade but not more than 10 times

L LWGUT ArAl 210U 141VA Y wiaddial v vaalalils

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 lien of
standard arrows.

Word and symbol markings considered

annronriate for nes whan warrantad inelnde
CI.PPJ. Uyl LAV AWSL LoV FYALLLL FYQLL L CALLUVL WL LAl iy

the following:
Regulatory
STOP SYMBOL ARROWS

RIGHT TURN ONLY 25 MPH, OPTIONAL
LEFT TURN ONLY SYMBOL ARROWS

STOP AHEAD SCHOOL XING
SIGNAL AHEAD PED XING
SCHOOL RXR
Guide
US 40 STATE 135
ROUTE 81 HWY 21
Nt an ararda av arrmhalo masr ha
WLLICL wWULUS UL DYLLIVULIR lllay WG
necegsary under certain conditions.

Because uncontrolled use of pavement
markings can confuse drivers, the number of
different word and symbol markings should
be minimized.
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-

a — Crosswalk marking that cutlines pedestrian travel paths.

) 4

b - Crosswalk marking that outlines the edge of pedestrian travel area.

Figure 67. Typical crosswalk markings for exclusive pedestrian phase
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a. Through Lane-Use Arrow

r *9.5 F"t.*]
—*—
b. Turn Lane-Use arrow c. Turn and Through

Lane—lUse Arrow
i, .
“ -

L—— #12.75 ft. ——l

#23.5 ft. !
d. Wrong~-Way
\ Arrow
T ——
-
5 Spaces at 4% ft.
!7 — “1 e. Supplemental Wrong-Way
LI Arrow Design Using Reflective
= . -/ N "« * om Pavement Markers
21 £t e =" . {(See Secrion 2E-40}
4 \/?“'* §*_.
W
g 2
. 59°°°

eStandard sizes for normal installation: smaller sizee 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 Pavemant Markings

{Availakle from FHWA’ HLS-20 Washinagton DC. 20500}

LTI - Wy Ty -Cllllls\vll, - Bl W S .

Figure 70. Lane-use and wrong-way arrows for pavement markings
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6” 6”

It
20”"x144"

||
36"x144"

43"x240”

Figure 11-9b Alternate (narrow) lane—use arrows.

Figure 71. Narrow turning and lane-use arrows
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Figure 72. Elongated letters for pavement marking

The werd “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). The word “STOP”
should not be used on the pavement in
advance of a stop bar, unless every vehicle

is required to stop at all times.

Except for the “SCHOOL” message,
pavement messages should be no more than
one lane in width (MUTCD section 7C-6).

el T n T v n ™ I - ™ x * M
Curo Marrings Jor rarking fesirictions

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 markings in those areas where curb
markings are frequently obliterated by
accumulations of snow and ice.

FPreferential Lane Markings

Preferential Lane markings convey a
restriction 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 a lane is assigned full time or
part time te a particular class or several
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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 a majority of the
time. Engineering judgment should be
exercised 1o 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
Standard Alphabets for Highway Signs and
Pavernent Markings.®” The diamond
should be formed by white markings at
least 6 inches (152 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.

The frequency with which the marking
is placed 1s a matter 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 appro-
priate 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

Pavement symbols in advance of a
railroad crossing should consist of an “X,”
the letters “RR,” a no 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
poiential conflict between vehicles and
trains. At minor crossings or in urban
areas, these markings may be omitted if
engineering study indicates that other
devices installed provide suitable control.

The design of railroad crossing
pavement markings should be as illustrated
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.

Bicyele Markings

Pavement markings are imporiant on
roadways that have a designated bicycle
lane. Markings indicate 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.
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A three lane roadway should be marked
with a centerline for two-lane approach
operation on the approach tc a crosesing.

On multi-lane roads the transverse
bands should extend across all approach
lans, and individual RXR symbols should
be used in each approach lane.

Stop line approximately 8’
from gate {(if present)

i Refer to Standard Alphabet for Highway
‘\ I Signs and Markings for RXR symbols
fApprox. details.
15’ \

:'Qk\h + When used, & portion of the
-\% pavement marking symbe! should be
£ directly opposite the Advance
Warning Sign (W10-1). If needed,
H_ _E supplemental pavement marking
2 symbei{s} may be placed between the
Advance Warning Sign and the
crossing, but should be at ieast 50
N foet from the Sitop Line.
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Width may vary
according to lane width.

