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SUMMARY Of RESULTS

This report 1s the second in a series of four, and it presents the
methodolagy and results of two studies regardiny the reflectivity of Raised
Pavement Markers (RPMs) and Raised Traffic Buttons (RTBs). Additionally, it
presents a maintenance procedure sugyested for use by the Texas State
Department of Highways and Public Transportation (SOHPT) to assure the markers
provide positive route yuidance. Une of the two reflectivity studies used a
panel of experts to rate the effectiveness of the markers at several sites
across the state. These effectiveness rating were used to evaluate the effect
several factors had on the RPMs and RTHs. The second study was conducted to
validate (1) the accuracy of the photoyraphs in representing the sites and (2)
the ratinys of the panel of experts. The maintenance guidelines present a
step-by-step procedure each district could use to obtain consistent
maintenance procedures across the state. The maintenance procedures include
a set of standards which should be used to evaluate the markers.

The results of the effectiveness study indicate that the markers lose
over ninety-percent of their initial brightness within the first two years of
service, A(l| markers, regardless of type, are approximately at the same
brightness level withia one year. Markers remain effective for positive route
gJuidance with reflectivity levels as low as .15 (CP/FfT-C) and at least 80
percent of the markers remain. A sugyested initial brightness level of 2.0
(CP/FT-C) is recommended based on the results of this study. Headlight beams
increase cthe effectiveness of markers. When markers are in a transitionary
state between levels of effectiveness, the use of bright lights increases the
markers effectiveness. After markers have been washed, ar during a rain, the
level of reflectivity will 1increase 20-50 percent, Trucks have & yreater
impact on the number of missing markers than on the toss of reflectivity. The
torces exerted on the RPMs by the trucks affect the failure of the asphalt
more than the mdarkers. The exception to this yenerality is when markers have
been improperly installed and the corner of the marker breaks. The color of
the marker has a significant effect on their effectiveness. Yellow markers
required specific intensity (S.[.) values consistently higher than crystal
markers for the same tevel of effectiveness.



The results of the validity study indicated that camera settings of 1/60
of a second witha f-stopof 1.4 and 1/30 of a second witha f-stop of 1.8 are
proper settings to use with Tow ambient light levels. [t should be emphasized
that these settings were used with 400 ASA film pushed two-stops during
development. Any other film or development technique will result in the use
of other camera settings. The only negative effect of using this procedure is
color balance. The color inbalance was not enough to affect the test subjects
evaluation at each site. The test subjects evaluation at each site, with the
aid of the maintenance standard photographs, agreed with the panel of experts.
The photographic technique and maintenance procedure described in this report
are valuable afds in maintenance to provide an excellent positive route
guidance system using both reflective rafsed pavement markers and reflective
raised traffic buttons.

The other reports in this series are:

Research Report 322-1 -- State-of-the-Art, Research Methodology and
Annotated Bibliography of Reflective Raised Pavement Markers.
Research Report 322-3 -- Retention of Reflective Raised Pavement
Markers.

Research Report 322-4 -- Executive Summary, Significant Results, and
Assorted Tests and Procedures for Reflective Raised Pavement

Markers,



Implementation

Due to the severity of the problems associated with the reflectivity of
raised pavement markers, the results of these studies should be implemented as
soon as possible. Markers lose a significant amount of initial reflectivity
within 6-12 months after installation. They remain effective for positive
route gquidance at extremely low levels of reflectivity (.15 CP/FT-C).
Therefore a finitial brightness level of 2.0 (CP/FT-C) is recommended. A set
of photographic standards may be used to assist in suggesting when maintenance
may be performed.

The results presented in this report suggest that hodification of
existing Department practices and procedures would increase the operational
efficiency of the markers on Texas roads and reduce driver confusion. These
results, if implemented, have the potential to substantially reduce cost and
save Tives in the states.

Disclaimer

The contents of this report reflect the views of the authors who are
responsible for the facts and accuracy of the data presented herein. The
contents do not necessarily reflect the official views or policies of the
Federal Highway Administration. This report does not constitute a standard,
specification or regulation.
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BACKGROUND OF RESEARCH

INTRODUCTION

The primary problem addressed in this report and one of the major
problems with reflective raised pavement markers (RPM) and reflective traffic
buttons (RTB) is the reduction in reflectivity., This reduction of
reflectivity has many causes and is time dependent,.

Loss of Reflectivity

Figure 1 presents the specific intensity degredation from the Dallas
Study (1). This figure indicates that all markers tested lost over 95% of
their inftial brightness in the first six months after installation. The
result an of accelerated wear test conducted by the Signal Products Division
of Amerace Corporation are presented in Figure 2 (2). The validity of these
data is not known. These data show markers lose almost 25% of their initial
reflectivity after 200,000 impacts. 1in wet conditions, the markers lose one
third of their initial brightness. The reduction in intensity is non-linear
and the greatest loss of brightness occurs in the first few months after
installation. Dry markers lose over 50% of their initial brightness in the
first 25,000 impacts and an additional 2U% in the next 175,000 impacts.

CAUSES OF REDUCTION IN REFLECTIVITY

Table 1 relates the types of failures resulting in the reduction in
reflectivity to the causes of those failures. The failure mode, their
percentage of all markers, and the associated cause of that failure mode have
been determined by inspection of both RPMs and RTBs at sites across Texas by
the researchers as a part of this study.

PLASTIC MARKERS

One particular type of failure not related to the reflector is the
physical loss of the marker. Over halfof all RPMs are ineffective due to
this type of failure. The major cause of this failure is the number of
impacts an individual marker sustains., The number of impacts are also related
to the location of the marker on the roadway and the type of pattern. Markers
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Figure 1. Specific Intensity Levels For Four Major Suppliers Of Pavement
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Table 1. Causes of Reduction in Reflectivit) by Marker Type and Failure Type.

Marker Type Failure Mode Cause of Failure

Plastic RPMs Missing Markers (56.2%) Location of Marker
Number of Hits
Type of Pattern
Improper Installation
Weak Asphalt

e e BN et e e e e e N e R S A A e v o ED W M S SR MR A M M N e e e Ve e v W B e Wm Emwm A Em M A

Abrasion to Reflector Location of Markers
Face (14.0%) Number of Impacts
Material Used to Cover
Reflector
Accumulation of Road Material Used to Cover
Dirt and Tar (8.4%) Reflector Face
Improper Drainage of Road
Surface

Scuffing by Tires

R SR e R A8 AN M e ha ey = P ED EP ER AN AR e MR N e e e e e e M W v G R N W ED Em e A e R R e E e e e

Moisture Seeps Into Marker Casing Failure
Reflector (12.5%) Number of Impacts
Ceramic Button Accumulation of Road Ramp Design
Dirt and Tar (12.5%) Improper Drainage of Road
Surface

Location of Marker

- R M e v o G G S S AN MR ER et et ey e B Y M RS AN WD RN RN M e e et BN o e A e A A M AN e e e ad A B

Broken Reflector Rods Weak Reflector Rod
(10.9%) Impacts Not Protected By
Ramp

Faulty Rod Gluiny
Missing Ceramic Markers Improper Installation
(6.3%) Weak Asphalt

Epoxy Service Life Exceeded
Abrasion to Reflector Inadequate Ramp Protection
Rod (4.7%)

* Percentages Determined From Counts at Sites Studied in This Project.



placed too close (within 50 feet) to the intersection and those not protected
by being located behind solid pavement marking lines will be more susceptible
to impacts than those which are protected. Some patterns will result in more
impacts to the markers than others. Markers used to channelize traffic into a
single lane will lose virtually all of the markers in the transition zone
between lanes, This type of pattern is common on two lane facilities where a
turning lane is placed at an intersection.

Improper Installation
Another cause of marker loss is the improper installation of RPMs. Many

markers were dislodged because the epoxy had been improperly mixed or an
improper ratio of resin to hardner was used. The former problem can be
determined because the epoxy is streaked; the latter problem is detected by
the color of the epoxy. When too much resin is used the epoxy will be 1ight
in color whereas too much hardener makes the epoxy dark. Proper mixing and
mixture ratios will result in a grey colored epoxy.

Missing Markers
The final cause of missing markers on asphalt is the asphalt itself.
Many markers are missing because large portions of asphalt on which the

markers must rest are dislodged from the roadway. Two factors have been
identified which contribute to this problem, moisture and temperature.