(Optional)

Tigure 73. Typical placement of warning signs and pavement markings at railroad-highway grade crossings
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16’
16”
20’
60’
1,6,,
|
Standard Letter - -
See: Standard Alphabets B 6’6"
for Highway Signs -
and Pavement Markings, -———*L
1977 Metric Edition. ' 3'10° ’
24’
6’6!! -
2"l ‘

Figure 74. Alternate (narrow) typical pavement marking supplement for railroad-highway grade crossings
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General Principles

Although bicycles are not equipped with
strong lighting, the added visibility of
retroreflective pavement markings is
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 a bicycle 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 sign
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 bicyelist crossing an intersection is to
be designated, a dotted marking may be
used to define such a path.

Marking Patterns and Colors

The color and type of markings used for
marking bicycle facilities are defined in
MUTCD section 3A-7. Normally, cenferlines
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-te-1 gap-to-
segment ratio. To avoid excessively long
gaps, a nominal 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. Use a 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 Symbol
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 alphabets and symbols have been
prepared.

Object Markers on Bicycle Trails

There may be hazardous ohjects located
adjacent to bicycle trails that, if visible to
the bicyclist, ecan 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
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Figure 75. Typical pavement markings-designated bicycle lane,
two-way traffic with parking and low right-turn volume
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Figure 77. Word and symbol pavement markings for bicycle facilities
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of object markers, as well as designs, should
be rounded to prevent their becoming a
hazard., All object markers should be desig-
ned 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, MA

AALR L ARTLN,

REMOVAL

ENANCE. AND

e
Aal s Lol NASRINR A LN

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 a regular
basis for deterioration and vandalism. Also,
the retroreflectivity of the markers can be
checked using standard auto low beams for
adeqguate 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 a lower 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.

Determining whether a particular curve
needs to be signed depends on the speed at

(9]
[l
=~
>

20!: -

C——1

8 inch

Direction of

travel

Figure 78. Typical marking in advance of ¢rainage hazard
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WARNING SIGN
RURAL DISTRICT

{4

) T

PAVED SHOULDER

WARNING SIGN

BUSINESS OR
RESIDENCE DISTRICT

O

7" Preferred

WARNING SIGN
WITH ADVISORY
SPEED PLATE
RURAL DISTRICT

8' to 12'

4' Min.
¢ Preoferred

WARNING SIGN
WITH ADVISORY

SPEED PLATE

BUSINESS OR
RESIDENCE DISTRICT

| MPH

Figure 79. Typical installation of warning signs

which the curve may be safely traversed.
This safe speed may be determined by any
of three methods.®”

The first method iz a graphical
technique. By knowing the curve radius
and rate of superelevation, the recommen-
ded 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.

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
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Figure 81. Ball bank indicator

pictures of a ball bank indicator. The
vehicle is driven in a series of test runs, in
both directions, parallel te the centerline of
the curve. The curve should not be
flattened out by driving the inside edge at
the center of the curve.

The first trial run is 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 a reading 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 a safe trial
speed of 20, 25, or 30 miles per hour (32.2,
40, or 48.3 kilometers per hour), a reading
of 12 degrees is required. At trial speeds of
35 miles per hour (56.4 kilometers per hour)
or greater, a reading of 10 degrees indicates
the safe speed.

Evaluate curves in both directions when
using this method. Many times it 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. In 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 area in question.

The data acquisition system (shown in
figure 82) is an electronic version of the ball
bank indicator. It mounts in 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 erogs
slope; records incline-testing information;
and provides the data and time of tests. It
is also personal-computer compatible.

A third method for determining the safe
speed of a curve is to apply the following
formula:

VP=15R(E+F
Where:

V = speed in miles per hour (kilo-
meters per hour)

R = radius of curve in 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
a turn or curve sign should be used.

Since warning signs are primarily for
the benefit of the driver who is
unacquainted with the road, it is important
to place signs carefully. Warning signs
should provide adequate time for the driver
to perceive, identify, decide, and perform
any necessary maneuver. This total time to
perceive and complete a reaction to a sign is
the sum of the times necessary for
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Figure 82.

Electronic data acquisition system

perception, identification/understanding,
emotion/decision-making, and volition/
execution of decision, and is referred to as
the PIEV time. The PIEV time can vary
from about 3 seconds for general warning

aiona tn 10 cannnde for warnine siong uiged
DIEJ.J.D LW AV OTVULIWLD AV YWEOlLilllly DAgAis Loadild

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 extra
time to make and execute a decision

T Aanaiig A af o rarnlavy Arivrinog citizatinn
Molauso Ul oA \-UJ.].J.PLUA ULIVILIS DAUUGGILLL

changing, passing, or merging).