Those factors which are directly related to a reduction in the
reflectance properties of the markers are (1) abrasions to the markers
reflective face, (2) an accumulation of road dirt and tar, and (3) moisture on
the reflector. Each of these will be discussed in order.

Abrasion

The reflector face is abraded for several reasons. The most obvious is
the number of impacts the marker sustains. The number of impacts {s highly
dependent on the location of the marker on the roadway and the pattern at the
site. The material which the marker is made is susceptible to scratches from
these impacts. The plastic will scratch very easfly upon impact. After
many thousands of impacts the marker has been abraded sufficiently so that the
reflectivity has been reduced. Stimsonite has tried to counteract this pro-
blem by placing a piece of tempered glass on the face to reduce the scratch-



ing. While this has been accomplished, to some extent, the bonding of the
glass to the marker leaves a lot to be desired. Many markers with improperly
attached or missing glass faces have been observed. After the glass has been
removed, the marker will abrade the same as a marker without the glass face.

Road Dirt and Asphalt
Road dirt and asphalt accumulations on the face of the marker will
reduce the reflectivity of the marker. A related problem is tire scuffing.

The plastic material discolors as a result of the staining effect road asphalt
has on it. Dirt will also accumulate near the base of the marker and on the
bottom edge due to the scratches and entrapment by the epoxy and marker. Most
of this dirt is eliminated by impact of the tire on the marker face. A
portion of the reflective face is not struck upon impact. Resulting in a
reduction of reflectivity, because the dirt is not removed due to vehicular
impact.

Water and Humidity

Roads having insufficient drainage accumulate water near the base of the
markers. This leaves a residue on the bottom of the marker which reduces the
reflectivity. In areas of West Texas, where there is very little rainfall,
the markers will not be washed resulting in a certain amount of lost

reflectivity.

In areas where there is a large amount of rainfall or high humidity,
moisture seeping between the plastic cover and the reflector is a serious
problem. If the marker is properly installed and has structural integrity,
this problem will not exist. Inmost instances, this problem results from
improper epoxy installation. Al1 four corners are not covered resulting in a
corner or corners having a space between it and the pavement. After many
impacts this corner will break off, providing a place for moisture to enter
the markers' reflector system. A marker with a cracked plastic shell will
also allow moisture to enter resulting in reduced reflectivity.

CERAMIC BUTTONS
Ceramic buttons are characterized by the same types of failures in
different proportions. Where the primary problem is keeping the plastic RPMs



on the road surface, RTBs primary problem is reflectivity. The magnitude of
the RTBs reflectivity problem is not as great as that of keeping the RPM’s on
the road.

Road Dirt and Asphalt
One problem the ceramic marker has with respect to reflectivity is the

accumulation of road dirt and asphalt on the reflector rod. The

principal cause of this problem is the ramp design of the markers. The ramp
allows dirt to accumulate against the reflector rod decreasing the
reflectivity. The ramp protects the reflector rod against impacts. When road
surfaces do not drain properly an abundance of road dirt and scum remain. This
debris collects against the reflector rod due to the ramp design. Finally,
the location of the marker contributes to the problem. Lane line markers do
not accumulate as much debris as do centerline markers. Wind velocity due to
passing vehicles removes the debris.

Broken Reflector Rods

Another problem with the ceramic marker is broken reflector rods. The
major cause of this problem is improper gluing of the rod to the marker body.
If the marker is not glued properly or the glue is applied over glazing, the
bond will be inferior resulting in missing reflector rods. In some instances,
the reflector rod is partially missing. This is caused by either weak
reflector rods or the rod being struck by a tire or a rock striking the rod.

Missing Markers

' Approximately six percent of all ceramic markers surveyed are missing
regardless of location. The same failure modes observed for plastic markers
also apply to ceramic markers. For RTBs, an additional cause of missing
markers is exceeding the service life of the epoxy. These markers tend to
perform better on asphalt than do the plastic markers, and service life of the
epoxy becomes a factor. The principal reason for the observed better
performance is the shape of the RTB.




Abrasion
Abrasion to the reflector rod due to tire scuffing was apparent in

approximately five percent of all RTBs. The principal cause of this type of
loss of reflectivity is improper ramp design. The ramp allows the tire to
come into contact with the reflector rod in extreme acceleration and

deceleration situations.

OBJECTIVES OF RESEARCH
Two of the objectives of this research were to:
1. Identify the causes of marker reflectivity loss.
2, Relate route guidance to the percent of markers remaining,
functional reflectance levels, percent truck traffic and raised

pavement marker pattern and type.



RESEARCH APPROACH USED TO ACHIEVE PROJECT OBJECTIVES

The project objectives were achieved using two research approaches. The
first objective, to relate the types of marker failures to their causes, was
achieved using physical counts and perscnal observations at sites across the
state. This approach was selected because of the nature of the problem and the
objectivebeing addressed. The failures are related to many factors which
could not be adequately studied in a controlled field or labaratory study.
Physical counts constitute a field study approach. The data required to
successfully complete this objective could be attained more economically than
with other more costly approaches.

The second objective, relate effectiveness of markers to other pertinent
factors, utilized a subjective evaluation of markers by a team of experts. The
subjective evaluation was conducted using 35mm slides of sites selected
because of the characteristics of the site. The site characteristics were
selected by the Technical Advisory Committee (TAC) and are contained in
Appendix A. The members of the TAC formed the evaluation team for this
project.

A study was conducted to determine the appropriate camera settings to use
in the 35mm evaluation, Camera settings ranging from 1/250 (sec) with an f-
stop of 1.8 to time exposures of 10 seconds were taken using a Nikkon 35mm
SLR with a 50mm lens. Photographs of each site were taken from the drivers
eye height and lateral position in the vehicle with no other illumination
other than ambient lighting and the vehicles low and high beams. This approach
wads selected because the markers should be evaluated in the environment in
which they operate. One method of doing this was to photograph the site and
let the TAC evaluate the photographs.

Film Latitude
A major problem with respect to using photographs to record and analyze
ambient lighted scenes 1s the range of camera settings required for

duplication of any lighted composite scene. This physical phenomenon is
represented in Figure 3. The amount of light illuminating any object is
inversely proportional to the square of the distance to the object. From
Figure 3, it can be shown that if X amount of light illuminates Marker 1 then



one-fourth as much light (1/4X) will illuminate Marker 2 and one-ninth as much
Figure 3
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Tight (1/9X) will illuminate Marker 3. Each of these illuminance levels
require a different camera setting (f-stop, and shutter speed) for each marker
if a picture of a specific marker were being taken. In the procedure used in
this study, one camera setting was used at each site for evaluation. Several
photographs with different camera settings were taken at each site. The
photograph used for evaluation was selected based on the photographs ability
to duplicate color balance and 1ighting levels at that particular site.

Several slides which appeared to be visually representative of three
sites were evaluated by a group of twenty-three subjects in Austin, Texas.
Based on the evaluation of theses twenty-three subjects, it was determined
that 1/30 (sec) f 1.4 and 1/60 {sec) f 1.8 settings were appropriate if 35mm
ASA 400 film pushed two full stops were used. These three sites provided a
representative cross-section of all sites evaluated for effectiveness.

The TAC evaluated the different sites with respect to the effectiveness
of the marker system in the environment in which the system exists. The
evaluation team members were instructed to evaluate the marker system with
respect to effectiveness in providing positive route guidance. The evaluators
were also instructed to ignore as best they could existing pavement marking
materials other than the markers. The following definitions were provided to
the evaluators in making their evaluations:

1. . EFFECTIVE: a site would be judged to be effective if, in the mind
of the evaluator, the raised pavement marking system provided suffi-
cient information to the driver without any maintenance being,
performed at the site. The raters must judge the effectiveness of
the raised pavement marking system with respect to the number of
missing markers, the reflectivity of the markers, the test condi-
tions, the color of the markers, the spacing of the markers and the
intended purpose of the pattern.

2. SEMI-EFFECTIVE: A site would be rated semi-effective if in the mind
of the rater the site would have to be maintained within the next
six months to a year for it to be effective. This is dependent on
the availability of funds and placement of the site in the mainte-
nance schedule. At the time the raters are rating the location the
raised pavement markers are providing sufficient information to the

driver.

12



3 INEFFECTIVE: A site would be rated ineffective if in the minds of
the raters the raised pavement markers are not providing sufficient
information to the driver and immediate maintenance is required. No
other treatment except total maintenance of the site could be
employed to provide the required positive route guidance to the
driver.