Condition B. Driver will likely be
required to stop.

Condition C. Driver will likely be
required to decelerate to a specific speed.

Mal

P ~ TR 3o m il Far datoarminin
1 Al

19 18 an aiq 1or 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

{1 ano
[§ Cx 88 Lw

given in table 15 may not apply to that
group of signs.

The effectiveness of the placement of
any warning sign should be tested periodi-
cally 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:

¢ Condition of sign face—major cracking,
blistering, or missing message, visible
from the roadway.

e Orientation and structural stability of
the post.

Discolora

sign.

e Visibility of the sign—roadside plantings
or a new structure may be hiding the
sign.

e Dirt or other substance on sign.

e Vandalism or accident that has damaged
or removed the sign.

8 Poor retroreflectivity.

ation, streaking,

or fading of tl

All signs will experience diminishing
retroreflectivity. The deterioration is a
result 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 observa-
tions to the use of complex optical 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
gign 13 ineffective.

Daytime inspection procedures zalso
exist. A 200,000-candlepower spotlight is
pointed at the sign as the vehicle moves
along the road. The hand-held beam,
powered by the vehicle’s battery, is flickered
across the sign face by the driver or
passenger. With a little training, the
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Table 15. Typical placement distances for general warning signs

Percentile Speed

conditions at the site.

hazard.

Listed Advisory Speed or Desired Speed at Hazard (mi/h)
Posted or 85th 10 20
Placement Distance of Sign in Front of Hazard {feet/meters)"

(mi/h) (knv/h)
20 32 2 — — e —-
25 40 100%/30.5
30 48 150/46 100/30.5
35 56 200/61 175/53
40 64 275/34 250/76 175/53
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
85 105 650/198 625/191 575/175 500/152.5 3751114

Typical signs used in this manner inciude Turn and Curve. Placement distances shown are for level
roadways. Corrections should be made for grades.
increased to 200 feet. This would allow reducing the above distance by 75 feet.

If 48-inch signs are used, the legibility distance may be

(1) Distance provides for 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

(3) In urban areas, a supplementary plate undemeath 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

30 40 50

A AV e

inspector can detect failing signs. Figure 84
shows the spotlight, which plugs into the
vehicle’s cigarette lighter, and an applica-
tion of its daytime use to check a sign’s
retroreflectivity.

Figure 85 shows an example of
warning sign with deteriorated retroreflec-
tivity. The high-powered spotlight shining
on the signg illustrates 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 appears to glow,

a

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 ingpection or for those signs
identified 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 developed a mobile unit
for measuring sign retroreﬂectivity The
Traffic Sign Evaluator (TSE) is mounted in
a van 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.

Sivak and Olson found that the
geometric mean of replacement luminance
value recommended in geven other research
studies was 0.23 candelas per square foot
(2.4 candelas per square meter).®® This is
the suggested replacement value. This
would apply to light legends with dark
(green, blue, red, and brown) backgrounds of
up to 0.04 candelas per square foot (0.4
candelas per square meter) and to light

(white, yellow and orange) backgrounds with




Other Delineation Devices

Figure .

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 retroreflec-

tion for four sign locations as shown in
table 16.

Usine
Sk

ng the median value of 0
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

LA ¥

Fie 4. atime Inspection of sign retroreflectivity
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Table 16. Replacement coefficients of retroreflectance using US-type low beam headlights

Qe T oot
DGR LOCALION

Left-hand side

Overhead-mounted

Replacement Coefficient of Retroreflection

{candelas per lux per square meter)
S0
114

Do
o

systems using European-type low beam,
high-lumminance surroundings and environ-
mental glare, driver age, truck drivers’
observation angle, drivers under the

1infliiancrs nf alonhnl or nthoararica ;mno;rc\d
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dirty signs, and dirty or misaligned
headlights.

Sign maintenance is important to
keeping the retroreflectivity at acceptable
levels. Signs should be checked for damage
and cleanliness during regular inspec-
tions.* Damaged signs may be repaired
using overlay techniques. Small signs may
be recycled by stripping the sign face and
applying new sheeting.

Most permanent warning signs do not
need to be washed. However, in some
locations a mild nondetergent solution can

I g
. RGP PRPTTLL

e o 59
%?ft EEE

E : g w fE A P i s LR |
Figure 85. Warning sign with deteriorated
retroflectivity

be used, if needed, to remove dirt. Other

methods exist for cleaning special
(89

Barrier delineators actually comprise a
variety 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 (EPMs) in that the
primary preblem with their use is how
quickly they become dirty. When dirty,
barrier delineators’ performance can degrade

point where they are no longer
considered effective. Side-mounted
delineators aggravate this problem since
they are closer to the road surface and have
a tendency 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 effectiveness ig
decreased with the side-mounted delineators
in the presence of headlight glare from
opposing vehicles.®® Obviously, some
compromise must be made between these

two conflicting factors.
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Figure 86. Use of a portable retroreflectometer

Even when delineators are top mounted,
cleanliness remains a problem. A research
study at the Texas Transportation Institute
(TTI) 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
workers involved, 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 nsually the prime
concern,

Pavement Symbols

Since pavement symbols are a form of
pavement markings, their installation,
maintenance, and removal follow the
guidelines for the particular type of
material. See the appropriate chapter for
specific details.
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Chapter 11 Roadway Delinealion Managemeni
CHAPTER 1i. ROADWAY DELINEATION MANAGEMENT
INTRCDUCTION MINIMUM RETROREFLECTIVITY

An effective system of roadway delin-
eation 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 delinea-
tion 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:

Define a system by which the current
techniques of roadway delineation
performance cdan be objectively judged.

Institute a system to inventory its
markings, their individual condition, and
individual past performance.

Oversee the collection of information for
the resulting data base.

Create specifications that will standard-
ize approved procedures and equipment

for data collection.

Train and certify field inspectors.

Retroreflectivity is the most commonly
used method of evaluating the performance
of delineation technigques. Research has
established that nighttime retroreflective
properties of a delineation technique are
directly related to its subjective effective-
ness. A typical study of this sort was
performed by the University of North
Carolina.”? 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 instru-
ments 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 nermally 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 ag the minimum value for coefficient
of retroreflected luminance, R for pavement
markings.****® More information may be
found in the references in chapters 2 and 3.
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Table 17. Correlation coefficients between pavement marking retroreflectometers

Ecolux | Potters Zghsn/ Zehntner | Optronik | Erichsen Oﬂo 0;20 ys:lv( Pz?n Pz;m P:gn Virginia
Potters 851
Zehn/PS | 959 .856
Zehntner .845 58 .86
Qptronik 847 .802 992 818
Etichsen 986 .838 | .989 .858 978
Ohio #1 9186 919 .98 757 953 952
Ohio #2 802 853 | 986 .833 98 .95 986
New York | .723 752 | .887 723 884 .81 o188 | .95
Penn #1 761 756 | .898 .82 915 826 807 | 953 | 976
Penn #2 812 .B26 831 .B08 934 .BG66 947 | 974 | 874 | 993
Penn #3 769 Bg9 | .898 876 927 832 881 | 943 | 939 | 092 | 977
Virginia J1 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 cencerned 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’s jurisdiction. In this way, the
agency can monitor any section of roadway
and determine what techniques and treat-
ments seem most effective on it. Also, a
regular 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 a computer that tracks each delineation

application’s characteristics and vital
information. Hach 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. Infor-
mation included could be type of delineation
devices, location, materials used, and
current state of the devices. These systems
will normally rely on subjective nighttime
evaluations of retroreflectivity or readings
taken with a portable instrument. The
following section discusses just how these
subjective evaluations should be performed.

Photo Log

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)."Y 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.
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1. Photographic inventory. Sites to be
evaluated should be photographically
inventoried from a vehicle. The appropriate
camera setting should be either a 1/60-
second shutter, f-stop 1.4, or 1/30-second
shutter, 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.

9. Site evaluation. A panel of five,
seven, or nine individuals 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 prevents ties.

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 is ineffective. 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 less for
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 several randomly selected markers
for analysis in a laboratory or use a
photometric van.

3. Muaintenance 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 slide 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 a site is
judged to be semi-effective or ineffective, the
appropriate action would be taken and that
the maintenance activity decided on by the
evaluation panel would begin.

Expert panel members should rate the
effectiveness of the sites based on the
following guidelines:

Effective. A site would 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 menths to establish it
as effective. Completion of the necessary
maintenance would depend on the avail-
ability 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 site ig ineffective if the
RPMs are not providing sufficient informa-
tion 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 Technigques delineation are discussed in the following
sections.