The judged effectiveness were related to factors such as the number of missing
markers, length of time on road, specific intensity, amount of truck traffic,

color of markers and vehicle headlamps used.
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RATED EFFECTIVENESS OF MARKER SYSTEMS

INTRODUCTION

To successfully attain the objectives of this research a photographic
field study technique was used. The research methodology used a panel of
experts from both the SOHPT and FHWA to evaluate a set of siides at 33 test
locations (Appendix A) dictated by the statistical design. tach site was
rated as to its effectiveness in transmitting sufficient information for
positive route guidance according to the effectiveness definitions previously
defined. Appendix B contains the complete set of instructions presented to
the TAC. Appendix C contains the statistical evaluation for the effectiveness
of all the test sites used in the study.

FACTORS AFFECTING MARKER SYSTEM EFFECTIVENESS
Marker system effectiveness is related to two factors, (1) number of

missing markers and (2) reflectivity levels of remaining markers. The number
of missing markers are dependent on: length of time on road, average daily
traffic, and truck traffic. Reflectivity levels are dependent on: color of
markers, truck traffic, average dafly traffic, use of high or low beam
headlamps, and length of time on the road. These factors have been developed
from marker observation by the researchers, TAC and from discussions with
product manufacturers and sales representatives.

| The effectiveness of the markers relates to the overall marking system at
the site. The ambient 1ighting and condition of existing pavement markings
are taken into consideration., The existence of other markings and ambient
1ighting affect the positive route guidance effectiveness of the raised
pavement marker system. Markers, as they deteriorate, result in reduced
reflectivity and associated effectiveness as a positive route guidance system,
Markers never hit will eventually have a reduction in reflectivity due to the
action of the physical elements {rain, snow, heat and cold) on the plastic
shell or rod. The number of hits a marker sustains also determines the useful
service 1ife of the RPMs and RTBs. The number of hits is a function of the
pattern (centerline or lane line) and the average daily traffic (ADT) at a
specific site,

14



MISSING MARKERS

Length of Time on Road

Figure 4, relates the judged effectiveness of the marker system to the
tength of time the markers are on the roadway. The figure relating system
effectiveness with time uses (1) high beams, (2) low beams and (3) an average
of both high and low beams. The average of both beams is a better indicator
because it tends to average {or smooth out) individual site specific
differences. B8oth the effective and ineffective sites where high beam were
used were on the road for longer periods of time than at those sites where low
beams were used. The low beams resulted in less reflectance than high beams,
therefore markers which have been on the roadway longer will appear as bright
or brighter with high beams than when 1ow beams are used. This was not the
case for those sites the experts rated as semi-effective. Those sites rated
semi-effective where low beams were used were placed on the roadway at least
six months earlier than those sites where high beams were used. However, the
average of both beams indicate a steady increase in the number of years on the
road as the effectiveness of the markers decrease. It appears that markers
become totally ineffective the second and third year the markers$ are in place.

Figure 5 presents the cumulative distribution of missing markers by time
the markers are in place for the three levels of effectiveness. Those sites
rated effective by the majority of the panel were used in determining the
shape of the effective curve. The effective curve remains relatively constant
as the percentage of missing markers increase. In the case where the sites
were rated effective with approximately 85 of the markers missing was a
rural tangent site with the remaining markers having a relatively high level
of reflectivity. This may be an atypical site because of the conditions under
which it was rated, however, it points out that geometrics and level of
reflectivity are as important factors as the number of missing markers. If
the site had been an urban location or if the geometrics had been anything
other than tangent, it would have been rated semi-effective or possibly
ineffective depending on the level of retroreflecitivity of the markers. The
trend for all three levels is uniform and indicates that between the second
and third year the percentage of missing markers increased from 40 percent
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to 72 percent. Those sites judged as effective after two years had lost 40
percent of their markers whereas those sites judged as semi-effective had lost
31 percent of their markers. This would indicate that the level of
reflectivity was higher at the sites judged effective than at the sites judged
semi-effective. The difference in rated system effectiveness when
considering the percentage of missing markers must be associated with the
reflectivity of the markers and not the missing markers. Those sites
evaluated as ineffective had lost 50 percent of the markers by the second
year. By the fourth year 90 percent of all markers at the sites were missing.

An analysis was performed to determine the percent of missing markers
which affected the marker system level of effectiveness. The results of this
analysis are presented in Figure 6. The average of both low and high beams is
a better indicator of the markers functionality. The change in the level of
effectiveness is a function of the number of missing markers. A marker system
is considered effective when 73 percent or more of the markers are in place,
semi-effective when the number of markers in place range between 75 percent
and 45 percent and ineffective when 1ess than 45 percent of the markers are

remaining.

Average Daily Traffic

The percentage of remaining markers is also related to the average daily
traffic (ADT). Figure 7, relates the percentage of remaining markers with
ADT using data in Appendix A. This relationship indicates that missing
markers increase as ADT increases. Thirty percent of the markers are removed
from service at the sites investigated as ADT rises to 2500 VPD, Between
tH1rty percent and sixty percent are removed from service as ADT increases to
17,500 VPO, The ADT's represented in this study do not represent very heavy
traffic; however, a large proportion of the markers are lost very rapidly. As
ADT increases the loss of markers effectively reduce the guidance ability of
any pattern. Inurban areas with high traffic volumes the markers will not
generally stay on the roadway for a year. Other rural sites, the markers stay
on the road for several years. The first half of the curve is characterized
by rural sites with asphaltic concrete roadways. The latter half of the curve
is characterized by urban sites with Portland cement concrete roadways. This

is one explantion for the change in scope.
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Truck Traffic
The percentage of trucks in the traffic mix would change the
effectiveness of the markers, This change could occur either by (1)

increasing the number of missing markers or (2) decreasing the reflectivity of

the markers.

Figure 8, presents the rated effectiveness of the markers as a function
of the percentage of trucks in the traffic flow with high and Tow headlamp
beams. Sites rated effective on low beams had 10 percent truck traffic. Sites
rated effective with high beams had 13 percent trucks. Those sites evaluated
to be semi-effective with both high beams and low beams were characterized by
a traffic mix containing 14 percent trucks. These are not significant
differences. Those sites judged as ineffective were characterized with a
traffic mix of 20 percent at the low beam sites and 23 percent at the high
beam site.

Figure 9, related the centerline, laneline, and the combination of both
centerline and laneline patterns to the percent of trucks and the levels of
effectiveness. Centerlines usually are not subjected to the impacts lanelines
would incur. In most cases, centerlines on multi-laned facilities and line
Tines are normally impacted; therefore, trucks would have a greater impact on
effectiveness in these situations. The effective centerline sites had
approximately 9 percent trucks, the semi-effective sites had 14 percent, and
the ineffective sites had 15 percent. There is a significant difference
between the effective and semi-effective sites; however, the difference
between the semi-effective sites and ineffective sites was non-significant,
When considering lanelines the percentage of trucks had a greater effect than
did- the centerlines. This is to be expected because of the weave pattern and
weight of the trucks. With respect to truck traffic, those sites judged to be
semi-effective were atypical. When comparing the effective sites, trucks had
a greater impact on lanelines (12.4 percent) than on centerlines (9 percent).
This also holds true for those sites judged to be ineffective (15 percent
centerlines, 22 percent lanelines). However, at those sites judged to be
semi-effective, trucks had more of an impact on the centerlines (14 percent)
“than on lanelines (10 percent). The difference between the effective laneline
sites (12 percent) and the semi-effective laneline sites (12 percent) were not
significant. There is a significant difference between the effective laneline

21



AVERAGE X TRUCK TRAFFIC

30

25"‘
20+
15%
10 + l
54
0o — +
E S
EFFECTIVENESS

Figure 8. Percent Truck Versus Effectiveness.

LEGEND

— AVG ALL BEAMS
— — AVG HIGH BEAMS

....... AVG LOW BEAMS



€2

EFFECTIVENESS

[

o e
KAz
e Sl

13.54

22.67

1

. ol

10

15 20 25 30

% TRUCK TRAFFIC

Figure 9.

LEGEND

CENTERLINES

- LANE LINES
'////l/‘ CENTER & LANE

Percent Truck Traffic By Pattern Of Markers and By Effectiveness.

LINES



sites (12 percent) and the ineffective sites (22 percent). Those sites in
which both centerlines and lanelines were evaluated had a higher percentage of
trucks for all three levels of effectiveness. The non-significant differences
occured between combination patterns judged ineffective (25 percent) and
lanelines judged ineffective (22 percent). In all other situations there was
a significant difference. However, the differences between the levels of
effectiveness and truck traffic at those sites evaluating the combination
markings were non-significant. The effective sites had 21 percent trucks, and
the ineffective sites had 25 percent.

Figure 10 illustrates the overall effect trucks have on the markers level
of effeciveness. Those sites evaluated as effective were characterized with
11 percent trucks. Those judged semi-effective had 13 percent trucks, and
those judged ineffective had 22 percent trucks.

MARKERS REFLECTIVITY

The effectiveness of any marker system is dependent on the number of
remaining markers, and the amount of 1ight reflected back to the driver.
Missing markers play an integral part in the reflectivity effectiveness
of any pattern due to the absence of reflected 1ight. The effectiveness of
the reflective properties of any pavement marking pattern should be evaluated
at the site in which they operate. While the researchers were photographing
the sites, a representative sample of markers was removed after the
photographs were taken for reflectivity analysis at the Texas SDHPT File D-9
Laboratory. The evaluation of the reflectivity of the RPMs and RTBS were made
using these data.

Length of Time

Figure 11, illustrates the rapid loss of reflectivity over time. Over
two-thirds of the markers initial brightness of 3.0 (CP/FfT-C) is lost within
the first year. The brightness falls from 3.0 (CP/FT-C) to 0.67 (CP/FT-C)
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during this time period. Three years after installation the S.I. is 0.07
(CP/FT-C) and four years after installation they are down to 0.03 (CP/FT-C).
Figure 12, illustrates these S.1.'s with respect to other visual parameters.

Length of Time on Road
Markers remain effective at a very low level of reflectivity (.23 (CP/FT-

C)) between 1.5 and 2.0 years (Figure 8, p. 22). This analysis does not

separate the effect of the markers color or headlight beam usage of the
vehicle. Both crystal (white) and yellow markers were combined and both high
and low beams were combined. In a later section, these factors will be
segregated and the effectiveness evaluated with respect to both color and
headlight beams. Figure 13 illustrates the levels of effectiveness as a
function of the S.I, value before washing and after washing. The average S.I.
values for effective markers before washing was .23 (CP/FT-C) and after
washing the S.I. value was .30 (CP/FT-C). An increase in reflectivity due to
removal of road grime and dirt was 30 percent. The average ineffective marker
S.I. was .05 (CP/FT-C) for unwashed markers and 0.065 (CP/FT-C) for washed
markers. This is an increase of 30 percent in reflectivity., This reduction
(.23 to .05 (CP/FT-C)) in S.I. occurs approximately 4 years after
installation, Between 2 and 4 years the markers would remain semi-effective
with an average S.I. of .14 (CP/FT-C). After washing the reflectivity
increases to .18 (CP/FT-C), a 29 percent increase. When markers are wet, an
increase of 50 percent may be expected in some cases.

Color of Marker
Color of the markers and vehicle headlight beam have an effect on the
overall effectiveness of the markers. Figures 14 and 15 relate reflectivity

levels to levels of effectiveness, color of marker, number of years in service
and vehicle headlamp beam. These figures emphasize that the color of the
marker has a significant effect on the effectiveness of the marker. The
markers have been segregated into the two primary colors {yellow and crystal)
which are directly related to centerline and laneline patterns. Besides being
segregated by colors the level of effectiveness has been combined so a direct
comparison by color, effectiveness and specific intensity may be performed.
Numbers enclosed in parentheses are the average number of years the markers
have been in service.
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Headlamp Beams

When the vehicles high beams were used (Figure 14), there s a signifi-
cant difference between the yellow and crystal markers for each level of
effectiveness. The effective yellow markers had a specific intensity of .33
(CP/FT-C) and .12 (CP/FT-C) for crystal. Yellow markers should be almost three
times as bright as the crystal markers to obtain the same level of effective-
ness. Yellow markers in the semi-effective range were significantly lower in
intensity (.09 (CP/FY-C)) than those in the effective range (.33 (CP/FT-C)).
The effective markers were in service 2.3 years and the semi-effective markers
were in service 2.25 years, The differences in intensity and effectiveness
cannot be attributed to the age of the marker. The semi-effective crystal
marker has a lower specific intensity (.04 (CP/FT-C)) than the associated
yellow markers (.09 (CP/FT-C)). The semi-effective crystal markers are
approximately one-half the intensity of the effective crystal markers. The
ineffective yellow markers had an average specific intensity of .03 (CP/FT-C),
whereas the ineffective crystals was 0.02 (CP/FT-C).

Crystal markers had been in service twice as long as the yellow markers
at the same level of effectiveness. At present, it is not possible to
segregate the two factors to determine the effect color has on effectiveness

and the effect service life has on effectiveness. The high beam analysis was
performed because this is the normal headlamp configuration in unopposed rural
driving situations. The initial brightness level specified by the Texas SDHPT
is 3.0 (CP/FT-C), with a 20_ incidence level. Yellow markers are required to
have an initial brightness of 2.0 (CP/FT=C). In this environment, a yellow
marker can lose approximately 60 percent of its initial brightness and remain
effective, 91 percent to be semi-effective, and 96 percent to be ineffective.
Crystal markers can lose 90 percent to remain effective, 97 percent to be
semi-effective, and 98 percent to be ineffective.

Figure 15, presents the corresponding data with headlamps on low beam,
The intensity levels of all markers were higher than the corresponding sites
with high beams. Two exceptions were noted first the effective crystal
marker with low beams were .12 (CP/FT-C) and its corresponding site with high
beams were .09 (CP/FT-C). Semi-effective yellow markers were .09 (CP/FT-C)
with both low and high beams. The effective crystal markers and semi-
effective yellow and crystal markers did not have significantiy different S.I.
values. However, at these extremely low S.I. values significant differences
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may be'difficult to detect with the human eye. At this point, the number of
missing markers or the condition of the paint stripes will have more of an
effect on the effectiveness of the marker system than the brightness: level.
This analysis points out that the reduction in headlamp intensity requires
that the pavement markers must have a corresponding increase in intensity to
remain at the same effectiveness level. The yellow markers evaluated as
effective on 1ow beams had 1.5 times higher S.I.'s than those evaluated with
bright 1ights. The semi-effective crystal markers were 2.5 times brighter
than those evaluated with bright 1ight and those evaluated ineffective with
low 1ights were 1.67 times brighter (yellow) and 2.0 times brighter (crystal)
than yellow and crystal markers evaluated with high beams. Color of the
markers and headlamp beams have a significant effect on the required levels of
reflectivity of the markers. Markers regardless of colors lose between 90 and
98 percent of their initial brightness level in a short period of time {2.5- -
3.0 years). They can lose approximately 30 percent of their original intensity
and still remain effective on 1ow beams with yellow markers and 60 percent
with high beams. The crystal markers can lose 90 percent of their original
brightness level and remain effective for both high and low beams. These
results fndicate that all markers reflectivity is diminished after two years

and in some cases after six months.

Truck Traffic

Figure 16 points out that truck traffic has no significant effect on the
specific intensity level of the markers. As the percentage of trucks increase
there is no significant change in the intensity level. It would be expected
that, if truck traffic had an effect, the specific intensity levels would
decrease as truck traffic ifncreased. This relationship was not detected
except for those sites where the trucks constituted 10 percent of the traffic
mix. The reflectivity level was .22 (CP/fT-C) and where the percentage of
trucks totaled 20 percent (or more) the reflectivity level was .10 (CP/FT-C).
Figure 16
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For all other truck mixes their S.I. was approximately .04 (CP/FT-C). The two
points which were different (20% and 10%) appeared to be isolated locations.
Truck traffic data was not obtafnable in most situations and were estimated at
others.

Average Daily Traffic

The amount of traffic passing markers has an effect on the marker's
reflectivity, As traffic hits the markers, the lenses become scratched
reducing the reflective properties of the marker. Ffigure 17, presents data
showing the decline in specific intensity as a function of ADT. The test
sites consisted of locations with high weave rates since the majority of the
specific intensity is lost with ADTs less than 5,000 VPD, An additional .10
CP/FT-C is lost between 5,000-30,000 vehicles. Stimsonite believes their
947s will remain reflective twice as long due to the glass face inserted over
the regular lens. In effect this does not occur because the glass will also
scratch resulting in a reduction in S.I. Eventually the glass face will wear
off, leaving the original reflector system, and the marker will again have an
S.I.of 1.2 if it is a crystal marker at a horizontal angle of 20_. However,
the glass face wears off unevenly, resulting in some reduction in the new S.l.
level., The level of reflectivity will increase but this study did not
determine the exact amount of increase in reflectivity.