There are a few new methods for
inventorying roadways. One combines Daytime
videotaping all of the roads within a
highway agency and cataloging the tapes on Daytime inspections of delineation will
a computer laser videodisc system. In the consist normally of tests that require the
past, this system has been used to maintain inspector’s presence on the roadway or well-
video records of all roadways and would be lit conditions for good visibility of the
used mainly during design of new construc- material itself. These include testing of

tion projects. However, once the system has  percentage of material remaining, color
been created, application of the technique to durability, and cleanliness of RPMs and

cther departments in the highway agency, other retroreflective devices. The method
such as delineation management, would be for determining percentage of material
very simple. remaining is presented in chapter 5. Coler
durability is- tested using a comparison
A program like this has begun in the guide with standard highway colors.
State of Connecticut and is discussed in a
Federal Highway Administration report on Sometimes retroreflection also will be
inovative techniques for traffic control tested during the daytime. For pavement
devices.® markings, this may be done manually with
the sun/shadow technique or by using a
INSPECTION pocket microscope or portable retroreflecto-
meter. With the sun/shadow technique, the
Inspection is vital to managementi of marking is viewed at an angle so that the
delineation programs for those agencies that shadow of the viewer’s head is directly on
do not maintain an inventory of all the marking, as shown in figure 87. From
roadways. Highway agencies should this position, light from the sun will be
institute a policy for periedic inspection of directed back to the viewer, causing the
all delineation projects after their installa- marking to "glow." Using this method, an
tion and throughout their service lives. experienced inspector can make a reliable

Some recommended methods of inspecting
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Figure 87 Examples of sun/shadow techmque
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estimate of nighttime effectiveness 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 this
reason, retroreflection is tested most often
through simple nighttime inspections of a
device’s brightness and visibility distance.
These inspections often are made simply
uging automobile headlights for illumi-
nation. 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 practice
is 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 a few 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 microscope is
a small, inexpensive, lensed apparatus with
magnifying power sufficient for the inspector
to discern individual beads.

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.
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Embedment should be about 55-60 percent
of the bead’s diameter.

Retroreflectometer

A variety of instruments to test the
retroreflectivity of pavement markings

i1ohles
0196’51'01110311}' are ngw avaliaoie commer-

cially. 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 a light at a
fixed sample area and then measures the
percentage of light returned. Most are
calibrated to read

i ta af millipandala
librated toc read in UNILS O Minlcandaeias

(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

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. ;uerexore, the fine geuuleu Y
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 Year-Round Maintenance. Some
characteristics of the most popular equip-
ment are given below.

Mirolux 12

Many studies use the Mirolux 12
retroreflectometer, pictured in figure 89, in
an attempt to establish minimum retro-
reflectivity standards. It is a fine 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. Zero and calibrate the instrument.
2. Check the battery Voltage
3. Take reading(s}). Three readings shol

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.

Mirolux 12 retroreﬂecomt

Figure 89.

The instrument is manufactured by
MiroBran Assemblers, Inc. (Clifton, NJ).
The price is about $4,500. It is considered
one of the more cost-effective portable
instruments.®>

Other Instruments

A number of other foreign-buiit, fine-
geometry instruments are being used in the
United States. These include the Ecolus,
Erichsen, and Optronik brands. Studies
have attempted to establish the correlation
of readings of these instruments with one
another, with other instrumenis, and with
subjective panel ratings.®®® In general, the
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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).

Mobile 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 deficiencies.
Advanced Retro Technology (La Mesa, CA)
has developed such a device in cooperation
with Potters Industries (Parsippany, NdJ); it
is described in a study performed by J.J.
Rennilson.®®

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-pass filter.
The filter blocks reception by the photo-
receptor of all other wavelengths of light.
Thus, it makes possible day/night, wet/dry
variable geometry retroreflectivity
measurements.

Figure 91 shows the laser retroreflecto-
meter 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. The test 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 ig used by the

driver to guide the vehicle. Data captured
on a laptop microcomputer mounted on the
passenger seat 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 zeen in
figure 92,

Plans are being made to market and sell
this device to hichway 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 liability 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
ways to limit their tort liability.
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One of the most effective methods
available to a highway agency for reducing
exposure to tort claims related to delinea-
tion is a comprehensive, efficient roadway
delineation management system. This
gystem establishes a reasonable standard of
care for a highway ageney’s activities. If a
highway agency has an FHWA-approved
policy for management of delineation
systems, following the policy takes on the

force of a statute governing the actions of
the agency.

This is not meant to imply that
following a delineation inventorying and
management program will guarantee
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
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Figure 90. Schematic of laser retroreflectometer
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Figure 91. Pictures of the truck-mounted laser retroreflectometer
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A calibration factor for the laser retrorefiectometer was determined at 0.5 degrees
and uszed to correct the meter readings to yield the coefficient of retrereflectad
iuminance. As a refoerencs, the 40-meter diztance mark is given at 0.9 degrees, 89
degreas for the passenger car.