OVERALL EFFECT OF SPECIFIC INTENSITY WITH RESPECT TO RATED EFFECTIVENESS

Figure 18 illustrates unwashed markers remain effective with a specific
intensity of .23 CP/FT-C. Markers become ineffective with specific intensity
of .09 CP/FT-C or less. It should be pointed out that specific intensity
alone does not determine effectiveness. The number of missing markers and the
condition of the other pavement markings affect the effectiveness of any
marking system. These two factors could not be eliminated. Therefore, the
S.I. values stated as break values for the various levels of effectiveness
take these two factors into consideration.
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Vehicle Headlamps

The effectiveness proved that headlamps have an effect on the overall
effectiveness of any marker system. Sites which were evaluated as semi-
effective or ineffective on low beams were evaluated as effective or semi-
effective, respectfully, when high beams were used. Nine (9) sites (27
percent of the sites) incurred a shift in effectiveness when headlamp usage
was changed. A larger proportion (6 sites) shifted from semi-effective to
effective than those (3 sites) that shifted from ineffective to semi-
effective. This shift occurs at sites in which the marker system is
border1ine between levels of effectiveness. The shift will not occur if the

system is not borderline.

RESULTS OF EFFECTIVENESS STUDY

There are several important results obtained from the rated

effectiveness:

1. RPMs and RTBs lost a significant (99 percent or more) amount of
their initial reflectivity in the two years after installation.
Over two-thirds of their initial brightness is l1ost in the first
year.

2. Vehicles headlamps have an effect on the rated effectiveness of the
markers. RPMs and RTBs which are marginal with respect to one level
of effectiveness using’1ow beams will increase one level of
effectiveness on high beams.

3. The loss of initial brightness appears to be unrelated to (1) the
type of marker and (2) the initial brightness. Both RPMs and RTBs
are at the same reflectivity level within a year after installation.

4. The markers remain effective for the first two years. Between the
second and third year the markers become ineffective.

5. The marker system will remain effective with 80 percent or more of
the markers on the road. The markers are semi-effective as long as
40-80 percent of the markers are remaining and when 40 percent or
less of the markers are remaining the system becomes ineffective
regardless of the reflectivity level.

6. Trucks have a significant impact on the number of remaining markers.
They have 1ittle {f any impact on the markers loss of reflectivity.
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Markers with average S.I. values of .15 (CP/FT-C) are effective
providing no more than 20 percent of the markers have S.I. values
lower, Markers which have average S.I. values between .15 and .10
are semi-effective. Markers with S.I.'s of .10 or less would be
ifneffective. Markers that have been washed or wetted increase S.I.
values by at least 20 percent.

The color of the marker has a significant effect on the level of
reflectivity required to attain a certain level of effectiveness.
Yellow markers in most cases require a higher reflectivity level
than did the crystal markers.

39



RELIABILITY OF PHOTOGRAPHY

INTRODUCTION

Photographs were made at a broad selection of F-stops and shutter speeds
so that the correct settings would be bracketed and the most representative
slide for each site selected. The slides for each site were selected for
their salient features and overall illumination levels which most closely
resembled the environment at the site. The reliability study was conducted to
determine the accuracy of the slides with respect to the site. '

RESEARCH METHODOLOGY

Test Subjects

Twenty-three subjects were obtained from the Bryan/College Station and
Austin, Texas areas to participate in this study. The subjects were selected
by age, sex and visual acuity. Table 2, presents the distribution of the

subjects used in-the study. Each subject read and signed an instrument to
acknowledge informed consent which is contained in Appendix D.

Test Equipment

Two passenger vans in which the subjects were equally divided were used.
The 35 mm test slides were randomly placed on a siide viewer that was modified
for use in the vans. The size of the 1ight bulb was reduced so that the 35 mm
slides projected approximately the same amount of 1ight as the real world
environment with low beams on the van.

A tape recorder with taped messages were placed in each van. The tape
recorder was used to present the instructions for both portions of this study
to the subjects.

Test Sites

Four locations in Austin, Texas were selected because of their
accessibil1ity to both the researchers and the study monitors, Table 3 lists
the sites and presents the general information concerning each location.
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Table 2, Distribution of Subjects Used in Reliability Study by Age, Sex,
and Visual Acuity.

Sex Visual Acuity

Age Male Female Reaai;g —ﬂe;; ) _Ear
(f) (f) (f) (f)

18-24 7 7 20/17 11 1
25-29 2 1 20/18 ! 4
30-34 3 0 20/20 3 7
35-39 0 1 20/22 1 4
40-44 0 0 20/25 V S
45-49 0 2 N/A 1 0
Total 12 11 23 23
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Table 3, Sites Used in Photographic Reliability Study.

Headlight Roadway Roadway
Location Site# Beams Geometry Lighting
U.S 290 1 Low Tangent Rural
Texas 183 South 2 High Curve Rural
u.s. 71 3 Low Curve Urban
[-35 4 Low Tangent Urban




Test Protocol
The instructions for Part I (Appendix E) contained the objective of the
study which was to determine which slide best depicts the roadway environment

at each site. The answer sheet for this part of the test is contained in
Appendix F.

In this study six 35 mm slides were randomly placed in sequence. In this
way the slides were not ordered from dark to light or were the subjects always
able to select the same slide due to relative position. The sequencing at
each site is given in Table 4, Table 5, lists the slides letter and camera
setting by site.

The objective of Part II was to determine which photograph best depicts
what each subject saw at the site. In Part I the subjects were evaluating
various slides with the environment to determine that camera setting which
results in the most accurate representation of the site. Part Il compares the
photographs to the raised pavement markings to determine whether the panel of
experts evaluation corresponded to that of the subjects. An evaluation of the
quality of the photographs could be made.

The subjects were told to match the quality of the raised pavement
markers to those in the photographs on the answer sheet contained in Appendix
H. A complete set of instructions is presented in Appendix 6. At each site the
photographs were randomized according to the sequence contained in Table 6.

STATISTICAL AMALYSIS

Slide Validation Study
Table 7, presents the subjects responses at each site. A chi-square (X2)
analysis was performed to determine whether any significant difference existed

in the subjects responses at each site.

Two sites which showed a significant difference between the slides,
camera settings of 1/60 of a second with an f-stop of 1.4 and 1/30 of a
second with an f-stop of 1.8 were used. At those sites where there was no
significant difference, the camera setting selected was 1/30 of a second with
an f-stop of 1.8, Based on these results it appears that camera settingsof
1/60 of a second with an f-stop of 1.4 or 1/30 of a second with an f-stop of
1.8 results in slides accurately representing sites with low ambient light
levels.
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Slide Sequencing by Test Site.

Table 4.

Sequence

Test Site

VImEaDODOEZWN
XE>>F—D>2XN
ETNOAONTIAE
Za JANEN
NZF—XTEN>
AEN> XX

Mo oo © oo
~ NN M g <
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Table 5. Camera Settings and Slide Letter.

Site # Slide Letter Camera Setting

M 1/60 sec. f
p 1/15 sec. f
N 1/60 sec. f
R 1/30 sec. f
S 1/30 sec. f
Z 1/15 sec. f

- A v R A e N A A W GN BN e e AN AP 4 E N e = e EE R R e ER A e e e W BN R e e N A e AN e e M e e R W M ew Wt
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Randomized Sequence Of Photographs.

Table 6.

Random Sequence

Sequence Number

Site
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Table 7. Subjects Responses for Each Slide by Site.

Site # Subject Responses for Each Slide
(f)
1 M N P R S z
7 12« 1 1 0 3
2 L M P 11 Y 1
3 4 3 8 2 4
3 H L M T i} JA
1 11* 7 3 2 0
4 S Y

* Chi-Square Showed Significance
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Two different camera settings result in two slides that appear to the
human eye as if they had been taken with the Same setting. The two sets of
comparable settings are:

1. 1/60, f 1.4 and 1/30, f 1.8

2. 1/30, f 1.4 and 1/15, f 1.8.

Table 8 presents the results of this study with these four settings
combined into two comparable settings. With the settings combined into their
comparable slides the most accurate setting to use was 1/60 with an f-stop of
1.4 or 1/30 with an f-stop of 1.8.

Photograph Evaluation Study

Table 9 presents the results of the photographic study by sites and the
levels of effectiveness.

At Site #1, the subjects selected photograph "T". This photograph is of
a rural tangent roadway with lanelines and an edgeline. The lanelines have
reflective markers whereas, the edgeline is painted. This is the exact
duplication of site #1 on U.S. 290 East. A chi-square analysis was performed
and a significant difference was determined between those that rated site #1
as effective and those that rated it semi-effective and ineffective. A chi-
square value of 14.25 was obtained for site #1. This meant that the site was
effective in the view of the subjects. The experts also rated the site as
effective. Figure 19 illustrates the site.

The subjects selected photograph “H" at site #2. This photograph depicts
a highly effective marker systemon a rural multi-laned curved road. Both
centerline and laneline markers were visible and highly effective. Photograph
"H" is representative of this type of effective marker system. A chi-square
of 36.75 was obtained indicating a high degree of significance at this site
with respect to the photographs. Figure 20, is the selected photograph and
illustrates the site.

Site #3 had a greater spread of responses than either site #1 or #2.
Less than 50 percent of the subjects selected photograph "T" as most
representative of the site. The site was classified as urban, because of its
traffic characteristics more than its lighting characteristics. The roadway
is relatively dark with 1ittle ambient 1ighting. The subjects rated this
scene identical to that of the panel of experts.

The subjects selected photograph "W" as the most accurate representation

48



Table 8. Frequencies With Equivalent Slides Cambined.

Camera Settings

1/60 1/60 & 1/30 1/30 & 1/15 1/15

Site # fl.8 fl.4 f 1.8 f 1.4 f 1.8 f 1.4
1 M N + R S+ 12 p
7 13* 3 1
2 Y M+ J H+U L
2 12* 7 3
3 L Z+ N S+ Y U
8 g* 3 4

* Chi-Square showed significance
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Table 9. Photograph Evaluation By Site And Level Of Effectiveness.

Sites Effective Semieffective Ineffective Chi-Square
(Letter) (f) (Letter) (f) (Letter) (d)
1 H 1 N1 L 1
M2 RO P2 X2 = 14,25%
SO0 Uuo W4
T 13 YO Z0
16 1 7
2 H 16 N1 L1
M3 RV PO X2 = 36.75*
SO uo WO
T3 YO 20
22 1 1
3 H 4 N 2 LO
M1 RO P 2 X2 = 13.00*
S1 uo W3
T 10 YO Z1
16 2 6
4 HO N 2 L0
M2 RO P 3 X2 = 15.75*
S? Uuo W 1l
T1 YO 3
5 2 17

* Denotes Significant Results
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Figure 19. Photograph Judged Representative of Sites #1 and #3.
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Figure 20. Photograph Judged Representative Of Site #2.
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of Site #4. The chi-square showed a significant difference (x2 = 15.,75)
between the responses. Figure 21 illustrates the photograph judged to be

representative of the site.

RELIABILITY STUDY RESULTS
The results of the reliability study indicate several significant

factors.
A.

35 mm s1ides accurately represent sites with low ambient light.
There are two major concerns with the use of positive film for low
ambient 1ight, (1) the color balance may be incorrect resulting in a
yellowing effect and (2) bright objects project halos around the
object because of the intensity of the light source. The subjects
did not comment on either of these two factors. Kodak grey cards R-
27 indicated a slight color shift on the white card.

The appropriate camera settings are 1/60 of a second with an f-stop
of 1.4 or 1/30 of a second with an f-stop of 1.8.

Photographs are a useful tool in aiding to determine when marker
systems need maintenance. The subjects were able to relate the real
world site with those on the standard photographs.
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Figure 21. Photograph Judged Representative Of Site #4.
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PROPOSED MAINTENANCE PROCEDURE

MAINTENANCE STARDARDS

Appendix I, contains the complete set of photographs to be used as
maintenance standards. The set of photographs consist of twelve scenes of
rural and urban locations with asphalt and concrete surfaces and with markers
on centerlines, lanelines, and left-turn lanes.

The photographs are grouped into three groups of four photographs each as
illustrated in Table 9 {page 49). Effective means that the markers are
performing satisfactorily as a positive route guidance system and maintenance
is not required. The semi-effective markers are not performing
satisfactorily, however, immediate maintenance is not needed. As funds become
available and the maintenance may begin within three to six months. The
ineffective markers are not providing positive route guidance and maintenance
is needed.

EFFECTIVE MARKER SYSTEMS

Photograph "H" depicts a typical rural multi-lane curved highway. A1l of
the centeriine and lanelfne markers are present and highly reflective. The
markers nearest the Teading edge of the headlight beam on the pavement are
highly visible. The glare from the oncoming vehicle does not eliminate the
visibility of the markers. From this perspective, the driver is presented
positive guidance information about the approaching curve. Photograph “M"
depicts the markers on a rural two-lane tangent road heading into a built-up
or urban area. Al1l of the markers are present and have good reflectivity. The
painted centerstripe is also in relatively good condition and the appearance
of an edgeline helps define the road to the driver. Photograph "S" depicts an
urban multi-lane street with a reversible left turn lane. It is a tangent
section which helps offset the loss of information due to missing markers to
the driver. It appears that one marker is either non-reflective or missing on
the right. Due to the close proximity of the next marker and the street being
tangent this does not reduce the amount of information to the driver.
Photograph "T" is on a rural divided highway with edgeline. The laneline
markers are again all present and highly reflective. The markers are visible
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for a further distance than the painted edgeline. From this photograph it can
be seen that one marker is missing, however the presence of markers further
down the road provide sufficient information that the road is tangent and not
curved.

SEMI-EFFECTIVE MARKER SYSTEMS

Photograph “N" depicts a rural two-lane road with a slight curve to the
left. The brightness of the edgeline presents the information about the curve
to the driver and not the raised pavement markers system. Photograph "R"
depicts an urban two-lane road. One marker is missing closest to the vehicle.
Because of the presence of the streetlight, the brightness of the centerstripe
and the contrast between the road and the shoulders, sufficient information is
presented to the driver. Presently three (3) markers are visible to the
driver. If one of these markers were missing the system would be ineffective.
Phaotograph "U" depicts a rural two-lane road curved extremely hard to the
right. The presence of the two markers and the contrast between the road and
shoulder presented sufficient information that this site was rated as semi-
effective. Photograph “Y" is a semi-effective urban multi-lane street with a
reversible left-turn Tane. The level of reflectivity of the markers make
these markers semi-effective. Because of the reduced reflectivity the glare
from oncoming vehicles obliterate the markings on the left-hand side of the
vehicle.

INEFFECTIVE MARKER SYSTEMS

The scene depicted in photograph "L" is a rural two-lane road. Even
though the road is tangent, the use of low-beam headlamps and the condition of
the RPM's do not provide sufficient information with respect to the direction
of travel. The reflective highway sign ahead aids the driver in interpreting
the visual cues with respect to guidance. The number of missing markers and
the condition of the painted centerstripes contributes to the ineffectiveness
of the markers. Photograph "P" depicts a rural curved two lane road. Only one
RPM, which is reflective, is visible in the headlamp beam. There is no
contrast between the road and shoulder reducing the information about the
curve to the driver. The only information to the driver is presented by the
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centerline which is highly reflective. Photograph "W" depicts an urban multi-
lane concrete roadway. The curve information is presented to the driver
because of the condition of the painted roadway markings and the high ambient
freeway lighting systems. Two laneline RPMs in this photograph are present
and not reflective. Photograph “Z" depicts an urban left-turn lane on a
curve. The markers to the right of the vehicle are reflective and present
information of the curve to the driver. However, the markers to the left are
missing resulting in a total lack of information with respect to the curve and
location to turn left.

MAINTENANCE PROCEDURES

The maintenance standards described in this report are proposed to aid in
evaluating an RPM and RTB system with respect to effectiveness and
reflectivity. To evaluate the effectiveness of the markers the following
procedure is suggested:

1. Photograph Inventory

Sites to be evaluated should be photographically inventoried.
This photographic inventory may be made from a vehicle. The
appropriate camera setting to use should be either (1) 1/60 of a
second with an f-stopof 1.8 or (2) 1/30 of a second with an f-stop
of 1.4, A high speed 35 mm film such as ASA 400 pushed 2 stops or a
night 8 mm movie film such as Type G should be used.

2. Evaluation of the Site

A panel of individuals, selected by the district, may evaluate
the photographs from the sites to be evaluated. This panel may
consist of 5, 7, or 9 individuals. A panel consisting of this
number is lTarge enough to adequately evaluate a site but not too big
that the members cannot adjust their schedule to evaluate the sites.
The odd number is to prevent a tie from occurring.