Figure 92. Retroreflection of pavement marking tape as a function of
observation angle and two entrance angles

safest roadways possible, thus establishing
the highway agency’s paramount concern for
the safety of the traveling publie.
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Administration

CHAPTER 12. ADMINISTRATION

INTRODUCTION

The design, application, and mainten-
ance 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
difficuit. The task is made more complex by
the array of delineation techniques and
technologies. If liability is to be avoided,
the best method must be selected for a
particular situation. It is often difficult to
determine the level of visibility for
delineation that will be adequate for all
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. Conse-
quently, the role of administration and
management becomes more demanding and
complex.

This chapter focuses on some of the
administrative considerations associated
with roadway delineation. These include
the implication 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. Consequently, many State
highway agencies have become vulnerable to
lawsuits for damages resulting from
highway accidents.

Because of these changes in legal
doctrine, highway agencies’ personnel
increasingly are involved in a field 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
considerations involved in roadway
delineation practices have been included
here to provide a basic understanding of the
purpose, intent, and direction of current tort
Hability.

This discussion is a basic treatment of a
complex subject. It is not meant to
interpret the law or establish guidelines. It
is intended only to help highway agencies
recognize the possible consequences of
failure to maintain and safeguard their
roadways.
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There are numerous reports and
references prepared by legal staffs that can
be consulted for more definitive information.
The Institute or Transportation Engineers
has developed a one-day seminar as part of
its Continuing Education Program entitled
Traffic Improvements—Legal Aspects and
Liability. Tt is intended to upgrade and
expand awareness among hlghway agencies’
personnel.®¥ 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
avold 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 tort is 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.”®" Torts can be

a1
either intentional (assault and battery, false

imprisonment, trespass, and theft) or
unintentional (negligence). Torts claiming
negligence are the most common to highway
agencies.

Liability means the legal obligation of
the tort-feasor (the negligent party) to pay
damages to the vietim. More than one
PUJ. S0I1 OT UlEaLlLbatlUll llld.‘y UU 11db}.c fﬁl
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
mveliam mnidley A o Al Al A e ot o d L.
CLulillal 11y UL, UL LIe JULLE UL SUIICULITILILE LildL
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 n]ﬂ'lpt'lff suffered ¢{1ﬂ nnﬂ damares. th

rages, the
plaintiff would receive ﬁ'om the defendant
$10,000 less 40 percent, or $6,000 total. In
a jurisdiction 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.

The reasonable person (gometimes called
the “reasonable man,” the “reasonably
prudent person,” or the “ordinary man”) is
used to establish the level of care that is
judged to be negligent. In effect, this
definition imposes a test of negligence as
being the “failure to use ordinary care.”
This is the test most often used in deter-
In the comntext 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 acts in a reasonably prudent
and careful manner under the same
circumstances.

iming ahilide
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Dty in tort law is an obligation to
conduct oneself in a way that will protect
others from unreasonable risks. Negligence
is a breach 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 te all drivers on its
roadways. The highway agency’s duty is to
avoid creating unreasonable risks for drivers
and to meet the standard of care impesed
on that particular highway agency.

The standard of care for any person is
gset 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 regula-
tions help define the standard of care by
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which conduct is judged. For example,
failing to observe a Stop sign is not only an
infraction, but also failure to meet the
standard of care that sets the boundaries of
liability. Viclation of a safety statute is
considered to be negligence in itself.

Tnally tha annnni’nr‘ ctandards and

Finally the accepted standards and
practices of a profession, trade, or industry
also define the standard of care by which
conduct is judged. Included in the defini-
tion of “accepted standards and practices” is
the Manual on Uniform Traffic Control
Devices (MUTCD)Y and other similar
documents. In general, “a violation of a
uniform law or regulation may be evidence
of negligence or may constitute negligence
per se.”®® In the Highway Safety Act of
1966, the MUTCD was adopted as a
national engineering standard. Although it
is a Federal 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 character-
istics of tort hability. First, the most
common tort is negligence, which is the
failure to use reasonable care in one’s
actions. Next, court decisions in tort claims
are based on the concept of the existence of
a “reasonably prudent person” exercising
“ordinary care.” Finally, negligence is
established by a failure te 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 negli-
gence case arising from a highway accident:

e The defendant (highway agency or its
agents) had a legal duty to exercise

reasonable care toward the plaintiff
(victim).

e The defendant was negligent (defend-
ant’s conduct failed to meet the standard
of reasonable, ordinary care), thus
breaching that duty.

e The plaintiffs 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 The plaintiff must not have been

confributorily negligent to

damages suffered.

rarnuar all tha
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Legal Duty and Liability

Highway agency personnel have definite
obligations to the public. These duties are
impoesed specifically or generally by law.
Basically, their duty is to maintain the
roadway in a reasonably safe condition.
This involves inspection, anticipation of
defects, and conformity with generally
accepted standards and practices. There is
no requirement for perfect conditions of
repair or for actions beyond the limits of
human ingenuity.

To understand the apphcatmn of the
concepts of xegdx uul,_y, it is necessary to
recognize the distinctions between discre-
tionary 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 alternatives; it
requires consideration and independent
judgment te choose a course of action. On
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the other hand, ministerial duties involve
mandatory tasks that require little personal
judgment. The difference between
discretionary and ministerial functions is
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 this area. 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
pI'UVlU.E dDbUlLlLre _[JIULECL}GH. 11 Q111 1egd1
liability. If discretion is abused, courts may
substitute their own discretion for that of
the defendant to reach a result in a

particular case.

The courts normally consider the design
of roadways to be a discretionary govern-
ment 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 there
is an abuse of discretion that justifies a
court resorting to second guessing, most
roadway design issues remain within the
control of highway agency personnei. To
help protect State highway agencies and
employees from tort Lhability, 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
is five 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 a time and is of such a
nature that the State should have dis-
covered the condition by reasonable
diligence. In this case, the notice is said to
be constructive, and the State’s knowledge
of the condition is implied. 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 wonld
easily be perceived. This will aid the court
in deciding if the State had reasonable
notice.

Maintenance 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
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markings are required. It appears to leave
the decision to the discretion of the
individual highway agencies.

The duties of highway agencies with
regard to pavement markings are sum-
marized as follows:

“In the absence of a statute, 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.”

“However, the duty to provide warnings,
lights, or markings may arise where the
particular highway presents an unusual,
dangerous condition.”

“Although there may be no duty to
install warnings, signals, or markings in
the first instance, once installed, there is
a duty 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. This is a logical 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, article in 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 California lost its sovereign
immunity in a 1961 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 tetal amount of money
lost te 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
also resulted in an increase in the cost of
liability insurance, where it was not
canceled outright. Deductibles have been
raised to multimillion-dollar levels in 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
invelved in such activities should be well-
informed of the legal implications of their
functions.
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SOURCES OF FUNDING

One of the major concerns facing
highway agencies is cbtaining adequate
funding for their various programs. While
the courts are quick to point out ineffi-
ciencies by making judgments against
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stem from lack of adequate funds rather
than from inattention to standard engi-
neering practices. In many cases, there is
simply not enough money available to
support all the desired programs.

In recognition of this nationwide
problem, Federal funds have been available
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for several years o assist S
varicus 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
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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 eligible for
ﬁinding. The Pavement L\v'l.dlh.ulg
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 Transporta-
tion's 1979 Annual Report on Highway
Safety Improvement Programs,® about 25
percent of Pavement Marking Demonstra-
tion Program funds were used for these
eligible items.

A o;EuAﬁuaut Change was l.ll.a.dc Lo bht:

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

...................
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Quantity Purchase of Materials

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.
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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 sur-
charge 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 a 5 percent
surcharge. New York, 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
guantities.

Even if a small, local highway agency
purchases directly from the supplier, it is
best to buy materials with a long 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 peried.
Because material may be damaged or may
deteriorate in storage, the savings in unit
cost must be balanced against the potential
waste.

Something else that will affect the cost
of materials is their packaging. Small
sacks, pails, or cartons may prove easier to
handle and store but may cost toc much to
justify their use. (See Warehousing and
Storing of Materials, chapter 4.}

Inventory and Recordkeeping

Good business practice requires mainten-
ance 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 materials is established in budget
preparation activities. Unfortunately, the
item is often budgeted based on some “rule
of thumb,” such as last year’s use 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’ use is difficult. In
addition, smaller highway budgets encour-
age highway agencies to rank individual
marking projects’ importance in 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 Model 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
develop specifications for the purchase of
various categories of materials and equip-
ment. 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 additicn, this practice encourages
uniformity of marking practices within the
State.