3. The Evaluation With Respect to Effectiveness.

The subject site will be evaluated with respect to its
effectiveness. 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 20-30 percent of the markers aremissing. Markers
become ineffective when their specific intensity is .05 (CP/FT-C) or
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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 .05 (CP/FT-C). At present the only way in
which to determine the S.I. of the markers is to (1) remove several
randomly selected markers for analysis in a laboratory or (2) use a
photometric van. Figure 22, {llustrates the reflective and
retention properties of markers with different levels of
effectiveness.
Maintenance Photograph Set

When the panel cannot decide the effectiveness of the markers
based an the physical properties, the maintenance slides can be
used. A suggested procedure would be for each member of the panel
to individually view the slide of the site in question and view the
set of maintenance standards. After each member has selected the
most appropriate standard the panel would reconvene. By use of the
standard set of photographs a decision may be reached.
Take Appropriate Action.

If the site is judged to be semi-effective or ineffective, the
appropriate action would be taken. The maintenance activity decided
by the evaluation panel would begin.
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SPECIFIC INTENSITY (CP/FT-C)
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Figure 22. Relationship Between Specific Intensity And Remaining
Markers With Respect To Level Of Effectiveness.
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APPENDIX A
TRAFFIC CONDITIONS AND PHYSICAL CHARACTERISTICS OF TEST SITES
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Traffic Conditions and Physical Characteristics of Test Sites

. I1lumi-  Head- % %

Site 4 City Location Roadway Geometric  nation 1 amps ADY Trucks Missing Years
1 Portland Texas 328 Multi-Lane Tangent Rural L 5000 9 5 2.8
2« Atlanta Texas 155 2-Lane Tangent Rural L 1950 18 21 3.0
3. Brownwood us 183 2-Lane Tangent Rural H 1350 -- 4 Z.9
4. Atlanta Texas 155 2-Lane Tangent Rural H 1950 18 21 3.0
5. Lufkin Texas 7 Multi-Lane Tangent Rural H 5300 9 0 0.9
6. Brownfield Us 62 Multi-Lane Curve Urban L 5200 3 54 2.5
7. Abilene UsS 89 Multi-Lane Tangent Urban H 1500 23 43 1.5
8. Lufkin Texas 7 Multi-Lane Tangent Rural L 5300 9 0 n.9
9. Abilene us 89 Multi-Lane Tangent Urban L 1500 23 43 1.5

10. Abilene us 89 2-Lane Tangent Rural L 1500 8 43 1.5
11. San Antonio Five Palm Rd. 2-Lane Tangent Rural L 9500 -- 11 1.0
12+ Atlanta Texas 155 Multi-Lane Tangent Rural H 1950 18 18 3.0
13 Atlanta Texas 155 2-Lane Tangent Rural H 1950 18 38 3.0
14. San Antonio FM 2252 Multi-Lane Tangent Urban N 30,000 10 21 4.0
15 Atlanta uUs 59 Multi-Lane Tangent Ruratl H 16,500 16.8 43 0.3
16. Atlanta Texas 155 Multi-Lane Tangent Rural L 1950 18 18 3.0
17. Atlanta us 59 Multi-Lane Tangent Rural L 16,500 20 43 0.3
18. Lufkin Texas 7 2-Lane Curve Rural L 11,500 g 12 0.9
19. San Antonio FM 2252 Multi-Lane Tangent Urban L 30,000 10 21 4.0
20. Port Lavaca Texas 2238 Multi-Lane Tangent Rural H 5000 9 5 2.8
21. Lufkin Texas 7 Multi-Lane Tangent Rural H 7600 20 43 1.2
22, Atlanta US 59 Multi-Lane Tangent Rural H 7600 20 43 4.0
23. Lufkin Texas 7 2-Lane Curve Rural H 11,500 9 12 0.9
24, Victoria Texas 175 2-Lane Curve Rural L 2200 33 56 3.0
25. Lufkin Texas 7 2-Lane Tangent Rural H 1250 9 4 1.2
26. Brownfield usS 62 Multi-Lane Tangent Urban H 5220 6 44 2.5
27. San Antonio Five Palm Rd. Z-Lane Tangent Urban H 9500 -- 11 1.0
28. Brownwood us 183 2-Lane Tangent Rural L 1350 -- 4 2.9
29. Victoria Texas 175 2-Lane Curve Rural H 2200 33 56 3.0
30. Brownfield Us 62 Multi-Lane Curve Urban L 5220 3 54 2.5




€9

I[1Tumi-  Head- % g
Site # City Location Roadway Geometric  nation Tamps ADT Trucks: Missing VYears
31. Brownfield UsS 62 Multi-Lane Tangent Urban L 5220 6 44 2.5
32. Abilene us 89 2-Lane Tangent Rural H 1500 8 43 1.5
33. Attanta uUs 59 Multi-Lane Tangent Rural H 16,500 20 43 0.3
34. Atlanta Texas 155 2-Lane Tangent Rura) L 1950 18 38 3.0
35. Atlanta UsS 59 Multi-Lane Tangent Rura) L 16,500 16.8 43 0.3
36. Atlanta us 59 Multi-Lane Tangent Rural L 7600 20 43 4.0
37. Austin 1-35 Multi-Lane Tangent Urban L 27,500 5.4 52 9.5
3B« San Antonio I-10 Multi-Lane Tangent Rural H 14,100 10 13 245
39. Austin us 290 Multi-Lane Tangent Rural H 5350 9 25 3.0
40. San Antonio [-35 Multi-Lane Tangent Rura) L 6000 -- 20 -
41. Lubbock 1-27 Multi-Lane Curve Urban L 13,980 12.2 80 2.2
42. San Antonio I-10 Multi-Lane Tangent Rural L 14,100 10 13 2.5
43. San Antonio 1-10 Multi-Lane Tangent Rural H 16,000 - 71 2.75
44, Lubbock 1-27 Multi-Lane Curve Urban H 13,980 12.2 80 2.2
45 . Austin Us 290 Multi-Lane Tangent Rural L 5350 9 25 3.0
46. San Antonio I-10 Multi-Lane Tangent Rural L 5350 -~ 71 2.75
47. San Antonio [-35 Multi-Lane Tangent Rural L 6600 -- 20 --
48. San Antonio 1-10 Multi-Lane Tangent Rural L 16,000 - 100 2.75
49, San Antonio 1-10 Multi-Lane Tangent Rural L 16,000 -- 100 2.75
50. Austin 1-35 Multi-Lane Tangent Urban H 27,500 54 52 9.5
51. Austin us 71 Multi-Lane Curve Urban L 8350 7.1 67 4.0
52. Austin us 71 Multi-Lane Curve Urban L 8350 7.1 67 4.0
53. Brownwood UsS 183 Multi-Lane Tangent Rural H 4300 33 21 6.0
54. Port Lavaca Texas 238 Multi-Lane Curve Rural H 4400 7 2 6.0
55. Brownwood us 67 Multi-Lane Tangent Urban L 9200 25 43 6.0
56. Abilene usS 83 : H 22 4.5
52 Abilene us 83 Multi-Lane Tangent Rural L 4900 -- 15 4.5
58. Brownwood UsS 67 Mutti-Lane Curve Rural L 6400 25 4] 6.0
59. Abilene us 83 Multi-Lane Tangent Rural H 4900 - 15 4.5
60. Austin UsS 183 Multi-Lane Tangent Rural L 600 15 23 4.0
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[1Numi-  Head- % %

Site & City Locatiaon Roadway Geometric  nation Tamps ADT Trucks Missing Years
61. Brownwood Js 67 Multi-Lane Tangent Urban H 9200 25 43 6.0
62. Port Lavaca Texas 238 Multi-Lane Curve Rural L 4400 7 2 2.8
63. Abilene us 83 L 22 4.5
64. Austin Us 183 Multi-Lane Tangent Rural L 6600 15 23 4.0
65. Brownwood UsS 67 Multi-Lane Curve Rural H 6400 25 41 6.0
66. Brownwood UsS 183 Multi-Lane Tangent Rural L 4300 33 21 6.0
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2322 EXPERT SLIDE RATING INSTRUCTIONS
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322 EXPERT SLIDE RATING INSTRUCTIONS

When you rate the slides keep in mind that you are concerned with the
effectiveness of the RPM systems. VYou are not judging paint stripe
effectiveness or level of ambient (ight from cars or street lighting. You are
concerned with effectiveness as it relates to the maintenance of the RPMs,
Please focus your judgement on the RPMs reflectivity level, retention of
markers, and ability to convey a pattern .