The most critical issue in the prepara-
tion of specifications is the choice between a
composition (formulation) specification or a
functional (performance) specification. This
issue is discussed in chapter 4 under
Purchase of Materials, page 36.
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Use of Contractors

The use of private contractors for
delineation instead of highway agency forces
is another significant consideration in the
procurement process, Contractors are
typically used in the following
circumstances:

Roadway delineation installation is part
of a larger project under contract and it
is more economic and efficient for the
conttractor to be responsible for the
whole job.

Installation requires special equipment,
and staff skills not available within the

highway agency.

The magnitude or immediacy of the
work is beyond the resources of the
highway agency.

Cost of services is most important in

deciding the best course of action. It should
be stressed hnwpvnr that nther fartare mavw
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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

better at applying their own product.

However, there is little 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

A
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 a
troublesome area. The experience of the
field crew is often overlooked at
administrative levelg; yet, it is a valuable

T
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resource that cannot be purchased under
contract.

At a higher planning level, the cost of
equipping and staffing internal forces to
provide all the necessary installation and
maintenance 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 a regular
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 respon-
sible for roadway delineation systems are
extremely concerned with the increasing
costs of delineation and diminishing
budgets. As other programs and functions
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compete for available funds, it is vital to
justify expenditures in terms of the costs
and benefits of planned activities.

Several studies have tried to determine
the cost-effectiveness of various delineation
techniques.®**” Other studies have
attempted to quantify the benefits from the
accident reduction. © Sl other studies
have tried to find ways of reducing the costs
of using common materials, equipment, and

procedures.®®

It has been hard to predict the costs
associated with application of pavement
markings. Funds spent by one highway

aconey are discimilar to funds 'l]qu 'F(TI" a
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similar 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 be realistic, 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, there is little agree-
ment 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 ths
Marking Demonstratmn Program will
provide additional information in determin-
ing costs and benefits of delineation
systems. When all the projects in this
program are documented, better evaluations
will be possible. In the meantime, there are
statistical analysis techniques available for

use. There are also economic analysis
models developed to evaluate the costs and
benefits and cost-effectiveness of the

individual delineation Le‘Cumques

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 Markings

The most common type of delineation is
the 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, is rarely 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 this finding is extra-
polated to traffic volumes lower than those
observed in the study, centerlines can be
cost-effective at ADT volumes as low 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.
This implies 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 is less
attentive on straight roads and appears to
rely on edgelines. On winding roads where
a driver is under stress and paying
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attention to the driving task, edgelines do
not appear to be so vital fer guidance.

It can be conciuded 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 is the only consideration, an ADT
volume of 1,000 vehicles is necessary to
make edge lines cost-effective. If other
factors are considered, such as reduced costs
for shoulder maintenance, 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 this ratio is normally
adequate, situations where forward visibility
is reduced may require a lower gap-to-
segment ratio. In mountainous terrain, or
where ciimatic conditions commonly cause
limited visibility, the 3-to-1 ratio should be
supplemented by raised pavement markers.

Raised Pav

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
ahp*nmpn’r and to qnnn]pmpnf existine
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pavement markings.

Use of RPMs as lanelines reduces the
amount of lane changing and discourages
encroachments onto adjacent lanes. There
is a rumble effect produced by running over
the markers. Research has shown that

RPMs reduce a vehicle's lateral placement
variance and lessen driver strese at nicht
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wet weather.
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ALL

Accident analysis studies showed that
when painted centerlines were replaced with
RPMs there was a reduction of approxi-
mately 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 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 RPMs are more effective than post-
mounted delineators on isolated horizontal

P [
RPMs' guidance is 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

F 3 a Frxrey
effective than Wo-way

roadways. The cost-effectiveness of such an
installation depends on the particular site.

curves,

RPMs on cur ved

Post-Mounted Delineators

Post-mounted delineators (PMDs) of
various shapes, colors, and retroreflective
characteristics are used widely throughout
the United States. PMDs are especially
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.
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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 reason-
able 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.

As with RPMs, the selective use of
PMDs are effective for all weather
conditiens. Driver performance improves
significantly with the use of PMDs on
horizontal curves. Accident analyses
demonstrate a lower 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 a variety of accident studies. The
manual derives accident reduction rates for
a variety of countermeasure treatments,
including the use of general warning and
regulatory signing.’®”

The data presented in the manual
demonstrate that aceident 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 rural 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 factors it 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.

Conditions for 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
is important to consider all aspects of an
area to be delineated, not just the roadway
type or immediate surroundings.

For example, if a horizontal curve on a
rural two-lane road has