You are the experts, and we would like your ratings of these RPM systems.
We have selected three categories: effective, semi-effective, and ineffective
as responses for you to make on each slide. Generally, effective means the
marker system gives positive route guidance and no maintenance 1S required.
Semi-effective means route guidance is poor to fair and the markers need
maintenance soon or need to be scheduled for future maintenance. Ineffective
means route guidance is poor to non-existent and maintenance 1s needed
immediately if the marker system is to be useful to the driver and not used as
the basis for a tort liability case against the Department.

(Sample slide = 3)
Any yuestions?
unce we start the evaluation, we will go through without interruption.

[f you have a question, which will affect more than one of your evaluations;
ask: otherwise yive your best estimate and continue.



APPENDIX C
T-VALUES AND SIGNIFICANCE LEVELS FOR ALL 66 TEST SITES

67



89

T-Values and Significance Levels for all 66 Test Sites

T-Value for T-Value for T-Value for
Site  emmemeeas Bite = ecommmemscss o3t T e —
1 S E I S E 1 S E

1 -2.07 -0.69 3.45* 23 -2.07 -2.07 4.83* 45 -2.07 4.14* -1.38

2 -1.38 2.76*  -0.69 24 4.14% ~-1.38 -2.07 46 4.83* -2.07 =2.07

3 -2.07 -0.69 3.45* 25 -2.07 -2.07 4.83* 47 -2.07 1.38 1.38

4 -2.07 -2.07 4.B3* 26 0.69 1.38 -1.38 48 4.83* -2.07 -2.07

5 -2.07 -2.07 4 .83% 27 -2.07 0.69 2.07 49 4,58% -1.96 -1.96

6 2:27 0.0 -2.07 28 -2.07 0.0 2.16* 50 2.07 -0.69 3.45%

7 2.07 0.69 -2.07 29 3.45* -0.69 -2.07 51 0.0 2.76* -2.07

8 -2.07 0.69 2.07 30 2.76* 0.0 -2.07 52 3.13* -0.51 -1.96

9 1.38 1.38 -2.07 31 -0.69 3.45 -2.07 53 -2.07 -2.07 4.83
10 4.19* -1.38 -2.07 32 0.69 2.07 -2.07 54 -2.07 =2.07 4.83*
11 0.69 1.38 -1.38 33 -1.38 2.76* -0.69 55 1.38 1.38 -2.07
12 -2.07 -0.69 3.45* 34 0.69 1.38 -1.38 56 -2.07 0.69 2.07
13 0.69 2.07 -2 07 35 4.14% -1.38 -2.07 57 -2.07 -2.07 4.83*
14 -2.07 -0.69 3.45% 36 2.76* 0.0 -2.07 58 3.45* -0.69 -2.07
15 4.14* -1.38 -2.07 37 -2.07 4.14* -1.38 59 -2.07 -2.07 4.83*
16 -1.38 3.45* -1.38 38 -2.07 -2.07 4.83* 60 0.69 1.38 -1.38
17 1.38 1.38 -2.07 39 -2.07 -2.07 4.83* 61 0.69 0.69 -0.69
18 -2.07 2.16* 0.0 40 ~-2.07 -1.38 4.14% 62 -2.07 -2.07 4.83
19 -2.07 -1.38 4.14* 41 4.83* -2.07 -2.07 63 -2.07 3.45% -0.69
20 -2.07 -2.07 4,83* 42 -2.07 -2.07 4.83* 64 0.0 2.07 -1.38
21 -2.07 0.0 2.76* 43 2.76* 0.0 -2.07 65 3.45% ~-0.69 -2.07
22 -0.69 3.45*  -2.07 44 4.83* -2.07 -2.07 66 -2.07 138 1.38
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I,

INSTRUMERT TO UBTAIN INFURMED CUNSENT

, have been informed by the

experimenter that [ have been selected to participate in a study of
photoyraphic techniques.

L.

2.

74

I,

[ have been given an explanation of the procedures to be fol lowed,
including an identification of those which are experimental.

Il have been given a description of the attendant discomforts and
risks, which include the length of the experiment is to Dbe
approximately 4 hours, riding in a van from site to site, and being
within traffic control at each site.

[ have been yiven a description of the benefits to be expected.

I have been oftered an answer to d4ny inquiries concerning the
procedures,

[ have been instructed that | am free to withdraw my consent and to
discontinue participation in the project or activity at any time.

l understand that in the event of physical injury resulting from the
research procedures described to me that there will be no financial
compensation or free medical treatment offered to me,

I have not been requested to waive or release the institution, its
ayents or sponsors from liability for the negligence of its agents
or employees.

the undersigned, have understood the above explanations and give my

consent to my voluntary participation in Dr. Royer W. McNees' research

project.

Date:

Location:

Signature of Subject

February 15, 1984

Austin, Texas
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SUBJECTS INSTRUCTIONS FUR PART 1 (SLIDES)

The objective of this study is to determine which siide best depicts what you
see on the road at the various sites.

The van wil | stop at four different road sites. At each site youwill view
both slides and photographs. When viewing the slides it is important to:

1. Compare reflective markers on the road to the siides.

2. Compare the briyhtness of the light from the headlights to the
slides.

3. Compare the brightness of the stripes and signs to the slides.

4, Compare the brigyhtness of any street light or billboard to the
slides.

5. Compare the colors in the slide to those in the outside scene.

If you will now 100k at your answer sheet you will notice it is divided in
nalt with answers for the stides on the left and answers for the photographs
on the right. The slides will be presented to you in sets at each site. After
you have determined which slide best depicts the outside scene write the
letter of the slide in the space provided for that particular site.

It is very important that you do not discuss the study or your answers with
anyone elseuntil all sites are judged. Please do not point to particular
stides when you are viewing them. Also, keep your answers covered on your
answer Ssheet,

The objective of this study is to determine which slide most'closely matches
the details you see outside.

If you have any questions please ask the experimenter now,
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fvaluation of Reflective Pavement Markers

Rate these CENTERLINE RPM systems:
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Rate these CENTER AND LANELINE systems:

Ineffective Semieffective Effecttve
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Select the slide which has the grey and white quaiities
closest to the cards presented before you.

Set 1s a ) c d
24 a b £ d
3. a b c d
4, a b € d
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SUBJECTS INSTRUCTIONS FOR PART II (PHOTUGRAPHS)

The objective of this study is to determine which photograph best depicts what
you see on the road at the various sites.

The van will stop at four different road sites. At each site you will view
both slides and photographs. When viewing these photoygraphs you will notice
that the photograph is not the exact scene you see outside. The emphasis with
the photograpns is to march the quality of the raised pavement markers on the
road to those shown in the photographs.

Quality of the markers includes; the brightness of the markers, color, the
number of reflective markers on the road, and the ability of the pavement
markers to present guidance information to you.

You are not concerned with the paint stripes, signs, or other features of the
roadway. Find the photo which most closely resembles the quaiity of the
markers on the road.

You will notice your answer sheet is divided in half with answers for the
slide on the left and answers for the photographs on the right. Each
photograph has a letter on the back. Unce you have determined which
photograph best depicts the markers you are viewing, write the letter of the
photograph on the right side of your answer sheet corresponding to the
appropriate site number.

Please do not tell anyone your choice at any of the sites, do not point to the
slides or photos as you view them. After studying all the photographs write
your answer on your answer sheet beside the site number. [t is important that
you do not discuss the study or your answers with anyone else until the end of
the study. Keep your answers covered. If you have any questions ask the
experimenter now.
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Things to look for:

wn
—
—
m
wn

Natice the reflective markers
in the road.

Notice the Tight from the

Things to Took for:

headlights.

Notice the brightness of the stripes
and signs.

Notice the colors in the slide and
the outside scene.

Compare the Whole scene to each
slide.

Choose the best slide depicting
the present road scene.

80

1. Compare the brightness or
quality of the reflective
markers in the photo to the
one on the road.

2, Choose the photo best depicting
the present reflective markers.

3. Choose the photo which best
matches the reflective marker
system in regards to brightness,
number missing and ability
to provide land guidance.
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Effective Sites
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Effective Sites
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Semi-Effective Sites
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Semi-Effective Sites
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Ineffective Sites
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